NOTICE

unt of work

is report was prepared as an 3acco 4
::;:sorgd by the United States Government: Neither
he United States nor the United States Atomic Energy
= loyees, nor any of

HASL-273
UC-41, Health & Safety
TID-4500, 59th Ed.

issi of their emp!
" \mmission, nor any or their employees,

r contractors, subcontractors,

pleteness or use pro
roduct or process disclo: >
5vould not infringe privately owned rights.

HEALTH AND SAFETY LABORATORY

i FALLOUT PROGRAM
QUARTERLY SUMMARY REPORT

(December 1, 1972 through March 1, 1973)

Prepared by‘

Edward P. Hardy, Jr.
Environmental Studies Division

Preceding reports in this series:

Year HASL Report Nos.
1958 42, 51
1959 65
1960 77, 84, 88, 95
1961 105, 111, 113, 115
1962 117, 122, 127, 131
1963 132, 135, 138, 140
1964 142, 144, 146, 149
@ 1965 155, 158, 161, 164
= 1966 165, 171, 172, 173
< 1967 174, 181, 182, 183
22 | o 1968 184, 193, 197, 200
g4 S 1969 204, 207, 210, 214
Ef:‘\ :33 1970 217, 224, 227, 237
208" 1971 239, 242, 243, 245
-és -t 1972 246, 249, 257, 259
= %.é 1973 268
=)
2@§§ April 1, 1973
Q U. S. Atomic Energy Commission

Health and Safety Laboratory

New York, N. Y. 10014 SSTRIBL TR

JRERT I3 &??&LE!’}%}YE

¥

n
7
A



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



Health & Safety

FALLOUT. PROGRAM
QUARTERLY SUMMARY REPORT

April 1, 1973

ABSTRACT

This report presents current data from the HASL
Fallout Program; The Laboratory of Radiation
Ecology, University of Washington; and the EURATOM
Joint Nuclear Research Centre at Ispra, Italy.

The initial section consists of interpretive reports
on radium daughter products and lead in marine organ-
isms, inventories of radionuclides in the stratosphere,
strontium-90 in diet, and the tropospheric baseline
concentration of lead. Subsequent sections include
tabulations of radionuclide levels in fallout, sur-
face air, stratospheric air, foods, milk, and tap
water. A bibliography of recent publications re-
lated to radionuclide studies, is also presented.
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INTRODUCTION

Every three months, the Health and Safety Laboratory issues a
report summarizing current information obtained at HASL per-
taining to fallout. This report, the latest in the series,
contains information that became available during the period
from Dec. 1, 1972 to Mar. 1, 1973. The next report is scheduled
for publication July 1, 1973.. Preceding reports in the series,
starting with HASL-42, "Environmental Contamination from
Weapons Tests", and continuing through HASL-273, (this report)
may be purchased from the Clearinghouse for Federal Scientific
and Technical Information, National Bureau of Standards, U. S.
Department of Commerce, Springfield, Virginia 22151, A complete
listing of these Fallout Program Quarterly Summary Reports is
given on the title page of this report,.

To give a more complete picture of the current fallout situa-
tion and to provide a medium for rapid publication of radio-
nuclide and trace element data, these quarterly reports often
contain information from other laboratories and programs, some
of which are not part of the general AEC program. To assist

in developing, as rapidly as possible, provisional interpreta-
tions 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 HASL is identified as such and is gratefully
acknowledged by the Laboratory. 1In this report, data from the
Laboratory of Radiation Ecology - Univ. of Wash., and the EURATOM
Joint Nuclear Research Centre at Ispra, Italy are given.

A portion of the radiochemical analyses either have been or

are being carried out by commercial laboratories under contract
to the HASL Environmental Studies Division. The results of '
these analyses are reported as part of HASL's regular fallout
program. The contractor analytical laboratories which provided

data are Nuclear Science and Engineering Corporation, Pittsburgh,

Pa,; Isotopes, Inc., Westwood, N. J.; Radiochemistry Inc.,
Louisville, Ky.; LFE Environmental Analysis Laboratories
Division, Richmond, Calif.; Controls for Radiation, Inc.,
.Cambridge, Mass.; Hazleton-Nuclear Science Corp., Palo Alto,
Calif. (now Isotopes Palo Alto Laboratories); Food, Chemical
and Research Laboratories, Inc., Seattle, Washington; Custom
Nuclear Co., Mountainview, Calif.; Ledoux and Company, Teaneck,
N. J.; and U, S. Testing Co., Richland, Washington.

This report is divided into four main parts:

1. 1Interpretive Reports and Notes

2, HASL Fallout Program Data

3. Data from Sources Other than HASL

4. Recent Publications Related to Radionuclices Studies

- viii =
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POLONIUNM~210, LiAD-210 AND STABLS LEAD IN MARING ORGANISMS - @

.M, BEASLEY,

International Laboratory of Marine‘Radioactivity
Musée Ocdanographique ‘
Monaco-Ville, Principality of Monaco

R.J. LAGLZ and T.A. JOKELA

Laboratory of Radiation Ecology -
College of Fisheries

University of Washington,
Seattle; Washington, USA

ABSTRACT. The nAtural radiation environment of marine organisms has
classically been attributed, in the main, to oontribufioné from 40K, which is.
ubiquitous in seawater, and to ocosmic ray irradiations. More recently, howéver,
evidence has accumlated which suggests that a significant component of the
patural radiation dose to marine biota 6ohes from internally deposited,
naturally occurring alpha radionuclides. Of these, 21OPo appears to be the
most predominant. This findiné'has ihportant'impliéations in the overall assess-
ment of the introduction of artificial radioactivityvto the marine environment.
The fraction of the radiation dose experienced by marine biota from mén—made'
sources is significantly lowered when the radiation dose raté from 210Po as
weli as 40K and cosmic rays are considered. The present paper summarizes the
results of extensive measurements of 210Po, 210Pb and stable Pb in marine biota,

with the aim of increasing the data base from which to make generalizations

concerning the importance of these entities in the marine environment.

1. INTRODUCTION

To adequately assess the impact of artificial radioactivity on the biota
of any ecosysten, it is first necessary to establish.the natural radiation
environment to which the biota are subject. While this statemént may appear
thoroughly simplistic when one considers the abundant literature that has come

into being on the subject of radioactivity in the environment, the fact remains
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that dufing the past half decade evidence has been mounting which indicates

that previous éstimates of the natural radiation environment of marine organisms
were low. This underestimate results because previous estimates considered only
cosmic ray irradiations and contributions from'4OK.[l]. If account is taken

of the contribution from internaily deposited alpha emitters, the total
radiation dose rate is much higher [2].

The levels of natural radiocactivity in the marine environment have recently
been summarized [3, 4]. Of these summaries, that of Woodhead [3] presents the
most current informafién concerning the activity levels of alpha emitting radio-
nuclides in marine biota. However, Bowen et al. [4] have cautioned, 'that these
~high alpha exposures apply generally to marine organisms is not yet well
established, while the low cosmic ray and 40K background rest on much data'.

The present paper presents a summary of measurements for 210?0, 2lon (the

210

precursor of Po) and stable Pb in marine organisms. The intent is to extend

our understanding of the range of concentrations of these entities in the
marine environment so that the part played by the alpha emitting radionuclides
in contributing to the natural radiation dose rate of marine biota can be more

properly assessed,

2. HISTORICAL RaVIEW
It seems useful to give a brief revieﬁ of the work which has led to our

current understanding of naturally occurring 210?0 and 21on in marine organisms.

.. 210

The first reports that sparked intefest4in Po content of morine biota -~ .-

were those of Marsden [5], Cherry [6] and Hill [7], all in 1964. Hill [8] had

21

earlier reported high levels of QPO in cockles, but the number of measurcments

were not sufficient to attach_ahy generalities about the extent of accumulation
of this radionuclide in marine biota. Rama, Koide and Goldberg [9] had shown
as early as 1961 that gooplankton contained casily measurable quantities of

210Pb, and that biological accumulation of this radionuclide could act as a
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significant vector for its transport.from fhe surfaée_layers §f the‘oceans to ‘;;;
depth. Thus, all data to 1965 indicated'that néturaliy occurfing radionuclides -
that accumulated.in marine organisms might significéntlyvalter previous radiation
‘dose rate estimates. |

Little appeared in the open literaturé on the éubjeot of natural a-radio-
activity in marine biota until 1966. Beasley and Palmer [10] and Folsom, Pillai

210

and Beasley [11] reported a limited number of measurements of Po in selected

marine organisms taken from higher trophicvieVGIS‘than'those reported by earlier
" workers. Wasily measu}able quantities of the radionuclide were found which
extended the conclusion of widespread incorporation,of 210Po into the tissues
of marine vgrtebrates and invertebrates. v
In 1966, one of us (TMB) had begun a systematic investigation of “10py
(with some 210Po measurements included) td understand how the concentration
of ithese radionuclides changed in marine brganisms wiﬁh respect to hydrography

and season. During that investigation [12], Holtzmann [13] reported 2100y ana

210?0 concentrations in a varicty of both marine and freshwater animals collected
from various geégraphical arcas. The results of his measurements again showed
that the radiation dose rate from 21OPo»alone substantially altered previous
estimates based only on 40y ond cosmic rays. In 1967, Shannon and Cherry [14]
extended their measurements of 210Po in marine plankton, confirming Cherry's
carlier observations in 1964, again emphasizing the high alpha dose rate
experienced by the first two trophic 1cvels in the.marine food chaine.

“With the data in hand by 1968, it was clear that marine organisms could
serve as important vectors for inclusion of'2lon and 210Po into the diet of

man. Beasley, Osterberg and Jones [15] showed that marine protein concentrates,

prepared from benthic fishes, which were under investigation as possible

210 210Po

Pb and

supplements to human food, contained significant quantities of
This initial work was recently extended by a second study of concentrates,

prepared by surface feeding fishes, with essentially the same result [16].




Those findings have ‘interesting implications when 6ne considers fhe increasing

emphasis beiné placed on the world océaﬁsras a.sduroé of-protein for the.world°s

population;' o -
By early 1969 it scemed to us that there was a need to anéwer cerualn

outstandlng questlons regardlng 21OPb.and 21QPo in the marlne env1r§nment,

. We needed‘to know, for example; 1) Thé éoﬁcenjratiqns of thesé radionuclides

Ein water énd how they varied in time ;‘2) If éeasénal effegts ﬁere prominent

in the inbut of theée radionuclides in the water COlumn,iwere thefe proﬁounced:

fluctuations in the c;ncéntrations of thesg¢ entities in fhe,biota; 3) What -

were the relationships between vafioua frophio leveiS'wifh regard fo concentration

210

processes; and 4) was there a correlation between the amounts of Pb and stable

-Pb in marine organisms.

210Pb and 210Po in

Until 1970, all of the investigations dealing with
organisms suffered from an adequate numbér of ahalyses for these radionuclides
in seawater, In 1967,.Kaufman [18] had reported measurements of 210Povin gurfaoce
waters in the Atlantic colleoted in 1966-67 from stations ranging from 20°N to
‘20°S at distanoss far from the continents. Kaufman's average value was 40 x 10"15
Ci/liter. In 1970, Shannon and Cherry [17] publishod their measured concentratiohs
of théée radiohuclides‘in the su#faoe:waters around Cape Town, South Africa.
'The meah.2loPoiactivity was BQ b'd 10615-Ci/litér. "Theseg figuréa are in agreement
with~é‘vgrénlimité&:nﬁmber'of maasurements ﬁadé-ﬁy Félsom, Piliai and Beasley
[llJ -on surfaoe waters colluotod from the Scrlpps Inatitutlon of Oceanography
pier in 19660_‘ Tho valuos obtained for duplioate samples were 30 x 1071 and
‘37 x lO 15 Cl/liter. Thoe general agreoment between the act1v1ty ILVulS measured
_ f;om wldespraad geogxaphio areas gave,some hope of being able tp compare levels
of theée rédionuolidés in drganismé'dollectéd from different oceans. Thus 4 |
geheralizations concurning the radiation dose rate from the alpha emitiing
radionuclides appeared possible. In addition; the measuremcents ef both

210 210

Kaufman and Shannon and Cherry showed that Pb and “"Po werg present in
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about equal'concentrafions. anbford's measuremente [19] of partloulate 210Po- ‘;;}

210

and Pb in the surfaoe waters of both the Paclfio and Atlantlo Oceans averaged

approx1mately 9 x 10 15 Cl/llter (dlsoounting one rather large value for a sample

210Po was’

conta1n1ng algae), whzch suggests that approxlmately 25 % of the
present -in a form retained by a 0.3 pmllliporc fllter.

While our own 1nvest1gatlons were under way deallng w1th the trophlo level
relatlonshlps of these radiomuclides in marine blota, Shannon and Cherry [20]
and Shannon [21] presented the results of 81m11ar studies whioh they had
‘oompleted_ln South African waters. Their results;showed strlklng trophlc lévéi'

magnifications of 210Po,vwith-1ess accumulatibn for-Zlon; Cohcentration :

factors for 210Po in whole pélagic fishes approached 105, fhoge for ZIOfb beinéi
leéé than 3 x 102. These fiédiﬁgs did,much to solidify the argumeni that thesé
radionuclides do, in fact, proride the hajority of the natural radiation dose'
rate to marine'orgéniéms. |

The present papér is intended to'comb;iment the findings orf Shannon and
Cherry while adding'new data which includes the additional measurement of stable
iead. individuél organ analysés'have beenvpérformed where pbssible to more

olosely'identify the individual sites of accumulation of the rédionuciides.'

3. METHODOLOGY

© 341. Sample Colleotlon

The~samples analyzed in this study werec céllectéd.from different stations
within the Strait of Juan de Fuca (Puget Sound, Washington State) from the
M/V COMBANDO of the University of Washington and the northeast Pacific Ocean
‘from the R/V YAQUINA of Oregon State University. Plankton samples were taken -
uéing one;half and one meter ﬁlanktoh nets of zero mesh‘size. .Macroplankton'
‘samples and pelagié fishes wére takén with an:Isaacs-Kidd midwater trawlvand a
large cormr_ner‘cial otter trawle Samples were sorted on deock immediately after Q

trawling and were quick frozen rather than formalin preserved.
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" and dried to constant weight at 105°C. Known amounts of

3.2 Analytical Prooceduro

3 o20 1. POloniu.m

At the,homé 1ab6ratory, samples were disseoted (where neoeséary), weighed

208Po were added to the

samples prior to dissolution to trace the éubseQuent yield of 2-loPo through

processing. The samples were dgested in redistilled, reagent grade concentrated

.nitric and perchloric acids until all organic matter was oxidized. The polonium

igsotopes were plated onto a 2.2 om diameter pure Ag diso (coated on one side with

" an inert organioc filmj from a 0.5 N HCl solution containing approximately 100 mg

of ascorbic acid. Spontaneous electrodeposition of the polonium isotopes was
accomplished by suspending the Ag disc in the solution b& a glaés rod attached
to the béttom of a watch glass [12]. The solution was warmed and agitated by
placing a teflon coated magnet in the beakers which were plaéed on a large,
stirring hot plates Deposition times were normally 16 hours. Following the
plating, the small Ag.disc was remqved from the.soiution, rinsed with distilled

210

water and left to dry in air. Since the deposition of Po on these small

Ag-.discs is not quantitative it was necessary to further strip the solution of
polonium isotopes, to allow for the ingrowth of fresh 210Po as an indication of

210

the Pb present. This was accomplished by adding another 100 mg of ascorbic

acid to the solution, warming the mixture to 90°C and plating the remainder of

 the polonium onto a large Ag disc (4.92 cm diameter,.uncoated), Plating times

for this part of the separation were anmally two hours.
" 3.2.2. Stable Pb
After the secqnd stripping of polonium from_the mixture, 212Pb was added
to the solutioniand allowed to equilibrate overnight with the stable Pb in
solution. Thq solution was warmed’to:furthér ensﬁre eXchange.‘ The Pb fraction
was subseQuentLy isoléted by extracting the solution twice with 20 ml portions
of a'l % DDTC/chloroform mixture (diethylammonium diethyldiethiocarbamate). The

organic extract_was then transferred to a clean, 250 ml beaker containing a small
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amount of 6 M HNOC 0 and warmed“to remove ohlorbfofm. The nitrié.aoid phase ‘;;9'
was then evaporated to dryness anc traces of organlc matter were destroyed by
heatlng the beakers in a muffle furnace to 500 C for approxlmately one houro:
The Pb 1sotopes and stable Pb were removed from the,beaker-by rinsing with

0.3 N HC1. ‘The ringes were trénsferred f& 25 ml fared'voiumetrié fiasks, and

225,, Stable Pb

the yiel& of Pb was obtained by total gamma counting of the
in the solution was determlned by atomlo absorptlon spectrometry u31ng the .
method of standard additions. Once the weight of solution had beep-determlned,
the absorbance of fhé‘solution at the 2833 R line of Pb was rocorded. ‘The
solutioﬁ was réweighed;kand 25 vg of Pb were added (10 #'liters of éolution).
The éolution was wéll_mixed and the absorbance agaiﬁ determined. Thié procedure
was repeated until thfee‘data:pqinté were available to plot.absorbance versﬁs
pe.p.m. Pb in the solution. Such a plot when exirapolated through the zero
addition ordinate gives an intercept oﬁ.the abscissé.corresponding to the Pb
concentration of the solution.-vMultiplyingvby’the original solution weight
yields the total Pb in the éample. & coﬁputer programme was written to perform-
aleast squares fit to the absorbance-conoentration_plot, and the final readout
of the analysis reporfs the net p.p.ﬁ. of Pb in the specimen analyzed.

3.2.3. Lead—=210

The solution remaining after the Pb determination was stored from 3 - 12

months to allow for ingrowth of fresh 210Po. The determination of this

"in—grownﬁ‘lePo providas a determination of the 210P'b in the sample
at the time of amalysis. Counting of the samples was done using surface:

‘barrier diodes whose background count rates ranged from 0,02 -~ 0,05 c.p.me

(0.1 - 0.3 dopeis) in the energy interval used to determine the 210?0.
’Countipg times fof both'ﬁhe=210bo‘and zmofbrmeasurements werg 1000 minutes.

In the determination of ﬁhe~2mobb'ﬁhichlgrew into the.solution following‘the

eriginal 210?b>measurements, selected samplcs were plated on large Ag dlBCS ‘;;}

210:.

and the “° Po determined by total a~counting [12]. The majority of the samples,
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21on in the sample was

however, were analyzed by alpha épectrometry. The
caloulat§d using standard equatiéns for growth of daughter activities from
initially pure pérent isotopes. Reagent blanks were analyzed with each group

of samples, the groups generally being comprised of.fram8-12 samples.

The calibration of the alpha spectrometer system was performed and verified
in'several ways. PFirst, the efficiency of the diodes was determined by counting
an electrodeposited 23 9Pu disc whose size was very nearly that of the Ag discs
used in the experimentg and whose source strength had been determined by a
number of 1ab§ratories in the United States. Second, calibrated standard
solutions of both 210Po and 208?0 ﬁere stippled onto Ag disds and the efficiency
of the diodes was compared with that determined by the 239Pu standard. 1In cach
oase, agreement was excellent., Finally, the total alpha counters were designed
to be identical to those originally described by Hallden and Harley [22]. The
efficiencics of our total alpha counters were 48, 48 and 46 percent, as determined
using the calibrated 210Po solutions which compares very well with the figure of
47 percent quoted by the above authors. The efficiency of each diode was checked
periodically to ensure that no changes in deteotor efficicncy was occurring.

During the cdurse of the research, no change was observed.
We were concernedvat the outset that upon thawing our plankton specimens prior

to analysis that some 210?0 and 210

Pb might-be lost due to the lysis of cells
during freezing. We considered this muqh'}ess bf'g.prdblem with our larger
pelagic andbbenthic_cqutacea and fishes becauée they .could be dissected for
individual tissue analysis while still in the frozen gtate. To determine to

what extent these radionuclides appeaied'ip'the liquor upon thawing, we analjzed
'zéopianktoh éampies'(principally éﬁﬁhausiids and mysiids taken from three separate
tows) which were oomposed of the saﬁple plus liquor, a sample without liquor,

and a sample of liquor itself. Table I shows that at the precision of the

annlyses, small, but nonetheless mecasurable amounts of activity for 210Po were

present in the liquors - The variability between aliquots do not permit an
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210 210

Table I. Pc and Pb loss'fiom gooplankton upon thawing.

Aliquot + liquor Aliquot = liquor '  Liquor
Sample (total depem.) - (Total depems) - (Total d.pem.).

20, 210, 210, 20, 210p, 20,
Zooplankton 29,8 4 2.2 0.70f 0,04 28,2 19 0,90+ 0.06 0.9+ 0.1  N.D.
Zooplankton 9.4 4 0.8 0.7k 0.04 10.1°+ 0.9 0.80¢ 0.05 0,50+ 0,06  N.D.
Zooplankton 13.54 1.0 - L.40 0.07 13.1 % 1.1 0.90t 0,06 -~ 1e4 £ 0.1 0,06 + 0,03

N.D. Not detected. Frrors arevstandafd errors (1 ¢ ) derived from radiometric measurements only.




assessment of the loss through simple difference;-but_the.magnitude 6f the _
2105, activity in the liquor suggests that anywhepe from 3 = 10 % of the activity
" may be lost ih this fluid. Dor this reason, plankton samples;weré transferred

frozen to tared beakers to prevent such loss.

3.2.4, Error analysis

In reducing all of the radiometric count rate data,:account has been taken
' 6f the proﬁagation of errors according to sﬁandard stétiéfical techniques., The
variability in the data reported hgre are of two kinds. In many 6éses,va gingle
sample has been analyzéd ﬁhich was comprised of one or many individuéls. In
these cases, the errors which are shown for the radiometric data are fhose
derived frém a propagation‘of‘the errors associafed with the couﬁt rates of the

210 208Po radiomuclides in each measurement which was made. The propagation

Po and
of the error was based on the standard error (1 ¢ ) associated with ecach
radiometric measurement. In other cases we have used.number weighted averages

of the radiometric measurements which were made by separate analysis on a

number of individuals collected at the same time. In thesec cases, the error
associated with the data is the standard deviation from the mean radiometric
value., Ue have chosen to underline, in our tables, those data which were derived
by averaging a number of individual analyses. For example, all but three of

the measurements reported in Table II under Trophic Level II Pelagic invertebrates
represents the mean activity le&el calculated by averaging the individual
measurements of the number of hauls taken. The erfor associated with single

Pb analyses was derived from a propagation cf errors associated with the

212Pb yield determinant, and the error associated with the

measurements of the
measurement of a number of samples fo which known amounts of Pb had been added,
In our experience, the detection of Osd pepams Pb in oﬁr final solution was
difficult. . This recuired that our original sample contain 10 ug of Pb, which
in many instances was not the case. Consequently, both the 2lon and Pb data

have large errors associated with their measurement due to biological variability

I - 11




and the faot that we were working very near the detection limit for both of ‘;;}
these entities.
The radiometrio data have been corrected for decay to time of catoh, and

210Po from'a;o

correotion has been made for ingrowth of Pb in the:samplee betwaeh'
catch data and analysis data. Despite our éffortsvto suéeéesfully waf ash thé
samples to cohpleté‘diseolution in hot, Qoncentraféd perdhlorid acid, speciﬁensv
were lost dﬁe to the rapid and explosive reaction of the @iganio mattor with

this strong oxidant. We have chosen to include at lecast S desofip%ion of fhese
lost samples in our tables for oompletensss. In other oaées, the aofivity levei'
of ons or the other of the radionuclides was beloﬁ_our detéotién 1imit; as was
the Pb. Those samples that were lost in analyses appoar &s liﬂeé in the tables

whoreas those measurements which were below our deteotion limit are shown as

N.D.

4. RESULTS AND DISCUSSIONS

4.1, General findings

Tables II;VII contain the results of our measurements which began in 1969.
We have chosen to order the organisms'in trophic lewvels following the example
of Osterberg, Pearcy and Curl [24] since many of the organisms analyzed were
identical to those used by the aboveAauthors to study trophic lovel relation~
ships of aftificially produced radionuclides.

The data of Tablé II show that the,variability within the microsmooplankton
does not permit a definitive statement about seasonal trends in 210?0, 210Pb or
Pb oconcentrations within this group. Polonium-210 and Pb- concentrations appear
to be highér during winter months, deoreasing to lowef values during summer and

fall, yet the same trend is not observed for 210

the levels of 210Pb and Pb appear to show an inorease in concentration during

Pb. In the case of euphausiids,

winter months (presumably due to increased input from rainfall (12)) but again ‘;;}

the confidence limits associated with the averaged results are large. By ocontrast,
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Table 1.

Lead-210, polonium-210 and stable Pb in marine organisms.

[activities are recorded as d.p.m./g dry weight; stable Pb as pg Pb/g dry weight]

Trophic Level II

Pelagic Invertebrs tes

Microzgogléngtgn_
Calanus finmarchicus,
amphipods , zoea)

EughgugiidE

{Zuphausia
pacifica)

Mysids _ ,
‘Tacanthomysis
sculpus)

JDOF =

Numerical citations represent nautical miles offshore.

" Date

January 70
April 70
July 70
October 70
October 69
January 70
March 70

~hpril 70

July 70

October 69
January T0O
Apri1‘70

.October 70

Straits of Juan de Fuca

Location

JDF
JDF
JDP
JDF
JDF
JDF

MH-25
JDF
JDF
JDF

JDF

~ JDF

JDF

Organ

entire

entire
entire

entire

entire
entire
entire
entire

entire

entire
entire
entire

entire

No. of

hauls

(1)
(1)
(4)
(2)

(3)
(6)
(1)
(5)
()

(4)

(D

(4)
(1)

Newpert Hydrographic Line. A sevies of stations seaward from

210Po

15.0 + 1.1
3.8 = 0.8
6.9 £ 0.6
2.7 + 0.8

2.6 + 0.3
0.6
0.6
0.2
0.1

8.8
3.2
2.0

H H H H K

3,9 + 0.9
21.1 + 3.3
24,8 + 3.9
3.9 + 0.3

210Pb

0.5 + 0.1
0.7 £ 0.3
0.5 £ 0.1
0.04+ 0,01

0.2 + 0.1
0.9 + 0.3
0.80+ 0.06
0.5 £ 0.3
0.2 + 0.1

0.7 £ 0.3

0.3 £ 0,2
0.2 0.1
0.10+ 0,02

Newport, Oregon.

Pb

12.5 + 0,6

6 +3
1.5 + 0.9
0.9 £ 0,2

0.60+ 0. 06
1.5 £ 0.7
1.2 £ 0.1
0.6 £ 0,2
0.3 + 0,1

1.7 + 1.0
le4 £ 1.0
0.6 % 042
0.20+ 0,02

' 210Pb/Pb

0,04 % 0,01

0.10 # 0.07
0.3 + 0.2
0.04 + 0.01

0e3 % 0.2
0.6 + 0,3
0.70 + 0.08
0.8 + 0.5
0.7  Ou4

0-4 i 003
0.2 % 0,2

003 - 4 0.2
0.5 + 0,1
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Table 1II.

Trophic Level III

Pelagic Inveriebraies

:Shgigp_’ .
. (Sergestes similis)

(Pasifea peoifica)

(Pandalus jordani)

3 not;rscorded

O

Lead—210, polonium-210 and stable Pb in marine organisms,

[activities’are recorded as d.p.m./g dry weight; stable Pb as pg Pb/g dry weight]

.Date

May 69
October 69
January 70‘
March 70
April 70
July 70
Cctober 70

January T0
April 70
July 70
October 69
Novemﬁer 69

January - 70
April 70
July 70

Location

off Oregon
Coast
JDF

JDF
NH-25
JDF
JDF
JDF

JDP
JDF
JOF
JOP

NH-25

JDF
JOF
JIF

Organs No. of
individuals
entire - (*)
entire (51)
entire ( 100)
entire (20)
entire (18)
entire (%)
entire (8).
(42)
entire (20)
entire (200)
entire (200)
entire (144)
entire—eggs (11)
eggs (11)
entire (6)
entire (34)
entire (38)
entire (5)
hepatopancreas (14)
G.I. contents (14)
muscle (14)
remains (14)

Size

(mm)

10
10
8-11
8-11

5-16

E 3
5-9
16-21
10~16
1424

522
21-23

6-10,

8-30
8-18

11-25
20-40
2040
2040
2040

201

210PQ

25.4 + 1.9

12,2 £ 2.5

49.5 = To.6

4044 £ 2.9

2T.0 £ 2.0
16.7 = 1.2

18.8 + 1.3-
5-3i lll

4.2 £ 0,01
5.9 £ 0.5
2.3 £ 0.2
23,0 1 540
17.3 + 1.1

1.1+ 0,1
3605 £ 2.0

38,4 + 4,0

20:9'% 3.5

13.1 £ 0.9
+12
l¥108 + 203
2.0 £ 0.2
6.6 + 0.4

210Pb

0.20:1: 0002
1.0 £ 0.6
0.5 £ 0.3
Ou4 £ 0.5
0.6 £ 0.1

0.8 £ 0.1

0.20+ 0,02
0,03 0,01
0.6 + 0,1
N.D..
0.4 £ 0.2

0.50+ 0404
0440+ 0,06

2.2 % 0.l
0uT £ Ouds

043 £ 0,1
0.5 + 0.1

3.4 x 046
8.9 = 0.5
N.D.
0440+ 0,05

Pb

0.50¢ 0,05
0430+ 0.08
1.2 £ 0.5
5.0 £ Oul

0,50+ 0.05
0,90+ 0.09

N.D.
2.2 + 17

NDD. .

' 0470% 0,07
- 0,40% 0,04

1.6 % 1.0
242 £ 001

0.10+ 0.01

706, - 3 002 :

© 242 £ 0,8

045 £ 0s2

"0.9 £ 0.1

2.20£ 0.03 .
20.T7 £ 004

0.10+ 0,02
0.50t 0.01

O
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Table 1Ve lead-210, polonium-210 and stable Pb in marine organisms.
[activities are recorded as d.p.m/g dry weight; stable Pb as g Pb/g dry weight]

. Date Location Organ No. of Size 210, 2105,
. . : re (fork lergh-
Trophic level IIT : individuals mm)
Pelagic Vertebratese.
Smelt o

{Thaleichthys October 69 . JDF entire (86) 50-145 1.3 £ 0.2 0,13 0
pacificus) S ‘ eviscerated (86) 50-145 1.0 £ 0,2 0,09 O

_ viscera (86) 50-145 4.9 + 1.8 1,10

November 69 NH~25 entire (1; 152 1.1 £ 0.1 0,10+ O

eviscerated (1 152 04301 0,04 0,08+ O

viscera (1) 152 10,9 £ 0.7 1.4 %0

January 70 JDF entire (ggg 35-110 lo4 + 08  0.20£ O

eviscerated (102 35-110 1.3 + Oud 0,06 O

. viscera (102) 35-110 4.8 + 1.3 0.9%0

April 70 JDF entire  (73) 48— 170 les £ 042 0,40+ O
- eviscerated 21}_) 48 ~70 0.9 £ 0ol 0,30

. viscera 13) 48- 70 3.4 205 1.0%0

May 70, 462-23.8' entire (9) 86~110 447 £ 043 N.D.

' 124°=15.4' eviscerated (9) 86-110 34 £ 0.3 N.D.
. viscera (9) 86-110 23.3 £ 2.3 0,302 O

July 70 JDF entire (33) 70~152 1.5 + 0,1 0,10+ 0O

eviscerated (32) 70-152 0.60+ 0.06 0.10+ 0

. viscera (33) 70-152 3.70+ 0,02 0,10+ O

October 70  JDF entire (15) 42- 55 1.6 + 0.1 0.20£ O

‘ eviscerated (16) 65-145 Ce5 £ 0.1 O 0

o
s B

viscera (16) 65-145

HOV OB ™

PR wnw www v BB wEw

©

e @

o

OO WU O+H POO WOO
WW OO0 HPHO @
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Trophic Level ITI-V
Pelagic Vertebrates

Whiting
{Theragra

chalicogramms )

Salmon
{Oncorhynchus
tshawytscha)

O

Lead~210, polonium—-210 and stable Pb in marine organisms.

[activities are recorded as d.p.m./g dry weight; stable Pb as pg.Pb/gtdry weight ]

Date

October 69

Jamiary TO

April TO

July 70

October 69

Location

JDF
JDF
JDF

-JDF

JDF
JOF

JIF

T. of Washe

Crgan

individuals

entire
eviscerated
viscera
muscle
 liver
viscera
bone

entire
‘eviscerated
' viscera

muscle
liver
viscera
stomach contents
bone

entire
eviscerated
viscera

muscle
liver
bone

muscle
bone

muscle
liver
muscle
liver
kidney
bone

G

L . .

15 it

S

P ol La

RS

o

L)

210

210

Size Po Pb
(mm)
87-115 3.4 4 D.2 D07t 0,01
87-115 '1.80 0.02 D405t 0,01
87-115 15,1 + 1.1 D+20% 0.04
266 B.5 + 0ub5 D405 0.03 -
266 - 0.5 £ 0sl 0.3 £ 0.1
135 4.1 £ 0.2 0,40 0404
135 1.40+ 0.09 0.08% 0.02
135 195 & 14 2.4 £ 042
225-350 0.20+ 0,02  "N.D.. .
225-350 4,3 £ 0.2 . N.D.
225-350 22.1 1.1  0,20% 0,02
225-350 0.10+ 0.02 0,10+ 0,02
275-300 2.3 + 0.2 D.20+ 0.05
275-300 1.0 + 0.1 0,10+ 0.02-
275-300 20.9 £ 2.0 0.90t 0.05
283-340 0,50+ D.D5 0,02+ 0,01
283-340 9.2 % 0.6 0420 0,02 .
283340 030t 0.02 0.10% 0.04
350-400 0410+ .03 N.D.
350400 0,10t 0.01 0.04+ 0.01
66— 86 ‘(’Cm\) O .10:t 0405 O.KDBi o-vol
66- 86{cm) 1.8 £ D49 Dod % 0,1
80 (o 0,05 +0,02 0402t D005
80 {cm, 1.40+ 0,01 . N,D.
80 cm 2.6 % 005 0,40+ 0008
80 (cm) 0,30+ 0,03 0.30+ 0.03

D0+ 0.02
0,10+ 0.01
2.9 % 0.1

Da704 0401

:N-.Do .
N. D-

~ 0490 0,02

0.90+ 0.03
0.60+ 0.08

0.30% 0,03
1.20+ 0,02
0.30t 0,01
0.70% 0,05 -

- 0,80+ 0,08

0.50+ 0,06

0.8 £ D43

0,10+ 0,01
0,30+ D.01

005+ D01

FD.
D420t DaD2

0.20+ D.1D

0.06+ Da01

050t 0402
4,20t 0,05

O
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Trophic Level II-V

Qegezsgl_FiséeE
Atneresthes stomiasis)
Fopsetta jordani)
Glyptocephalus zachirus)
Lyopsetta exilis)
(Parophrys vertulus)
(Lepidopsetta bilineata)

LT

Hake

{MerIuccius productus)

‘able VI.

ﬁate

October 69

January 70

March 70

April 7Q

July 70

May 69

Location

JDF

JDF

NH-25

JDF

JDF

46221.2'
124°14,0¢

Organ

muscle
liver
viscera
bone
slziin
muscle
liver
bone

muscle

liver
viscera

bone

muscle

liver
viscera

bone

muscle
liver
bone

muscle
Liver
viscera
bone
gonads
spleen
heart
gills
skin
eyes
kidney

NO. Of
individuals

Lead-210, polonium—ZlO and stable Fb in marine organisms.

Size

(mm)

158-395
158-395
158-395
158-395
158~395

300-470
300-470
300-470

200-400
200-400
200~-400
200-400

320450
320-450
320450
320450

210-400
210-400
210-400

350-560
350~-560
350-560
350560
350560
350-560
350~560
350-560
350-560
350560
350-560

210

Po

0.3 % 0.1
8.0 £ 0,8
14.83 * 3.0
0.10¢ 0.05
1.2 i o.l
0.20+ 0.07
0.10% 0,05
0.5 + 0,2
T.0 £ 0.4
13.8 = 2.0
0.3 £ 0.1
003 i 0.1
2.9 + 0.8
20.8 % 7,0
0.20¢ 0.07
0.4 £ 0,2
19.3 £ 8.0
0.5 % 0.1
0,50+ 0,04
4,3 % 0,3
10.1 £ 0.5
0,20+ 0,04
2.8 £ 0,3
7.1 £+ G.8
5.6 + Ou4
2.2 + 0.4
0.07+ 0.01
0,10+ 0.06
13,1 + 1,0

[activities are recorded as d.p.m./g dry weight; stable Pb as pg Pb/g dry weight] ’

210Pb

0.03+ 0.01
0,20+ 0.05
0.20+ 0.05
0,10 0.05
0.10+ 0.02

0.03+ 0,01

0.10+ 0,04

0.10+ 0.05
0,30+ 0.03
1,00+ 0.07
0a40+

0.0
0.04t 0,0
1.7 £ 1.0
2.5 1+ 1.0
Oes £ 0,1

0,02t 0,005

0.7 £ 0.1

0+00440,001
0.20+ 0,01
0.20+ 0.02
0,04+ 0,02
0.40t 0.07
0,10+ 0,02
0,20+ 0,04
0.07+ 0,01
0.02+ 0,007
0.10% 0,04

K K
(o]
.
W

R RS ~:an5- oo

HHH HHHK
[e]
L4
[

*

O 0 Ol:'OO o+

N.D. .
N.D.
2,50+ 0,02
0.10+ 0,02




Hake (ctd.)
{Merluccius

Rockfish

{sebastodes
Sebastodes
Sebastodes
Sebastodes
Sebastodes

(Sebastolobus alascanus)

Sahl_e_f_i_sl_l
{Anoplopoma

# n>t recorded
+ comprised mostly of mysids

O

Table VI.

1 roductus)

melanoys )
flavidus)
elongatus)
crameri
alutus)

fimbria)

(ctd.)

Date

June T0

November 69

January T0

March 70

April 70

July 70

January 69

March 70

. ] No. of
Location — Organ  .4;yiquals
WHash.-Ore. muscle (19)
coast liver (19)
bone (19)
NH-25 eviscerated (3)
viscera (3)
JDF muscle (l)
liver (1 )
viscera

+G.1. contents 1
bone (Z)
NH-25 muscle (}_)
liver zg

viscera 2
bone (1)
JDF muscle (f;_ )
liver (4)
bone (a)
JDF muscle (3)
liver (3)
bone (3)
JDF mascle (2)
liver (},)
viscera (2)
stomach contents .(3)
muscle . (_2_)
liver (2)
viscera (2)
G.I. contents (2)
bone (2)
mscle (}_)
liver (2_)
viscera (Z)
bone )

Size
(mm)
*
*
¥

75~ 18

75~ 18
290-400
290-400
290-400
290-400
290-400

420
420
420
420

235-250
235250
235-250

*

*

*

300~400
300400
300--400
300--400

375460
375-460
375460
375-460
375-460

280-300
280-300
280~300
282-300

118

210

Fp ono
4L Mok
=N

T L
o ooo
v OO
M 8ME

O
¢ o o

D) D
OO0 OO O\NS ~N OO KH H~IWO

L ) >

HWuUn O OCO 900 opwnmo O

SRR =2
.
o

N
(83!
L]
\%Y}
[
(o
[ ]
N

I+

6
0440: 0407

0.70+ 0.06
100

47 % 2

0.70+ 0,07

210P.b

0,01+ 0.002

0.20+ 0.02

0.30% 0.04
1.5 + 0.3

1

05
.01

05
0.5
0.04
0.7
N.D.

0420+ 0.05
0.07+ 0.03

0.02¢ 0,01
¥.D.
0.13% 0.06

0,01+ 0.005

0.10+ 0.01
0,10 0,01

Pb
0.30% 0,03

0.80+

o

?
o
8

0.01

\0
L]
o
H
O
L4
n

NDEHEMNMND P

o o o
o o 0o
OO0 O0
U\n N

N

°

Ru® RRRw

He

CO PNDOMN O WUWHIN
L ]
[ ]
QOO »nmowm O
W N !

D)
e
[eNeNe] OO?O [oNeoRNeoN o

0.30t

0.10+ 0,05
0,60t 0,06

2

0.20+ O, 02

1.10+ 0.02
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fable VI« (ctd.)

No. of Size '
© Date Location Organ individuals (mm) 210?0 21OP'b Pb
Sablefish (ctd.) April 70 JIF muscle (3) 410420 0.8 £ 0,3 0,05 0.01  0.20t 0,02
Tanopiopoma fimlria) : : liver (3) 410-420 36,0 £ 3.0 0.7 = C.l 0.40t 0,04
X bone (3) 410-420 0.5 %+ 0.1 0.20+ 0.05 1.00t 0.08
July 70 JDF muscle (2) 465-490 0,10+ 0,01 N.D. N.D.
o liver (2) 465-490  40.0 £ 2.5 - 1.,4G 0,04
bone (2) 465490 0.7 £.041 0.3 £ 0,1 0 40t 0.04
Ratfish October 69 JOF muscle (3) 430-550 - 0,10+ 0,01 0.10+ 0.03 0.3¢¢ 0,03
{Hydrolagus €e6lliei) ' liver E; ) 430~550 1.4 £ 043 0.06+ 0,03 0.10¢ 0.01
viscera 3) 430-550 26,1 % 1.8 0,30+ 0,03 N.D.
notochord (2) 430-550 0.5 £ 0.2 0.50+ 0,05 N.D.
-skin (3) 430-550 0.50+ 0.06 0.20+ 0,04 0.4Ct 0,01
January 70 Jor muscle (3) 570 0.40+ 0,04 0.08+ 0,02  0.20+ 0.04
’ liver (3) 570 0.60+ 0.06 0.08+ 0,02 -
viscera (2) 570 20.4 % 6.0 0.6 = 0.1 0.6 = 0.3
notochord (3) 570 0.8 £ 0.1 0,70+ 0.05 2.2 £ 0,1
¢.I, contents  (3) 570 30.6 + 6.0 1.00+ 0,05 3.8 + 1.0
 March 70 JOF eVisf'gzgated (1) 280 0.40¢ 0,01 - 0.30% 0.03
April 70 JOF  muscle (1) 420-540 0.4 £ 0,1  0,20% 0,02 0.2 % 0.l
: liver (1) 420540 4.3 £ 1.1 0.40% 0,04 0.4 # 0.1
| bone (1) 420-540 0.7 £ 0,1 0.6 £ 0,1 1.3 £ 0,1
July 70 JDF musclo (5) 350-500  0,30& 0,03 - -
liver (5) 350-500- 0,80+ 0.06 - D -
bone (5) 350-500  1.00t 0.09 0.9 % 0.1 1,70+ 0,02
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 Table VII.

(Thais, spe)

(Pusitriton)

O

Lead-210, polonium-210 and stable Pb in marine organisms.

[activities are recorded as d.p.m./g dry weight; stable Pb as pg Pb/g dry weighf]

-Date
Benthlc Organisms o
Seg Urohins November. 69
{strongylocentrotus
drabachensis)
Allocentrotus fragilis)
Brisaster, sp.)
Strongylocentrotus
palidus) Janvary T0
March 70
April T0
July 70
Sea Cucumbers November 69
{sTichopus, &pe.
Scotoplanes, &sp.)
' March 70
Polychaetes : November -69
{Ophelia travisiu)
(Aphrodlte aculet ta)
§néils_ April 70

Location

NH-25

JIF

NH~25
JDF
JOF

NH-25
NH~65

. NH-25
NH-25

JDF

Organ

test
viscera
gonad

test -
viscera

test
viscera

test
viscera
tost
viscera
- test
viscera
test
viscera
eviscerated

eviscerated
viscera

eviscerated

entire

shell
soft parts

No. of

individuals -

[ L)
g\O\ ~3~]~3 .

P~

PN PN PN

Size
(mm)

60
60
60

20
20
43
43

60
60

#*

]
70~ 80
70~ 80

2]"oPo

.

.0
0
.2

(™)
oo&nm

OHO
.

W O

.
~

B

HH HH HH B WH OHHH

s
-

54
2
s9
0

N
=

S

Qo I-‘.O :-‘O
N O W W\

1
02 3
5
02
6
3
9

A\
O O\
[\*4
)

[s -]

O
o e
O\

[«]

L] t 0.1
4.1 £ 0.3

3.5 % 0.2

5.0 % 2.8'
47'7 i 404

3.7+ 0,2

42,2 % 2.5

on
[¢1N,}
T
oo
NS

: 210Pb

L ]
0.00"
[ ]

OV =
R

[
.

.
O WH PO

oo b

wi® R o wew
eo po Vo

MR V&

«8 £ 0,3
22,3 £ 2.0
0.5 £ 0.1

0.20% 0.01.

3.2 £ 1.0
5.7 £ 0.5

0.6 + 0.1

503' i loo

=]
o
« o

(=3 V3

[ 2
(o o]
“ e

Lo 9 o

(o]
¢ .
0

[ 3
S

14.6

(o)
°
N0

5.

.

[o]
®
-

8'4

i
.
OIS

HH BH HH HH
L] [
S

[N =) 09 o0 00

15.1

1.4‘1 0.2
1.1 £ O

5.0 £ 1.0

049 £ 0.1

15.7 £ 2.0

0.90+ 0,05
o.éot o.m

210

&
-
-

.
A\
H
[ol o}
B

o+
o
VR

s .
Q=
o]

.
OMN K NN

D)
u N

= O H.O O O
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‘Table VII. (ctd.)

. : Depth
Date Location (meter) 210Po_ 2105, : Pb
Sediments FEarch TO NH-25 201 16.1 £ 2.1 16,1 + 2.1 12.5 £ 0.1
TH-8 190 23.6 £ 2.5 19.4 + 1.3 12,0 £ 0.2
TH-65 1975 19.5 £ 2.3 18.9 £ 1.3 12,5 £ 0.2

* =  ﬁo{'recordedj

TH =r Tillamdok Hydrographic Line. A series of stations seaward from Tillamook, Oregone
' Nuierical citations rep:esent nautical miles offshore.
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the Po data for the euphausiids from within Puget Sound éeém reasdnab1y -

constant. The mysids, however, show decidedly higher 210, oon@énfrafibhéin
winter and early spring. Little can be deduced about seasonal.trendé'in the
2lon and Pb data.for mysids again due to variability. -The pelagic shrimp data

of Table III do show pronounced seasonal changeé in 21QPo and Pb for both

210

Sergestes similis and Pandalus jordani, yet the Pb data does not follow

these trends.  Moreover,; there seems to be no detectable seasonal trends in

either the 210Po, 2lon or Fb concentrations in Pasiphea pgcificé. Assuming that

the seasonal variations of 210Po in the mysidS’ account in part for the seésoﬁal_
increases of this radionuclide in §. similis and Ps jordani, we conclude that
mysids did not comprise a large porfion of the food web of.g. pacifica in our
collect:itons. It is interesting to note the internal distributiqn of these
entitiesvwithin the various tissﬁes and organs of P. jordani collected in July;
1570. The hepatopancreas shows unusual concentrations of 210?0 which exceed
30,000 pCi/kg wet weight which is twice as high as that reported by Cherry, Shay
and Shannon for the hépafopancreasvof a roclz lobster taken iﬁ South African
waters [24].

210

A surprising finding to us was the generally low levels of Po in the

smelt specimens, Table IV. These fishes feed at trophic level II (small crusta-—
10

-

cea) and we had anticipated that the reasonably high levels of 2 Po in the small

crustacea would be amplified in fishes feeding at this trophic. level. This does
not appear to be the case, and is in contrast to data which we have observed for
anchovy and saury [16]. These fishes also fued at trophic level I and II, and

210 0

Po. The 2l Po levels are

they have been shown to have high levels of
comparable to those observed by Beasley [12] for Myotophids taken from the north
east Pacific, which also feed at trophic level II., We can offer no explanation
for this apparent contradiction. Equally interésting isbthe fact that no
seasonal trénds arevevident iﬁ thev21OPo, 21OPB or Pb concentrations for those

smelt specimens taken from within Puget Soundok‘There.does appear to be a

-




difference in the concentration of these products in the sample of smelt taken
offshore in May, but we cannot attach a particuiar significance to this finding
since lower trophio level specimens collected at.the same time were unavailable
for analysis,

The data in Table V and VI deal with much larger fishes and thereforc contaii:
results of organ analyses. It is olear that fhé internal organs of these animals
contain the highest concentrations of 210?0, 210Pb and fb and that in some
cases, the levels of 210Po can be very highs In particular the liver and viscera
of these larger carnivores are shown to be sites of accumulation.for 210Po and
210Pb. Stable Pb apbéaré elevated in these tissues in addition to being high
in the bone of the majority of the demecrsal fishes analyzed. ‘e realize that
the measurements for ‘viscera' are loss descripfive than they might be and that
they include other organs of interest. However our purpose was to comparc
internal distribution in a large number of samples and consequently more
definitive sites for accumulation within 'viscera' should now be sought based
on the high concentration of 210Po, 210Pb and stable Pb that have been found
there, |

Table VI contains our mecasuremcnts for demersal fishes which show c¢ssentially
. the same trendé we have observed i_n pelagic fishes. We have chosen tp group
species of flounders and rockfishes rather than report individual species data,
accepting the fact that differences might exist. However, we did not
consistently trawl any single specics that pefmitted us to discern any trend
within members of the family Pleuroncctidac. Accepting this shortcoming, the

concontrations and distributions of 210Po, 2100y and Pb in all of the larger

fish species appear comparable..

Finally, Table VII lists our fadiometric ahd stable.element results for
benthic organisms and some offshore sedimenfs. While an attempt was made to
remove sediments whioh was contained in the visceral mass of those organisms,

the organic digest frequently contained small amounts of siliceous residue,
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Thus, the values reported for vis_ceré should not be viewed aé being entirely -
derived from systemically deposiféd 210?0, 210py and Pb. . By contfast, the - ‘;;>
shells and tests of the organisms were free from sediment. Again, we have -

grouped data, since there appear to be no significanf differences between

species even though certainborgapisms live at tho sédimeht sﬁrface (Allooehtrotug
fragilis) while others live in fhe sediments (§£ié§§ﬁ2£y,3P-)é There does not
appear to be a large increase in the concenfrations of any_of the radionuclides
or Pb over that observed for sediment. ‘Indeed,»the-eviscérated.sea cucumbers

show quite low values for all three entities as do the values for snails. The

210 2

sediment values for Pb‘and

tration ranges reported»for»226Ra [25], the precursor of

226

however, measured

lOPo fall within the range of the average concén—
219,  We have not,

Ra 'in these samples and thercfore we have no information
as.to whether or not the 210?0 aﬁd 21OPb activities reported'here are in sccular
equilibrium with their 226Ra parent. Carey [26] has characteriged the composifibn
of the sediments off the Oregon coast, at the stations sampled, as grading from
well—sorted fine sands on the inner shelf 1o silty clays at depths of 2800 m ou
the Cascadia Abyssal Plain. The sediments reported here were collected by means
of a Smith-lMoIntyre bottom grab'sambler from this general area and we analyzed
only the top 1 cm of sediment. Chow and Patterson [27] have reported Pb concen-
trations of 14 pg/g dry‘sediment for sediments whose composition approximate
~those measured here, and considering the variability of Pb concentrations with

sediment type which was observed by these investigators, our average value for

Pb in sediments of 12.6 = 0.4 pg/g dry sediment agrees favourably with their

findings.
4.2. Trophic level relationships of 210?0, 2lOPb and Pb
e . ] 210 210 s . .
The relationships between Po, and Pb concentrations in organisms

from different trophic:levels are quite similar to those observed by Shannon -
and Cherry [20]but some significant differences are noted. Table VIII shows

a comparison of the data reported by these authors with that measured here. ‘;;)
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We have converted our dry weight values to wet weight concentrations by dividing
the dry weight activity values by the a§erage wgt/&ry ratios obsefved during

the preparation of the specimens. Since we did not analyze whole fish of the
larger speéiés, we have weighted the 210Po, and 2]'on values reported for
individual tiésue analyses by the contribution egch tissue makes to the total
fish weight. tielander [28] has tabulated the weight par&ontage of tissucs from
carnivorous fishes, and has shown that, on average, the skin, muscle, bone, liver
and viscera comprise 8 ;'9, 66, 18, 2, and 5 - T percent of the total body
weight, respectively. Using these data, We'have célcglated whole body concen~
trations of selected fish from the organs we measured. While we find general

agreement for 210Pb values, certain fishes measured here appear to have much

lower concentrations of 210

Po than those reported by Shannon and Cherry. Hither
there are indeed concentration differences of approximately an order of magnitude
between species, feeding at similar trophic levels or other organs within the

210Po,which we have failed to note

fishes we analyzcd had high concentrations of
(i.c. kidney, gills, etc.). Stomach content can play an important part in con-
tributing to high levels of whole body 210Po, and this possibility cannot be

discounted,

The low levels of 21OPo in smaller fishes from trophic level III (smelt)

should be more thoroughly investigated since these fishes form the basis of a

- large commercial fishery which can serve as an important vector for transporting

210, 210 i ' : ' : '
Po, Pb and Pb to human populations. Data are needed for concentrations of

these entities in several such species taken from the same waters, and where

possible, stomach: contents need to be identified.

4.3, Varigbfligz_

One shoftéémiéé of the préseht work is the unéertainty which results from
dveraging individual measurements, As discussed previously, these uncertainties
arise bothkwithin the measurements themselves and because of biological varia-

bility. At the time we began our measurcments, there was not a large literature
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Table VIII.

[pCi/kg wet wt.]

Polonium-210 and lead-210 concentrations in marine organisms

Trophic Level Sample Shannon and Cherry Present work
- 210, 210, 210, 20,
Seawater 0.020 0.038 0,038 0,045 %
I Phytoplankton 76 27 - -
I Zooplankton 380 31 237 18
111 Fishes (pelagic) - - 140 19 %
III Large crustacea - - 2256 64 **
III-V ‘Fishes (pelagic) 1260 8 340 T wux
Fishes (demersal) - - 1063 3 RN
160 19 HnnR
157 T ¥R
- 106 vt
210 210

+

# Avercge of all smelti data
¥# Averige of all S. similis and P. jordani
*%% Whiting, October, 69
#%¥% Sablefish, January, 69
*#x:%% Potfish, October 69
*esisd Platfish, October, 69

s Hake, May, 69

Po values of Folsom, Pillai and Beasley [11];

Pb valucs

of Rama, Koide and Goldberg [9].




available concerning contemporary levels of Pb in marine biota, and consequently,
the choice of'samplg*size had to be a compromise between that amouni of sample
which would hopefully yield a reasonable concentration of 21OPb and Pb, but which
could also bé readily digested by HNO3 and HClOa acids. Our experience has shown
that the levels of these two entities are very low and that large samples,
espeoially for muscle tissue, are required for ac&urate analysis. It is possible
to improve the measurement of Pb by atomic absorption spectrometry using the newer
flameless technique, but this does not obviatc the serious problem of contamination
both of samples and blanks during sample preparation and analysis. Such diffi-
culties were eﬁcountored in some of our analyses; blank values did not lie within
a population distribution which had been reasonably well defined by repeated
measurements on reagents used in the analysis, and certain biological samples
coﬁtained uncommonly high Pb concentrations which greatly exceceded values for the
same spccies taken at the same time. This condition applied generally to plankton
specimens, where contamination by particulate Pb could most readily occur. Our
analyses of dissected specimens were much less troublesome in this respect.
Nevertheless, we conclude that at least part of the variability in the Pb data
must be attributed to these problems. The specific activity of contemporary Pb

210

is low,”~25 nCi/kg [29], so that radiometric contamination of Pb resulting
from stable Fb contaminétion is believed to be negligible.

An equally difficult problem exists in trying to judge how biological
variability itself has contributed to the range of concentration values reported
here. We are uncertain as to the mognitude of its effect, yeot some discussion
on thé'reasons for this variability scems warranted. As such our ideas must be
considered highly speculative until further evidence is accumlated from which
to draw firmer conclusions. {irst, if we compare the Pb measurements of
Tatsumoto and Patterson [31] with those of Langford [19] for open ocean surface
water in'the northeast Pacific the agreement is reasonaﬁly'good. Values range

from 0,2 ~ 0.3 pg/kg of seawater. Langford's value was derived by measuring
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the Pb retained by a 0.3 B millipore filter, while Tatsumoto and Patterson and
Chow and Patterson measured Pb in unfiltered, acidified seawater using isotope ‘;;}
dilution techniques. It would appear that Pb in seawater is present, therefore;

in 'particulate' form. However, the 210Pb values reported by various investi-'

gators suggest a pronounced partitioning of 210Pb between ‘'soluble' and'parti-~
culate' forms. Rama, Koide and.Goldberg [9] analyéedffilfered seawater (pore
sige of the filter unspecified) and reported concentrations of 0.1 d.p.m./liter
in surface waters off California. Iﬁad—éio activity;éﬁ'thp filter itself was hot
detectable, Tsupogai and Nozaki [32] have recentlyireportéd an extensive series
of measuremen‘t's. in the Pacific in which total 2]-'OPb analyses were performed on |
the water samples taken at-different latitudes. The values for SampIQS'between
40 - 50°N confirm the values measured by Rama et al. By contrast, the values

210Pb show average concentrations of only

210

reported by Langford for 'partioﬁlate'
0,016 d.p.m./liter or approximately 1/6 that reported for total Pb by Rama et
al. and by Tsunogai and Nozaki. Moreover, Sdhell, Jokela and ilagle [33] in a
continuation of the present work, have presented data in agreement with particulatc

210Pb concentrations reported by Langford. Thus, while the data are not abundant,

21054 and PY

the possibility that differential solubility exists in seawater for
cannot be entirely discounted. The kinetiocs of this speciation and the bi01ogicél
availability of the different chemical species could lead to marked concentration
_vnriétions within marine organisms,

Once metabolized, indi&idual tissues of marine organisms might be'expectéd
-to show cignificant differences in the rates of turnover for lead; when the
specific activity of the water or food changes, those tissues whose lead
turnover times are fast will more nearly reflect the prevailing specific
activities présunt in the food on which the organisn fbéds or thu wator mass
in which it resides. Without definitive medsuramehts on.the magnitude of

these turnover rates in marine organisms it is difficult to assess their

contributions to variability, but it must be assumed that they play some part. ‘;;;
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A less obvious, but important factor in the variability of our data, at
least with respect to 210Po, is the change observed in concentration with
size of organism. Table III clearly shows this to be the case of P. pacifica
taken in Oétober, 1969 and for P. jordani taken in November, 1969. In these
cases, the 21oPo concentration per unit dry weighf is higher in the smaller
members of the species. This trend does not seem to hold with higher carnivores,
however, where a comparison of eviscerated smelt with evisceratsd whiting show
comparable levels of 210Po. There does seem to be generally higher muscle
concentrations in largef fish within species, but the trend is not pronounced.
Thus, in an effort to assess general levels of these entities within organisms,

the pooling of different sized organisms must always be done judiciously.

4.4, Competition

Qur results suggest that Pb does not act as a diluent for 210Pb in organisms.

In tissues where both entities have been metabolized, elevated levels of 2lOPb

are generally accompanied by elevated levels of Pb. Schell et al. [33] have
reported data which tend to confirm these findings,with the notable zsxception

of filter feeding organisms such as barnacles and oysters. These authors reported

particulate 21on, 21OPo and Pb values from both fresh and saline water systems

which showed a pronounced increase in particulate Fb in winter and spring months

which was not achmpqnied by a parallel tfend in either particulate 2105,

or 210P‘. The incréaééd'concentration of Pb invthe water during these months

was reflected in increased Qoncentrations'of»Pb in oysters, but again, no parallel

210 2lOPb cbncentrations was observed. Accepting the

uncertainty as to the:concentration of ?sbluble' 21QPb, 2_loPo and Pb in the
water, these data‘suggest no;inflﬁence of Pb_on 219Pb uptake by oysters. However,

such an interpretation rests heavily on the assumption_that the 210Pb and Pb are

increase in either Po or




syetemioal]y deposited, which‘ may be far from the"casé when the‘.whol'e' oyster

is analyzed. The shellfish conoenl:rations may largely refleot gut contents Q

210

f Pb and Pb, whioh perm1t no interpretatlon about oompetition.

.5. Lead«speo:.flo aotun.t:.es in marine orgamsms

We’have'included a limited number of oalculatiéns of lead specifioc activi-
‘ ties in Tables II and VI, to indicate the range of‘values we.have‘énoountered '
in this reéearbh. Beoause of the large dev1ations observed, wo ocannot accurately
discuss any clear trophia level relatlonshlps that would suggast 210Pb and ‘Pb
are belng motabolized differently at trophio level IT or III. The lead 8p901f10
act1v1tles of §.181m1118 and P, jordani, whlle not shown, fall within the range
'ndf\Qalues observed for oopepodé, ouphausiids, and myslde.. Slmilarly, lead
gpecific activities fo: smelt do not show pronounced.differonoes‘from fhose
obéervcd for crustacea in trophio.levél'IIo

The lead specific aotivities of benthic organisms gpprokimates the lead
specific activities méasured for'sediments, withvsome notable exceptions. All
of the tests of the sea urchins wﬁioh were analygzed have lead specific aotivities

210py e Pb) observed for

| which fall within the 2 o value (1.7 % 0.6 depeMe
sediments collected offchore. All But one Qiscera sample from these same
organisms 1ie within the sediment value, the notable exception being the speoimen
cpllected in November, 1969° ‘By oontrast, two specimens of eviscerated seca
cucumbers and the one specimen of polychaete worns analyged have speoific
activitios which are lower than those observéd for_sediments_at the 2 o~ levels
Thus, ﬁhile the sea urchin data would indicate ﬁo discrimination in metaboliging
Pb aﬁd 210Pb from sediments and detritus, the,séa cucumber and polychaete
analyses suggest prefgrential uptake of Pb. We have no explanation for this
'cbhfradiotbry finding,:the resolution of which must reét on a far more extensivg‘
seriés of measgrements than have been attempted here,

4.6 Radiation dose rate to marine organisms from 21OPo-

Table IX contains the range of dose rates experienced. from the 60ncentrati@
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Teble IX. Approximate dose rates (mrads/yr) to marine organisms from 2106, ana other sourcess

210

Trophic o o Organism or tissue Range for Po All external sources
Level , ‘ o , plus internal 40K &
11 " Invertebrates Copepods, smell crustacean 10 - 60 39
' ' Buphausiids - 15 ~ 70
. , Mysids 3 =160
Il Invertebrates Shrimp o
. - S. similis 100 400 64
P. pacifica 20 «1%0 '
Pe jordani 120 =350
III Vertebrates Smelt - eviscerated '3 - 34 64
: viscera e 40 =240
III-V Vertebrates Pelagic fishes . :
: musocle i« 5 64
liver 16 =140
viscera 40 =210
hone 1 -5
Demersal fishes
muscle 1-9 ._ 39
liver 9 -1500 » o
viscera 46 ~1000
bone l-17
Detrital Feeders Sea urchins ' :
’ test v : 10 - 60 40 - 620
viscera - 20 =190
Polychactes {entire) ‘ 270 40 - 620
Snails ' o :
ghell 20 40 - 620
soft parts 84 '
Sea cucumber
eviscerated ‘ 14 - 20
viscera 123

+ Previous cstimates by Folsom and Harley [1]. IHaximum values have been quoted for all species.

Dose rates can be lowered for microzooplankiton and fishes depending upon depth of residence in the water column.




2 210,

of 10?0 measured. Such a oalculation assumes uniform distribution of the " "Pa
within the organism or tissue angl&med, and aé such is highly conservative¢  ’ <;;>
Lnergy depositionvis shown without the inclusion of the usual quality faotor |
of 10 used in expressing alpha dose rates. We haﬁevéhosen to do_so in order
that our data will be oonsistent with previoﬁs reporfs [2, 12], and for easy
comparison ﬁith the recent summary of dose rates to marine organismé bresented
by Woodhead [3].

In general, the dose rates listed ih Table IX oompar§ favourably with those
listed by Woodheads Our measured values for whole crusta§ea (shrimp)btend
to be higher and oﬁr range of dose rates to fish liver shows a much larger
value owing principallyvtb unusual 2105, concentrations in sablefish livere
The data do support the contention that 210Po contributes a méjpr portion of
thé natural radiation dose rate to-mérine organiéms_. Unfér'buvnate‘],y,' the
concentrations of 210Po show marked variability within trophic levels and within.
organisms from the same trophic level and species, Thus, while the dosg rafes
to marine biota from 40K can be reasonably well generalized, based on the
nezr constancy of this radionuclide in seawater, the same can not be said for
210Po. In oases where dose rates from artifioially produced fadionuclide are

calculated from measured. concentrations of radionuclide in marine organisms

(for example ncar nuclear power plants or fuel reprocessing plants), a separate -
21

-analysis for OPo (and other dlpha radionuclides) should be performed, if a

comparison is to be made between natural and man-made sources of radiatione

5.  CONCLUSIONS
We have attempted here to provide more data from which to assess the role’

21OPo in contributing to the natural radiation dosimetry of marine

played by
organisms.' Cur results show that the variability between trophic levels can
be pronounced, and that organisms from within trophic levels; especially ‘;;>

lower trophic levels, show seasonal changes in their,zloPo ooncentrations.
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We have confirmed that Po concentrations are amplified through successive food

chains, but that at higher trophic levels, the 21oPo is largely deposited in

internal organs such as liver and viscera rather than musole tissue. Lead-210,

210?0 does not show an increasing concentration

21

the radiogenic precursor of

through succaessive food chains, nor does Pb. Again, of the OPb and Fb found

in higher trophio lovels, the highest concentrations occur in internal organs.
The question of whether or not high alpha exposures apply generally to

marine organismé appears less equivocal to us, despite the range of valuss we

210

have observed for Po in marine biota. Our measurements, and those of other

investigntors which precceded us, have demonstrated that 210?0 is present in
marine  organisms taken from every depth in the oceans and no sample analyzed
in the present work contained undetectable activities of 210?0. Since 2lOPo
ocours naturally in the decay of primordial radionuclides in the earth's crust,

210Po has been a component of the natural radiation environment

we conclude that
of marine organisms over geoclogical time. As such, it should be considered as

one of the more important radionuclides present in the ocean.

[Note added in preparationt It has come to our attention, that Folsom, Wong and
Hodge have reoently reported data for 210?0 in a wide
variety of marine organisms. (The Natural Radiation
Invironment II Symposium, Houston, Texas, USA. 1972 -
In press). ‘lheir results are in general agreement with
findings presented here and contain further refinements
as to tissue distribution of 210,

Po in internal organs.]
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c' > Updating Stratospheric Inventories to March 1972

by Philip W. Krey, (HASL)
Mindy Schonberg, (HASL)
Lawrence Toonkel, (HASL)

ABSTRACT

The stratospheric inventories of sr90, zr93,
Ccsl37 and SNAP-9A Pu?38 are reported up to March
1972. Sr20 inventories react to recent large
atmospheric tests while SNAP-9A Pu238 gdecreases
with a half residence time of about 14 months.
csl37/5r90 inventory ratios are close to the
theoretical production value of 1.44. The
French test of August 14, 1971 injected about
130 kCi of Sr20 into the Southern Hemisphere
stratosphere.

This is the seventh in a series: of reports (1, 2, 3, 4, 5, 6) which
updates the sr90, zr95, cs137 and snap-9a pu238 stratospheric in-

ventories through March 1972. The method of calculating these in-

ventories has been described in reference (6).

CONCENTRATION CONTOURS AND INVENTORIES

The stratospheric concentration-coﬁtours of SNAP—9AYPu238 from
February 1971 and of s5r20, 2r95. and cs!37 from October 1971 through
March 1972 areiillustrated-in‘Fiéu:es l'through 15. The SNAP-9A
Pu?38 concentrations represent only ﬁhe‘Pu238 remaining from the
re-entry burn-up of the SNAP?QA POWEr-generator which occurred

in 1964. (7). These contours are constructed from data obtained

v
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by the AEC's aiféréft and béil&daksampling progréms:iﬂifhe
stratosphere.. if the baliéon iéunéhes did not occur in the
same month as thélaircraft‘mission, the balloon data were cor-
rected to the aircraft timing by'the";ﬁpropriate nuclide decay

and by a stratospheric half residence time of 10 months’(B)ﬂ

The ihventories‘of each nuciidetﬁhiéh-are,céiculated ffom these
contours are given in Table l._iFigﬁreé 16 ahd 17 iilustrate the
hemispheric aﬁd fotai stratoéﬁheric burdehs of sr20 (from 1963)
and of SNAP-9A Pu?38 (from 1964) to early 1972. The response
of the stratospheric sr20 invehtory.in‘Figure 16 to the large
atmospheric nuclear tests since 1967 contrasts to the generally
smooth decline of the SNAP-9A Pu?38 since 1966. As indicated
earlier (5), the apparent half residence time of SNAP-9A pu238
in the stratosphere is about 14 months which is somewhat longer

than the 10 month half residence time éxpected for sr90 (8).

At times the maximum nuclide concentrations occur at or above
thg altitude range of the aircraft sampling program. Unfortu-
nately for reasons of economy, the ballopn sampling program was
reduced in July 1971 to essentially one annual flight series per
launch siﬁe in the Northern Hemisphere. As a result, data are

sometimes unavailable to objectively describe the concentration

I - 38

-




gradients above-19.2 km. A large measure of subjectivity is
then required which makes the ultimate contours and inven-

tories somewhat uncertain.

In the Southerh Hemisphere.the poleward‘thrﬁst into Antarctica
is restraihedlat SIOé latitude becaﬁse of theVOperational'limim
tations of the aircraft. This ailows a relatively large region
of the Southern Hemispheric atmosphere to go unsampled. From
these considerations, we estimate that the reported inventories

are accurate to within *25 to 50%.

csi37 /5,90 INVENTORY RATIO

The Cs137/Sr90 ratio is an important parameter of nuclear wea?ons
debris because it represents an index of comparison among fall-
out research proérams in whichdonly one of these two nuclides is
measured° Tahle 2 gives the stratospheric inventory ratios of
these nuciides f$£'1971 andv1972 and the cumulative ratio since
cs137 inventories Qere made beginning in May 1970. Although there
1s some scatter 1h the data, the averagesbagree reasonably well

with the theoretical production ratio of l 44 (9)

FRENCH TEST OF AUGUST 14, 1971
The Republic of France conducted a large atmospheric nuclear

_ P o
weapon test at Mururoa Atoll, 227§ latitude on August 14, 1971.
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The cloud from this event penetrated thekSoutheranemisphere
stratosphere, and its impact(oan'be\seen-in;the3COncentration
contours of the fission products beélnnlng‘uith the October
1971 sampllng fllghts (Flgure 4) . Debrls from thls test can
also be seen to penetrate the Northerntﬁendsohere stratosphere

in January and March 1972. (Flgures 8 thru lO and 12 thru 14) .

To calculate the Sr20 injectedrinto"thetstratosphere by this
test, the sr20 inventory of the»Southéfnfﬁé@iéphéfe just prior
to the test (July l97l,144‘kCi)'is correctedifor stratospheric
fallout to subsequent sampling’dates afterltheutest.. A strat-
ospheric half residence time of 10 months is used (8) . These

decay corrected 1nventor1es represent the Sr90

remaining in the
stratosphere at sampling time from_earlier detonatiOns. The
difference between the measured inyentory and:the remnant from |
earlier tests is the contribution trom the‘hugust 14, 1971 test°
This difference is then correctedhback to‘shot date with a 10
month half re51dence tlme to give the Sr9O 1njected by the test.

Table 3 shows the results of these calculatlons for the October

1971 and January 1972 missions.

Slmllar calculatlons can be made w1th the Zr95 inventories. The

July 1971 1nventory of 6160 kCJ Zr95 must also be corrected for
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G.} radioactive decay in addition to stratospheric fallout. The
sr20 injected into the stratosphere by the August 14, 1971
test can be estimated by dividing the zr9> injected at shot
time by the theoretical production ratio of 226 (9). Table 3

also shows the results of these calculations.

The estimates derived from the Sr20 analyses in Table 3 show a
fairly wide range with an average of about 130 kCi. The zr95
analyses give é hﬁch more precise injection of only 70‘kCi, The
calculation using the zr?> data assumes that thé debris'entering
the Stratosphere fromithis test is representative of a theorétical
fission product mixture, i.e., no fractionatiOn,‘and ﬁhat the

zr9° /590 ratio of 226 applies.

Samples from the October 1971 mission which contained the high-
est concentrations of fresh fission products were adjusted for
remnants of earlier nuclear tests. The adjusted Zr95/Sr9O
ratios of_these,samplesrcorréétédtto éugust 14,,l9jl”weré about
% the theoretical ratio of 226 . Consequently, it appears that
the debris fr6m¥thié,Frehch fest which:ehtéred fhevstfatosphere

95

20 with respect to Zr”-.

was highly enriched in Sr
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If this fractionation factor of 2 were accepted, the injec-

tion estimate derived from the Zr

reasonably well with the estimate from the Sr

95'analyses would  agree-

20 analyses. ' Our

best assignment is that the August 14, 1971 test injected 130

kci of sr20 into the Southern Hemisphere stratosphere’
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Date
2/23/71
5/25/71
7/21/71
10/6/71

1/11/72

3/27/72

Table 1

Stratospheric Inventories, kCi

Northern Hemisphere Southern Hemisphere

SNAP-9A SNAP-9A
Sr-90 Zr-95 Cs-137 Pu-238 Sr-90 Zr-95 Cs-137 Pu-238

0.30 0.49

0.22 0.38

0.25 0.35

84 425 141 0.19 258 10,400 363 0.37
82 206 114 0.16 171 2,880 © 194 0.26

82 152 139 0.18 99 901 = 144 . 0.18




Table 2

Cs-137/Sr-90 Stratospheric Inventory Ratios

Date Nortﬁern Hemisphere Southern Hemisphere
2/23/713)  1.59 . 1.58
5/25/71 ') 139 | 1.33
7/21/71 ) 1.50 1.35
10/6/71 1.68 l.4i
1971 mean 1.54+0.12 1.42+0,11
1/11/72 1.40 1.13
3/27/72 1.70 1.45

Inclusive mean since
5/8/70 (9 cases) 1.49+0. 14 1.41+0. 14

Inclusive mean of total stratosphere since
5/8/70 1.45+0. 14

(a) Reported earlier in reference 5.

. I - 45




Table 3

Stratospheric Injection Sr-90‘(kci)'from*FféﬁéB”Test
of Aug, 14, 1971

Estimate Derived From

Sampling Mission Sr-90 Analyses Zr-95 Analyses
10/6/71 155 72
1/11/72 104 69
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