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Management Perspective/Execqtive Summary

The title radlonuclldes are produced in nuclear weapons' testing
in varying amounts.Their modes of formation are as yet not

clearly defined.We report the FIRST detection of both these
radionuclides in a freshwater lake,McKay Lake in Ottawa,using
high-resolution low-energy gamma-ray spectroscopy for Eu—155

and high-energy gamma-ray spectroscopy for Bi-207.We could trace
Eu-155 back to mid 1960's.By comparlng the fission yields with
Cs-137,we propose that Eu-155 is formed via simple thermal neutron
f1551on of U-235 and discount an earlier suggestion that it is
formed via fast neutron fission in U-238.

The amounts detected are too small to cause any concern.

This work was done ih collaboration with the Geological Survey
of Canada.
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DETECTION DES RETOMBEES DE Eu’*®gr Bi207 DANS UNE CAROTTE DE
SEDIMENTS LACUSTRES DATES AU pb 210

S.R. Joshi et R. McNeely

A pré&senter au J. Radioanal.Nucl.Chem., Articles

- Analyse de gestion/r&sumé&

Les radionuclides mentionn&s dans le titre sont produits en
diverses quantit&s lors des essais d'armes nucl8aires. Nous ne
connaissons pas encore tr&s bien leur mode de formation. Nous
signalbns ici la PREMIERE détection de ces deux radionuclides
dans un lac d'eau douce, le lac McKay 3 Ottawa, 3 l'aide de la
spectroscopie des rayons gamma de faible €nergie et 3 fort
pouvoir de résolution pour le‘Eu-155 et de la spéctroscopie des
rayons gamma de haute &nergie pour 'le Bi-207. Nous avons pu
retracer le Eu-155 jusqu'au milieu des annges 1960. En comparant
les rendements de fission avec le Cs-137, nous supposons que le
Eu-155 est form& par simple fission thermique des neutrons de
U-235 et nous &cartons 1l'hypoth@se ant&rieure selon laquelle il

est produit par la fission rapide des neutrons de U-238.

Les quantit®&s décelges sont trop faibles pour causer des
préoccupations.,

Ce travail a &t& fait en collaboration avec la Commission
géologique du Canada.



Low-enefgy‘ Y-ray spectrométry is used to detect fallout 1°°Eu and
?0731 in a 21on—dated sediment core from McKay Lake, Ottawa, Canada.
Unlike 207g; which is detected only in two core sections deposited in
the mid 1970'5, 1555y 1s cOnsistently detectable to mid l960's; A
qomparison of correspondiﬁg 137Cs and 155Eu inventories in the sedi-
ment core indicates that fallout 1555y derives primgrily from the
thermal neutron fission of 2'35U. The derived flux of unsupported
210Pb'at the sediment/water interface is in agreement with p;eviously

estimated flux of atmospheric 210p, 4pn the Great Lakes region.






La spectrom&trie 38 rayons gamma de faible &nergie est utilisge
pour déceler les retomb&es de Eu-155 et Bi-207 dans une carotte
de s&diments dat&s au Pb-210, prélévée dans le lac McKay &
Ottawa, Canada. Contrairement au Bi-207 qui est décel& seulement
dans deux sections de la carotte d&pos&es vers le milieu des
ann&es 1970, le Eu-155 se retrouve de fagon constante jusqu'au
milieu des annges 1960. Une comparaison des inventaires
correspondants de Cs=-137 et Eu-155 dans la carotte de s&diments
indique que les retomb&es de Eu-155 proviennent principalement de
la fission thermique des neutrons de U-235. Le flux d8rivé& de '
Pb-210 non support& & l'interface s&diments-eau est conforme au
flux déja estim® de Pb~210 atmosph&rique dans la région des
Grands-Lacs. '



INTRODUCTION

ﬁuropium—ISS (T = 4.,96y) and 2°7B£ (T = 38y) are produced both in
nuclear reactor operations and in nuclear weapohs testing. Following
extensive atmospheric testing‘Of nuclear weapons in the late 1950's
and early 1960's, fallout 155gy was readily detected in environimental
samplesl‘a in the mid 1960's. AltﬁOugh the production of 207y during
nuclear weapons testing was demonstrated in the early 1960's, the
unambiguous detection of fallout 207g4 in terrestrial envirogmental
samples has only recently been reporteds. The present communication
perhaps conStitutés the first reported detection of both these
radionﬁclides in freshwater sediments. The sediment core inventoriesv
of 1556y and 137¢s are used to trace the mode of production of fallout
155gy. Contiguous sections of the sediment core, retrieved from a
small lake known to display negligible mixing effects, were also
assayed for aﬁmospherically derived 210pb to assign precise dates and
to derive an estimate of the flux of atmbspheric zlyon in the study

areae.

EXPERIMENTAL

Study area

- McKay Lake is a small (8.0-ha), 10.5 m deep, cup-shaped body of water

within the village of Rockcliffe Park (Ottawa), Ontario (74° 27.2'N,
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75° 40.3'W). .Although the lake has a catchment of l.4 km? most over-
land flow is intercepted by local sewers and the basin receives only
ﬁinor surface runoff via two small streams. Ihé lake level is main—
tained by groundwater infiltration through the calcareous bedrock.
cliffs along the southwest side of the basin and through the sands on

the southeastern side. A small intermittent outlet stream, cutting

. through Leda clays, flows northwesterly for about 1 km into the Ottawa

River®. This hardwater lake thermally stratifies and undergoes spring
meromixis each jear which pfomotes - strong anoxia in the ‘bottom
waters. During the summer there is no oxygen in the hypolimnion and
Hy,S is prevalent in the bottom waters. For a short period in the fall
the water column mixes, but the period of complete mixing 1is very
brief, 1 to 2 weeks, just prior to freeze-up. Once ice cover is in

place the bottom waters rapidly become anoxic and the water column is

. devoid of oxygen below 5 to 6 m throughout the winter. This oxygen

and thermal regime within the laké credtes a depositional basin whicﬁ
is excellent for the preservation of the sedimentary record. There is
little or no oxidation of organic materials, no bioturbation, and very.
little or no physical disturbﬁnce. Sediment cotres tsaken from the
deepest part of the basin have corroborated tﬁe foregoing assessment
of an undistrubed depositional environment in that the structural
details, including marl and silt laminae, are evident both visually
and in X-radiégraphs. Microfossil analysis of the core material also
supports the thesis that the sediment is not disturbed after deposi-

tion7.



Sedisenttsgmples

A surface sediment core was taken, through the ice, in March 1985,
using a modified Finnish 'freeze-corer'e.u The frozen core was pre-
pared for»radionuclide analysis by cutting the‘frozen sediment into
1 cm thick slabs batallel to the sediment/water 1nterfacé. The sedi-
ment was sectioned in a freezer room (-2°C) using a table saw with a
diamond blade. To eiiminate the contamination which results from the
penetration of the corer into the sediment, approximately 0.5 cm was
cut from the 'plate' side of each core slab to remove the ‘'water
freeze' and draped sediment. Then all possible surface contamination
resulting from storage or cutting was removed by cleaning all surfaces
with a 'shaping' tool. The volume of each slab was estimated by
immersing the slabs in a graduated cylinder of purified mercury and
measuring the displacement (all measurements were reproducible to

within 1 cec). The frozen siabs were weighed at -2°C, theﬁ freeze~

dried,'and re-weighed. Bulk denSity estimates were also made.

Analytical procedure

The dried, powdered and weighed sediment samples were assayed on low-

background Aptec planar and coaxial hyperpure germanium detectors as

described earlierg:lo.
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Assignment of dates

Two models areIUSed to derive 210py, dafes for sediment core sections.
In the firstnblz', ‘the constant rate-of-supply (CRS) | of 210pp
model, the age (t) of a sediment slice at a mass depth m in units of g

em—2 is given by

1 A
t = -—1n [1__2__2,’
: A IAw

where IAm is the integrated unsupported '210p (i.e. total 2101§b less
that supported by 226gg in sediment) activity from the surface to the
mass depth m, IA» is the total integrated unsupported 210py, activity
per cmz, and A the decay constant of 210, (0.,0311 y‘l).‘ In the
second, the constant initial concentration (CIC) of 210py, ‘model, the

13

age of a core section is given, as shown earlier””, by

x (1 - e~Bx)
- —E— 1 - g 2
So(l = ¢0) %o 1 Bx }

where Sy bis the surface sedimentation rate in 'cm/yr, o 1s the
porosity at sediment/water interface, x is the depth in core in cm and
B a constant. These parameters are obtained by 1linear regression

14

analysis of measured profiles for porosity and unsuppbrted 210Pb

activity per g in sediment core.
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Results and d:lscugsrion

The results of more pertinent analytical measurementé are given in

Table 1 though all core sections were assayed by gamma-ray spec-—

trometry. - Although the decay of 155g, is accompani_ed by two u_najo::!15

Y-emissions at 86.4 (32.7%) and 105.3 (21.8%) keV the preponderance

- of several X- and Y-rays around 86 keV precludes application of the

former emission for low-level measurements. The 105.3-keV Y-
emission from lssEu, on the other hand, is relatively free of poten—
tial interferences except that care must be exercised in distinguish~
ing it from the possible presence of Kgj Th X-ray (1%) of the same
e»nergy*ls. The presence of 42.3- and 43.0-keV Eu X-rays in the Y-ray

spectra obtained with a planar detector (Fig. 1) clearly est-ablishesle

the presence of 155g,, The two longer-lived eujr-opium‘:lsotop'es, 152g,
(T = 12.7 y) and 15%y (T = 8.5 y), which are mainly generated as

activation products were not detected.

The unambiguous presence of 207gy in the sediments is established by

the 1063.6-keV Y—emission (77%) from this radionuclide!® (Fig. 2).

The other major Y-ray from this radionuclide (569.6 keV, 98%) can
have interference from 134¢g (T = 2.1 y; 569.2 keV, 15.4%) and/or
23up,_238y (568.7, 3%; 569.2, 10.4%). Two possible modes for the
formation of fallout 20731 have been discussed. In the ,first“, it is
suggested that this r‘ad.ionuclide is produced as 209p; (n, 3n) 20781,,

while the second propoaals assumes that the formation occurs via



deuteron capture in lead. In their investigation of the (n, 3n) reac-
tions in a thermal neutron reactor, EASTWOOD and ROY!7 have demon-
str_ated the occurrence of the 20931 (n, 3n) 207B:l reaction. The
threshold of 14.3 MeV for this reaction appears to bg too high for the
14,1 MeV neutrbns.from the thermonuclear bombs to be responsible for.
its formation; It would also require the presence of 209g; 4n thg
bomb material. Similarly, the reaétion 206py, (d, n) 20731 also
requires high-energy deuterons and 206p;, a5 has been assumed by

2°7Bi, therefore,

AARKROG et al.5 The observed occurrence of fallout
leads to the reckoning that neutrons or deu:erons of sufficient energy
were produced in some thermonuclear explosions and that sufficient

amounts of 29°Bi or 2°6Pb, as applicable, were présent in the explo-

sive devices no matter how implausible it may seem.

In order to examine the historical patterns of deposition of the two

. radionuclides, the sediment core was dated by the 2lol’b method using

both the CRS and CIC formulations. The nearly similar dates afforded
by the two modéls (Fig; 3) reconfirm lack of mixing effects in the
bottom sediments and suggest near constancy in sedimentation rates at
least up to this depth since, unlike the CRS model, the CIC model used
does not account for variations in the sedimentation rate. Having
ascertained the consistency of the 210pp-derived dates (Fig. 3), an
examination of the data given in Table 1 reveals that peak concentra;

tions of both 137Cs and 24lpp approximately reflect their increased
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inputs to the atmosphere as a result of e:jtt-ensi\ie weapons testing in

. the early 1960's. Surpriéingly, 207g; ig detectable only in core

sections deposited in the mid 1970's. Europiuu_r-‘lSS, on the other

hand, is consistently traceable to about the mid 1960's and shows

deposition pattern more or less similar to that for 137¢g (Fig. 4).

Besides confirming the decay of 155l:'.u, the absence of the 105.3-keV
photopeak in sections deposited prior to about 1964 shows that the
Kgy Th X-ray has negligible, if any, contribution to6 this gamma

emission.

Numerical integration of 15‘sliu activity per cmz, obtained by

multipiying the activity per g in Table 1 by the amount in grams of

" dry sediment per c:m'2 in the core section, gives cumulative inventory

of about 5.2 mBq cm‘2 in the sediment core. The inventory of 137¢g in
the correéponding‘ sections is about 128.2 mBq em~2. The total 137¢g
inventory in the core is about 155 mBq cm~? or about 41% of the
expected 380 mBq cm‘Z. Assuming both 155l!:u and 137Cs are generated by
the thermal neutron fission of 2355 and behave similarly throughout
their transport to sediments, we may estimaté the expected activity

of 1555, in sediments using the relation

\iss | Yass
A ‘ R
137 Y137

Ajss = Aj37 -



where A denotes the integrated activity, A is the decay constant'énd y
the thermal neutfon fission yleld of the radionuclide. Taking A137.to
be 128.2 mBq em—2 aﬁd Y155 and yj37 to be 0.0326 and 6.2%, respec-
tively, a value of about 4.1 mBq cm~2 is inferred for AISS‘ This
estimate is within about 20% of the measured inventory of 155Eu in the
sediment core. The near agreement between the calculated and measured
inventories strongly suggests that fallout 155Eu primarily originated
during the thermal neutron fission of 2353, AARKRROG and LIPPERT3, on
the other hand, have inferred that 1555y in debris from nuclear
weapons originated from the fast neutron fission of 238y, More
measurements aré, therefore, required to ascertain the origin of fall-

out 15554,

The 21on data were also used to derive the flux, P, of unsupported
210Pb at the sediment/water interface since a knowledge of the flux of
atmospheric 210py, may have direct bearihg on the expected behaviour of
pollutants with similar properties. For example, our recent measure-

18

ments on rainfall samples suggest that the same processes were

responsible for the removal of the Chernobyl cesium and ruthenium
radioisotopes, 2‘ml’b,' and cosmogenic 7Be from the atmosphere.

19

TUREKIAN et al. have pointed out that physical redistribution of

in the use of lake sediment 210p, measurements for deriving estimates

of flux of atmospheric 210p,.  In the present case, however, both of



these factors are not expected to limit éuch use of 210py, data since,
as pointed out earlier, McKay Lake receives only minor surface runoff
and shows ﬁegligible :mixing. The validity of this reasoning is
reflected in the ;alues of 31 and 27 mBq cm~2 y'l, afforded by the
application of the CIC!®:1* and the CRS (P = JAw.)) models, respec-

tively, to the present data, which are comparablé to the independent

estimatel® of 25 mBq em—2 Y'l for the flux of atmospheric 210pp, in the

Great Lakes region.
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Table 1

Radionuclide levels in the McKay Lake sediment core

Concentrationér(th/g dry sediment)

Depth in = ——— N S——
core (cm) Total 23%pp  226p, 137¢¢ 155g, . 207p; 24y,
0- 1.05 1472499 152144 3116 8% 7 ND ND
1.05- 2.10 153856 9925 3510 15+ 7 ND ND
2.10- 3.15 156447 43+14 14814 12+ 6 ND ND
3.15- 4.20 150141 61+13 167+ 8 42419 ND ND
4,20~ 5.25 837123 102+ 9 148% 5 6t 3 1015 ND
- 5425~ 6.30 664120 51t 9 17845 5t 2 54 ND
6.30- 7.35 631220 52¢ 7 326% 5 14t 3 ND 2%l
7.35- 8,40 631120 46% 8 595+ 7 8 3 ND 9+1
8.40- 9.45 525+18 24% 7 304¢ 5 3+ 2 ND 7%l
9.45-10,50 405214 33% 6 175+ 4 ND ND 61
10.50-11.55 245%10 26t 4 34% 2 ND ND 2+1
11.55-12,60 226%11 41+ 4 12+ 1 ND ND ND
12.60-13.65 223#11 46+ 5 2+ 1 ND ND ND
13.65-14.70 273%13 48% 6 7t 1 ND ND ND
14.70-15.75 24713 48t 6 4t 2 ND ND ND
15.75-16.80 32014 39+ 6 6t 2 ND ND ND
16.80-17.85 316%15 50% 6 6.2 ND ND ND
17.85-18.90 282+14 62+ 6 NDb ND ND ND
18.90-19.95 21110 44% 6 ND ND ~ ND ND
19.95-21.00 16011 43+ 6 _ND ND ND ND
21.00-22.05 181+ 9 48+ 5 ND ND "ND

ND

aErrors are based on counting‘statistics of tlo
ND, not detected '
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- FIGURE CAPTIONS

The Y-ray spectrum of a McKay Lake sediment core section
obtained with a hyperpure ‘germanium detector in planar

configuration. Energies are in kiloelectronvolts.

The Y-ray spectrum of a McKay Lake sediment core section
obtained with a hyperpure germanium detector in coaxial

c0nfiguration.  Energies are in kiloelectronvolts.,
210py, gates for the McKay Lake sediment core using the
constant initial concentration (CIC) and constant rate of

suppiy (CRS) of unsupported 210pp, podels.

155y and 137¢s profiles in McKay Lake sediment core.
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