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This report summarizes the work performed on this contract during the first
.

nine months.
-

As indicated in the one publication, to date, supported in part by this contract

% (Ecological Aspects of Plutonium Dissemination in Aquatic Environments, attached) 6,e6*'4/
there  has not been any useful information published on the bio-geochemical behavior

of plutonium in fresh water environments.  We proposed to examine the distribution

.\  fallout plutonium radionuclides in one of the Great Lakes in sufficient detail to
\

indicate whether these nuclides may present significant problems in relation to public

health or  to,.water quality and to attempt to understand the fate and controlling fac-
tors of plutonium in this environment.  We feel we have progressed along the lines

proposed, and herein present preliminary information on concentration levels of

fallout plutonium 238, 239-240 in the water, sediment and some bidta-from'-southeastern

Lake Ontario.  Some effort is devoted to describe this year's sampling, analytical

methods and techniques for general information, as well as some intercalibration

work.

Sampling and Techniques - Lake Ontario samples.

Early in the contract year we considered that an in-depth sampling effort,

confined to a rather small region of Lake Ontario, preferably one with well-studied

hydrography, chemistry, biology and morphology, and with some radiological data

for comparison, would lead to a more meaningful investigation sOitable for our

purpose of evaluating the significance of plutonium in fresh water systems.

The main basin of Lake Ontario is an elongated trough extending east-west.

Two cross-lake rises, composed of glacial deposits subdivide the main basin into

three sub-basins.  The cross-lake rises extend southwest from Scotch Bonnet Island
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' 0. and south from Whitley, Ontario.  The Kingston Basin, a relatively shallow

·         area south of Kingston, Ontario, is separated from the main lake by a chain

of bed-rock islands, trending east-west. The eastern basin. spanning the dis-  ,

tance roughly between Rochester and Oswego, New York, is the largest and·deep-

r            est.  The bottom slope is steepest in the basin extending porthward from the

south shore to the deepest depth in the lake.  The central and western basins

             are successively shallower and less extensive in area.
1

i                   The western and central basin sediments have been sampled and analyzed1             -
90 137 1.2for fallout Sr and Cs by Lerman and Taniguchi   .   Principally through

the efforts of the Canadian Centre for Inland Water, considerable biological,

sedimentary and hydrographic data exist for these basins.

The eastern basin, in addition, has been extensively surveyed.  The

circulation of the waters in the southern region of the basin has been the subject

of a number of studies, principally from the Department of Atmospheric Sciences,

„    - State University of New York at Albany. Their results, published in several

articles appearing in volumes of the Proceedings of the Conferences of Great

Lake Research, indicate the existence of a fast "coastal jet" extending to 10 km

from shore; this current could transport surface water from the Niagara River

to Main Duck Island in the eastern end of the lake in two-three weeks. This

current, strongest during the spring and summer months could transport effluents,

containing dissolved or suspended material, from south-shore rivers directly

around the lake to the outlet at the St. Laurence River, without their mixing

appreciably with the rest of the lake. This time contrasts with the seven to

eight year mean residence time of water of the lake.  This current could exert

control on the fate and redistribution of radioactive fallout debris directly

deposited on the lake surface and that which enters Ontario from the upper

lakes via the Niagara River.  It should not be surprising to find more variable

1
/
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radionuclide levels in sedimentary deposits in this reg.ion than, for example,
       the sediments in the western basin near Toronto where the lake currents are

1 generated primarily by oscillations due to internal waves along shore.
The only two major operating nuclear power reactors on Lake Ontario,

Scriba and Rochester sites, are located on the south shore of the eastern basin.
. I

Some chemical, biological and sediment studies of this area have appeared in
4

the literature.  The Department of Environmental Conservation, State of New

York, has monitored environmehtal samples from this region for man-made radio-

activity.

The Kingston and northern waters of the eastern basin are of interest

since these are presently regions heavily fished by the only United States-

based commercial fishery operating in Lake Ontario. To examine plutonium

transfer·from the environment into the food chain, samples from this region

will be very valuable.

A number of letters were sent to individuals at several Great Lakes

institutions inquiring. into the possibility of allowing us to participate in one

or more cruises on Lake Ontario scheduled during 1971.  In as much as we felt

meaningful information could be derived from any of the regions described

above,· and had formulated a sampling schedule for each area, any ship of oppor-

tunity having the necessary shipboard equipment would suffice.  Much to our

disappointment, we were informed that 1971 was an off-year for sampling on

the lake.  Nearly everyone contacted either could not accomodate us or was in

the process of preparing for 1972, the International Field Year on Lake Ontario.

We were thus very fortunate to be assi sted by the Environmental Protec-

tion Agency, Lake Ontario Program Office, Rochester, New York.  They offered us

the use of a two-man crew and boat for two days in August at no charge.  Our

cruise plan was approved by the Rochester office and we are indebted to

---
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c    ,     Mr.
L. Moriarity, ,Director, Lake Ontario Program Office, for making the arrange-

      ments possible and to Mr. L. Rawson who operated and maintained the 28-foot cabin

cruiser used.  The vessel was equipped with a gasoline motor-powered winch,

1000 pound load-strength boom, navigation and echo sounding equipment and some

storage space for our large volume samples.  Sampling from this boat proved,

however, to be marginal and had not the weather been perfect, the success of the

1          cruise would have been doubtful.

The southern regions of the eastern basin were selected to sample.

This decision was made after an assessment of the available time, logistics and

interest in samples from this area.

5                  .Table 1 summarizes the locations and types of samples obtained.  We

i          failed to obtain more than one plankton sample since we accidentally lost our

one net during the second tow and were without a replacement. Some additional
.i

biological specimens were collected from shore locations and we are presently

negotiating with a commercial fishery on Lake Ontario to provide us a number and

variety of native species.  These samples will be available for analysis within

.the next few months.

Immediately after transferring the water from the 30 L Niskin sampler

or buckets (used for surface water collection) to 55 L Deldrum black polyethy-

lene storage containers, the samplers were acidified and known quantities of

plutonium
C Pu), strontium and cesium added.
,236

Two eight-inch diameter and two three-inch diameter gravity cores were

obtained from four locations in the eastern basin.  The water content was a

high percentage of the dry weight and the cores were relatively featureless.

,.       With the additional weight of water taken on board and because of the

limited storage space it was necessary to offload our first leg samples at

Oswego.  The coast guard was able to provide us storage space in their Oswego

0,
.a

k,  .,
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'50. Summary of Locations and Samples Obtained

Table 1

Station No. Date Type of Sample -- Description of Location
1            17 Aug 71    55 1. surface water sample collected in the outfall of the

R. Ginna reactor; less than 1/8 mile offshore -- 200 yards
east of the reactor.

2           17 Aug 71 3" diameter gravity core -- 7" of core obtained; 43°17'N,77°28'W- water depth 36m.i
0.25 miles east of R. Ginna reactor; 1.Smiles offshore.
45 minute plankton tow at 1 knot; #6 net.

3.         17 Aug 71 8" diameter gravity core -- 20" of sediment;
55 1. surface water sample:

30 1. subsurface water samples at 3 lm, 92m, 153m;
43°28'N, 77°00'W; approximately 8.1 miles north of Sodus
Bay; water depth 173 f 8 m.

4           17 Aug 71 3" diameter gravity core -- 8" of sediment -- 43°27'N,76°25'W -- water depth 76m.

5          18 Aug 71 8"diameter gravity core --20"ofsediment
BT-temperature depth profile
55 1. surface water sample
30 1. subsurface samples at 18m, 76m, 214mi
43°31'N, 76°57'W -- near deepest sounding in lake --water depth 215m.

6 ,           18 Aug 71    55 1. surface water sample
301.subsurface samples at 49m, 183m.
43°24'N, 77°28'W 8 miles due north of station 1 ; water

-  depth 201 m .
BT-temperature depth profile.

NOTICE
This  report was ·prep.ared  as an account  of  work
sponsored by the United. States Government. Neither
the United States nor the United States.Atomic Energy
Comaitission, nor any of· their employees, nor any of
their' contractors, subcontractors, or their employees,
makes any warranty, express or implied,-or assumes any
legal  liability or responsibility for the accuracy, com-
pleteness or usefulness of any information, apparatus,
product or .process disclosed, or represents that its use
would.not infringe private19 owned rights.



:6-

       station.  These samples were retrieved when we returned to Woods Hole.  All

I sampling, handling, transportation and storage of samples was personally super-
.

vised by either Mr. Burke or Dr. Noshkin.  The core samples, maintained in their

plastic liners, remained upright on the boat and during storage.  The cores were

packed vertically in a box padded with foam rubber to minimize disturbance during

transport.  All samples were transported personally, to Woods Hole by truck.  -

The kediment cores were immediately frozen, removed from their plastic

liner, and cut into thin horizontal sections and trimmed.  This procedure allows

us to determine the total quantity of 238, 239-240 Pu in the sediment and the
\

vertiEal distribution of plutonium in the core.
\\
All samples are being radiochemically processed for plutonium and most

i for 90Sr and 137Cs by analytical techniques developed on our marine program.

Although we believed little or no modification of our marine procedures would be

- necessary, prior to any work with the samples, 55 liters of Falmouth reservoir

'           water and other samples were processed to check our techniques with fresh

.water samples.  Small volume, quality control, fresh water (  10 1) samples

- have been analyzed for plutonium, 90Sr and 137Cs for a number of years and

90analysis of Crater Lake sediments for   Sr and-137(5 was performed on another

project sponsored by the Health and Safety Laboratory, U.S. AEC.  With only a

few minor modifications, the methods used to separate plutonium. strontium and

cesium from water, sediment and biota are those we have described previously and

appear in the literature.  Radiochemical blanks are determined for all reagents

and some duplicate samples have been analyzed to check our. precision.

Plutonium is electrodeposited on polished stainless steel disks and its

isotopic composition and concentration determined by alpha spectrometry.  Lake

........
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0 samples and marine samples are counted on 1 of 4 detection systems, no new  -

detection equipment has been purchased on this project.  The spectrometers

consist of 300 mm2, 100 micron depletion-depth, lithium-drifted silicon surface-
barrier detectors mounted in vacuum chambers, external bias supply, predmplifier,

power supply, linear and bias amplifiers and suitable multichannel analyzer.

Y           Four alpha spectrometers are currently in operation.  One system used a Nuclear

Data 128 channel analyzer (ND-110) and another a Technical Measurement Corporationj

100 channel analyzer (TMC-101).  Two detectors, with associated mixer-router,
3

share one Nuclear Data 512 channel analyzer (ND-120).  The average detection

efficiency is 29% and the total instrumental resolution is 50t10 kev.  Our

detectors have been calibrated with Health and Safety Laboratory (U.S. AEC-HASL)

standards of 239Pu.  We have, in addition, cross checked our calibration with the
1

Radiochemistry Division, Lawrence Livermore Laboratory, and several European in-

'          -vestigators and find we agree with these laboratories.  Counting time for each

plutonium sample is no less than one day and may be as long as four to five days

depending on the type of sample, recovery, and the desired sensitivity.  Recoveries,
t

as determined with our 236Pu or 242Pu spike average 40%.  Since the alpha par-

ticles emitted during decay of 239Pu and 240Pu are not sufficiently different to

be separated by alpha spectrometry, the level reported is the sum of the activi-

ties resulting from 239Pu and 240Pu. To conserve space, we will throughout the

rest of the report, use 239Pu as a shorthand notation referring to the sum of the

activities of 239Pu and 240PU.

Cesium is finally precipitated as the chloroplatinate, weighed, mounted

and either counted on low background beta detectors or on a 3 x 3 inch NaI(Tl)

scintillation spectrometer system.  The choice of detection system depends on the
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4   ·       expected activity of 137Cs, sample recovery, and the presence or absence of  i

134./- CS.

Strontium 90 is determined from at least two milkings of its daughter,

Yttrium 90.  Yttrium 90 is detected, and its decay followed as a check of the
.

f           radiochemical purity, on low-background beta detectors.

Our available results for Lake Ontario samples are given in Tables 2 to

6.  All indicated errors are one counting standard deviation including the

error introduced in background and blank correction.  When the standard devia-

tion exceeded the computed value, a number less than the upper limit of the

{           error is indicated.

Lake Mithigan Samples

During this contract year we were invited to participate in the AEC-DBM

i           sponsored Environmental Intercomparison-Intercalibration Program.  A variety

of samples, collected from Lake .Michigan in 1971, were made available to par-
i

ticipants for analysis.  The radionuclide intercomparison should aid us in

our present study and our own samples will provide a minimal quantity of data

to compare the levels of plutonium in Lake Michigan and Lake Ontario.  We

239 137currently are analyzing two 55-liter lake water samples for Pu, Cs and
90
Sr; one sediment sample obtained  from the vicinity of the Big Rock Reactor

239    90site for PU, Sr and gamma-emitting radionuclides; one open lake sediment

grab sample for Pu, Cs and Sr; and one spiked 18-liter water sample for
239 137       90

239    90
Pu,   Sr and other gamma emitters.  No stable elements will be analyzed.  The

time spent on this subproject has been charged to this contract. Our prelim-

inary results are indicated in the tables.

Below in separate sections are discussed the analyses so far completed

on water, biota and sediment samples.

., I. .
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4           Water

              Our results of water analyses are tabulated in Table II; 239Pu concen-

tration at each station sampled, along with water temperatures at Stations 5l

and 6 are shown, as a function of depth, in Figure 1.

Reference to the table and figure shows plutonium is non-uniformly dis-

tributed in the water of Lake Ontario.  Vertical gradients are evident at all

stations; plutonium generally increasing with depth.  The mean concentration in

the epilimnion is 0.12 t .02 -dpm/100 L and the mean value of plutonium found

in the hypolimnion is 0.20 6 .03 dpm/100 L.

P        . \\
\      Both the surface concentration and the total quantity of plutonium in the..

water-column of the two eastern-most stations, 3 and 5, are less than that in
\\.

the western station.  The integrated quantity of plutonium, surface to bottom

2at stations 3 and 5, is 0.13 and 0.16 mc/km , respectively, and at station 6,
5                                                                                                                          2the total quantity is 0.24 mc/km .  We can compare these latter values to the

- total fallout deposited in the 40-500 latitude band.  The only available    Pu239

deposition data exist for Brookhaven soil3 and Cape Cod Bay sediments4 where a

total of 2.3 mc/km2 have been deposited since the start of nuclear testing.

Neglecting sources of input other than direct deposition into Ontario, and

neglecting probable differences in precipitation at the Lake, Cape Cod and
239Brookhaven sites, less than 10% of the Pu deposited over the years is pres-

ently detectable in Ontario water.  With the significant reduction in fallout

deposition, and the observed west-east concentration gradient in the south-shore

waters it is suggestive that the Niagara outfall, which contributes 80% of the

new water to Ontario, presently plays a key role in maintaining the plutonium
levels detected in the south-shope waters.

289There is no indication of higher Pu levels in water collected from the

vicinity of the R. Ginna (Rochester site) reactor.

1 ZZ- -- -• r-•· r-•-·.- - ---  M-W- I  --· ------Ill------ ----D- .   I         - 1.  · . .
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' <              The values of the ratio 238pu/239Pu are higher in.the water than in subsurface

0 sediments and are similar  to those we presently find in off-shore marine waters.

Prior to 1966, the fallout ratio of PU/ Pu was less than 5% and represented
238 239

the integrated ratio resulting from nuclear testing.  In 1966, higher ratios

were detected in aerosol and rainfall samples collected in the northern hemis-

phere.  The increase was caused by quantities of the added 238Pu, resulting from
1

the SNAP-9A burnup in 1964, mixing with the then existing inventory of plutonium

in the atmosphere.  Since plutonium, we find, is rapidly depleted in marine3

1
water by association with sinking particles, most of the plutonium deposited

prior to 1966 has.been removed from the water column to sediment deposits.  The

more recently deposited debris, richer in Pu than pre-1966 debris, mixed in
238

a plutonium-239 depleted environment to cause an increase in the ratio.

We believe similar  reasoning can be used to explain the present high values

in Lake Ontario water.  Note that all ratios in the water exceed 0.05; implying

-that the residence time of plutonium in the water column is relatively short.

Quite unexpected is finding similar Pu concentrations in Lake Ontario,
239

Lake Michigan and Falmouth Reservior water.  These environments are quite dis-

similar with respect to solution ionic strength, suspended load, residence time

of material, circulation patterns and biota, yet there appears to be an over-

riding parameter, possibly common to all environments, responsible for main-

taining the Pu at the levels observed.  From our marine studies we suggested
239

239that the increased Pu observed at depths is consistent with the hypothesis

that biological sedimentation is of major importance in regulating the fate of

plutonium.  This may also be the most important regulator- for plutonium in lake

environments as well.                                         -
90The Sr results are preliminary and are not emphasized in this study but

are, to our knowledge, the only results available for this radionuclide in open

1.- - ;r--
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1   '    Lake Ontario water.  The only other data we have come across is for Toronto tap

    water which was analyzed after treatment by sedimentation, rapid sand filtration,
chlorination and alum coagulation.  Lake Ontario water appeats now to contain

9050% more   Sr than Lake Michigan and 100% more than New York City tap waters.

90The waters analyzed appear to contain the highest levels of Sr of all fresh

and marine waters for which data are presently available for comparison.  Thesei
239levels are, however, only 0. 4% of recommended MPC whilethe Pu levels are less

A

than .001% of the recommended Value.

Strontium-90 input to the lake is from two principal sources.  In addition

90to direct deposition to the lake, considerable quantities of Sr enter Lake

90Ontario through the Niagara  River carrying the dissolved Sr burden from the

upper lakes.   If, in fact, one considers deposition input to Huron, Erie and
Ontario, lake volumes, output rate4 and resistence time of the lake water, the

90
4          input via Niagara  has contributed, over the years, more Sr to Ontario than

has been contributed by direct deposition alone. This  fact,  that the modes,  and
90           239

places, of introduction have been quite different for Sr and for Pu, appears

to offer some very interesting ways to get at circulatory and sedimentary pro-

cesses in Lake Ontario.
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Table 11 - Water                         
f

1                                                                                                                                                                                                     d pm/100    kg

1 Sample Sample
Station Depth(m) Weight(kg) 23 u 1370       90Sr              239Pu

238 Pul

1            0 55.6 0.14f.02                                             · 2743-14* 0.09f.04·
-

3           0       · 55.6 0.11=60.3 0.13f.10

l

31 26.3 0.14EO.14                               c

92 27.8 - 0.23f.05 b.d.

153 27.1 0.13k.08 b.d.

5            0 57.8 0.081.02                              c

18 28.3 0.07k.04 b.d.

76 28.0 0.13a.03 0.156.09

214 27.3 0.233:.05 370*20* 0.171.07

6           0 58.9 0.20a.06 0.13a.08

-         49 27.8 0.26f.03 259a.10* 0.14f.10.

183 27.2 0.29a.06 2863:10* 0.16a.08

Lake Michigan

45 (AN50) 52.5 0.24a.02 19.5+0.6 188.2*

45 (AN51) 52.2 0.243:.03- 21.53:0.8 188+2*

Falmouth Fresh Water Reservoir

0                  '     0.17a.06

Blank, reagent water <. 03

*data based on only 1 9OY extraction                                                 I
b.d. below detection levels

c contamination suspected
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:
FIGURE 1. Vertical profiles of Pu concentrations at Lake Ontario

239

'                            water stations.
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Biota

r.... In Table III are tabulated the results thus far obtained for biological

specimens analyzed.

Algae (Cladophora sp.) collected from both the north and south shores of

239the lake contain increased levels of Pu.  Using a mean water concentration of

1.7 x10-3dpm/kg, the concentration factor found for the algae is between 1 and 2x103.

.I
On a wet weight basis the south shore specimen, collected just outside the perimeter

of the Niagara-Mohawk plant site, contained twice as much 239Pu as the north shore

134sample.  Of interest is the fact that Cs is detectable in the south shore sample

i»but was below detection limits in the Oshawa sample.  If we attribute the presence
134

of  ....Qs  in the environment to the operation of the Niagara-Mohhwk plant we find\\
that the radioisotope is presently confined to areas near the plant where.it is

137       90                              134concentrated along with Cs and Sr by the coastal algae. No Cs was detect-

able in the mixed plankton analyzed.  We cannot connect the higher Pu level
239

found  in the south shore aligae with plant operations since we have found consider-
able variation in water concentration along the south shore and the different

concentration levels noted in the algae may only reflect different localized en-

-        vironmental levels.  We do plan, however, to·investigate the cause of the higher

level found.

Dead Alewife, collected from the shore near the plant, also contained
134

Cs, indicating that possibly some of their life was spent in water receiving

reactor waste effluent. The ts/ Cs ratio is lower in the fish than in the
134 137

algae.  Plutonium 239 levels are lower in the fish than the algae (on a dry

weight comparison) and although only two levels of the food chain have·been

analyzed, the numbers indicate a reduction in concentration with trophic level.

Strontium 90 and Cs when compared to    Pu presently appear to be the limiting
137 239

radionuclides for dose assessment to some lake organisms.

These radionuclides may not, hoWever, be limiting when compared to total

plutonium, a point we will discuss and expand on in our proposal.

2.--
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Table Ill

Biological

dpm/kg wet
Kg   Kg    Kg                                                            'wet dry Ash

239 137 134       90        -Wt. Wt..
wt.                       Pu                        Cs                      Cs                      S r                    239                                                '

238                 :

Green algae from Oshawa Beach 1

7/29/71 1.79 .081 1.7 EO.2 23f2 Of3 ,56a2 .084f.027

Green algae from pt Beach, Niagara-
Mohawk  plant site   7/27/71                     ; 0.85 .063 3.6 EO.1 475&5 80f3 290f4 0.05a.02
Plankton -- mixed 8/17/71
Tow a; 0.Smiles east of R. Ginna plant
site; 1.5 miles offshore .021 .002 1.4 *0.6 128f3

Dead  Al ewi ves from shore   of N. Mohawk dpm/1<g drysite 8/19/71.90% Bone,by  wt,10%  skin and flesh
replicate samples:  a . .23 .062 6.4 *0.8 296 f 20 20 f 5 1730 :i:6 0.18 f .06

:  b.      - .20 .051 5.9 *·015 283 * 19 21 f 6 1760 f 6

-
'-*
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iiI Sediment

1.I Our completed sediment data is tabulated in Tables IV to VI.  No samples

i from station 4 have yet been processed.  This station will, however, be extremely

interesting since the area is outside the influence of the coastal current.  The

239                                    -
concentration-depth profiles of Pu determined in the cores from stations 2,

3 and 5 and available Sr and Cs data from station 3 shown in figures 2-5.
90       137

t
St -t199-g                                           -

239                   -Pu in the sediment from the most shallow and near shore station sampled,

is confined to the upper few centimeters.  The sediment from this region consists,

in part, of gravels and sand 6.   The texture is reflected in the low wet/dry ratio  - 3

of the sediment (used as a rough index of porosity).  In off shore marine deposits

we find that the accumulation of Pu in sedimentary deposits from comparable
239

depths is closely correlated with the wet/dry ratio of the sediment;the higher

water content deposits retain more Pu.  The relatively high pu/ Pu value
239 238 239

in the upper centimeter indicates most of the plutonium is of recent origin.  Al-

239though no significant vertical redistribution of Pu is evident to 8 cm we are

currently analyzing deeper sections for reasons which are obvious after referring

239to the profile found at station 3.  The cumulative amount of Pu deposited in this

area, found by integrating the Pu to a depth of 8 cm is 0.30 mc/km2.  This
239

value is less than 15% of the expected fallout plutonium deposited at these

latitudes but is a reasonsable value inasmuch as  inshore bottom deposits are

subjected to considerable scouring.

Station 3
---------

239We have analyzed all sections of this core for Pu and have partial data

for Cs and Sr.  One of the most unusual distribution of Pu we have thus
137       90                                             239

far seen was encountered in the sediment from this station.  The peak concen-
239 137trations of Pu and Cs occurs some 16 cm below the sediment surface. The

overlying deposits are of low specific activity.  Freshly deposited plutonium
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137 239is indicated in the surface layer.  The distribution of Cs parallels    Pu

to the depth analyzed and the value of the ratio, Cs/Pu . , in the sediment
137 239

is identical to the expected fallout ratio.  Little discrimination between    Cs
137

239
4 and Pu occurs in the water column after deposition in the lake.  The total

239 137quantity of    Pu to a depth of 40 cm is 0.73 mc/km2 and    Cs, to a depth of

18 cm, is 14.3 mc/km2.  These values again are only fractions of the deposition

137anticipated and    Cs is significantly less than the 79-83 mc/km2 found deposited

1i            to depths of only 10 cm in western Ontario sediments.
-          Ii We anticipated, from other previous work with marine and fresh water sedi-

,

mentf that most fallout radionuclides would be undectable below 2-3 feet ofS

1              --3
2            sediment.  An inspection of the vertical profiles reveals the beginning.of a

secondary subsurface peak near 40 cm in the sediment.  Unfortunately 40 cm was

'            the total length of this core.

5          -      Lewis and McNeely7 have recently determined that the sedimentation rate

in the area of station 3 is approximately 10 cm/century, much too low to

239
account for the presence of Pu at depths as great as 40 cm.  It is also too

low to account for the quantity of material deposited over the 16 cm concentra-

tion maximum.  The low value Of the ratio, PU/ Pu, found at 16 cm indicates
238 239

the plutonium present at this depth was introduced prior to 1966.  We know of

no diffusion controlled process, biological or physical-chemical which could

result in the distribution observed.

6                                   -
Sutton, Lewis and Woodrow recently reported an observation which offers

239
a clue to a mechanism responsible for the redistribution of Pu in this core.

While surveying Lake Ontario sediments these investigators reported channels

in the upper sediment surface oriented essentially normal to the trend of the

shoreline.  It was supposed these channels resulted from stream erosion or were

produced by rip currents formed during times of storm activity.  One such channel

I 3.-

1.                                                                                                                             1
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            was located 4 miles west of Rochester during 1966 and could not be found 3

years later.  Sutton, et al 6 concluded the rip current theory was the best

explanation for formations in light of the channel's subsequent disappearance.

A similar effect occurring in the region of station 3 could be responsible for
11

the profile we find.  Whatever the mechanism, both it and its frequency of

occurrence should be investigated since the end result provides a natural means

5            of removing high specific activity sediment from the mbre active upper biotic

3            zone of lake bottom.
4                         90*

The  Sr data is incomplete, but shows a much different distribution in
r

239 137
             the sediment than either Pu or CS.  Different depositional mechanisms

90                    90f            control the fate of Sr.  Only 1% of the Sr estimated in the water column

is present in the sediment.  The sediments do not play an important role in
./

90             controlling the levels Of Sr in the lake.

2

"              /Station 5'.
---------

.'

We have not yet analyzed sections below 15 cm in this core.  To this depth,
-                             2    239

however, 0.7 mc/km of Pu can be accounted for.  There is an indication of

a subsurface peak concentration near 16 cm which, coincidentally, corresponds

to the depth of the peak activity found jn the station 3 core.

239Our data from the Lake Ontario cores indicates Pu is redistributed to

significant and different depths in the sediments of the southeastern region

of the lake.  Extrapolation of the present quantities detected, to provide a

lake bottom inventory is presently a meaningless exercise.  Lake morphology and

sediment.type influence some control on the fate of plutonium found in the

-            sediments.



17 August 197 - 19 -
43°17'N, 77°28'.W
36m of Water
Core Diameter 28.3 cm2

Table IV
i

Core, Station 2

              Depth in We t/d ry Dry Weight
239 3   137     90 238 ,239

dpm/gm dry
Sediment (cm) Weight · Section (gm) Pux 10        Cs Sr Pu/   Pu

0-1 1.36 36.0 43.0 f 3.0 0.09 i .02

1-2 1.33 45.4 3.0  & 1.0 b.d.

2-3 1.29 49.9 1.3 f 0.6 b.d.

3-4 1.34 46.3 1.2 *0.4 b.d.

4-5 1.36 40.8 0.7 10.5 b.d.A

5- 6 1.36 42.9 <0.5 b.d.

6-7 1.33 42.1 <0.5 b.d.

7-8 1.39 44.8 <0.5 b.d.

8-9 1.41 39.3

9-10 1.44 42.1

10 -11 1.46 41.4
'

11 -12 1.49 37.8

12-13 1.52 53.5

13 -14 2.06 56.7

b.d. =below detection limits

1                                                                                     -

!
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:
FIGURE 2. Pu ,(dpm/kg dry weight of sediment) shoWn as a

239

function of depth in core from Station 2.

.
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,17 August 1971
-   -43028'N

 .4 ,1    173 * 8
mof water

76°57'W

1. Core diameter 28.3 cm2
Table V

Core, Station 3
.·

dpm/gm Dry
Depth in Wet/dry Dry VVeight 239 3   137          90 238 ,239„        Sediment (cm) Weight Section (qm) Pu  x   1 0       -            Cs                                  S r                             Pu/          Pu

0- 1 5.9 5                         58                          3.0  f   1.0        0.1 7  a   .0 9        0.073  a   .001        1.4  f  0.6
1- 2 4.78        68 0.9 0.15 f .08 0.038 f .001 b.d.
2- 3 3.62       45 1.0 0.14 . 0.030  f .001 1.3

3-.4 3.88 50
-

..0.5 0.3 b.d.
4- 5 4.37 57 0.8 f 0.6 0.09 b.d.

f \
- Lost 0.11 0.051  1  .002\ 5- 6 3.96 81

: \.
-6- 7 3.91        78                      0.10
7 -   -8                3.80                  87 1.0 O.11 0.058 f .012     b.d.\-
8- 9 3.45       98                  0.21* .08
9 - 10 3.24 109 1.4 * 0.4 0.15 f .08 0.069  1 .002 .03

:
10 - 11 3.10 105 4.5  f  1.5       0.1 3  f   .1 0

7 11-12 3.07 128 5.9  a 1.2 0.30 f .05 0.052  f .001 .05 f .03

-12 - 13 2.98 130 9.3 a 1.7 0.61 f .11 .02

13-14 2.88 120 8.8  * 1.4 0.37 f .09 0.014* .002 .03    '

14 - 15 2.72 140 8.8  * 1.9 0.56 a .13 .06

15 - 16 2.91 135 16.4 *2.4 0.68 f .21 0.028  1 .001 .03 i .02

16 - 17 2.94 146 37.4 * 2.9 2.02 f .61 .03 f .01

17- 18 2.88 139 1 7.0  * 1.9 0.87  f .18 0.016 f .001 .04  8   .02

18- 20 2.88 243 4 5.0  f 2.7 .04

20 - 22 2.61 297 12.3 *1.9 .05

22-24 2.60 279. 3.6 f 1.5 .03  f   .02

24 - 26 2.50 272 3.6 a 1.5 .03  a   .03

26 - 28 2.55 302 0.7*0.2 b.d.
t.

28-30 2.46 315 1.5 *0.6 b.d.

30 - 35 2.29 830 0.7 *0.3 b.d.

35-40 2.55 1137 6.0 *2.0 b.d.
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239FIGURE 3. Solid line --
Pu (dpm/kg dry weight of sediment).

137
Dashed line --

Cs x .02 (dpm/kg dry weight of sediment)

shown as a function of depth in core, Station 3.
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FIGURE 4. Sr in core, Station 3.
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43°30'N, 76°57'W:. 18 August 1971': 1/
   

Core Diameter 260 cm
215 m of Water

2

1                                                                                                                                                                      6.
Table VI

Core, Station 5

.

dpm/gm dry
Depth in Wet/dry Dry Weight

Sediment (cm) Weight Section (qm) Pu  x   1 0                         Cs S r Pu/   Pu
239 3 ·   137         90 238 ,239

0-1 6.18 141 27.6 *1.4 ..053 f .002 0.03 f .01
1-3 7.11 157 40.9  f 3.7 .127  f  .001     0.03  f   .01

3-4 5.20 94· 48.2  * 2.2 0.06 f .01
\

4.53 90 - 49.8 *5.6 .126 f .001 < .03
:           4-55-6 3.31 126 37.8  1 2.3 ..05  f   .01

6--Z 3.58 91 28.2 *2.3 0.49 f .03 <.06
7  -  8  --»  3.57 164 20.4  f   1.9        0.64  a .0 2 <.03

8-9 3.83 109 9.0 f 1.2 .036 f .002 <.05
9 - 10 3.90 126 4.6  f 0.6 0.17  f .07 <.02

10 - 11 3.84 127 5.1 * 1.0 0.22  f   .06     .043  a .001 <.04
11-12 3.50 121 9.8*1.1 <.05
12 - 13 3.45 144 1 0.6  f 1.2 <.04

.13 - 14 3.36 101 1 2.4  f 1.2 <.02

14 - 15 3.76 124 26.8 *2.3 .04  f   .02

15 - 16
18 - 20
20-22

22 - 24
24 - 26
26 - 28
28 - 30
30 - 35
35 - 40
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0    ..   1

i
FIGURE 5.  239Pu (dpm/kg/dry weight of sediment) shown as a function

1 of depth in core, Station 5.
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