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CESIUM-137 INVENTORIES IN ALASKAN TUNDRA, LAKE AND MARINE

SEDIMENTS: AN INDICATOR OF RECENT ORGANIC MATERIAL TRANSPORT?

Abstract

Tundra sampling accomplished in 1989 - 1990 at Imnavait Creek,

Alaska (68037 ' N, 149017 ' W) indicate that inventories of 137Cs (102 - 162

mBq/cm 2) are close to expectations, based upon measured atmospheric

deposition for this latitude. Peak accumulations of 137Cs are typically

observed at 4 to 10 cm depth, associated with organic materials, and above

any mineral soil. Accumulated inventories of 137Cs in tundra decrease by

up to 50% along a transect to Prudhoe Bay (70013 ' N, 148030 ' W).

Atmospheric deposition of 137Cs decreased with latitude in the Arctic, but

declines in deposition would have been relatively small over this distance

(200 km). This suggests a recent loss of 137Cs and possibly associated

organic matter from tundra over the northern portions of the transect

between Imnavait Creek and Prudhoe Bay. This hypothesis is supported

by observations of maximum 137Cs accumulations occurring in surface

layers of the more northern tundra that was sampled, rather than at

depth, as at Imnavait Creek.

If 137Cs is re-mobilized in northern Alaska, then increased

deposition should be evident in lake and marine sediments. Sediments

from Toolik Lake (68038 ' N, 149038 ' W) showed widely varying 137Cs

inventories, from a low of 22 mBq/cm2 away from the lake inlet, to a high

between 140 to >200 mBq/cm 2 near the main stream inflow. This
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supports the hypothesis of recent accumulation of cesium and possibly

organic material associated with it in arctic lakes, although additional

sampling is needed. Marine sediments collected in the Bering Sea and

Chukchi Seas, including the Yukon River delta region, show generally lower

inventories compared to tundra or lake sediments, although complete

inventories are unavailable due to radiocesium buried to depths (>20 cm)

beyond the sampling capabilities used. This depth of burial is probably a

result of high bioturbation in benthic communities on the Bering and

Chukchi continental shelves.

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 responsi-
bility 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. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, 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.
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1. Introduction

Approximately 14% of the earth's terrestrial carbon is stored as

organic peat within arctic tundra ecosystems [1]. In northern Alaska,

relatively large masses of organic matter are lost annually from arctic

watersheds, and carbon biomass is apparently not at long-term steady-

state [2-6]. Some of these materials are deposited in lakes [7] and may

also be transported into nearshore marine sediments. Cesium-137 is an

anthropogenic product of nuclear testing (half-life 30.2 y) that was

introduced into the biosphere after --1953 as a result of fallout deposition.

This radionuclide is predominantly detected within the top 10 cm of

tundra, associated with mosses, lichens, and other vegetation, rather than

underlying mineral soil [8-11]. The apparent lack of steady-state

conditions in carbon accumulation in northern Alaska tundra and

peatlands, coupled with the presence of a radionuclide tracer associated

with organic materials only since -1953, suggested the potential value of

studying lake and marine sediment radiocesium inventories relative to

regional variations in tundra inventories. These regional variations in

radiocesium-associated organic materials may be important in following

recent changes in carbon biogeochemical cycles in the Arctic. As a result,

we have been investigating the fate of 137Cs and organic carbon

potzntially associated with it that has been produced since the initiation of

nuclear testing.

While analyses of arctic radiocarbon in organic material provide a

longer-term perspective of carbon fluxes (e.g. [2]), 137Cs inventories and

accumulation patterns may potentially provide a sharper indication of the

fate of organic carbon synthesized recently in the presence of this
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radionuclide. This is particularly important because of the shift in arctic

tundra from a carbon sink to a carbon source that has apparently occurred

during historic time, possibly as a result of lowered water tables

accelerating soil decomposition, as well as the loss of dissolved organics [6].

We hypothesized that patterns of organic material loss since the peak of

atmospheric deposition in 1964 should reflect current patterns and

inventories of 137Cs distribution, once chemical behavior differences in

cesium in freshwater, marine, and tundra soils were taken into account.

Because of the possible influence of climate variability on carbon fluxes,

we also took advantage of a relatively large temperature gradient existing

between Imnavait Creek (68037 ' N, 149o17 ' W) and Prudhoe Bay (70o13 ' N,

148030 ' W). Mean July temperatures between these two locations,

separated by approximately 200 km, decrease from 12°C to 4°C [12].

Atmospheric deposition of 137Cs decreased with increasing latitude in the

Arctic, but the difference in deposition would have been relatively small

over this distance [13-15]. Thus we anticipated that differences in 137Cs

inventories and the patterns of deposition within tundra profiles over this

temperature gradient potentially coUld be related to the fate of organic

carbon produced since _1950, except that respired as carbon dioxide.

The questions to be studied, therefore, included whether 137Cs

remains within the tundra, and if so, at what depth, or if it has been

eroded into lakes or marine systems. Of course the chemical behavior of

organic carbon and cesium is far from identical, but previous sampling we

accomplished in 1989 at Imnavait Creek indicated that inventories of

137Cs (102 - 162 mBq/cm2; mean = 131.1 :i: 24.5 mBq/cm 2, n=4), which

was predominantly concentrated above any mineral soil layers, were close
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to expectations (as of 1985), based upon atmospheric deposition for

latitudes between 60 ° and 70 ° N, 144 mBq/cm 2 [16,10]. Peak

accumulations of 137Cs were typically observed at 4 to 10 cm depth,

which is similar to independent studies of the soil distribution of bomb-

derived carbon-14 at Imnavait Creek (D. Schell, personal communication).

Because of the strong apparent association between 137Cs and tundra

vegetation, we expected that where there had been short-term loss of

tundra, then inventories of 137Cs in tundra would also decrease, while in

lake sediments and to a lesser extent, arctic marine sediments, there might

be higher than expected levels of 137Cs, based upon atmospheric

deposition. We also anticipated that catchment-scale differences in 137Cs

inventories, such as within the Imnavait Creek watershed, should be

apparent, with smaller inventories observed in upslope areas and

downward movement of 137Cs and associated organic material. Transport

of 137Cs is not necessarily dependent on organic carbon transport, but one

of the most important components of organic carbon loss in this tundra

ecosystem is in the dissolved organic phase [3-7]. Since cesium behaves as

a potassium analog in intracellular matrices, we hypothesized that loss of

dissolved organic carbon might be well correlated with cesium losses.

The expected 137Cs distribution in Arctic marine sediments is also

influenced by oceanographic currents, bioturbation, and greater cation

exchange and solubility in seawater [17-18], as well as additional sources

derived from nuclear material disposal, particularly in the former Soviet

Union. Nevertheless, as part of our hypothesis of a link between

radiocesium and organic carbon losses, we expected that 137Cs associated

with eroded organic materials nevertheless might be present in greater
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accumulations within river delta and other near-shore sediments.

2. Methods

Twelve tundra cores were collected in August, 1990 within the

Imnavait Creek watershed (Fig. 1). Collections were made in both upslope

and riparian zones within the 2.2 km 2 headwater basin and consisted of

15 cm diameter sectioned cores extending from the surface to the bottom

of the seasonally active layer (above permafrost). Similar sectioned cores

were collected in July, 1991, at 6 sites between Imnavait Creek and

Prudhoe Bay (Fig. 2), along the Dalton Highway connecting Prudhoe Bay

with Imnavait Creek, and ultimately, Fairbanks. Ali samples were

collected in undisturbed tundra at least 300 m from the road right-of-way.

Samples were sectioned in the field and sealed in jars for direct non-

destructive gamma counting.

Eleven sediment cores were collected in July, 1991 from six locations

within Toolik Lake (68o38 ' N, 149o38 ' W), using a gravity corer. This

oligotrophic lake is approximately 20 km west of Imnavait Creek and is

ice-free from mid-June to mid-September, lt is not connected

hydrographically to Imnavait Creek, which flows into no major lakes

before entering the Kuparuk River. The lake covers a 1.5 km 2 area with

mean and maximum depths of 7 and 25 na, respectively [19]. The lake has

two inlets and an outlet, with a central sill dividing the inlets and outlets

from a smaller sub-basin on the west side of the lake (Fig. 3). Our

sampling was designed to document the inventories of 137Cs in lake

sediments subject to deposition from the inlets of the lake and along the

dominant flow path leading to the outlet (Fig. 3). Cores were sectioned and

sealed in aluminum cans at the University of Alaska Toolik Lake Field
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Station before returning to the laboratory for radioisotope analysis.

A total of seven sediment cores have been collected on three cruises

in the Bering and Chukchi Seas" the July - September 1988 RV Akademik

Korolev Third Joint U.S. - U.S.S.R. Bering Sea Expedition (two cores), and

two cruises of the RV Alpha Helix in June 1990 (four cores) and September

1992 (one core). Ali of the cores were collected using a HAPS (133 cm 2)

sampler, in shallow (<50m) continental shelf waters except for the single

core collected in 1992, which was obtained from an apparent sediment

accumulation zone at 400m depth in Barrow Canyon, off the north coast of

Alaska (Fig. 4). Sediment cores were sectioned shipboard and returned to

the laboratory for radioisotope counting.

The assays of 137Cs in tundra, lake sediment, and marine sediment

samples were accomplished at Oak Ridge National Laboratory using low-

background, high-resolution, germanium gamma-ray detectors equipped

with a Nuclear Data Model 9900 microprocessor system programmed to

record gamma spectra in 4096 channels. The detectors had been

calibrated for the geometries of the containers using U.S. National Institute

of Science and Technology-traceable standards. Data is provided in the Sl

unit for radioactivity, the becquerel (Bq), equivalent to one decay per

second. Over whole cores, instrumental uncertainty is approximately 1% of

the cesium inventory reported.

3. Results

3.1 Tundra within Imnavait Creek watershed

Tundra core sampling accomplished in 1990 at Imnavait Creek,

Alaska indicated 137Cs inventories, as of 1990, of 76.9 to 176.7 mBq/cm 2

(Fig. 1; mean = 116.0 + 28.7 S.D., n=12). Peak accumulations of 137Cs with
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depth were typically observed 4 to 10 cm below the surface (Fig. 1),

similar to distributions found in 1989 [10]. However there was no obvious

pattern to indicate down slope movement of 137Cs within the catchment

as we might have expected if cesium was being mobilized. The lowest and

highest inventories (76.9 and 176.7 mBq/cm 2) were observed at mid-

slope sites and both higher and lower than average inventories were

observed in the stream riparian zone (Fig. 1).

3.2 Tundra between Imnavait Creek and Prudhoe Bay

Inventories of 137Cs in tundra (mBq/cm 2) were as much as 50%

lower, relative to mean inventories at Imnavait Creek, at three locations

along a 200 km transect from Imnavait Creek northward to Prudhoe Bay

(Fig. 2). Lowest inventories were observed in coastal plain tundra near

Prudhoe Bay and at a Brooks Range foothill site near a Alaska State

Department of Transportation highway maintenance camp (Fig. 2).

Maximum 137Cs accumulations were also closer to the surface than most

cores collected from Imnavait Creek (Figs. 1, 2).

3.3 Lake sediment cores from Toolik Lake

Lake sediments showed widely varying 137Cs inventories, with

accumulations as low as 22 mBq/cm 2 remote from the lake inlet (station 4;

Fig. 3), and as high as 140 to 215 mBq/cm 2 near stream inflows (stations

1,2,3; Fig. 3). Spatial variability in 137Cs inventories was high, however,

particularly at station 2 near the lake inflow, where separate cores had

inventories of 28 and 202 mBq/cm2.

3.4 Marine sediment cores from the Bering and Chukchi Seas

Ali seven marine sediment cores collected in 1988, 1990, and 1992

indicated generally lower inventories (Fig. 4) than in tundra and lake
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cores, although the inventories reported are minima because in ali cases,

radiocesium continued to be detected at the base of each sediment core,

unlike most of the lake sediment and tundra cores. The two lowest

inventories (>14 mBq/cm 2 and >15 mBq/cm2), were collected in ,

Shpanberg Strait, southeast of St. Lawrence Island, and north of Bering

Strait, both areas of high current flow where sedimentation is reduced [20].

4. Discussion

Three of six tundra cores collected along a 200 km transect from

Imnavait Creek northward to Prudhoe Bay had 137Cs inventories

significantly below the anticipated atmospheric deposition, at this latitude

(-144 mBq/cm2; [10, 6]; Fig. 2). Two of these three cores were collected on

the topographically level coastal plain, while generally higher inventories

were observed in the Brooks Range foothills to the south. These patterns

suggest a significant loss of anthropogenic 137Cs, particularly on the Arctic

Coastal Plain. More detailed sampling within the lmnavait Creek

watershed in 1989 [10] and 1990 (Fig. 1), however, has failed to reveal a

consistent pattern of downslope migration and concentration of the

radionuclide. Lake sediment cores instead indicate that inventories of the

radionuclide may be elevated near lake inlets (Fig. 3). In most cases, lake

sediment cores collected near the main inlet to Toolik Lake had inventories

higher than in tundra at Imnavait Creek. However in one core close to the

inlet, and elsewhere away from the lake inflow, inventories much lower

than the mean terrestrial inventories from Imnavait Creek were observed.

Low inventories of 137Cs away from the inlet are consistent with the low

sedimentation rate of Toolik Lake [19], but the higher inlet inventories

support the hypothesis of recent accumulation of radiocesium, and perhaps
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organic material that is associated with it. Although the link between

137Cs and organic carbon loss must be considered only a hypothesis, these

patterns are consistent with findings that arctic lakes serve as deposition

points for organic carbon, and subsequently as conduits for carbon dioxide

loss to the atmosphere [7]. Since our works suggests that radiocesium

losses have been greater along the Arctic coastal plain than in the Brooks

Range foothills where Toolik Lake is located, there is an obvious need for

additional lake sediment surveys, particularly in lakes closer to Prudhoe

Bay.

lt is possible that atmospheric variability in deposition of 137Cs has

played a role in the apparently lower inventories between Imnavait Creek

and Prudhoe Bay, but the difference in deposition of 137Cs would have

been relatively small over this 200 km distance [13-15]. Additional

evidence consistent with the loss of 137Cs is the presence of maximum

accumulations in near-surface layers (2-6 cm) of the more northern tundra

compared to 4-10 cm depth at Imnavait Creek (Figs. 1, 2). Although there

is a large temperature gradient between Imnavait Creek ._nd Prudhoe Bay,

with mean July temperatures decreasing from 12°C to 4°C [12], the low

inventory observed near the Alaska State Department of Transportation.

maintenance camp, close to lmnavait Creek, (Fig. 2) suggests that factors

other than temperature must be involved in the apparent loss of 137Cs. If

the apparent radiocesium loss is in fact linked to documented organic

carbon losses from arctic tundra [2-7], it may be due to hydrological

changes including the lowering of the water table that would increase rates

of soil decomposition [6] and an accelerated loss of dissolved organic

carbon. Another factor that may affect 137Cs re-mobilization directly, but
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remains unexplored, is that the wet coastal plain tundra near Prudhoe Bay

may have more anoxic conditions and higher soil ammonia concentrations,

which could result in ammonium ion competition for cesium ion binding

sites [21].

Ultimately, marine sediments should reflect the contributions of

terrestrially-derived 137Cs, particularly since binding of terrestrially-

derived 137Cs is not readily reversible in the marine environment [17-18].

Marine sediment cores we have collected in 1988, 1990, and 1992,

including those collected close to the Yukon River delta, show generally

lower inventories than in tundra (Fig. 4) and the lowest inventories were

observed in or near straits with high current flow. Although these

inventories are generally lower than those observed in tundra and near

the inlet of Toolik Lake, 137Cs is detected at the bottom of almost ali

marine sediment cores we have collected, so the inventories reported are

minima and it would be incorrect to state categorically that marine

inventories are significantly lower than on land. Burial of 137Cs to depths

below our sediment sampling capabilities is probably due to high biological

activity on the Bering and Chukchi continental shelves [22]. Some

radiocesium has also been accumulated by benthic organisms (J.

Grebmeier, L. Cooper, and I.L. Larsen, unpublished survey of benthic

organisms, 1993). Dissolved or water-borne 137Cs can also be detected in

the water column, and the inventory integrated over the depth of the

Bering and Chukchi Seas ranged from 8.1 to 12.6 mBq/cm 2 in 1988 [23];

consequently most of the radiocesium burden is deposited within the

sediments. Although there has been increasing concern over Arctic

radioactive contamination, these relatively low inventories do not, by
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themselves, provide direct evidence for major contamination of the Bering

and Chukchi S_as. We have detected trace levels of nuclear reactor by-

products, including 241Am, 155Eu, 106Ru, and 237Np in a few surface

sediment samples (unpublished data, 1993) and in the future will be

making these data available, as well as additional 137Cs data, on a per

gram dry weight basis, from a much larger number of oceanographic

stations where surface samples were collected in 1990 _ind 1992 (Fig. 4).

This study, in conclusion, suggests that there have been significant

losses of 137Cs in northern Alaska, where it is stored in tundra vegetation,

above the underlying mineral soil. Separate studies indicate that organic

carbon in dissolved form is also being lost from tundra ecosystems. The

analogous chemical behavior of cesium to potassium and the presumed

presence of radiocesium in intercellular matrices with organic matter

suggests the possibility that 137Cs may be a useful indicator for organic

carbon loss, particularly in its dissolved forms. Additional lake, marine,

and tundra sampling, as well as better understanding of where precisely

radiocesium is bound to organic materials, however, is necessary before

this isotope can be successfully ewployed as a tracer in arctic tundra.
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Figure captions

Fig. 1. Inventories (in mBq/cm 2) of 137Cs activity in tundra at

Imnavait Creek, Alaska, as of August, 1990. The site numbers are

consistent with previous sampling [10]. Instrumental errors for whole

cores are approximately +1% of the total inventory°

Fig. 2. Inventories (in mBq/cm 2) of 137Cs activity in tundra between

Imnavait Creek and Prudhoe Bay, Alaska, as of July, 1991. Milepost

numbers given are the marked distances from the start of the Dalton

Highway near Livengood, Alaska. "Ice Cut" and "Ice Hill" are local names

given to nearby sections of highway; _he Pump Stations referred to are oil

pipeline pumping plants. Instrumental errors for whole cores are

approximately :t:1% of the total inventory.

Fig. 3. Distribution of sediment cores and 137Cs inventories (in

mBq/cm 2) in sediments from Toolik Lake, July 1991. Instrumental errors

for whole cores are approximately :1:1% of the total inventory.

Fig. 4. Distribution of sediment cores (open squares) and 137Cs

inventories (in mBq/cm 2) in the Bering and Chukchi Seas. Clockwise from

left, inventories and core collections as of August 1988 (>59 mBq/cm2), as

of September, 1992 (51 mBq/cm2), as of August, 1988 (>15 mBq/cm2); ali

remaining inventories and collections as of June, 1990. Solid squares are

sampling locations for surface sediments only. These data (unpublished)

will be presented on a mBq/g (dry weight) basis elsewhere. Instrumental

errors for whole cores are approximately +1% of the total inventory.
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