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ABSTRACT

Microbes are important fn geochemical cyc]ing of many e]éments. Recent
_ reporté emphasfze biogenous particulates and bacterialAéxometabolites‘as 
controlling oceanic distribution of plutonium. Bacteria perform oxidétion/
rédﬁctioh reactions on metals such as mercury, nickel, lead, c0ppef and
cadmium.A Redox transformations or-Uptake of Pu by marine bacteria may

well pfoceed by similar mechanisms. OnR/VKNORR cruise 69 in Sept-Oct 1977,‘
along the continental shelf off Nova Scotia and in the Gulf of St. LaWrence,
we obtained profiles of wgter samples, and sediment'cores.‘ Epif]uoresceht

microscopy was used to view bacteria (from water or sediment) after concen-

tration on membrane filters and staining with acridine organge. Radiochemical

_analyses measured Pu in sediments and water samples. Studies of 237 Pu uptake

used a strain of Leucothrix mucor isolated from a macroalga. Enumeration

'shows bacteria to range 10*-10° cells/ml in seawater or 107-10° cells/gram

of sediment. These numbers are re]éted to the levels and distribution of Pu

in the samples. In cuTtures of L. mucor amended with Pu atom concentrations

approximating those present in dpen ocean environments, bacterial cells’
~ concentrated Z37py slower and to lower levels than did clay minerals, glass
beads or phytoplankton. These data further clarify the role of marine .-

bacteria in Pu biogeochemistry.



INTRODUCTION

Microbes are important in the geochemical cycling of many e]émehts._-
Recent reports emphaﬁize biogenous particulates and bécterial-exometabolites
as controlling oceanic and sediment distributions of plutonium. From field
§tudies that had been conducted in our laboratory at Woods Hole Oceanographic
- Institution, we believed that sedimentation of plutonium was mediated by

biogenous particulates. Higher inventories of fallout plutonium are foﬁnd -
in areas of active bioturbation where the particle-associated pJﬁtOnium is
quickly removed from the possibility of horizontal franSport; Sediments inA
areas of elevated bioturbational activity have higheriqrganic content than -
sediments in areas of lower bioturbational activity. In these areas of‘
o}ganic—rich sediments, one would expect greater numbers of bacféria,

This field study was conducted to determine whéther Bécteria which may
have been associated with detrital paftic]es affected the distriﬁution of
p]utbnium in sea water or could act as 1ndicafors of the processes affécting
plutonium retention in marine sediments. Laboratory ekperiments were under-
taken to assess the effectiveness of bacteria, whether alive or killed, in
p]ﬁtonium uptake from seawater media, and to compare the bacterial.performance

with that of algae or of various inorganic detritus-simulants.. -
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Field Studies

A11 sampling was done on R/V KNORR cruise 69, leg 2, from Halifax,
Nova Scotia, to Woods Hole, Massachusetts, in September and October 1977.

Water samples were obtained with a 140-Titer Bodman’samp]er‘(Bodman et al.,

1 1961). .Sediment cores were obtained using a. 21-cm diameter“gravity coring

device in a tripod frame (Burke and Hamblin, in prep') | Immediately after
collection, water samples for rad1ochem1stry were pumped into 60- 11ter linear
polyethy]ene De]drums and 10-ml a11quots were removed, f1xed with 0.1 ml

8% g[utaraldehyde and refr1gerated. Cores were extruded 1mmed1ate1y after'
collection. Sediment aliquots of 1-cc were obtained usihg a 3-cc p]aétic
syringe whose end had been cut off with a clean razor blade. These samp1es‘

were di]uted'with 9 ml of sterile 3% NaC],.fixed with 0.1 m1 8% glutaraldehyde

‘and réfrigerated; Sediment samples for radiochemical analysis were stored

in 16 ounce po]yétyrene jars whose screw caps were sealed with plastic tape.
Radiochemical analyses of water and sediment were performed according

to the methods described by Livingston et al. (1975). Plutonium was electro-

"~ deposited on polished staiﬁ]ess steel discs.and determined by alpha spebtro— .

metry.

Epifluorescent microscopy was used to make direct counts of ackidine"

'orange-sta1ned bacteria, according to the method of Hobb1e pf al. (1978).

Samp11ng locations are shown in Figure 1. Water samp]es were taken at
the stat1ons indicated by the crosses, and sediment cores were taken at the
stations indicated by the dots. Station 8 is located in a small, shallow bas1n

Figure 2 shows the results of the bacterial counts and 239Pu concentra-

tions in the water profiles. The plutonium concentrations and shapes of the

vertical profiles are typical of the nearshore North Atlantic at these lati-

tudes. The error bars represent 1-sigma error from the counting statistics.

The profiles of 239Pu concentratibns show subsurface maxima, while the bac-



terial numbers are maximal at the surface, decline to subsurface minima,
and incnease toward the bottom. If‘the.bacteria were directly deferminjng
plutonium concentrations and distributions in the water column, then we
would expect the profiles.to appear different than they do.

-Figure 3 shows sediment-Pu profiles and bacterial profiies.' The
vertical error bars represent the sampling interval, and‘the horizontal
error bars represent l1-sigma errors, as in the previous figure. Depth of the

overlying water is given for each core, and the plutonium inventories are

~given for cores T-18 and T-13, The higher inventory of plutonium for core

T-18 we attribute to its location in the small shallow basin at station 8
that is probably trapping sediment mepresentinéﬁajargenarea. The decline of-
Pu concentration at depth most likely reflects the variety of biological

mechanisms (bioturbation) which move the plutonium through the sediment,7<

- Bacterial numbers show a nearly constant level at all depths samp1ed

In T-22, T-13 and T-18, the surface p]uton1um va]ues range from 50 to
150 dpm/kg, yet ‘the bacterial numbers are essent1a11y the same at all three
stations. The p]uton1um inventory at T—13 is 1. 1 mC1/km and at T-18 is
2.5 mCi/kmz, a difference of a factor of 2, yet the bacterial numbers are .
the same at both stations. The highest bacterial counts were found at |
T-29, which was a cdarse, sandy sediment exhibiting the Towest p]utonium

levels.

Laboratory Experiments

Experimental studies of 237py, uptake were designed to determine the f

role of various kinds of particles in'the»untake and transport of p1utonium.

In these experiments, we used p1utonium atom concentrations comparable to .

those our 1aboratory has measured in the open ocean env1ronment In these

- studies, we used bacterial and phytoplankton cultures, glass beads, and clay

minerals.,



.The strain of Leueothrix mucor used in uptake experiments was isolated
by streaking decaying macroalgae, found on Nobska Beach, WOode Hole, Mass.,
- onto agar plates of medium - - - composed of 0.04% yeast extract,

. 0.02% beef extract, and 0.02% Na acetate in 75% seawater. An eétuarine

clone of Thallassiosira pseudonana (3H) used in these studies was obtained

from Robert Guillard of Woods Hole Oceanogeaphie Institution. : B X-

4 Clay minera] reference standards were obtained from
| John Hathaway of the U. S. Geological SurVey, woods Hole. Standard density
~glass beads (density 2.06) which ranged.in diameter from 9-44 y, were obtained:
from Fisher Scientific Company. | '_ | |
Standardized tracer solutions of 23Pu (obtained from Oak Ridge National
Labofatories) were prepared in filtered Sakgasso Sea water adjusted to.
pH 1.5 w1th HC], and ster111zed by overn1ght UV-irradiation in quartz tubes
The vo]ume of the Pu solution was adJusted as the plutonium decayed to pro-
duce so]ut1ons with 5-10 counts/second/gram in our gamma count1ng geometry.
D1Sposab1e, sterile, 3 ml syr1nges were emp1oyed to weigh. p]uton1um ali-
quots of approximately 1 gram each to be added to exper1menta1 f]asks
Syringes were tared after the solution was dispensed. |
In order to prevent plutonium from polymerizing or associating with
particles, nedia preparation was done in this manner. Prepared media were
~adjusted to pH 8.5, filtered through 0.22 u sterile Millipore fi]fers, and
then dispensed into sterile flasks. Upon addition of the acidic plutonium
solution, the pH of the medium returned to 7.6. Addition of base after
« p]utqnium was in the flask was avoided‘fq bredent development ]ocally of
yery basic areas ih which the elutonium.might irreversibly change its form

to a polymer or an insoluble salt. These po]ymers'and salts are formed
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~gamma-counting tube and Coveredwith 5 m1 8N HNO

in unpredictable amounts in the presence of strong base, and their formation

.. would result in change in p]utonium-uptake kinetics and difficulty in re-

producing experimehta] conditions.

237Pu decays by electron capture to 237Np, emitting X-rays of 101 KeV. 
These were measured by a Harshaw 3-inch thallium-doped sodium iodide Wéll '.
crystal and data were stored in a Nuclear Data 130 512-channel pulse height.
analyzer whiéh measured 10-820 KeV over the first 128 channels.

| Sampling the flasks was achieved by periodically pipetting a homogene-

ous aliquot from each flask and fi]tefing it by vacuum through a 0.2 u
Nuclepore fi1ter for ba;teria and clays and a 1.0 u Nuclepore filter for
algae ahd glass beads, Each fi]tér’was placed in a separate soda limé glass

. 3
Cells of Leucothrix mucor used for these experiments were grown in 75% -

Sargaéso seawater supplemented with 0.1% casamino acids and a vitamin mix-

turé.‘ Cé1]s of Thal]assiosird pseudonana weré,grown in medium f/2 6f

Guillard and Ryther (1962). Mid-log phase cells were harvested by centri-

fuging in sterile centrifuge bottles of lineér polyethy1ene} Dead cells

were prepared by heating the cell suspension in a water bath. Bacterial
cells were heated at 47°Cfor 30 minutes, and algal cells were heated at 45°C

for 15 minutes. After heating, bacterial cells were no longer viable, as

" determined by p}ating on agar of the same medium used for growing cells.

After heat treatment, phytoplankton cells no longer took up oxygen, deter-
minded manometrica1ly. Both bacterial and phytoplankton cells were intact'-: 
after heat treatment,. determined microscopically. ‘
Dry weights of Leucothrix mucor cultures averaged 15 mg in each experi- s
mental flask, and cells continued to divide throughout the course of the
experiments. 20 mg of clay mineral was used per flask. Phytoplankton

weights averaged 3.2 mg per flask, and did not divide. Glass bead:weights -



averaged 2.6 grams per flask. Direct counts:of phytoplankton cells and
glass beads were made using a Speirs-Levy Eosinophile counting chamber.

Figure 4 shows the results of an uptake of 237Pu experiment by dead.

and by growing cells of Leucothrix mucor. The dead cells took up the plu-
tonium to a greater extent and at a faster rate than did the 11ue eells,
~which Shpwed Pu levels nearly at background for most of the course of the‘
experiment, -

Figure 5 shows the results of a‘23zPu—uptake experiment comparing

~Tive - bacter1a1 cells and clay m1nerals For thefirst 6 hours of the ex-

periment, the cel]s took up little, if any, of the pluton1um wh1ch is con- _
sistent with the results shown 1n F1gure 4. o:oa - Yet by 6 hours, the
montmorillonite had taken up 37% of the added p1uton1um, and the kao11n1te'

had taken up 60% of the,plutonium At the termination of the experiment,

“the cells .had taken up 45% of the pluton1um, the montmorillonite had taken
- up 57%, and the kaolinite had taken up 76%.

-E1gure 6 shows the results of 7Pu uptake by Tive and by dead cells -

tof Thallassiosira pseudonana . The resu]ts of uptake by 105 cel]s/ml both

live and dead, are similar, but the 10t

cel]s/ml took up much less of the
plutonium. - |
F1gure 7 shows the result of uptake by 237Pu by phytoplankton ce]]s

and ylass beads. Rate of uptake by 10° cells/ml is comparable to that by

‘10 ~glass beads/ml, and the rate of uptake by 104 ce]ls/m1 is comparab]e

to the rate of uptake by 10 glass beads/m]

CONCLUSIONS

The results of these experiments seem to indicate that among the types
of particles.examined, bacterial detritus would.be least effective in

~plutonium uptake in the marine environment. Attachment of bacterial cells



to other sorts of detrital particles, both biogenous and inorganic, might even

decrease the efficiency of plutonium uptake by these péktic]es.
These results were corroborated by the field study deécribed'at the
Qeginning of this report. These results are contrary to opinions expressed

by several investigators, including one of us, who felt that bacterial

~ detritus should be important in the vertical transport of plutonium in the

water colum and that bacterial numbers should coincide with the distribu-
tion and concentration of b]utonium in the water column.

Higher inventories of plutonium are found in area§ of active bioturba-
tion. These biologically reworked sediments arelgenera11y high in organic
matter and because of the high orgénicAcontent, one would expect to findilarge

numbers of bacteria. The metabolic’productsAof these bacteria, espécia]]y

- organic acids, shoqu;serve as important factors in the so]ubi}ization and

“remobilization of the particle-associated p1ut6nium. The zone of production

of these organic acids is in areas of lTow oxygen tension. Diffusion of these

" bacterially-produced opganic acids would result in plutonium transport through
"the sediment column. Thus the metabolic activity of the bacteria, rather

‘than their total numbers, should reflect the plutonium inventories.
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FIGURE LEGENDS

Fig. 1 Station locations.

' Fig. 2 239

Pu data and bacterial counts from water samples at Station 8
(same location as core T18) and Station 14 (same location as core
T22). The errdr bars represent i-gigma errors from the counting
statistics. ’ 4

Fig. 3 ‘ 239Pu data and bacterial counts from sediment cores. "Depth of
the overlying water is given for each}core, and the plutonium in-
ventories are given for cores T13 and T18. The vertical error

bars represent the sampling interval and the horizontal error bars

represent 1-sigma-errors from the counting statistics.

Fig;g4 ‘Uptake of 237Pu by Leucothrix mucor. Error bars represent 1-sigma

" errors from the counting statistics.

237Pu by Leucothrix mucor, kaolinite, and Casmontmorillonite

Fig..5  Uptake of

- Error bars represent 1-sigma errors from the-counting statistics.

~Fig. 6 ‘ Uptake of 237Pu by Tive and dead cells of Thalassiosira pseudonana;
| - X-axis is incubation time in hours. Error bars represent 1-sigma

errors from. the counting statistics.

Fig. 7 Uptake of 237Pu by Thalassiosira pseudonana cells and glass beads.

Error bars represent 1-sigma errors from the‘counting statistics.
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