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ABSTRAcT

Electron microscopy, combined with X-rav micro-
analysis, of suspended solids collected from the
Eastern Basin of Lake Erie revealed a number of
particles containing large concentrations of man-
ganese and small quantities of Si, K, Ca, S, Cu and
Zn. The particles were found, at one of the four
sampling stations, in a fraction that passed a 3-um-
porosity membrane filter. The morphology of the
particles shows characteristics similar to those of
a manganese-precipitating organism known as
Metallogeniun personatum, which plavs an im-
portant role in the formation of freshwater man-
ganese deposits and may further serve as adsorp-
tion sites for heavy metals.

Keywords:, suspended solids, Eastern Basin of Lake
Erie, Ontarior manganese-rich particles, Metal-
logeniwn personatum.

SoMMATRE

Par microscopie 6lectronique et microanalyse aux
rayons X, on trouve que les particules en suspen-
sion dans le bassin Oriental du lac Erie contien-
nent de fortes teneurs en Mn et de faibles quanti-
t6s de Si, K, Ca, S, Cu et Zn. Dans un des quatres
sites d'6chantillonnage. ces particules se trouvenr
dans la fraction qui passe un filtre b membrane
de 3 um de porosit6. Par leur morphologie, ces
particules rappellent l'organisme Metallogenium
persoilatum, qui induit la pr6cipitation du manga-
nbse. Cet organisme, qui joue un r6le important
dans la formation de gisements de Mn en eau
douce, pourrait servir de site d'adsorption pour
m6taux lourds.

(Iraduit par la R6daction)

Mots-clds; particules en suspension. bassin Oriental
du lac Erie, Ontario. mangandse. Metalloseniunt
personatilm.

INTRoDUCTIoN

Some of the Mn and Fe supplied to the
freshwater system and to the oceans is de-
posited in the form of ferromanganese qxides
or manganese nodules. The origin, occurrence
and composition of these nodules have been

studied intensively during recent years. The
chemical concepts of formation and physico-
chemical characteristics of manganese nodules
were reviewed by Marshall (1979). Several
factors affecting the enrichment of marine and
lacustrine nodules by various metals were dis-
cr$sed by Cronan (1977) and Calvert & Price
(1977).

Allan (1979) found micronodules containing
47o Fe, 0.6Vo Mn and 383 pglg Ni in Great
Slave Lake, N.W.T. The occurrence and geo-
chemistry of manganese nodules in the Great
Lakes were described by Rossman & Callender
(1968), Cronan & Thomas (1970, 1972) and
Damiani et al. 0973). Marshall (1979) rc'
viewed the present knowledge of microbial trans-
formations of manganese in freshwater and
marine systems. including the conditions nec-
essary for microbial involvement in the for-
mation of sedimentary manganese deposits.

This contribution describes the occurrence and
morphology of manganese microparticles found
in the water of the Eastern Basin of Lake Erie,
as part of an ongoing investigation of the mor-
phology of suspended particles and their asso-
ciation with metals in the Great Lakes.

Mnrenret-s AND METHoDS

Water samples were collected in August 1978
at four stations in the Eastern Basin of Lake
Erie (Fig. I ) to investigate the chemical com-
position of suspended solids. About 60t) I of
water from I m below the surface and from
2 m above the bottom were collected and cen-
trifuged to obtain a suffisient quantity of sus-
pended solids for chemical analyses. Collected
samples were then dried by lyophilization. Si-
multaneously, about 2 I of water were collected
at the same depth and sampling stations using
a Van Dorn bottle. About 100 ml of each of
these water samples was filtered through a set
of Unipore membranes (pore size 8, 3 and 0.45
pm) to separate the particles by size. The
membranes were then dried in a desiccator and
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Flc. l. Location of sampling stations in the Eastern Basin of Lake Erie.

used for our investigation of the morphology
and chemistry of individual particles by electron
microscopy. For this pulpose, a section of about
I cm2 was cut out from each membrane,
mounted on the specimen stub and carbon-
coated. The suspended particles of sediment
were investigated by SEM (AMR 1000) inter-
faced with an energy-dispersion X-ray spectro-
meter (TN-l I ). Several micrographs were ob-
tained to document the morphology of the
particles. To obtain a qualitative chemical anal-
ysis of the material, we focused the static beam
of electrons on individual particles. The X-ray
spectrum was accumulated for 60 seconds using
20 kV accelerating potential and I x 10-s A
beam current. Chemical analyses of water sam-
ples were carried out according to the Anal-
ytical Methods Manual (1979).

Resulrs

Abundant ring-shaped particles were found at
station 2, 2 m above the bottom in the 3-plm-
size fraction (Fig. 2). Figure 3 shows one of the
manganese-containing rings at a magnification
of 20,'000, together with results of the X-ray
microanalysis by energy dispersion. The ring
dimensions are approximately 2.5 trlm on the
outside diameter and about 1.3 pm inside. The
wall appears to be a biological structure, de-
formed by inadequate preparation for biological
material (the specimen was not fixed to preserve
micro-organisms and was air-dried after filtra-
tion). The major element detected in the particle
is manganese. Small quantities of S, Cl, K and
Ca also detected in the particle are usually
associated with organic material. Si can originatc

Frc. 2. Scanning-electron photomicrographs of the manganese-rich ring-shaped microparticles found at
sampling station 2 in the Eastern Basin of Lake Erie.
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Ftc. 3. Scanning-electron photomicrograpbs of the
magnification (x20,000) with results of X-ray
in August 1978 at station 2, I m from bottom:

either from the organic material or from a
quartz microparticle incorporated in the struc-
ture. Allan (1979) demonstrated the presence
of quartz in ferromanganese nodules from Great
Slave Lake. He suggested that the small nodules
are quartz grains with amorphous coatings rich
in Mn, Ni and Pb. The EDX spectrum in Figure
3 shows the presence of Cu and Zn in the ring-
shaped particle from Lake Erie.

A star-shaped particle about 2 pm in dia-
meter also was found to contain manganese
(Fig.  ). It insludes a number of flagellae
protruding from a central ring. The EDX spec-
trum shows a composition similar to that of
the ring-shaped manganese particle. No similar
particles were found at the other sampling
stations investigated.

The environmental conditions at each station
during the sampling time are outlined in Tabie
1, together with concentrations of Mn and Eh
values measured in the 3-cm surface-sediment
layer, as given by Thomas & Mudroch (1979),

As shown in Table 1, at station 2, the concen-
tration of dissolved oxygen at a depth of 2O m

manganese-rich ring-shaped microparticles at a higher
anatyses by energy dispersion. Specimen collected

was slightly lower than at the other stations;
the concentration of dissolved manganese was
1.5 y,g/l compared with 3.9O and l.8O p,g/l
at stations 14 and 26, respectively. MnO con-
centration in the surface sediment was similar'at 

all four stations, and the redox potential
was lowest at station 2. However, except for
the large difference in tle bottom temperature,
the measured parameters did not differ very
much from station to station.

DtscussloN

Certain aspects of abiotic formation of man-
ganese deposits in the Great Lakes environment
are supported by many studies. Rossman &
Callender (1968) found manganese coatings
and crust on sand grains, pebbles, cobbles and
as part of the bulk sedimentary material in Lake
Michigan. They found enrichment in man-
ganese in the upper 10 cm of several sediment
cores as compared with the lower parts of the
cores. The manganese content of interstitial
water from Green Bav and northern Lake
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Frc. 4. Scanning-electron micrograph with EDX spectrum of a star-shaped microparticle found at
sampling station 2 in the Eastern Basin of I:ke Erie. Specimen collected in August 1978 at statior
2.2 m from bottom.
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Michigan sediments was found to be enriched
over lake water (4 | to 25 ppb Mn) as much
as 2500 and 4O00 times, respectively. In addi-
tion, the manganese content of rivers entering
Green Bay is up to 20 times higher than that of
the lake. Cronan & Thomas (1972) found large
deposits both of sands coated with ferroman-

s ":Jrtl

ganese oxide and of scattered manganese nodules
in the northern part of Lake Ontario. Mn is
present, in the interstitial waters of the sedi-
ments underlying the deposit, in higher con-
centrations than in the overlying lake waters.
The origin of these deposits is thought to be
related ( 1 ) to the upward diffusion of Mn and

TABLE I.  PARA},IETERS ! 'EASURED AT TIIE SAI1PLINC STATIONS

s r a l r o '  D e p t h  
@ u o o  

, n
No.  r  .u / r .  u8 / l  Z  nv

2  2 . 0

2 0 . 0

8 . 8

r .  5 0

2 3 . 4

2 2 . 9
0 . 2  - 1 0 0 - 0

t 4  2 , 0

4 3 . 0 9 . 8

0 . 6 8

3 .  9 0

2 2 . 6

4 . 5
0 . 2  0 - 1 0 0

2 3

, 6

6 0 . 5

8 . 6

9 . 8

t 5 . 8
0 - 1 0 0

9 . 9

l l . 4

0 . 4 0

1 .  8 0

2 r .3

4 . 6
0 - 1 0 0

D a t a  o f  T h o o a a  &  M u d r o c h  ( 1 9 7 9 )
n . a r  o  o o t  a o a l y a e d
p a  r a n g e  o f  { a t e !  -  8 . 3 - 8 . 5
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Fe from the underlying sediments and (2) to
the movement of manganese-enriched bottom
waters of the Central Basin towards the north-
ern shore, where the redox potential of the
surface sediments ranges between 300 and 400
mV.

Damiani et al. (1973) found manganese
nodules in the Bay of Quinte, Lake Ontario,
both in association with thin lag sand or gravel
derived by erosive action on glacial deposits,
and directly upon a glaciolacustrine clay surface.
X-ray-diffraction results revealed the presence
of goethite in all the Bay of Quinte nodules and
rhodochrosite 'in one. The nodules collected
from the other pafis of Lake Ontario were
reported to be of amorphous character.

Conditions necessary for microbial involve-
ment in the formation of manganese deposits
in a freshwater environment have been reported
by many authors and were summarized by
Ehrlich (1976). Perfil'ev & Gabe (1965) dis-
covered a new genus of the manganese-oxidizing
and -depositing microbe Metallogeniunn per-
sonaturn in the upper layer of the bottom
sedimerits of a number of lakes in Karelia
(U.S.S.R.). In a meromictic lake, Dubinina
et al. (1974) found the maximum population
of the manganese-oxidizing micro-organisms
Metallogenium personaturn at a depth of 23 m,
with an oxygen concentration of 0.05 mg/I.

Both teams of investigators mentioned above
found a filamentous starlike $tructure of the
organism at one stage of its development very
similar to that which we observed in micro-
particles in Lake Erie at station 2 (Fig. 4). The
abundant ring-shaped manganese particles also
observed at this station at depths of 2 and 20 m
may be a stage of the complex life-cycle of
Metallogenium sp. in this specific environ-
ment.

No manganese-containing particles were de-
tected at the other three sampling stations, and
there was no stratification of water at station 2.
However, the thermocline was observed at a
depth of 2l to 25 m at the other sampling sta-
tions.

According to the abiotic theoretical model of
Delfino & Lee (1968), manganese at a depth
of 20 m at station 2 would be present mainly
as MnOo(s) or as Mn(II) sorbed onto iron
and manganese oxides. Ehrlich (1976) sug-
gested that Mn(II) is oxidized rapidly to
Mn(IV) by micro-organisms associated with
the particulate oxides. According to Perfil'ev &
Gabe (1965), the more highly reducing condi-
tions in the surface sediment at station 2 would
be suitable for multiplication of Metallogenium

personatum, which may further migrate from
the sediment to the overlying water. The low
redox potential of the sediment would be the
only explanation for the origin and growth of
Metallogenium sp. So far, this organism has
been found in water of low oxygen concen-
tration and higher in manganese content than
observed at station 2. Because the instrument
used was not capable of detecting elements
with atomic number <-11, i.e., O, C'ind H, we
were unable to determine if the microparticles
were composed of manganese oxide or car-
bonate.

No manganese deposits have been reported
in Lake Erie; however, Burns & Nriagu (1976)
found that particles in the Lake Erie waters
were relatively enriched in manganese, com-
pared with the sediment. This was attributed to
the solution and reprecipitation of manganese
in the Lake Erie sediment. They suggested the
transport of manganese extracted from sedi-
ment from the Western to Eastern Basin of
Lake Erie. MnO concentration in surficial sedi-
ments at some localities in Lake Ontario exceeds
lVo (Thomas & Mudroch 1979), and ferro-
manganese concretions have been found in the
northern part of the Lake and in the Bay of

Quinte. These concretions contain Ni, Cu, Co,
Pb and Zn (Cronan & Thomas 197A, 1972,
Damiani et at, 1973) and therefore play an
important role in the transport and distribution
of these metals in Lake Ontario.

Studies by Simons (1976) and Lam & Simons
(1976) showed that water i$ transported from
Lake Erie into Lake Ontario. The manganese
microparticles may then be transported in the
water; they may either settle at a depositional
basin or be further transported into an area
with optimal conditions for manganese deposi-
tion, where they may provide nucleation sites
or adsorbing surfaces for manganese and iron,
as well as for other metals.
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