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The ultrastructure and physical characteristics of a
distinctive colloidal iron particulate isolated from a
small eutrophic lake

By Gary G. Lepparp, J. BurrLg, R. R. pE ViTrE and D. Perrer

With 11 figures and 3 tables in the text

Abstract

An iron-rich fraction was isolated from a small eutrophic lake and studied on a par-
ticle-specific basis by transmission electron microscopy (TEM) in conjunction with en-
ergy dispersive spectroscopy. The limnological context from which the iron-rich frac-
tion was isolated was characterized using a combination of in situ probes and analytical
chemistry. An iron-rich colloidal particulate was identified; three morphotypes occur-
red, two of which could be described as globular and one of which as near-globular in
shape. The size range determined by TEM was 0.05—0.31 um, with three quarters falling
in the narrow range of 0.05—0.13 um. The latter range was found to be more representa-
tive of the true particle size distribution than a distribution found by filtration alone,
which suggested an average particle size greater than 0.45um. Among the entire popula-
tion of these colloids, ca. 70 % contained iron whereas most of the remaining 30 % were
rich in either $i or Ca. Amongst the iron-rich globules, 86.5% were also rich in phos-
phorus and calcium. Some evidence was found to suggest that Fe/P/Ca-rich particles
were occasionally associated with either Si or Si/Al; however, the major fraction of
these particles was found to contain exclusively Fe, P and Ca. These new findings are
presented in the context of the limnological phenomena documented at the site.

Introduction

Iron plays an important role in aquatic ecosystems as a nutrient and as a
modulator of the impact of other substances, such as bioavailable phosphorus
and trace metals (HutcHinsON, 1957; WEeTzEL, 1975). During the last two de-
cades, a considerable amount of effort was put into understanding iron fluxes,
as shown by the works of Verbouw & Dexkers (1980), BLoEscH & BuUrns
(1980), Davison et al. (1982), Lipen (1983) and Davison (1985). A similar effort
is being extended towards understanding redox transformations (MAvEr et al.,
1982; De VITRE, 1986) as well as towards gaining information on the morpho-
logy and chemical composition of lacustrine particulate iron (GiovanoL et al.,
1980; SroLkoviTz & CopLAND, 1982; T1pPING et al., 1982; LiDeN, 1983). How-
ever, considering the growing body of evidence pertaining to the existence of
colloidal-sized iron particles in natural aquatic systems, surprisingly few
studies have combined STEM-EDS (scanning transmission electron micro-
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scopy in conjunction with energy dispersive spectroscopy) with classical lim-
nological investigative approaches in order to obrain particle-specific data in
the colloidal size range. The need to do so is particularly important since, in
the colloidal size range (ca. 1—1000 nm), there are gaps in our understanding of
the structure and physico-chemical transformations of naturally occurring
amorphous iron. This paper is the first of a series addressing some of these gaps
by providing:

1. characterizations on a particle-specific basis for lacustrine colloids rich in
amorphous iron, by combining EDS with STEM;

2. technology transfer from the biomedical sciences to establish an optimal
use of STEM in conjunction with high resolution TEM analyses of ul-
trathin sections of embedded colloid fractions;

3. an analysis of the new findings in the limnological context documented at
the site.

Sampling and methods
Description of field site

Lake Bret is a small freshwater dimictic lake situated 10km to the east of Lausanne,
in the Canton of Vaud, Switzerland. Its principal hydrographic features are given in Fig.
L. The lake is used as a water reservoir and is characterized by a simple hydrology,
namely one water inlet (the Grenet River) and one water outlet, a water treatment plant.
Land use in the lake’s extensive watershed is agricultural; this has led to heavy external
phosphorus loading and to the lake’s current hypereutrophic state. The summer season
is characterized by the development of an extensive anoxic hypolimnion where high
concentrations of reduced species of Fe, Mn, and S are found. The cycling and redox
transformations of the latter species have been studied extensively (Zau, 1983; De
VITRE, 1986; BUrrLE et al., 1987). However, no work has been reported previously on
the chemical and physical nature of the particulate iron species found in the inter-
mediate zone between the oxic surface waters and the anoxic hypolimnion. In Fig. 2
typical mid-summer concentration depth profiles for the particulate iron species, oxy-
gen, orthophosphate and dissolved Fe (II) are given, along with a schematic representa-
tion of the interfacial zone between oxic surface waters and anoxic deeper ones. Both
spatial and seasonal changes in the concentration of the particulate Fe species, other Fe
species, Mn species, ortho-phosphate, calcium, O,, sulfide, temperature and pH have
been studied and are reported elsewhere (DE VrTE, 1986; BUFFLE et al., 1988).

Sampling and analyses

Water samples containing the particulate iron species were obtained using a battery-
driven peristaltic pump followed by sample isolation, as discussed below. All samples
were obtained on 25 July, 1985, at a depth of 14 m, where a high concentration of the
particulate Fe species is found (see Fig. 3). The water sample composition is given in
Table 1. Dissolved O, temperature and pH were measured using an assembly of in situ
probes (Orbisphere model 2112 for O, and temperature, linked to an Ingold model 503
for pH), whereas total and dissolved (smaller than 0.45um) Fe, Mn and Ca were de-
termined by Flame Atomic Absorption on unfiltered and filtered samples respectively.

A distinctive colloidal iron particulate 407

Lake Bret
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Fig. 1. Principal hydrographic and morphometric characteristics of Lake Bret, Vaud,
Switzerland.

Fe (1) was also determined in both samples using the ortho-phenanthroline colorimetric
procedure (APHA, Standard Methods, 1971). Differential Pulse Polarography was also
done, using the methodology described by Davison et al. (1987), to determine the con-
centration of electroactive Mn(II) and Fe (II). Water samples for atomic absorption and
colorimetry were collected in 10ml polyethylene tubes and were acidified to pH = 2
with IMHCI (Merck, pro analysi). Samples for polarographic measurements were
stored in Winkler bottles in the dark and refrigerated at 8 °C (4 2°C) until analysis.
DPP was performed within 6 hr of sampling. Filtration was done using specially-desig-
ned plexiglass filter-holders and 90 mm diameter Schleicher and Schuell 0.45 um filters.
Filtration-based size distributions were also obtained using Plastipak B-D syringes
equipped with Swin-lok filter-holders. In the latter case, 25 mm diameter Nuclepore fil-
ters with nominal pore sizes of 8, 5, 2 and 0.4 um were used and approximately 40 ml of
the water sample was filtered; this low volume allowed us to avoid clogging.
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Fig. 2. Schematic representation of the in situ formation of the particulate colloidal-sized
iron species in Lake Bret. The active zone is enclosed within a box, into which advective
and diffusional transport of Fe?*, 0-PO,*~, and O, occurs leading to the formation of
the colloidal particulate Fe phase whose main chemical components are shown enclosed
in a box. Also shown are typical mid-summer depth concentration profiles for the
above-mentioned species measured on 15 August, 1985.
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Table 1. Physico-chemical parameters measured at the sampling site.

Dissolved Oy* (mg/l) 0.1
Temperature* (°C) 74
pH* 73
TOC* (mg/l) 44
Alkalinity*® (mM) 37
Ca®  unfiltered (mM) 1.4

filtered (mM) nd
Feo® unfiltered (uM) 9.6

filtered (uM) 0.5
Fe(Il)* unfiltered (M) 4.1

filtered (M) 0.5
Fe(I)® unfiltered (uM) 0.2
Mnyo® unfiltered (M) 6.8

filtered (uM) 6.8
Mn(I)? unfiltered (M) 6.7

* unfiltered samples, * = determined by titration, ® = determined by AAS, ¢ = de-
termined by colorimetry, ¢ = determined by DPP, n.d. = not determined.

Sample preparation

In order to assess the importance of sample handling procedures and to prepare an
“enriched” iron sample, two different sampling (filtration or centrifugation) and hand-
ling (untreated or freeze dried) procedures were tested (Fig. 4). Due to the delicately bal-
anced redox environment within the zone from which the particles were isolated, as
well as the very reactive nature (coagulation, adsorption, oxidation) of the iron particles
studied, only simple physical separation methods are possible (De ViTre, 1986). All pre-
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Fig. 4. Analytical separation scheme used to isolate and prepare iron-rich fractions for

STEM-EDS.
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parative separations were performed under an inert N, atmosphere and within 2 hr of
sampling. Simple filtration was expected to yield a relatively unpurified sample, whereas
centrifugation was expected to selectively isolate higher density particles (such as iron-
rich particles) from lower density particles (such as organic-rich ones); these expecta-
tions were dependent on whether or not centrifugation introduced artifacts of coagula-
tion, a phenomenon dealt with below. Both sample handling procedures were carried
out to test possible effects (such as shrinkage and/or aggregation) of freeze-drying on the
structure of iron-rich colloids and associated materials.

All samples were filtered initially through a 100 um polyethylene filter to eliminate
large particles (clay minerals, detritus, etc.). Fractions I and Il were isolated by filtration
through 0.45 um filters. The particles were removed from the filter's surface under an
N; atmosphere in a glove box and suspended in degassed Milli-Q water sterilized by fil-
tration through a 0.2 um filter (Fraction I) whereas Fraction II was freeze dried. Frac-
tions Il and IV were prepared by centrifugation (3100g for 30 min) and were then
treated in an analogous manner to Fractions I and I, yielding a wet and a freeze dried
sample respectively. In the case of Fraction III, an additional pre-concentration step was
included in order to increase the yield. All “wet” samples were subsequently stored
frozen (the initial freezing being in liquid nitrogen); all samples which had been freeze
dried were stored under a nitrogen atmosphere.

Analyses by conventional transmission electron microscopy

Preparation for conventional morphological analysis by TEM consisted of a se-
quential double chemical fixation (Burnison & Lepparp, 1983) applied to each freeze
dried fraction, followed by dehydration (solvent exchange) using a cold graded acetone
series (20% to0 99.5% at 4 °C) and then embedding in epoxy resin (Seurr, 1969) miscible
with acetone. This preparatory procedure allows for a comparison of the lacustrine
samples with known colloidal biologicals described in the literature on ultrastructure.
Ultrathin sections (50—70nm thickness) as estimated by the interference color method
of PeacHEY (1958) were cut with a diamond knife, mounted in an LKB ultramicrotome
(Ultrotome 1), according to the systematic approach outlined in Lepparp et al. (1977).
Counterstaining of the sections, mounted on copper grids without a support film, was
done according to Lepparo et al. (1986). Observations and photographs were made with
a Philips 300 TEM, operated at an accelerating voltage of 60kV, on sections free of
counterstain precipitate.

Two other procedures were employed to assess the conventional images in terms of
potential artifacts which can result from (1) fixative-induced aggregation and (2) de-
hydration. Both were also utilized to improve the revelation of colloid infrastructure.
The first of these, an acetone fixation procedure (Lerparo et al., 1986), removes the in-
fluence of multivalent cations, buffer salts, oxidizing agents and cross-linking reagents
used in conventional chemical fixatives: it also minimizes overstaining of aggregated par-
ticulates in the colloidal size range. This TEM preparatory procedure begins with the
immersion of a freeze dried sample in acetone (99.5 %), then proceeding directly to the
embedding step.

The final procedure consisted of embedding never-dried, never-fixed, never-stained,
natural samples directly in a water-soluble melamine resin (BacHnuser & Frosch,
1983). The embedding medium selected was the medium-hardness formulation of the
two-component resin system, Nanoplast FB 101, sold by J. B. EM Services, Inc., Pte.
Claire, P. Q., Canada. We carried out the impregnation/hardening step in two stages: 2
days at 40 °C in a desiccator containing silica gel, followed by 2 days at 60°C in a small
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oven. The sectioning and photography were done as for the other two procedures
above; counterstaining was found to be unnecessary.

Energy dispersive spectroscopy using STEM

A dual-stage scanning electron microscope (L. S. I. DS-130), equipped with 2 STEM
attachment and an energy dispersive X-ray analyzer (y-PGT/System 4), was used for all
EDS analyses (CHANDLER, 1977). An accelerating voltage of 15kV was applied to un-
stained sections (of 100—200nm thickness) which were mounted on carbon coated,
formvar covered, copper grids. The grid holder was tilted toward the detector from the
horizontal at +10°, and 40 sec was selected as the counting time. Only obvious peaks
(peaks more than double the height of the background signal) were considered in assess-
ing the relative amounts of Fe in 2 given class of colloid. This latter rule was also applied
to analyzing associations between Fe and the following elements: P, Ca, Si and Al. All
analyses for specific elements were done on sections derived from the acetone fixation/
epoxy embedding procedure. With this procedure, the native iron in the sectioned la-
custrine materials provided sufficient electron opacity for visualizing the colloids most
rich in iron. Silicon-rich structures were also readily visualized without the aid of any
applied metal at any stage.

Results and discussion

General observations

Each principal iron-rich fraction (whether obtained by filtration or by cen-
trifugation, whether processed as a freeze dried sample or as a wet sample) pos-
sessed certain general ultrastructural characteristics which were independent of
the method of “‘cytological” preparation. These characteristics were:

1. the presence of many iron-rich colloidal particulates of roughly globular
shape, the “‘globules” of Figs. 5 and 7, with diameters near 0.1 um;

2. the presence of many identifiable biological structures (e.g., frustule frag-
ments, tripartite membranes, fibrils, microbes) in the colloidal size range
(Fig. 5)

3. great heterogeneity in the distribution of particulates (Fig. 5) which in-
cluded many kinds of associations between iron-rich globules, identifiable
biologicals and certain colloids tentatively identified as the physical units
of organic-rich gels (e.g., the fibrils of Fig. 5 and the 2—3 nm granules of
Fig. 6);

4. the apparent paradox that more than 90% of all particulates had least
diameters much less than 0.45 um, despite having been isolated originally
on a filter of 0.45 um pore size.

These four general characteristics suggest that lacustrine iron-rich particles
cannot be assessed for their native size solely on the basis of filtration data.
They also suggest that colloidal biologicals and organics may form more ex-
tensive associations with iron colloids than has been documented previously.
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i S

Fig.5. An example of the great heterogeneity in the distribution of iron-rich par-

ticulates (in Fraction II) prepared for morphological analysis and counterstained accord-

ing to Burnison 8 Lepparp (1983). Some globules are indicated by an arrow and a group

of fibrils is indicated by a double arrow. The central portion of the micrograph is oc-

cupied by two microbial cells and their external capsules. The bar and subsequent bars
represent 0.45 um.

Morphology

The initial survey for identifiable and/or distinctive structures rich in na-
tive heavy metal revealed quite early the importance of electron-opaque
globules and dense globule aggregates in a size range which ran from ca. 0.11 to
ca. 2.5 times the pore size of the filter used to capture them. These proved to be
extremely rich in Fe relative to other particles according to preliminary results
from EDS. To correct for the aggregating and overstaining effects of the initial
(cytological) fixative, the survey was redone using the acetone fixation proce-
dure, with and without counterstaining. As a result, three morphological types
of iron-rich globules were distinguished. These were:

1. simple globules with an indistinct interface between globule and external

milieu (Fig. 7 A);



414 Gary G. Leppard, J. Buffle, R. R. de Vitre and D. Perret

Fig. 6. Granules of 2—3 nm diameter aggregated into granule clusters which in turn are
aggregated into a porous sponge-like network. Such relatively electron-transparent
granules (after counterstaining) and their mode of aggregation following acetone fixa-
tion suggest the fulvic acid colloids of Lepparo et al. (1986). Many of the largest clusters
have a diameter in the range of 0.45—0.65 um which are diameters of special interest to
technologists involved in assessing water samples for particulate contaminants.

2. simple globules, as above, attached to and/or bearing a relatively large
angular projection (identifiable in some cases as a fragment of diatom
frustule — see arrow in Fig. 7 A);

3. globules with relatively small globulets projecting from an indistinct
surface (Fig. 7 B).

Globules without globulets were common to all lacustrine preparations
derived from freeze dried samples; globules with surface globulets were less
common. In the case of simple globules attached to and/or bearing a large
angular projection, preliminary spectroscopic analyses revealed that the strong
iron peak was often accompanied by a strong silicon peak. With regard to the
most simple globules, an inspection of many hundreds of views revealed no ob-
vious differences in size between globules isolated by filtration alone and those
isolated by centrifugation.

A distinctive colloidal iron particulate 415

Fig.7. Iron-rich, electron-opaque globules found in an iron-rich fraction isolated from

Lake Bret. All heavy metal contributing to the electron opacity of this image was native

heavy metal. (A) shows a cluster of simple globules (fixed in acetone) found in Fraction

IV (centrifuged/freeze dried). Within this cluster, an arrow shows an extreme example

of a globule with an angular projection. (B) shows globules bearing globulets (acetone
fixation) found in Fraction II (filtered/freeze dried).

Size of iron particles — the role of sampling and handling

To assess shrinkage artifacts attributable to dehydration, the survey was re-
peated again using never-dried samples embedded directly in a hydrated Na-
noplast mixture. The mixture of choice had a measured shrinkage during
hardening of 2% (see J. B. EM Services brochure on Nanoplast FB 101). The re-
sults showed no obvious size differences between individual globules prepared
in Nanoplast and those prepared for sectioning via acetone fixation. Thus,
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Fig. 8. Size distributions of the particulate Fe species found in the active zone (Fig. 2) of

Lake Bret on 25 July, 1985. (A} shows a size distribution measured directly on micro-

graphs obtained by TEM for particulates initially isolated by filtration on a 0.45 um fil-

ter. (B) shows a size distribution obtained by direct field filtration, using syringes and
Nuclepore filters.

shrinkage of globules can almost certainly be ruled out as the basis for the cap-
ture on a 0.45 um filter of globules many times smaller.

Fig. 8-A illustrates graphically the results of pooling 122 separate diameter
determinations. A comparison with Fig. 8 B makes clear the fact that globule
diameter is not the major factor determining globule retention by filtration
and that classical filtration conditions result in sizing data which are wrong by
at least one order of magnitude (PErrET et al., 1987). The most common par-
ticle size determined by TEM was centred at 0.1 um. Globules embedded in
Nanoplast had a range of 0.053—0.307 um, whereas those embedded in epoxy
resin had a range of 0.048—0.238 um. Among those in epoxy resin, globules
isolated by filtration had a range of 0.064—0.172 um, whereas those isolated by
centrifugation had a range of 0.048—0.238 um. The largest individual globules
were found in Nanoplast sections and there were more exceptionally large
globules in centrifugation isolates than in isolates derived by filtration. Thus,
despite the similarity of size for typical globules in all preparations, there is
some possibility that a much more extensive survey of globule diameters rela-
tive to type of preparation (tens of thousands of measurements) might produce
some interesting new observations.

A distinctive colloidal iron particulate 417

ATTACHED
GLOBULETS
—A
i_‘ INOIVIDUAL
— GLOBULES
z _
w
"OL TIGHTLY PACKED GLOBULE
AGGREGATES
us —
aQ
&
LOOSELY PACKED GLOBULE
AGGREGATES
Il L Il }
T T T 1
-2 -1 0 1

log diameter (pm)

Fig. 9. Size classes of globules, globule aggregates and globule parts found in an iron-rich
fraction originally isolated on a 450 nm filter.

Size of iron particles — sizing and morphological classification

Fig. 9 shows a size classification scheme relating globules, globule ag-
gregates and globulets. Some 96 % of all globules were less than half the size of
the pore of the collecting filter and some individuals were more than nine
times smaller. It is likely that the loosely-packed aggregates have their
final size and shape modified by sample processing and by interaction with the
filter surface used to trap them (PErreT et al., 1987). For reasons described el-
se where (LEppaRD, 1984, 1985), an assessment of such modifications can be, at
best, only partial and only semi-quantitative. Although the structure of such
aggregates in the native (lacustrine) state was not pursued further, it was evi-
dent that associations between globules and other structures/materials could
account for the apparently anomalous filtration behaviour of the globules.
Much of the material of loosely-packed aggregates could be tentatively iden-
tified as biological and/or organic. Fibril aggregates of the type shown in Fig. 5
(LepparD, 1986) and granule aggregates of the type shown in Fig. 6 (LepPaRD et
al., 1986) have been described as the principal component of some colloidal
organic gels. Clearly, an iron-rich globule embedded in such a gel could result
in a much larger sedimenting unit than indicated by a 48—307 nm least
diameter; this larger unit could have a density much less than that of colloidal
amorphous iron per se, a feature currently under examination. The most com-
mon particulate structures/materials found associated with iron-rich globules

27 Archiv f. Hydrobiologie, Bd. 113
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Table 2. The most common particulates, as determined by TEM images, of epoxy em-
bedded fractions.

I Fine electron-opaque debris
a) nondescript
b) debris recognizable as cell parts
(e.g., tripartite membranes, algal frustules, fibrils)
Il Microbiota (including pathological examples)
a) prokaryotic cells
b) eukaryotic cells
I Clay leaflets
IV Electron-opaque globular and near-globular structures
(both simple and complex)
a) with a strong iron signal
b) without an iron signal
V  Fine granules of weak electron-opacity and diameter near resolution limit

a) seen as a granule
b) seen as a component of a dense aggregate

are categorized in Table 2. However, the exact nature of the association and its
origin are subjects for future investigations.

Elemental composition

Electron-opaque globular colloids can be categorized by other than mor-
phological criteria. Preliminary studies on more than one hundred such
globules selected at random suggested that these colloidal sized particles could
be classified according to their elemental composition. From the point of view
of composition, four types of globules were delineated; they are listed in Table 3.

Within the category of type A iron-rich globules (Table 3), several distinct
sub-categorizations can be made. The most frequently encountered elemental
association was Fe/P/Ca; these three elements were present in 86.5% of all the

Table 3. Elemental composition-based groupings of electron-opaque globules. All EDS
measurements (N = 127) were based on peak heights taken from colloids which receiv-
ed no heavy metal treatments of any kind.

Fraction of total globules  Fraction of Type A-globules

(N = 127) (N = 89)
Type % Type A %
A ~Iron-rich 70.1 -Fe/P/Ca 49.4
B-Si only 16.5 ~Fe/P/Ca+Si/Al 225
C-Caonly 71 ~Fe/P/Ca+Si 14.6
D - other(no Fe) 6.3 —other 13.5
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10A Type A70.1%
I
10B Type B 16.5%
10C Type C7.1%
e |
10D Type D 6.3%

Fig. 10. Typical examples of EDS spectra for the four chemically different classes of glo-
bules isolated from Lake Bret waters.

iron-rich globules. However, within this latter group, 49.4% contained only
these three elements while 22.5% also contained both Si and Al and 14.6%
also contained only Si, thus suggesting that some of the iron-rich colloids
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formed in the lake are associated with small clay fragments and/or silicon-rich
particles such as frustule fragments. Note that a small subgroup (13.5 %) of the
iron-rich particles had elemental associations which did not include both P and
Ca. The data in Table 3 is based on 127 sets of spectral analyses and electron
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micrographs and includes “near globules” to provide examples of colloids
which are clearly hybrids of a globule and an angular particle.

Typical EDS spectra for the four chemically distinctive types of globular
colloids are shown in Fig. 10. The principal Fe peak illustrated is the Ko peak
which is centred about 6.4 keV, whereas Si, P, and Ca peaks occur at 1.7, 2.0,
and 3.7 keV respectively. Shown in some spectra are two artifactual copper
peaks (centred at 0.93 and 8.05keV) which are generated by the copper sup-
port grid.

For EDS spectra of the quality shown in Fig. 10, the peak ratios (Fe/P, Fe/
Ca, etc.) can be generally taken as an order of magnitude of molar ratios.
Therefore, it can be informative to compare peak heights for the major ele-
ments (Fe, P, Ca, Si, and Al) of the 127 sets of spectra. This is shown in Fig. 11
where a clear correlation between Fe, P and Ca peak heights is shown. On the
other hand, no obvious correlation between Fe and either Si or Al is apparent.
These results will be discussed in detail elsewhere (BurrLE et al., 1988). Note,
however, that the average peak height ratios computed for the Fe/P/Ca par-
ticles (49.6% of type A — see Table 3) are: Fe/P =1.58 (0 =0.38), Fe/
Ca=251 (0=0.48), and they ranged respectively from 0.85—2.48 and
1.06—3.8. Considering experimental error, the narrow ranges found for both
the Fe/P and the Fe/Ca peak ratios strongly suggest constant particle composi-
tion. Furthermore, since the peak height ratio is within an order of magnitude
of the molar ratio, it can be seen that the iron-rich particles contain a high
proportion of both phosphorus and calcium.

Conclusions

Although the association of iron and phosphorus in naturally occurring
iron oxyhydroxide is well known (StTumm & MorGan, 1981), no work to our
knowledge has been published previously on Fe/P and Fe/Ca ratios de-
termined on a particle-specific scale for amorphous iron colloids. The advantage
of using a multielement microprobe technique linked to an electron microscope
has been put to its full use and has enabled us to describe, both morphologically
and chemically, some iron-rich colloidal particles found in the metalimnion of
an eutrophic lake. Furthermore, when studying lacustrine oxyhydroxides of
iron, filtration alone has been shown to be unsuitable in establishing a truly re-
presentative size distribution of the colloidal forms. We suggest that, when the
necessary precautions are taken, TEM-based size distributions should be pre-
ferred. Further work investigating sizing is under way in order to clarify the ap-
parently anomalous behaviour during filtration of the iron-rich colloids found
in Lake Bret. Aggregation phenomena resulting from the interactions between
such colloids and suspended organic matter are also being explored with the as-
sistance of the novel technology of Bactnuser & Frosch (1983).
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The new information that we have gained has enabled us to obtain a better
understanding of the nature and the role of iron-rich colloids as a regulator of
both iron and phosphorus dispersion in a lacustrine ecosystem. The techno-
logy of our research appears transferable to analyses of other naturally occur-
ring colloids rich in heavy metals.

Résumé

Une fraction riche en fer a été isolée dans un petit lac eutrophe. Sa morphologie et
sa composition chimique élémentaire ont éié étudiées i I'aide d’un microscope électro-
nique 3 transmission (TEM) équipé d’une microsonde EDS. Le contexte limnologique a
été caractérisé en utilisant des sondes in situ ainsi que des méthodes analytiques classi-
ques. Des particules de taille colloidale, riches en fer, ont été mises en évidence; trois
morphotypes dominants ont été observés, deux de forme globulaire et I'autre de forme
quasi globulaire. Le diamétre des particules colloidales, déterminé par TEM, était com-
pris entre 0,05 et 0,31 um. Dans 75% des cas, ce diamétre était cependant compris dans
une fourchette étroite de 0,05 4 0,13 um. La distribution des tailles des colloides déter-
minée par TEM est plus représentative de la réalité que la distribution obtenue par filtra-
tion (suggérant un diamétre moyen supérieur i 0,45 um). Environ 70 % de la population
totale des particules colloidales est riche en fer; les 30 % restants sont riches soit en sili-
cium, soit en calcium. Parmi les globules riches en fer, 86,5 % sont également riches en
phosphore et en calcium. Les particules riches en Fe, P et Ca contiennent parfois du sili-
cium et parfois du silicium et de P'aluminium; toutefois, la majeure partie de ces parti-
cules contient exclusivement Fe, P et Ca. Ces nouveaux résultats sont discutés dans le
contexte des phénoménes limnologiques étudiés sur le site.
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