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£ Brief introduction to Computers and Computing in the Electron
Microscopy Laboratory for the Son-Computer Scientist. John K.
Stevens, Playfair Neuroscience Unit, The University of Toronto,
and Toronto Western Hospital, Toronto, Ontario.

Computers have invaded almost every aspect of our daily
lives — Pascal, C, ADA, Viscalcs, Supper Calcs, and Word Stars
can run our businesses and homes, teach our children, etc.
PETs, X81s, IBM PCs, Apples, Lisas, Rainbows, Osborns, etc. can
be purchased from store front outlets in almost any small town.
We are clearly in the middle of a computer revolution, yet
today's laboratory environment, and more specifically the
electron microscope laboratory, remains largely unaffected by
this revolution. For example, fewer than 5% of the articles
published in recent EM journals have used a computer for
anything other than the most rudimentary statistics. Granted
there are specialized "computer issues" of journals or computer
journals but their existence only further underlines the fact
that computers in the EM laboratory are viewed as something
special. The purpose of this workshop is to introduce "non-
computer" scientists to new posible applications. The format
will be as follows:

I
Hoar one.

A) A brief history of the computer and computing starting with
the ENIAC and LINC computers and working up to present
day mini's and micro's will be presented. A summary of
hardware terminology and standards (eg. ROM RAM, CPU
RS232) will be reviewed and a summary of inexpensive 8
and 16 bit computers now on the market will be reviewed.

B) A brief summary of basic software terminology. What is an
operating system, editor, word processor, linker,
compiler, interpreter etc. and how do they work. What do
they do and how could they be useful to the "non-
computer" scientists.

Hour two.

A) A general introduction to low level, inexpensive computer
hardware and software, that might have specific uses in
an EM laboratory. This will include a demonstration of a
simple morphometric system running on an Osborn that will
be given away free to anyone wishing a copy.

B) An introduction to high level, expensive computer hardware
and software for serial reconstruction, image processing
and the like. Differences betweeen computer assisted
analysis and computer automated analysis will be
reviewed.



ELEMENTAL MICROANALYSIS IN AN ANALYTICAL ELECTRON MICROSCOPE

Nestor J. Zaluzec

Materials Science and Technology Division, Argonne National Laboratory
Argonne, IL 60439

I. INTRODUCTION

II. MICROANALYSIS USING CHARACTERISTIC X-RAY EMISSION

A. Basic Physical Concepts

B. Instrumentation and Artifacts

1. Types of X-ray Spectrometers: WDS Versus EDS

2. Instrumental Artifacts: Systems Background

C. Experimental Considerations

1. Optimium Specimen/Detector Geometry

2. Choice of Operating Conditions

a. Incident Beam Energy
b. Electron Source

c. Imaging Mode

3. Specimen Contamination

D. Data Reduction of X-ray Spectra

E. Procedures for Quantitative Analysis

1. Theory of Thin-Film X-ray Analysis

a. Standardless Analysis
b. Thin-film Standards
c. Relative Accuracy

2. Breakdown of the Thin-Film Model

a. The Absorption Correction
b. The Fluorescence Correction
c. Influence of Diffracting Conditions

3. Sensitivity Limits

4. Spatial Resolution

5. Analysis of Heterogeneous Specimens

6. Analysis of Irradiated Specimens

7. Light Element Analysis (Z < 11)

I'
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III. MICROANALYSIS USING CHARACTERISTIC ELECTRON ENERGY LOSS EVENTS

A. Basic Physical Concepts

1. Electron Scattering Within A Solid
2. The Energy Loss Spectrum

a. Zero-loss Signal
b. Valence Shell Excitations
c. Inner Shell Excitation
d. EXELFS and NES Related Information

B. Instrumentation and Artifacts

1. Types of Energy Loss Spectrometers

a. Electrostatic
b. Combined Electrostatic and Electrrmagnetic

c. Electromagnetic

2. Instrumental Artifacts - Systems Background

C. Experimental Considerations

1. Section of Operating Conditions

a. Collection and Scattering Angles

b. Incident Beam Divergence
c. Incident Beam Energy
d. Electron Source
e. Imaging Modes

2. Specimen Contamination

D. Data Reduction of Electron Energy Loss Spectra

E. Procedures for Quantitative Analysis

1. Analysis Using Valence Shell Excitation

2. Analysis Using Inner-Shell Excitation

3. Breakdown of Quantitative Analysis Methods

a. Effects of Specimen Thickness
b. Influence of Diffracting Conditions

c. Influence of Incident Beam Divergence

4. Sensitivity Limits

5. Spatial Resolution

6. Practical Considerations

IV. EXAMPLES OF APPLICATIONS TO PROBLEMS IN MATERIALS SCIENCE

V. SUMMARY AND CONCLUSION
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Computer Analysis of Electron Diffraction Patterns

R.A. Ploc

Atomic Energy of Canada Limited, Chalk River Nuclear Laboratories,
Chalk River, Ontario, KOJ 1J0, Canada

1. General

Perhaps within the next few decades, it will be possible to put
a specimen in the electron microscope, push a button and all the perti-
nent information spill out. The question then becomes, what is
pertinent? .This query underlines the fact that the computer does only
what it is told and is not the panacea of all the microscopist's ills.
In fact, use of the computer emphasizes the need for well-defined goals.
It is our thesis that an intelligent use of the computer requires:

(i) a statement of the sought after information
(ii) a knowledge of how that information will be used

(iii) a rudimentary understanding of the geometrical principles
electron diffraction and, finally

(iv) a knowledge of the capabilities and limitations of a given
computer code.

2. Presentation

of

beWith the above items (iii) and (iv) in mind, a review will
made of the basic geometrical principles of transmission electron
diffraction. These principles are those which form the basis of elec-
tron diffraction analysis. Areas to be discussed are:

(i) The generation and use of Stereographic Projections,
(ii) I ndexing Selected P^rea 'ring' and 'spot' JJiffraction (SAD)

patterns.
The isolation and indexing of overlapping SAD 'spot' patterns.
Indexing and simulating Kikuchi patterns.
The calculation of lattice parameters (or electron accelerating
voltage) using Kikuchi patterns.
The use of simulated SAD 'spot' patterns.
Line patterns in the zero-order disc of Convergent Beam
diffraction patterns.

( i 1 i )
(iv)
(v)

(vi)
(vii)

in terms of a given pro-
Further, time wil1 be
diffraction problems,
be available to solve

Most of the presentation will be made
ject in order to satisfy items (i) and (ii).
allowed for participants to discuss their own
Time permitting, an interactive terminal will
typical problems.

3. Availability

During the presentation, reference will be made to types, cap-
abilities and limitations of available computer codes. An effort is
being made to have a distributor of analytical equipment present their
latest mini-computer diffraction analysis equipment.
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CELL SURFACE LABELING FOR SCANNING ELECTRON MICROSCOPY

de Harven, E.

Department of Pathology, University of Toronto, Banting Institute, 100
College Street, Toronto, Ontario TI5G 115

This tutorial deals with sane methodological aspects of immuno-specific labeling
of cell surfaces for scanning electron microscopy (SEM). The fundamental prerequisite
for the appropriate testing of the specificity of lateling being identical in imnuno-
fluorescence or imrcuno-TEM will not, therefore, be treated here in any detail.

1. Choice of an experimental system: Irrnunc— SEM is a complex methodology, and a
great deal of tine can be saved by verifying the practicality of any proposed experi-
ment first by imnuno-fluorescence (IF) light microscopy. When applied to samples
such as cell suspensions or cultured cell monolayers, IF will already permit to answer
many questions pertinent to the study of a given surface antigen. For example, what
percentage of cells are labeled, is the labeling uniform on the entire cell surface or
"patchy", or can we recognize any correlation between positive labeling and cell shape
or other morphological characteristic, and, most importantly, is the IF labeling sat-
isfying a battery of tests to insure of its specificity? When all these observations
are made, it will appear, in many experiments, that IF alone has provided satisfactory
answers to the experimental problem and that little additional information can be ex-
pected from immuno-SEM in the same cell system.

Extending the experiments to immuno-SETl is justified, however, in cases in which a
direct correlation is expected between the distribution of a given surface antigen and
the surface morphology of the cells. For example, is the antigen restricted to the
ruffles or the microvilli? This question could certainly not be adequately answered
by IF or by immuno-TEM. An answer, however, will cane from iimiuno-SEM, provided the
inmuno-SEM procedures do not compromise too much the preservation of cell surface
structures.

2. Prefixation or not?; Surface labeling will always be maximum when the primary an-
tibody is applied to un-fixed cells. This approach, however, is known to induce re-
distribution of the corresponding surface antigen (patching, then capping) unless the
procedure is carried out at 4C. Unfortunately, such a low temperature alters cell
surface morphology (loss of microvilli, 1). We are therefore obliged to accept the
compromise of a slight pre-fixation of the cells. The compromise is defined by:
enough chemical fixation to stabilize the cell surface morphology and prevent endocy-
tosis and not too much to keep the denaturation of the surface antigen to a minimum.
A fixation with 0.1 or 0.25% glutaraldehyde for 10 or 20 min., pH 7.4 roan temperature
will frequently exemplify such an acceptable compromise. Osmium tetroxide is usually
avoided because it is believed to denature most antigens. Recent observations by
Bendayan (2), however, have shown that hi immuno-TEM of thin sections of osmiun fixed
material, strong oxydizing agents can restore the specificity of many antigenic sites.
We can expect that this finding will soon apply as well to immuno-SEM observation of
cell surface antigens.

3. Choice of marker: Many "marker" acceptable for immuno-SEM have been used {latex
spheres (3), haemocyamin (4), T4 bacteriophage (5,6), ferritin (7), colloidal gold
(8)]. They all can be used but seme are too big, and others are too small. The size
of the chosen marker has to represent another0well understood compromise. Markers of
excessively large size (latex spheres, >2300 A) should be avoided for 2 reasons 1)
their labeling efficiency can be reduced by steric hinderance (9), and 2) they mask
the underlying surface structures and therefore make the entire imnuno-SEM exercise
useless. Markers of excessively small size (ferritin, 100 A) cannot be used because
they are too close to the limit of the resolution of most commercially available SEM.

! The smallest resolvable marker will therefore be preferred, provided it can still be
| resolved after the necessary conductive coating of the dried sample. This can be
•'; tested in the preliminary experiments in which the unconjugated marker is air-dried on
,'.'i a glass coverslip and coated.

; j 4. Choice of labeling method: Indirect methods are usually preferred to direct ones.
\ " Specific recommendations have been made and are available in the current literature
;«: (10). Chemical crosslinking with glutaraldehyde (11) is probably the most frequently
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used. Hybrid antibodies (12) have also given good results, Antibody-bridge methods
have been used (13), as well as the affinity of Staphylococcus Aureus Protein A for
the Fc fragment of IgG antibodies of several animal species (9). All these methods
have resulted in highly specific cell surface labeling. The choice between them will,
in most cases, be incidental to the availability of the reagents and the conditions
of any given experiment. A general recommendation is to use affinity purified anti-
bodies and to perform a minimum of 2 controls in each experiments, i.e.: 1) the incu-
bation with the Ig fraction of a pre-imnunized serum and 2) the incubation with the
conjugated marker only, skipping the primary antibody incubation. The colloidal gold/
protein A method is receiving a great deal of attention in recent years. This is in
part due to the |act that colloidal gold can be prepared in different granule sizes
(from 50 to 600 A) and that it can be stabilized with a large variety of proteins,
protein A being the most frequently used. Double labeling has been already atte-
mpted with colloidal gold granules of different sizes (14). The limitation of the
colloidal gold/protein A techniques resides in the poor affinity, expressed by protein
A for the Fc fragments of most mice antibodies. This is very unfortunate, since the
majority of the available monoclonal antibodies are of murine hybridoma origin. The
use of murine monoclonal to recognize cell surface antigens will require therefore
another ligand. Fortunately, a preparation of colloidal gold of various grain size,
stabilized with the affinity purified Ig fraction of a goat anti-murine Ig serum is
now commercially available (Janssen Pharmaceutical, Products Division, Beerse,
Belgium) and should in the near future open the way to many interesting applications.

A general remark applies to the density of the marker on a given area of the cell
surface. The marker should be easily recognizable on the screen of the microscope,
preferably at routine magnification. However, the marker should, under no circum-
stances, form a thick "crust" completely masking the underlying cell surface struc-
tures. Because if it does, the correlation between the distribution of the antigenic
sites and the surface architecture of the cell will be impossible to raake. And in
that case, why bother? Appropriate dilutions of the marker will have to be tested
in each experimental protocol in order to insure that surface areas specifically "rec-
ognized" by the marker carry enough but not too much of it.

5. Post-fixation: For reasons above the pre-fixation will be reduced to a minimum
in time and in concentration of the fixative for all cell surface labeling experiment.
This type of fixation is unlikely to result in a level of stabilization of cell struc-
tures which will adequately protect the cells against the damages accompanying dehy-
dration with organic solvents, drying, and exposure to the electron beam. A "Post-
fixation" will therefore always be recommended, after extensive rinsing of all the ex-
cess marker. This post-fixation can be achieved with the routine concentration of
glutaraldehyde for a given cell or tissue, like 2.5% for one hour, for example. The
possibility to apply one of the variants of the "OTO" techniques (15) at this stage
are certainly worthy of consideration, since in many samples, this would make conduc-
tive coating unnecessary. • It should be noted, at this point, that the OTO techniques
are most useful for the SEtl study of pieces of solid tissue, but are absolutely use-
less for isolated cells attached to non-conductive substrates, like lymphocytes on a
glass or plastic coverslip, for example. Isolated cells will not be grounded and
charging artefact will make the sample worthless.

6. Drying; This is a point in the procedure where little choice exists. Critical
point drying procedure, frcm 002 or from Freon 13, is the procedure of choice. The
only alternative is the technique of drying frcm absolute ethanol, at -80C and under
10-* Torr (16).

Freeze drying techniques carry too much of a risk of contamination with back
streaming oil vapor to be used with samples for which high resolution of small mar-
kers is required.

7. Conductive coating; A marker of small size is likely to be "snowed in" by the
usual thickness (100 A) of the evaporated or sputtered gold, or gold/palladium con-
ductive coating. Before investing in a difficult experiment, the chosen marker will,
therefore, be carefully studied with the available SEM, in test samples prepared by
air-drying a drop of suspension of the marker on a glass coverslip. Various con-
ditions of coating will then be applied in order to find out the thickness of the
coat which is permissible without loosing a clear resolution of the marker.

Colloidal gold marker has been found to be a strong secondary electron emitter.

L



It also gives a strong backscattered electron signal (Z=79) which would of course be
completely obliterated if a film of gold is evaporated or sputtered on the sample.
However, rotating/tilting coating with carbon will not interfere with the backseat-
tared electron signal, and will, therefore, offer interesting possibilities to vis-
ualize the colloidal gold marker in the backscattered electron imaging (BEI) mode of
the SEtl.

Finally it should be stressed that various techniques for examining uncoated
samples without charging artefact have been described. Since the future direction of
cell surface labeling appears to reside in the use of the smallest resolvable marker,
and since these small markers would inevitably be lost out of sight after conductive
coating, these techniques have considerable potential interest. New models of SEM in
which the pressure in the specimen chamber can be raised to a point at which changing
artefact is reportedly eliminated seems to represent a promising method which will
require extensive testing in the immediate future.

References:

1. Lin, P.S. et al., Proc. Natn. Acad. Sci. U.S.A., 1973, 70:2492-6.

2. Bendayan, M. et al., J. Histochem Cytochem., 1983, 31:101-109.

3. Lo Buglio, A.F. et al. , Electron Microscopy, 1972, pp. 313-320.

4. Weller, N.K., J. CellBiol., 1974, 63:699-707.

5. Kumon, H. et al., Virology, 1976, 74:93-103.

6. de Harven, E. et al., Scanning Electron Microscopy, 1979, Vol. 111:611-618.

7. Tokunaga, J. et al., Scanning Electron Microscopy, 1976, Vol. 1:301-310.

8. Horisberger, M. et ai., J. Histochem Cytochem., 1977b, 25:295-305.

9. Horisberger, M., Scanning Electron Microscopy, 1981, Vol. 11:9-31.

10. Molday, R.S. et al., Histochemical Journ., 1980, 12:273-315.

11. Molday, R.S. et al., Journ. Cell Biol., 1975, 64:75-88.

12. Hamnerling, U. et al., J. Exp. Med., 1975, 141:518-23.

13. Gonda, M.A. et al., Scanning Electron Microscopy, 1979, Vol 111:583-592.

14. Horisberger, M., Biol. Cellulaire, 1979, 36:253:258.

15. Murphy J.A., Scanning Electron Microscopy, 1978, 11:175-193.

16. de Harven, E. et al., Scanning Electron Microscopy» 1977, Vol. 1:519-524.

i,

10 MICROSCOPICAL SOCIETY OF CANADA — SOCIÉTÉ DE MICROSCOPIE DU CANADA VOLUME X, 1983.



TOPICAL LECTURES }

I

I



RADIATION EFFECTS IN CELLS AND TISSUES

J.G. Szekely

Medical Biophysics Branch
Atomic Energy of Canada Limited Research Company

Whiteshell Nuclear Research Establishment
Pinawa, Manitoba, Canada ROE 1L0

Within six months a f t e r the discovery of X-rays in 1895 by Roentgen,
efforts were made to use them to t rea t cancers as well as other diseases. From
these f i r s t days, the interaction of ionizing radiation with l iving organisms has
been an active field of study. Radiation biology i s of continuing in teres t in
medicine, science and technology because of i t s importance to medical diagnoses and
cancer therapy, to radiation protection and in the use of radiation as a tool to
probe basic biological s t ruc tures . Although up to the present, the electron micro-
scope has played a re la t ive ly small role in understanding the interaction of rad ia -
t ion with biological systems, cytochemical labell ing (1) and stereological (2,3)
methods of quantifying subcellular damage are being developed to make electron
microscopy an analyt ical tool in radiobiology.

The objective of radiobiology i s to understand the important steps leading
from the absorption of energy in a ce l l to injury or death. The time scale of
events (1) begins with the physical (<10~ ) and chemical events in the 10~ to
10 s range when energy i s absorbed and molecular rearrangements take place. DNA
and RNA damage accumulate as a l l types of biological molecules undergo damage. In
the 10 to . 10 s range the chemical and biological damage overlap, l ipid peroxi-
dation reactions continue, many normal biochemical reactions are disrupted and
enzymatic repair reactions begin. At l a t e r times the reactions are complete and
biological development of damage becomes apparent. I t i s at th i s la ter stage that
the electron microscope becomes most useful.

The u l t ras t ruc tura l changes ultimately produced in c e l l s after exposure to
ionizing radiation ref lec t the products that resul t from the i n i t i a l l y damaged
molecules. Thus, the electron microscope can be used to follow the development of
biological lesions in time. Early ce l lu lar radiation damage i s expressed as delay
of the ce l l cycle, micro-nuclei formation and abortive ce l l division. Also within
hours, sensit ive ce l l s such as lymphocytes begin to die an "interphase" death. Some
days after the exposure, other less sensi t ive ce l l s die a "mitotic" death and chro-
mosome abberations become apparent (5) . In the longer term, weeks to months, the
morphological changes that accompany malignant transformation are seen (6 ) .

Electron microscopic studies are largely concerned with cel lular organi-
zation and hence membranes and membrane-containing organelles have been prime
subjects fcr study. Radiation damage has been reported in many cel lular components,
as seen in Table 1.

Secondary t a rge t s , other than DNA, may also have a c r i t i c a l role in the
integrated response in t i s sues . Tissue damage due to radiation may correspond to
primary damage in only a small subpopulation of ce l l s within the t issue or to the
effect of toxic products of radiation produced elsewhere. A number of t i ssues have
been studied by electron microscopy. These include the ra t r e t ina , where micro-
lesions were observed 1 day after i r radiat ion (12), and the in tes t ine , where giant
c e l l formation and the co l l apse of v i l l i were seen within 3 to 15 days a f t e r
i r radiat ion (13). In the longer term, the effect of radiation on precl inical
changes infi£he morphology of bone marrow in beagles exposed to low daily whole body
doses of Co gamma radiation was observed and found to be d i rec t ly related to
radiation-induced prol iferat ive diseases (14).

12 MICROSCOPICAL SOCIETY OF CANADA — SOCIÉTÉ DE MICROSCOPIE DU CANADA VOLUME X, 1983.
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TABLE 1

Reports of radiation damage to cellular organelles

Organelle

Nuclear membrane

Chromâtin

Plasma membrane

Endoplasnic reoiculum
and Golgi

Mitochondria

Lipid droplet
formation

Dose range (Gy)

12.7 - 57

« - 3 D

0.5 - 13.5

5.3 - 50

5.3 - 160

200 Gy

Reference number

2,

8

9

3,

3.

7

10

10

11

I )

I

J l ,

Thus, in the fu tu re , the e l ec t ron microscope may play a much l a rge r r o l e in
the development of r a d i a t i o n biology a s the focus moves from c e l l k i l l i n g to the
more general phenomeri of malignant t ransformation and t i s s u e e f f e c t s .
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RADIATION DAMAGE IN CRYSTALLINE MATERIALS AS INVESTIGATED
USING ION CHANNELING AND TRANSMISSION ELECTRON MICROSCOPY

L.M. Howe

Solid State Science Branch, Atomic Energy of Canada Limited Research Company»
Chalk River Nuclear Laboratories, Chalk River, Ontario, Canada KOJ 1JO

Ion channeling is the steering of a beam of energetic ions into the open
spaces (channels) between close-packed rows or planes of atoms in a crystal. The
steering action occurs by a series of low angle, screened Coulomb collisions with the
atoms bordering a channel. If host or solute atoms are displaced from substitut!onal
sites, they project into channels, and interact with channeled ions, causing an
increase in yield of close encounter processes such as large-angle Rutherford colli-
sions, nuclear reactions or inner shell X-ray excitations. In metals the point
defects, defect clusters and dislocation loops produced by irradiation produce a
gradual dechanneling of the channeled ion beam. In materials where highly disordered
or "amorphous" regions are produced during irradiation, as occurs in semiconductors, a
large increase in the host atom yield results from the direct backscattering from the
randomized host atoms. Channeling also provides a highly selective method of deter-
mining the atomic configurations in defect-solute complexes. The techniques of ion
channeling and transmission electron microscopy complement one another quite nicely for
studying lattice defects.

The behaviour of the ordered alloy Zr3Al was investigated by transmission
electron microscopy following C, N, Cu and Ar ion bombardments at temperatures ranging
from 30 to 850 K (1-3). Individual damaged regions were observed at low ion fluences
(< 10 1 2 ions cm" 2). Imaging with fundamental reflections revealed those regions having
a spherically symmetrical strain field whereas imaging with superlattice reflections
also revealed disordered regions having no appreciable strain field. With increasing
bombarding ion fluence, Zr3Al gradually disordered and this transition was monitored by
assessing the change in the long-range order parameter S. Zr3Al could also be even-
tually rendered amorphous by bombarding at fairly high ion fluences. The fluence
required to reach a particular disordered state and degree of amorphicity was dependent
upon the amount of annealing that occurred within the defect cascade during the
bombardment. The assessment of the role of migrating interstitials and vacancies on
the annealing processes was aided greatly by information obtained from channeling
investigations on defect-solute interactions in Zr{Au) crystals (4).

A channeling analysis technique has been used to obtain the depth profiles of
damage produced during irradiation or implantation, even when the damage produced was
in the form of extended defects which give rise to little direct scattering of the ion
beam (5,6). Transmission electron microscopy was also used to confirm the nature and
density of the extended defects. These studies also provide information on the energy
dependence of the irradiation-induced dechanneling increment as well as the dechan-
neling cross-section of the extended defects.

Detailed information about collision cascades in Si and Ge has been obtained
by using both ion channeling and transmission electron microscopy (7-10). The former
technique yielded the number of displaced atoms per unit area (contained within a
damage peak arising due to direct backscattering of the ion beam with the displaced
atoms), and the latter technique the size, spatial distribution and contrast features
of the highly damaged regions of the cascade. Studies were performed on Ge and Si
crystals implanted with low energy (10-120 keV) monatomic and diatomic ions of As, Sb,
Te and Bi. The initial channelin£ investigations (7,8) showed that whenever the
average deposited energy density ev in a collision cascade was larger than a few tenths
of an eV per atom, the experimentally determined number of displaced atoms was
considerably greater than the number estimated from collision cascade theory.
Consequently, it was proposed that some sort of cooperative mechanism such as an energy
spike plays an important role particularly in high energy density cascades. Electron
microscope observations (9,10) revealed damaged regions ~ 2.0 to 5.0 nm diameter having
fairly strong contrast. The contrast appears to be of the structure factor type (i.e.
arises due to the difference in extinction distance between the matrix and the damaged
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regions). The fraction of the theoretical cascade volume occupied by the damaged
regions increased steadily as ¥v increased- These observations are consistent with the
formation of highly disordered regions which are possibly "amorphous" and which result
from an energy spike. Damage produced by diatomic ions was found to be more resistive
to annealing than that produced by monatomic ions of the same velocity. The annealing
results suggest that there is a significant difference in the defect state of the
damaged regions produced by different bombarding ions, particularly in Si, and it still
remains a challenge to specify in even more detail the defect state of the damaged
regions.

Irradiation-induced defects are often trapped by solute atoms in metals.
When a self-interstitial atom is trapped by a small solute atom, the solute atom may
replace a host atom, forming a mixed dumbbell. In mixed dumbbells, solute atoms are
displaced a large distance (0.1-0.15 nm) from lattice sites; the magnitude and
direction of this displacement can be measured accurately by ion channeling techniques.
By measuring the concentration of mixed dumbbells during an irradiation and annealing
experiment, extensive defect data have been obtained for various solutes in f.c.c (Al,
Cu) and h.c.p. (Zr, Mg) metals (4,11-12). There is also experimental evidence from
channeling measurements for the multiple trapping of vacancies at large solute atoms in
metals (12,13). In some vacancy-solute complexes there are displacements of the solute
atoms into quite specific interstitial positions in the host lattice (e.g. Sn and In
solute atoms in Al; In and Au solute atoms in Ni; and In solute atoms in Cu). Some of
the proposed vacancy-solute complexes in a f.c.c. lattice are: (1) a trivacancy-solute
where the solute atom is at the centre of a triangle of nearest neighbour vacancies in
a {111} plane, (2) a tetravacancy-solute where the solute atom is at the centre of a
tetrahedron of four vacancies, and (3) a hexavacancy-solute where the solute atom in
the body-centred position is at the centre of an octahedron of six vacancies. At
present, there are attempts being made by various investigators (14,15), using very
high resolution electron microscopy, to observe and interpret the images from single or
very small clusters of point defects. Of considerable interest would be the extension
of the electron microscope studies to include defect-solute complexes of the type found
in the channeling investigations described above.

Rainville, J. Nucl. Mat., 68 215 (1977).
Rainville, Phil. Mag. A., 39" 195 (1979).
Rainville, Rad. Eff., 48 1ST (1980).
Howe, A.F. Quennevilie and J.F. Watters, J. Nucl. Mat., 67 42

(1) L.M. Howe and M.H.
(2) L.M. Howe and M.H.
(3) L.M. Howe and M.H.
(4) M.L. Swanson, L.M.

(1977).
(5) S.T. Picraux, D.M. Follstaedt, P. Baeri, S.U. Campisano, G. Foti and E. Rimini,

Rad. Eff., 49 75 (1980).
(6) S.T. Picraux, in Advanced Techniques for Characterizing Microstructures, (The

Metallurgical Society of AIME, 1982) p. 283.
(7) J.B. Mitchell, J.A. Davies, L.M. Howe, R.S. Walker, K.B. Winterbon, G. Foti and

J.A. Moore, in Ion Implantation in Semiconductors (Plenum Publishing Corp., M.Y.,
1975) p. 493.

(8) D.A. Thompson, R.S. Walker and J.A. Davies, Rad. Eff., 32 135 (1977).
(9) L.M. Howe, M.H. Rainville, H.K. Haugen and D.A. Thompson, Nucl. Instr. and Meth.,

170 419 (1980).
(10) O Î . Howe and M.H. Rainville, Nucl. Instr. and Meth., 182/183 143 (1981).
(11) M.L. Swanson, L.M. Howe and A.F. Quenneville, Nucl. Instr. and Meth., 170 427

(1980).
(12) L.M. Howe and M.L. Swanson, in Point Defects and Defect Interactions in Metals

(Univ. Tokyo Press, 1982) p. 53.
(13) M.L. Swanson, L.M. Howe, J.A. Moore and A.F. Ouenneville, J. Phys. F: Metal

Phys., U L185 (1981).
(14) H. Hashimoto, Y. Takai, N. Ajika, Y. Yokota and H. Endoh, in Point Defects and

Defect Interactions in Metals (Univ. Tokyo Press, 1982) p. 698.
(15) Y. Takai, N. Ajika and H. Hashimoto, in Point Defects and Defect Interactions in

Metals (Univ. Tokyo Press, 1982) p. 702.

15



COMPUTER ASSISTS IN IMAGE ANALYSIS

C D . Cann

Atomic Energy of Canada Limited, tfhiteshell Nuclear Research Establishment
Pinawa, Manitoba Canada ROE 1L0

Introduction

Computers are now a common tool in many research fields and this is certainly true
in electron microscopy. Here, the applications of computers include acquisition and
analysis of analytical signals, control of the instrument and analysis of the image.
This last application is becoming of greater importance as microscopes are pushed to
their ultimate resolutions and specimens of greater beam sensitivity are examined. For
the images obtained under these circumstances, computers can be used either to process
the image itself or to aid in its interpretation through simulated image techniques.

Electron Microscope Image Processing

Computer processing to improve image quality has been used in electron microscopy
for over a decade. Originally this processing was done using micrographs that had been
recorded previously in the microscope. However, with the advent of powerful minicom-
puters and framestore technology, processing can now be carried out on-line, that is,
while the specimen is being examined in the microscope. In image processing, the first
step is to set up an array of numbers that describe the intensity variations in the
image. This is normally done by dividing the image into a set of 512 x 512 small pic-
ture elements called pixels. The average intensity in each pixel is then given a
numerical value and this is stored in an array. In on-line processing, this step is
carried out using a television camera, and the array is stored in a framestore. This
framestore is a large block of computer memory separate from, and generally larger
than, that available in minicomputers [1], The processing that is then carried out on
this digital image depends on both the nature of the image and the incormation desired.

1. Noise Reduction: If random noise, such as that due to electron quantum effects, is
present in the image, this may be reduced using a number of techniques [1,2]. One is
image averaging, where a number of images of the same area are obtained and added.
This averages out the random noise. If the image is periodic, such as lattice images,
or contains repetitive features, then convolution averaging can be used. This is a
superimposing of the image on itself after a translation equal to the periodicity of
the image. Fourier transforms are a third technique for enhancing the periodicity and
reducing the noise in lattice images.

2. Microscope Alignment: An on-line image processing system can be used to adjust for
optimum focussing, astigmatism and beam tilt settings [1], as well as to correct for
specimen drift [3]. This is done by comparing sequential images while the computer
adjusts the relevant controls.

3. Three-Dimensional Reconstruction: Information about the shape of biological ob-
jects can be obtained using particle averaging or a diffractometric approach [4]. Such
reconstructions are, however, sensitive to the specimen preparation techniques [5].

Some additional applications of image processing include image restoration and on-
line stereomicroscopy [6]. Based on the recent advances in on-line processing, addi-
tional applications are likely to be forthcoming.

Simulated Electron Microscope Images

Transmission electron microscope images do not necessarily give a direct represen-
tation of the physical structure present in a specimen, due to the interaction of the
imaging electrons with the specimen. In order to determine the actual physical struc-
ture from which the observed image is derived, it is often necessary to generate simu-
lated electron microscope images for matching with tha experimental image [6]. The
approach used is to calculate the interactions of the high energy incident electrons
with the specimen as these electrons pass through it. From this calculation, the
intensity distribution that should be present in the electron image can be determined.
This calculated image is then displayed, for matching, using either the computer line

16 MICROSCOPICAL SOCIETY OF CANADA — SOCIÉTÉ DE MICROSCOPIE DU CANADA VOLUME X, 1983.



I

printer or, if a more realistic image is desired, a video display unit capable of gen-
erating different levels of gray. Images generated this way have been used in a number
of different applications, but the two principal ones are crystal defect and analysis
and crystal lattice imaging.

1. Crystal Defect Analysis: The study of crystal defects, such as dislocations and
stacking faults, can give information abr t both the crystal itself and its behaviour
when exposed to external forces. The electron microscope images of such defects depend
upon a number of factors, including the diffracting conditions, defect type, location,
orientation within the crystal and elastic constants of the crystal. Because of these
factors, simulated images are often needed to identify the defect and determine its
configuration within the crystal [8], The approach usually taken in calculating these
images is to divide the defect-containing crystal into an array of columns in the
direction of the incident electron beam. The intensities of the transmitted and dif-
fracted beams are then calculated at the bottom surface of each column using the dynam-
ical theory of electron diffraction [9]. The computing time for such a calculation
depends on the number of columns, the number of diffracted beams considered, the crys-
tal thickness and the complexity of the distortion associated with the defect, and may
range from seconds to a few minutes. This approach is generally valid down to resolu-
tions of 2 nm. Below this, it must be used with caution as scattering between the
columns may significantly affect the image.

2. Crystal Lattice Imaging: With the development of high resolution electron micro-
scopes, greater attention is now being given to the direct imaging of crystal lattice
structures. These images are used to study both the atomic configurations in perfect
crystals of complex oxides and the atomic configurations around crystalline defects in
these and simpler compounds [10]. Although the experimental images obtained in these
studies often suggest a direct correspondence with the crystal lattice, such an ap-
proach can give erroneous results if the effects of focus and specimen thickness are
not considered. To take these into account, computer-simulated images are generally
required. The approach used for lattice image calculations is the multi-slice formu-
lation [11]. In this approach, the crystal is considered to be a series of thin
slices perpendicular to the incident beam, and the interaction of the high-energy inci-
dent electrons with the periodic potential in each slice is calculated. The accuracy
of this approach increases with both the number of scattered electron beams allowed and
decreasing slice thickness. Both factors result in increasing computing-time such that
calculations for crystals even 10 nm thick may require hours, even on large mainframe
computers. For this reason, these calculations are normally restricted to very thin
specimens. This approach has been applied most widely to perfect crystals, but it can
also be extended to defect-containing crystals using the periodic continuation method
[12].

In the future, computer-simulated images will continue to be used to interpret
high resolution images and identify defects in the advanced materials presently being
developed, although a need does exist to develop better models, or computing tech-
niques, to reduce computing time.
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NEW TECHNIQUES IN CYTOGENETICS

Peter B. Moens
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Classical light microscopic studies of chromosomal mutations such as
deletions, inversions, translocations, aneuploids and polyploids have become
accessible for more detailed electron microscopy analysis through observasions on
the synaptonemal complexes of spread and silver-stained meioeytes. (Comings and
Okada 1970, Counce and Meyer 1973, Dresser and Moses 1979, Goodpasture and
Bloom 1975). Previous attempts to study chromosomal mutations at the electron
microscope level depended on reconstructions from serial sections, a time
consuming process that allowed only relatively few nuclei to be examined. (Solari
1971, Rasmussen 1977, Moens 1973, 1978, Holm and Rasmussen 1978, Choi 1980).
With the spreading technique for synaptonemal complexes of large numbers of
nuclei can be analysed for structural or behavioral abnormalities.

To prepare a spread the appropriate cells are suspended in minimal
essential medium and a drop of suspension is touched to the surface of a 0.5% NaCl
solution. The cells are picked up on a plastic-coated glass slide. The slides are
passed through 4% paraformaldehyde and 0.4% photoflo and are dried. The cells
are stained with amoniacal silver or phsophotungstic acid, (Dresser and Moses
1979). EM grids are placed over favourable nuclei and the plastic film is floated on
water and picked up on parafilm.

The analysis of chromosomal structure and behaviour is based on the well
supported assumption that the meiotie axial core of each chromosome represents
the chromosome as a whole. When two homologous chromosomes pair their axial
cores pair to form a synaptonemal complex. At this time structural differences
between homologous become apparent as a result of pairing abnormalities. In
spread preparations this has been demonstrated for tetraploids (Solari and Moses
1977) inversions (Gillies 1981, Moses et̂  ah 1982), translocations (Moses et. ah
1977) and a Robertsonian fusion (Moses 1979). Given the accurate behavioural
correspondence between a chromosome and its axial core the synaptonemal
complex may be used as a diagnostic in the study of chromosomal mutations. For
example, in a study of 45 subfertile human males, 71% were found to have synaptic
abnormalities and 31% could only be detected at the level of the synaptonemal
complex (Vidal et. ah 1982). In oocytes of aborted human foeteuses trisomie for
chromosome #21, it was found that the synaptic affinity between #21 chromosomes
is variable (B.N. Wallace, 1982), possibly indicating a cause for relativity frequent
nondisjunetion.

The rapid analysis of fine pairing details has opened the way to
investigate the relationship between chiasmata, crossing over and genetic
exchange. The synaptic behaviour of sex chromosomes has been visualized for a
number of mammalian species (Moses et. aL 1975, Spyropoulos et. ah 1982, Très,
1977, 1979). The observations support the general notion that SC is necessary but
insufficient for crossing over to take place. The general phenomenon of regulated
chiasmata distribution is under investigation in a number of organisms localized
chiasmata (Jones and Wallace 1980, Moens and Short 1982).
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LIGHT, CEM AND TEM OBSERVATIONS ON PERILESIONAL TISSUE RESPONSE TO
SPOT FREEZING IN CNS OF RATS

Juan F. Estable-Puig and Rosita F. de Estable-Puig

Department of Pathology, Laval University, Québec G1K7P4

I

The simplicity of spot freezing of brain- in rats by extracranial application of a

frozen metallic probe, contrasts with the complex nature of pathological processes

involved in the tissular response elicited. The latter ranges from local necrotic

breakdown to intense reparative remodelling. In global terms, the initial lesion

evolves to either a solid superficial mass or to the production of leptomeningeal or

brain cysts -The formation of a cyst implies the loss of a given volume of tissue that

is necrotized and then removed by various macrophagic and reabsorptive mechanisms.These

activities are obviously initiated in the living tissues that surround the necrotic

area. This perilesional region is, in addition, the site of a complex remodelling

process.

This paper will present morphological data, obtained through a combined microscop-

ical study of the perilesional tissue.

Control and experimental animals were sacrificed from one day to four months after

spot freezing, by perfusion fixation through the heart with 2Z glutaraldehyde in 0.1M

phosphate buffer at pH7.2. Coronal sections were made with razor blades and samples

from cerebrum and cerebellum were taken and processed by standard methods for light

and TEM. Tor SEM, matching samples were utilized. The 0P0 and OPOPO methods, utilizing

osmium and paraphenylenediamine as mordant, were used. The samples were dried by the

critical point method, and observed without any metallic coating or with a layer of

5 nm gold-palladium.

In the perilesional tissue, the remodelling process is a consequence of the total

or partial destruction of gliovascular framework, nerve cells and their processes, all

affected by the initial necrosis. These reparative activities are long-lasting and are

still present long after the formation of a "clean" cyst lining. Edema, axonal degener-

ation, synaptic degeneration, myelin and oligodendroglial changes and gliosis were ob-

served. In areas of unmyelinated and myelinated fibers SEM shows loose bundles of

nerve fibers with sinuous trajectories and irregular contours. TEM of similar areas

shows edema, multiple outer loops, excess of oligodendroglial cytoplasm within the

myelin sheaths, cytoplasmic collars, perikaria of glial cells surrounded by several

myelin lamellae, double myelin sheaths and myelination of synaptic contacts. Some of

these ultrastructural features correspond to aberrant myelination which characterizes

the subacute stages. In the cerebellum similar changes were observed, including degen-

erating mossy fiber terminals and active myelination, clearly demonstrated in SEM;

oligodendrocytes could be seen extending its processes to neighboring nerve fibers.

The present study shows the utility of a combined approach through observations

that could not have been easily interpreted using one method only.
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Fig.l. TEM of tissue surrounding a cyst showing

edema and excessive oligodendroglial cytc

plasm in outer tongues and some tnyelin

layers.

Fig.2. SEM of similar area; edematous bundle of

nerve fibers with sinuous trajectories

and irregular contours.

Fig.3. A)Oligodendroglial perikarion in close

contact with myelin fiber.IS)Higher power



SCANNING ELECTRON MICROSCOPY OF VENTRICULAR SURFACES IN THE RAT
AFTER SPOT FREEZING OF BRAIN

Rosita F. de Estable-Puig and Juan F. Estable-Puig

Department of Pathology, Laval Univers i ty , Québec GH7P4

I

Ventricular surfaces of brain, including ependymal and choroid plexus, 'nave been

described in detail in SEM studies. lew information provides a solid base to evaluate

the changes observed in response to experimental procedures.

In this study, which is a part of a larger investigation on the response of CNS

to injury, ve will describe the changes observed in the anterior portion and body of

the lateral ventricles, following a focal lesion in the brain, produced by the extra-

cranial application of a frozen metallic probe. In this experimental set up, the risk

of excessive direct trauma and infection is avoided and no intraventricular agent is

introduced.

Sprague Dawley adult male rats were utilized. Fixation perfusion of brain was

performed in control and experimental animals, from 24 hours to four months post-

injury, i-.ith 2% glutaraldehyde solution in 0.1 M phosphate buffer.pH 7.2. In order

to correlate SEM with light microscopy and TEM, combined manipulation of tissue was

used. Fixed brains were sectioned with a razor blade. Coronal sections were processed

for SEM utilizing osmium and paraphenylenediamine as a mordent, before critical point

drying. Thus, uncoated and gold-palladium sputtered samples were available, "atching

sections were processed for light microscopy and TEM following standard procedures.

Control animals show the horizontal rows of cilia projecting from the free sur-

faces of ependymal cells. They have a definite orientation due to the rapid fixation

at a specific phase of an unisonous movement. Cilia are so closely pack that they

make difficult the observation of the underlying cell surface, Choroid plexus exhibits

a convoluted surface formed by circumscribed areas, which belong to individual cells,

with microvillous differentiations at their luminal surfaces and few epiplexus cells.

In experimental animals, the main changes observed in SEM are on cilia and free

cells, both in ependyma and in choroid plexus of dilated cavities. In the first two

weeks post-injury, cilia are fewer in number and clumped; few details of the underly-

ing surface are revealed, except mlcrovillosities and a few free cells attached to

the ependymal surface. At acute stages, TEM shows increased foldings of the luminal

surface of ependymal cells. Free cells have thin, fan-like folded surface differenti-

ations and thin processes. In the choroid plexus there is an increased number of

pleomorphic epiplexus cells, which have long primary processes-extending over several

choroid plexus cells -, secondary and tertiary branches and thin lamellar cytoplasmic

extensions. The subjacent cells appear loosely packed. Four months post-injury , at

the ependymal surface, only scattered microvilli are seen, outlining the cells, ̂ ong

processes probably of neural origin, are seen. Choroid plexus appears flattened.

This work warrants the use of SEM as a method of approach for the study of large

areas of natural surfaces under normal and experimental conditions.

24 MICROSCOPICAL SOCIETY OF CANADA — SOCIÉTÉ DE MICROSCOPIE DU CANADA VOLUME X. 1983.



lig.l. Coronal section. Thermal lesion and dilated ventricular cavity.

lig.2. Control animal. Closely packed cilia exhibit definite orientation.

Fig,3. Ependymal surface at 24 hours post lesion. Free cell with thin fan-like

folded surface differentiation.

Fig.4. Ependymal surface 4 months post lesion. Short scattered microvilli outline

the cells. Some cells are not ciliated,others have only one cilium. A neural

process is seen extending over several cells.

Fig.5. Choroid plexus, 2 weeks post lesion. Increased number of pleomorphic epiplexus

cells. Cytoplasmic lamellar extensions and very thin processes are seen. The

cells appear loosely packed.
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EXPERIMENTAL MODELS OF SOFT TISSUE CALCIFICATION IN AREAS OF COLLAGEN-RICH
AND COLLAGEN-FREE TISSUE AND HUMAN CORRELATES

J.C.lCingma, R.F. de Estable-Puig, J.F. Estâble-Puig, P-E. Roy

Department of Pathology, Laval University, Québec G1K7P4

In vertebrates, deposits of calcium salts are normally found in bone, ossifying

cartilage and teeth. Soft tissue calcification represents heterotopic calcification

which constitutes a pathological phenomenon. Although collagen fibers have been asso-

ciated with the normotopic calcification process, soft tissue calcification does .lot

always follow this pattern.

T.Je report two different models in arteries and nervous tissue which in fact dem-

onstrate different modalities of calcification.

Calcified lesions were produced in the arteries of Wistar rats which ingested

irradiated calciferol (i.e, vitamin D2 ) daily for a period of 21 days. Calcium phos-

phate complexes in histological sections were identified using Von Kossa's silver ni-

trate and Kashiwa's glyoxal-L»is-(2-hydroxyanil) stains. For ultrastructural studies

calcium was stained with N,^-Japhthaloylhydroxylamine before embedding. In the CNS

of Sprague-Dawley rats, thermal lesions were produced with cold probes. After per -

fusion fixation of the brain, samples of tissue were processed for light, TEM, SEM

and analytical microscopy, by standard procedures.

Ultrastructural examination of calcified arterial segments demonstrated that cal-

cium phosphate complexes were initially deposited in the extracellular matrix within

microfibril masses and basal- membrane-like material along the abluminal surface of

the internal elastic lamina (IEL). Widespread rupturing of the IEL- a probable con-

sequence of the increased accumulation of calcium phosphate complex - reduces arteri-

al distensibility which results in an overall increase in arterial pressure. The mi-

gration of smooth muscle cells from the tunica media occurs, through ruptured areas

of the IEL, into the supralaminal- subendothelial space. In the tunica media, calcium

phosphate complexes were associated with microfibril masses and basal membrane-like

material surrounding degenerating smooth muscle cell cytoplasmic fragments. Calcium

phosphate complexes were not observed in association with collagen fibers in the

extracellular matrix.

In the chronic stages of thermal lesions in the CNS, areas of mineralization were

observed and identified as calcification through light, TEM and MA methods. They are

easily reproduced and correspond to the dystrophic type. The calcification is spe-

cially pronounced in the méninges but is also observed in the brain parencchyma. We

assume that in the méninges the process initiates morphologically with the deposition

of small amorphous electron-opaque spherules in relation with collagen and leptomen-

ingial cellsjlater they become confluent with evidence of crystal formation at the

borders. In the brain parenchyma, the deposits are both intra and extracellular. The

extracellular areas of neurogliopil, enlarged by edema, are collagen-free. We ob-

served in these areas frequent association of osmiophilic deposits wi n vesicles and

debris of cell membranes.

Preliminary studies on human arteries and meningiomas also favor different

patterns of calcification.



Fig.1.Femoral artery following hypervitaminosis D. Note the necrotic SMC which has

migrated through the rupture in the IEL into a supraluminal-subendothelial space

Osmiophilic calcium phosphate complexes accumulate in basal membrane-like materi-

al and microfibril masses along the IEL surface. L:lumen;E:endothelial cells.

Fig.2.Femoral artery following hypervitaminosis D. Osmiophilic, fibrillar calcium

phosphate complexes surround SMC cytoplasmic fragments in the abundant extracel-

lular matrix

Fig.3.Brain parenchyma after thermal lesion. Osmiophilic material irregularly distrib-

uted in the enlarged neurogliopil. Note neighboring glial profiles (G) with

microfilatoents and glycogen granules and unmyelinated fibers (F) with microtu-

bulea.

Fi£.4.Leptomeningeal tissue after thermal lesion. Osmiophilic amorphous spherules of

calcium phosphate complexes are seen in the extracellular space, close to lepto-

meningeal cells (L) in areas of collagr.: deposition (C).



TRANSMISSION ELECTRON MICROSCOPY OBSERVATIONS ON HUMAN UMBILICAL CORD VEIN BEFORE

AND AFTER LONG TERM IMPLANTATION IN NONHUMAN PRIMATES

R.F.de Estable-Puig, R.Guidoin, J.F. Estable-Puig, H.P.Uoël, M. Marois, C. Gosselia

Departments of Pathology and Surgery, Laval University, Québec G1K7P4

I

To evaluate the performance of implanted prostheses, clinical and biophysical as-

sessment should be accompanied by morphological analysis at various levels of organi-

zation. The present paper deals with the ultrastructure of the human umbilical veins

( prepared from umbilical cords, stored in 50% ethanol, covered with a sleeve of poly-

ester mesh), before and after three years implantation as subrenal aortic substitute.

Blocks of tissue removed from the control vein and from proximal, median and dis-

tal parts of the retrieved graft are embedded in Epon resin following standard proce-

dures. Semi-thin sectio^r are stained with tolouidine blue or with paraphenylenediami-

ne (PPDA) ; contrasted ultrathin sections aie observed in the Elmiskop 1A and in the

Philips 300 electron microscopes.

In control stabilized veins, semithin PPDA sections show elastic lamina at the

luminal surface; no endothelial cells are observed. TEM shows the electronluscent

amorphous areas of elastin surrounded by microfibrils; in the luminal side there is

subendothelial material. These structures are Interposed between the lumen and the

subjacent layers of collagen and muscle cells. Muscle cells appear in different

degrees of ultrastructural preservation. Cytoplasmic microfilaments are conspicuous ;

indented nuclei and dilated perinuclear cisternae indicate cell contraction.

In retrieved grafts no internal intact elastic lamina is identified in the sections

However, PPDA reveals clearly, in the same seznithin sections, the elastic fibers in the

adjacent aorta and in smaller vessels. The luminal surface in proximal and distal zones

is formed by different cells, most of them having some, but not all ultrastructural

features of endothelial cells. Tlat and cuboidal cells are observed, with small non

interdigitating junctions. Flat cells have more developed endoplasmic reticulum and

microfilaments, mitochondria, pinocytotic vesicles, multivesicular and dense bodies,

Cuboidal cells have fewer organelles. The luminal lining is not continuous. At the

thinned midportion of the graft only occasional endothelial-like cells are observed.

Distally, many of these cells are detached, and myointimal cells are in direct contact

with the lumen. The subendothelial space shows edema, fibrillar mecerial, degenerating

endothelial or myointimal cells-foam cells-, pleomorphic cells, some of them macro-

phages ; below, the sclerosed wall shows extensive areas of collagen and multilayered

basal membrane-like material close to fibroblasts,myofibroblasts, abundant cell debris

No true elastic lamina is observed on the wall or on the mesh, only small scattered

electronluscent profiles are seen close to myofibroblasts. No extracellular lipid

deposition or calcification has been noted, ^reas of dehiscence and blood cell perme-

ation occur mainly at the midportion. Close to the reinforcing mesh, a foreign body

granulomatous mononuclear inflammatory response occurs,surrounded by fibroadipous

tissue with vascular ingrowth, from the host.

These findings correlate well with clinical,biophysical and SEM evaluations
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"1

Fig.l. TEM of control vein. L:lumen

EL:elastic lamina.Arrows point

to subendothelial material.

Fig.2. PPDA stain shows elastic lamina ̂

Fig.3. TEM of retrieved graft shows

endothelial-like cells

Fig.4. Arrows indicate cell lining

in PPDA stain *

Fig.5. TEM of distal part of graft I

showing a detached cell



A FREEZE-DRYING, EMBEDDING TECHNIQUE ELIMINATING EXTRACTION AND TRANSLOCATION OF

DIFFUSIBLE ELEMENTS

G.T. Simon, E. Spitzer and R.E. Garfield

Departments of Pathology and Neurosciences,
McHaster University Health Science Centre, Hamilton, Ontario. L8N 3Z5

Conventional fixation and processing of biological specimens extract or trans-
locate most of the diffusible elements thus making meaningless high resolution
analytical electron microscopic studies of such elements. Freezing at very low
temperature is the only fixation method known to maintain in place transient
molecules. With liquid propane, a layer of 25 ym. in depth devoid of ice crystals
can be frozen. This frozen part is called the vitrification layer (1,2,6). It is
generally agreed that the elements present in this layer are neither extracted nor
translocated. In the last several years numerous attempts were made by various
groups to cut ultrathin sections from these frozen hydrated specimens and transport
them into the transmission electron microscope (6). These specimens, unfortunately,
are too thick, lack contrast and partly sublimate under the beam (3,6). It was,
therefore, necessary to develop a method combining the advantages of quick freezing
and conventional processing techniques, in particular the embedding in a resin
permitting the cutting of ultrathin sections.

Fragments of tissue from several organs were quick frozen in liquid propane.
They were maintained at -150°C in a vacuum of 10~6 Torr for as long as 12 days in
order to sublimate the ice of the vitrified layer. Osmium vapors were introduced
under vacuum followed by Spurr's resin. After infiltration the tissues were embedded
and polymerized in a conventional fashion.

Ultrathin sections, 70 nm. in thickness were cut and examined in a conventional
transmission electron microscope, Philips 301. These sections were not post stained.
As shown in FIGS. 1 to 4, the preservation of the ultrastructural details is
excellent in the layer vitrified by the liquid propane. Outside this layer ice
crystals are present.

Radio assays of tissues incubated in CaCl2 to which 1 pCi of ̂ Ca was added, did
not reveal any extraction, by the resin, of the radio element (4). Energy dispersive
spectroscopic studies performed on a dedicated STEM (Vacuum Generator HB5) showed
minimal variation in concentration of Ca in mitochondria of uterine smooth muscle
cells inside the vitrification layer, thus indicating the absence of translocation of
these elements (4).

This method which eliminates or reduces to a negligible amount the extraction or
translocation of diffusible elements is appropriate for high resolution analytical
electron microscopical studies. Qualitative and quantitative results have already
been obtained using energy dispersive spectroscopy and electron spectroscopic imaging
(5).
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FIG. 1 Freeze-dried embedded rat kidney. Prior infiltration with Spurr's resin,
osmium vapours were introduced under vacuum. The 70 nm. thick sections
were not post stained. The convoluted proximal tubule shows a good
preservation of the cytoplasm and organelles of the epithelial cells. The
nuclei (N) contain some small ice crystals. Lumen with brush border (L).
Basement membrane of the tubule (arrows). Mag. 3,600X

FIG. 2 Same material as in FIG. 1. Detail of the basal portion of an epithelial
cell of proximal convoluted tubule. No ice crystals are seen inside the
cell. Ice crystals, however, are seen over the basement membrane (arrow).
Hag. 24,000X

FIG. 3 Same material as in FIGS. 1 and 2. A basal portion of a proximal
convoluted tubule and a plasma cell located in the intertubular space is
shown. In the dilated RER of the plasma cell small Russel bodies are
present (arrows). Note the ice crystals in the nucleus (N). ?1ag. 8,200X

FIG. 4 Freeze-dried embedded rat uterine wall. An eosinophil is shown. Note the
good preservation of the typical granules. Mag. 18,000X
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THE USE OF THIAMINE MONOPHOSPHATE FOR CYTOCHEMICAL LOCALIZATION OF
ACID PHOSPHATASE ACTIVITY IN SERTOLI CELLS OF RAT TESTIS

H.F. LALLI

Department of Anatomy, McGill University,
Montreal, Quebec, Canada.

The Sertoli cells which are active endocytic cells (Morales and Hermo, 1983) and
macrophages, contain numerous membrane-bound granules i.e. small dense core granules
and electron dense granules of various sizes some of which contain inclusions.
Because of their morphology these granules have been assumed to be lysosomes. But
contrary to the arrangement in other cells which contain lysosomes, no structural
continuity between these granules and the Golgi apparatus was observed.

Rambourg e_t al̂  (1979) have shown by a three-dimensional electron microscopic
study that the Golgi apparatus of Sertoli cells is composed of interconnected
stacks of saccules. On the trans face of the Golgi stacks there is a network of
tubules (trans-tubular network) connected to the trans-saccule which extends far
into the cytoplasm. No membrane-bound granules were seen on the trans face of the
stacks of Golgi saccules.

To determine if the membrane-bound granules seen in the Sertoli cell cytoplasm
are lysosomal in nature and also if these granules are related to the Golgi
apparatus, acid phosphatase and arylsulfatase activities were determined. It is
generally accepted that if a structure contains these two activities that it is
considered part of the lysosomal system.

Substrates which have been routinely used to demonstrate phosphatase activity
such as 0-glycerophosphate and cytidine monophosphate give inconsistent results
in Sertoli cells. It was found that thiamine monophosphate demonstrated the
presence of acid phosphatase activity more consistently and with a higher sen-
sitivity than the other substrates.

The thiamine monophosphate media was prepared as follows: 38 mg (4mM) of
thiamine monophosphate (Sigma Chemical Co.) was dissolved in 10 ml of distilled
water and added to 10 ml of 0.1M sodium acetate buffer, pH 5.0, containing 1.25 g
of sucrose. To this solution 38 mg of lead acetate dissolved in 5 ml of distilled
water was added dropwise. Tissue chopper sections of glutaraldehyde-fixed testes
(2% containing 5% dextran) were incubated for 2 or 4 hrs. in this media at 37°C.
For the demonstration of arylsulfatase-B activity, sections were incubated in
p-nitrocatechol sulfate in the media of Hopsu-Havu ej: aj^ (1967) at pH 5.5 and 37°C
for one hour.

The small dense core granules and many granules of the heterogeneous larger
granular population demonstrated both acid phosphatase and arylsulfatase activity
and therefore can be considered lysosomes. In addition, the trans-tubular network
and some other tubular or vesicular structures containing material of low electron
density also showed activity which indicates that they are also part of the
lysosomal system.

Although we have not demonstrated direct morphological continuity between the
trans-tubular network of the Golgi apparatus and the granules, we assume that the

I acid hydrolases move from the trans-tubular network in tubular or vesicular struc-
| tures and thence to the granules.
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Figure 1. An area of a Sertoli cell after the tissue has been
incubated with thiamine monophosphate for 4 hrs. The
reaction product is the electron dense material indicated
by the arrows. Both large and small granules in addition
to vesicular structures show activity. The large granule
(LG) containing inclusion bodies is a class of granule
that seldom shows activity.

Figure 2. An area of a Sertoli cell similar to that in Fig. 1
after incubation with p-nitrocatechol sulfate for 1 hour.
The reaction product indicating arylsulfatase-B activity
is indicated by the arrows.
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USE OF RADIOAUTOGRAPHY TO STUDY LEAD
LOCALIZATION IN PLANTS

G. Tung and K.T. Palmer

Phytotoxicology Section, Air Resources Branch, Ontario Ministry of the Environment,
S§6 Bay Street, Suite 3*7, Toronto, Ontario M5S 1ZS, Canada

Germinated corn seedlings, at the one-leaf stage were transfered into nutrient solution
(Knop's formula) enriched with the radioactive isotope Pb at concentrations of 3.78, 7.56 and
11.34 uCi. Seedlings were grown for another 5 days in the lead source and were harvested for
macro- and micro-radioautographic examination of the distribution of lead in plant tissues.

Intact plant seedlings were carefully washed in tap and distilled water. They were
pressed and dehydrated in a low temperature oven at 60°C, 48 hrs. The dried plant herbarium
samples were exposed to the x-ray film (Kodak X-Omat AR), by direct contact. The exposure
time period for obtaining optimum image on the radioautogram was studied. Our preliminary
results demonstrated that all plants treated with the lead isotope were radioactive and 5 to 7 hrs
would be the optimum exposure period for all plants. There were only slight differences among
these 3 treatments. Lead was readily transported into the stem and leaves. Greater lead
radioactivity was noted at the tips and the marginal areas of leaves. The root system, directly
soaked in the lead source, always showed the most radioactivity. In the leaves, highest lead
activity was observed on the first leaf blade. Both veins and mesophyll tissues were radioactive
but darker images were observed on the veins. A gross picture of the lead distribution was
achieved by this macro-radioautogram (Fig. I).

Further investigations were conducted to study the precise location of lead deposits in
each part of the tissues using a microscopical radioautographic technique. Fresh plant materials
were fixed by glutaraldehyde and osmium tetra-oxide, dehydrated by alcohol/propylene oxide
series and embedded in EPON. Sections for light microscopy were cut in 1 um thickness and
coated with Kodak NTB2 liquid x-ray film. Pre-staining was preferred. The coating technique
and the exposure method were adopted mainly from Kopriwa (1). Results indicated that the
suitable exposure time period for obtaining observable silver grains on the coated x-ray films was
4, 14 and 21 days for root, stem and leaf tissues, respectively (Fig. 2,3 & 4). Again no difference
was observed among the 3 treatments. The silver grains formed on the films which also were
coated on tissue sections mounted on carbon specimen mounts (JEOL Products) were observed and
identified by scanning electron microscope (JEOL) with wavelength and energy-dispersive x-ray
spectrometers.

On the radioautograms, the radioactive lead deposits were precisely marked by the
silver grains located mostly in the cell wall areas. This agrees with our histochemical and
electron microscopical results which we reported previously (2,3,4 & 5). Lead deposition in stem
and leaves has never been observed as clearly, neither in our laboratory nor in the literature.

Radioautography was known to be a useful technique long ago, however, it has rarely
been used with plant heavy metal uptake research and almost none, if any have used microscopical
techniques. Our preliminary achievement will allow us to continue our work onJead uptake
studies. Other radio isotopes such as cadmium (Cd ), zinc (Zn ) and nickel (Ni ) which are
common heavy metal contaminants in plant tissue in the environmnent also will be studied.
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Figure 1: Photo-radioautogram of a pressed and dried, corn seedling, which
was grown for five days in a nutrient solution containing 7.56 uCi Pb . Exposure time to
film was five hours. Root mass (rm), coleoptile (c), first leaf (fl), second leaf (si) and third
leaf (tl).

Figure 2-k: Photo-microradioautograms of cross sections of root (4), stem (3)
and two adjacent iuvenile leaves (2). They were exposed to x-ray film for 10, \k and 21 days
respectively. Pb deposits were observed as black dots located mainly in cell walls of
cells in the vascular system and the cortical and mesophyll parenchyma. Lead also was
present in the cultical layer. Cell wall (cw), cortical cell (cc), cuticle layer (cl), endodermis
(en), epidermal cell (ec), guard cell (gc), intercellular space (is), mesophyll (m), phloem (p),
stomata cavity (sc), vascular bundle (vb) and xylem (x).



PREPARATION OF WHOLE MOSQUITO HEADS FOR LIGHT MICROSCOPY RECONSTRUCTION

S.A. CHILDRESS and S.B. MCXVER

I

Department of Zoology, University of, Toronto
Ontario M5S 1A1, Canada

Three-dimensional reconstruction and analysis of biological specimens, from
essentially two-dimensional sections, requires techniques Which provide uniform,
complete, and sequential series of ribbons. Using sectioning and staining
techniques for paraffin embedded specimens such ribbons may be readily obtained,
ftowever, the section thickness and quality may be unacceptable. Additionally,
standard transmission electron microscopy <TEM) fixatives, such as
glutaraldehyde and osmium tetroxide, give inferior results when used in
conjunction with paraffin making correlations between 1*4 and TEN difficult.
With epoxy embedding resins specimens may be prepared identically for LM and TEN
(other than staining) and valid comparisons can then be made. However, these
typically fail to form ribbons, collection of sections in a systematic fashion
is difficult, and semithin epoxy sections often stain poorly.

This paper describes a simple, dependable, and efficient technique suitable
for relatively large, heavily sclerotinized, arthropod material that provides
virtually continuous sequential ribbons of uniform semithin sections (0.5 urn)
for reconstruction of specimens at the light level. Initial investigations
using this technique involve whole heads of adult female Aedea aeqypti <L.)
mosquitoes. Which will be used for neurological mapping and reconstruction.
However, the techniques described are applicable to a wide range of biological
specimens and are compatible with TEH correlations.

A. aeqypti obtained from a laboratory colony were anesthetized with CO and
kept at 4 C throughout the preparation up to dehydration. To help prevent
dislocation of organs upon dissection, the mosquitoes were initially fixed whole
in Karnovsky's fixative (Karnovsky, 1965), pH 7.2, in 0.1 M cacodylate buffer
for 2 hr. The heads were then severed and fixed an additional 4 hr. After
three rinses of 30 min each in cacodylate buffer, heads were postfixed in 2%
OsO in veronal acetate buffer, pB 7.2, for 12 hr, dehydrated in an ascending
ethanol series and embedded in 'hard' spurr's embedding media (Spurr, 196|).

Resulting blocks were trimmed to form a mesa, ca. 1.0 to 2.0 mm , and
Tackiwax applied to the top and bottom sides. Pieces of glass coverslips, ca.
7.0 mm x 22 mm, were submerged in a Diatome diamond knife boat and sections cut
at a setting of 0.5 urn with a Reichert-Jung Ultracut ultramicrotome. During
sectioning, ribbons were parted ca. every 20 sections. Groups of ribbons were
expanded using ethylene dichloride and aligned over the coverslip piece with an
eyelash mounted on an applicator stick. The water level in the boat was then
lowered via a capillary tube and a map of the sections indicating position,
orientation and number is quickly drawn. The coverslip piece was then placed in
an oven at 60° C until dry to expand fully and fix the sections to the coverslip
piece.

The embedding media is partially removed using a modification of the
methods of Lane and Europa (1964) and Berkowitz e± al- (1968) by treatment in
(1)3% NaOB (by weight) in 100% ethanol, for 45 min, (2) 4 washes of 100%
ethanol, 4 min each, (3) phosphate buffer, pH 7.0, 7 min, (4) 3 wahses of
distilled water, 1 sec each, (5) phthalate buffer, pH 4.0, 7 min and (6) 4
washes of distilled water, 5 min each.

The specimens were then air dried and stained in ammoniacal silver nitrate
(Berkowitz et al., 1968). Permount, DPX or other suitable mountants may be used
for permanent mounts on standard glass slides. The series of ribbons was then
examined and maps updated to indicate any sections damaged during handling.

In this manner three heads were sectioned (ca. 1,300 sections/head) with no
loss of sections. Over 15,000 semithin sections have been cut on the same 1.0
to 1.5 mm of a 2.0 mm diamond knife with no visible sign of damage. Complete
removal of the embedding media was found unnecessary for staining and harmful to
section quality since partial removal aided in adhering cuticular structures to

36

É
MICROSCOPICAL SOCIETY OF CANADA — SOCIÉTÉ DE MICROSCOPIE DU CANADA VOLUME X, 1983.



the coverslip pieces. Thin sections caused by retracting the knife stage,
during coverslip piece changes, and sections damaged during handling amounted to
0.5% of the total.
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AN OPTICAL MICROSCOPE AND COMPUTER SYSTEM FOR PROCESSING BIOLOGICAL CELL DATA

F.G. Peet. and T.S. Sahota

Environment Canada, Canadian Forestry Service, Pacific Forest Research Centre,
506 West Burnside Road, Victoria, British Columbia, Canada V8Z 1M5

Introduction

Differences in the survival and reproductive capability of insect pests can
have a drastic effect on pest population size and the hazard from it. Such
differences in pest populations originate early in the life cycle of the pests but can
usually be determined only when they are expressed later on. Early recognition of
these differences is difficult because one does not know as to what differences early
in the life cycle would provide the desired indication. One, thus, needs to examine a
large number of features or variables to facilitate selection of some that relate to
changes in survival and reproduction for example. We describe here-under a system
that appears suitable for this.

Data Acquisition

The hardware for data acquisition consists of a Zeiss SMP05 Scanning
Microphotometer and a Digital Equipment Corporation(DEC) PDP 11/34 minicomputer with
associated peripherals. Biological material is placed on a stage. The stage has two
scanning motors each with a one-half micron step size. These aotors are pulsed to
generate the scan in the x end y directions. At each step light passes through a
small area (pixel) of the specimen to a photo-detector where an analogue output signal
is generated proportional to the transmitted light intensity. This signal is sampled
and digitized twenty-nine times and then averaged. The stage is then stepped and the
procedure repeats until the whole specimen has been scanned. Each day a check is made
of the system's stability and calibration. The computer program which actually
acquires the data comprises four sections: 1) a section to measure incident light,
2) a section to position the specimen, 3) a section to incorporate annotation data,
and 4) a section to acquire the data.

Data Editing

We are interested only in cell nuclei. Although there are algorithms for
finding the nucleus within the cell they are somewhat unreliable (9). We have
developed a man-computer interactive procedure for doing this. The hardware consists
of a television type display device connected to the computer described earlier. The
cell data which has been acquired is displayed on the television monitor. A cursor is
moved around the nucleus and a line is traced. When the line is closed the computer
program sets all pixels outside of the nucleus to -1 and leaves the nucleus intact.
The edited data is then written out to disc as a new file and just before doing so the
pixel intensities in the nucleus are converted to absorbances.

Data Analysis

For each cell sixty-three features are determined. They are: 1) total
absorbance, 2) average absorbance, 3) standard deviation, 4) moment of inertia,
5) area, 6) entropy, 7) polar averages (eleven features), 8) histogram of
absorbances (twenty features), 9) transition probabilities (twenty-four features)
10) condensed nuclear material ratios (two features). These terms have been defined
elsewhere (7).

The best twenty-five of these sixty-three features are then selected by the
following procedures. For each feature the values of the ambiguity function, A, and
the receiver operating characteristic, d1, are computed (1). An intermediate value is
calculated for each feature which is an average of A and d1. The features are sorted
on the basis of their intermediate value and the twenty-five features with the largest
intermediate value are selected as being the best. _The correlation matrix for these
twenty-five is computed. The average correlation, r, of a feature wit'n the remaining
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twenty-four is evaluated. Another value is then computed which is a figure of merit
9ic Is an average of all three variables (A, df, and r). The best twenty-five
features are then sorted on their figure-of-merit values to give an ordered list of
the best features. Once the best features for discrimination are selected, the
question to be asked is whether two cell populations are different. We answer this
question by first of all applying a normality test (5) and Box's M test (3) to check
for equality of the covariance matrices. If the data are normally distributed, and
the covariance matrices are equal, Milks' Lambda test (3) and Hotel]ing's IT test(3)
can be applied to determine if the populations are significantly different. If Box's
M test fails then the one-sample Hotelling's T test (6) may be applied. It
requires only that the data be normally distributed. If the data are not normally
distributed and/or the covariance matrices are not equal, one may apply a combination
of the Fisher discriminant function and the non-parametric Kruskal-Wallis test
(1,4,8).

If it is found that the populations are different, then one may try to
determine how well tue individual cells in the two populations may be classified.
Four classifiers have been implemented. There is one supervised, parametric
classifier based on the maximum-likelihood procedure (2). There are two supervised
non-parametric classifiers. One if the DSELECT algorithm of Bartels (2), and the
other is the Fisher discriminant procedure (4). One unsupervised classifier is
available and it is the Basic Isodata algorithm (4).

Conclusions

The system has been applied to different biological systems and differences
are being found between populations which were surmised but could not be proven with
other techniques. This can be illustrated by the following example.

Different populations of bark beetles differing in their reproductive
capacity can be easily recognized after the reproduction is completed or during the
reproductive period. Prior to the activation of reproductive processes such
populations have remained heretofore indistinguishable. Application of the described
system to samples of fat body cells taken from two groups of the Douglas-fir beetles
before the onset of reproductive process has allowed us to clearly distinguish these
reproductively different groups at the earliest stage investigated yet. The system
appears suitable for application to a variety of biological problems.
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DEVELOPMENT OF THE CARUNCULAR «>ID INTERCARUNCULAR REGIONS IN THE BOVINE ENDOMETRÎUM j
Ï

B.A. Atkinson

Dept. of Animal & Poultry Science, University of Guelph, 6uelph, Ontario NIB 2U1

The endonetrial surface o-f the nature bovine uterus is formed of distinct, oval,
nonglandular caruncles separated by the glandular intercaruncular regions. Our ing
early gestation, the embryonic chorion becomes attached to both regions by
microvillous interdigitation to form the placenta. However, the subsequent
development and functions of the caruncular and intercaruncular tissues are quite
different. Specimens were examined by light microscopy (LM),TEM and SEM to determine
the age when the endometrium differentiated into these two distinctive regions and
changes in the cell types as the uterus developed. Uteri were obtained from third
trimester fetuses and calves up to one year of age.

Caruncular conformation changed from pedunculated nodules during gestation (Fig.
i) to discrete structures that were practically flat and level with the
intercaruncular surface by on- year of age. Since the presence or absence of glands
was the main feature differentiating the two regions, the initiation and growth of
the glandular epithelium lias been traced in order to determine which portion of the
fetal nodule was presumptive caruncle. Even before the first invaginations were
observed, LM examination revealed an eosinophilic band of compact connective tissue
extending up the side of each nodule from the internodular portion, which coincided
with the region of subsequent glandular development. At about 250 days of gestation,
short invaginations of the epithelium developed into the stroma. These were first
observed or the internodular surface near its junction with a nodule. By 265 days of
gestation, occasional very short glands were distinguishable in this sane region and
these increased in length and in frequency during the rest of gestation.

TEM of short glands showed a high frequency of cells in stages of ciliogenesis.
Such cells were generally paler and contained fewer organelles than the cells I
surrounding them (Fig. 2). The basal lamina and basal cell membranes were straight J
except at the base of a developing gland where they forned irregular projections into
the stroma (Fig.3). In the mature uterus, the densest connective tissue occurred
directly under the caruncular epithelium. In contrast, in the fetal and newborn
specimens, the stroma around the tips of the developing glands contained a higher
concentration of both fibroblasts and collagen fibres than any other region (Figs.
4&5). This suggests that some interaction may be necessary between the stroma and
the epithelium to initiate glandular development.

Between birth and three months of age there was a tremendous increase in the
glandular epithelium. Gland orifices and their associated ciliated cells were much
more common throughout the internodular region and also on the sides of the nodules.
Concurrent thickening of the connective tissue component caused expansion of the
nodular peduncle and a gradual flattening of the nodule until, by 1 year of age, only
slight elevations remained, with a discrete caruncle visible on each. By following
the development of the glandular component it was concluded that only the apical
portion of each fetal nodule will develop into a caruncle and the sides of the
nodule, together with the internodular portion are destined to be intercaruncular.

Fig.l. Luminai surface and segment through fetal uterine wall illustrating
pedunculated nodules. M, myometrium; E, endometrium; A, nodular apex; I,
internodular region. 169 d. gestation.

Fig.2. Epithelial cells of a developing gland with a pale cell (j^) undergoing
ciliogenesis. 280 d. gestation .

Fig.3. Base of a developing gland with epithelial cell projections into dense
connective tissue. 280 d. gestation.

Fig.4. Dense connective tissue below a developing gland at junction of nodule and
internodular region. Newborn heifer's uterus.

Fig 5. Sparser connective tissue typical of apical region of a nodule. Newborn
heifer's uterus.
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THE MICROVASCOLAR ARCHITECTURE OF THE RAT GASTRIC MUCOSA

JEAN G. DENIS and GERALD P. MORRIS

Department of Biology, Queen's University, Kingston, Ontario

The effects of ulcerogenic agents on the gastric mucosa are usually considered in
terms of their actions as "barrier breakers" and microscopical studies have enphaslzed
the ability of agents such as ethanol, bile salts and salicylates to destroy portions
of the surface epithelium. It has recently become apparent that the gastric mucosal
epithelium can sustain extensive damage to its luminal component without the
development of extensive hemorrhagic erosions (1,2,3). Our studies indicate that the
development of hemorrhagic erosions depends not on destruction of surface epithelial
cells (SEC) but on the production of microvascular occlusion or congestion.
Furthermore, mucosal necrosis only occurs In regions where vascular occlusion extends
below the uppermost 100 inn of the mucosa (3). Congestion in the most superficial
regions of the mucosa is accompanied by extensive death and exfoliation of SEC but not
by the development of hemorrhagic erosions.

This study was designed to describe the microvascular architecture of the rat
gastric mucosa. In particular, we wished to determine the nature and extent of
interconnections between the ascending mucosal capillaries and the collecting venules.
In addition, we sought to establish whether or not previously postulated mucosal and
submucosal arteriovenous shunts are present in the gastric fundus. Microvascular
organization was examined by the combined use of scanning electron microscopy and
corrosion casting (4). Vascular casts were prepared from control mucosae and from
mucosae which had been exposed for 3 to 5 minutes to luminal 402 (v/v) ethanol.
Mucosae exposed to 402 ethanol were also fixed and processed by routine procedures for
light microscopy and transmission electron microscopy.

The mucosal arteries arose as short, perpendicular branches of the submucosal
arteries and, in turn, branched laterally to form 2 to 4 mucosal arterioles (Fig. 1).
Capillaries arose from branches of the terminal arterioles and formed a complex,
anastomosing network as they rose towards the liminal surface. The capillaries
immediately beneath the -surface epithelium formed a continuous, laterally
interconnected network which surrounded the foveolar openings. Connections between
capillaries and collecting venules were limited to the subepithelial region. Many
venules extended through the mucosa without branching until they approached the
luminal surface, where they formed 2 to 4 primary branches (Fig. 2). Further levels
of branching of collecting venules were common before the terminal branches connected
with the surface capillaries. Primary branching of collecting venules was seen, on
rare occasions, in the lower half of the mucosa. The collecting venules were
connected to an anastomosing network of subepithelial veins (Fig. 3). Casts of
stomachs exposed to luminal ethanol had regions devoid of capillaries, and mucosal
arteries and arterioles (Fig. 4). Mucosal or submucosal arteriovenous anastomoses
were not detected.

Thus, the mucosal microarchitecture is basically that of a hairpin, with
interconnections between capillaries and collecting venules being limited to the
region immediately beneath the luminal epithelium. The complex network of
interstitial and surface capillary interconnections would allow perfusion of regions
immediately adjacent to damage and the extensive terminal branching of mucosal
collecting venules would also allow the mucosa to tolerate numerous isolated sites of
microvascular occlusion. However, when occlusion extends below the upper 1/3 of the
mucosa, or is widespread, the entire affected region is rendered ischeaic. We have
previously speculated that the primary "cytoprotective" effect of prostaglandins may
lie in their potential ability to prevent microvascular occlusion rather than by any
ability or protect or preserve the gastric epithelium (3).
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Fig. 1. Mucosal arteriole (AT) forming primary (P), secondary (S) and terminal (T)
branches which give rise to ascending mucosal capillaries.

Fig. 2. Primary (P) and secondary (S) branches of collecting venules (V) occurring in
upper half of the mucosa.

Fig. 3. Submucosal venous plexus viewed from serosal aspect. Note region denuded of
capillaries (arrow). This mucosa was exposed to luminal 40£ ethanol.

Fig. 4. Luminal view of region of vasocongestion produced by 40% ethanol. Arrows
indicate junctions of subepithelial capillaries and collecting venules.
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Studies on hair cell numbers and orientations In the macula neglecta in
the Inner ear of the skate. Raja peellata.
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Two recent studies have provided details of the hair cell orientations tn
regions of the Inner ear of the skate. Raja ocel latar and of the cupula-hair cell
interactions (Barber & Emerson, 1979, 1980). The one sensory area not included tn
these studies was the macula neglecta. This sensory area Is paired and is relatively
large In sharks, being up to 8.5 mm tn length, and bearing up to 260,000 hair cells
(Corwin, 1977, 1978). However, in bottom dwelling elasmobranch fishes it Is a single
sensory area and is much smaller (Corwin, 1978). The macula neglecta has been shown
to be a vibration detector In both these groups, and is probably used in prey
detection (Corwin, 1981; Fay et al, 1974; Lowenstein & Roberts, 1951).

To the authors knowledge there has only been one EM study of the structure of
the macula neglecta in the genus Raja (a TEH study on Raja cIavataf Lowenstein et al,
1964), and so the present study was undertaken to complete the work already done on
the Inner ear of the animal. Due to its small size, and relatively small number of
sensory cells, a «ytplete map of the hair polarizations could be made. The number of
hair cells could also be counted, and related to the size of the animal, and to the
number of axons In the nerve supplying the epithelium. The present account gives
initial results of such a study.

The block of cartilage containing the ear was dissected out and fixed overnight
In Karnovsky's fixative. Specimens of the macula neglecta were then dissected out
and post-fixed in \% osmium tetroxlde (in Sorensen's buffer). After fixation the
specimens were critical point dried or freeze-drted. The SEM specimens used for
counting were critical point dried by Infiltrating them with Freon 113
(trichlorotrlfluoroethane), and critically point drying them from Freon 13
(chlorotrffluoromethane). The dried specimens were attached to viewing stubs with an
epoxy resin, and sputter coated with gold. Some specimens of the macula neglecta,
and the nerve supplying It, were also prepared for transmission electron microscopy.
The fixed, dehydrated specimens were embedded in Spurr's resin, sectioned, stained
with 2% uranyl acetate, followed by lead citrate solutions, and viewed tn TEM.
"Thick" sections of the nerve were also taken, stained with ToiuIdine blue, and
viewed In a light microscope.

The hair cells in the macula neglecta are of two types. The cells near the
central region of the epithelium have stereocllla with a graded series of heights,
with the longest processes being next to a single kinoclllum of a similar length.
The other type Is at the periphery and has a longer kinocllium, and a smaller number
of shorter stereocilia.

Photographic montages of SEM material were made for vhe maculae neglectae of
eight animals (four females, ranging in weight from 340 g to 3400 g, and four males,
ranging in weight from 509 g to 4900 g). These montages aI lowed counts to be made of
the hair cells in the maculae neglectae of the eight animals. In addition, the exact
polarizations of the hair cells for two maculae neglectae were determined (both male
fish, of 1200 g and 4900 g in weight). The number of axons In the rami neglectl
supplying these eight maculae neglectae were also counted as were the numbers tn five
additional male fish.

Most of the hair cells in the two maculae neglectae whose polarizations were
determined are orientated so that their kinocilta are on the side directed towards
the periphery of the epithelium, confirming the observations of Lowenstein et al
(1964). However, tn contrast to the findings of Lowenstein and his co-workers, It
was found that approximately 5% - 6% of the hair cells are orientated tn an
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opposite direction to the majority. These latter cells are located throughout the
epithelium, and apart from their orientation, are similar to the other hair cells.
The exact counts for the two fish were 2336 hair cells in a male fish of 1200 g
weight (111 cells with reverse polarity), and 3885 hair cells in a male fish of 4900
g weight (247 cells with reverse polarity).

The number of hair cells increases with the weight of the animal. This is true
for both sexes. For example, the counts range from 1008 hair cells in a female fish
of 340 g, to 4466 in one of 3400 g, and from 884 hair cells in a male fish of 509 g,
to 3885 in one of 4900 g. There appears to be a sexual difference in these numbers,
as .female fish always have considerably more hair cells than male fish of a similar
weight. The number of axons in the ramt neglect! supplying the maculae neglectae
also showed a sexual difference . The highest number of axons in a male was 110
(weight of fish 3750 g), and the number was usually approximately 100 or less. In
females the numbers were usually well over 100; being as high as 158 in one female
fish of 3267 g weight. There is no increase In the number of axons, either in males
or females, to keep step with the Increase in number of hair cells in the larger
fish. A study is underway to see if the axons increase In diameter In the larger
fish.

These results show that the primary direction of polarization (and hence
excitation) of the hair cells in the macula neglecta is towards the periphery of the
epithelium. The presence of cells with the reverse polarity is intriguing, and is
presumed to have an as yet undetermined functional significance. The results also
show that there Is an increase in the number of hair eel Is with weight, and therefore
size and age. There is also a difference In the numbers of hair cells and axons in
males and females, the numbers in females being larger. There is no co<icommitant
increase in the number of axons in the larger fish to service the increasing number
of hair eel Is.
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Cuticular structures of varied morphological and physiological characteristics have
been described in a few species of plecopteran nymphs. (Kapoor 1976, Kapoor & Zachariah
1973, Kbmnick 1977). Scanning electron microscopy of the body surface of the nyjnph of
Taenopteryx burksi revealed very interesting features of cuticular structures of
unknown functions.

Nymphs were fixed in phosphate-buffered 4% glutaraldehyde and 1% osmium tetroxide
in ice chilled vials for 1 hr. Specimens were critical point dried from acetone sub-
stituted CO2 and coated with gold. A few specimens were air dried to compare with
critical point dried specimens. They were examined with a Hitachi-520 scanning elec-
tron microscope.

The Gills: Three pairs of segmented, telescopic cuticular extensions arise from the
coxae of the legs. The proxitnal portion of the first segment of the gill is sclero-
tized and shows a pattern of folds, bearing rows of nicrotrichia (Figs. 1, 2). The
microtrichia provide rigidity to the basal part of the gill. The remaining part of
the gill consists of smooth, thin and fragile cuticle. Considerable shrinkage results
during the dehydration process of an improperly fixed tissue. These gills are of some
taxonomic value. However, their functional significance is questionable because of
their small size and lack of any structures on their surface. They may play some role
in respiration.

Body Surface Structures: The ventral body surface of the nymph showed a characteris-
tic pattern of folds bearing microtrichia. Interspersed among the microtrichia are
two conspicuous cuticular structures: oblong bulbs and spheres (Figs. 3, 4). The popu-
lation density of bulbs (4-7 mm2) and spheres (1 mm~2) is maximum on the thoracic
segments. The bulbs consist of a slightly oblong distal portion of thin cuticle sur-
rounded by a cuticular collar and a proximal stout stalk protruding out of a depres-
sion in the surface cuticle (Fig. 5). They are fragile and highly susceptble to
shrinkage if preserved in alcohol or air dried. They look similar to the bulbiform
chloride cell complexes of the stonefly larvae of Nemouridae (Wichard and Komnick 1974)
and may be involved with osmoregulation.

The spheres are imbedded in the surface cuticle and have a rounded apical cavity.
A prominent curved tubular appendage which is an extension of the epicuticle, projects
out of the apical cavity (Fig. 5). The base of this tubular projection and the inner
lining of the cavity bear setae or hairs which may be tactile in function. The tubu-
lar projection has a terminal pore of 0.2 pm in diameter. Such porous cuticular
structures in insects are known to be associated with contact chemoreceptors (Lewis
1970). In the absence of electrophysiological and transmission microscopical studies
it is speculated that the spheres may have a dual function. Bending of the tubular
projection results in the rubbing of its basal hair against tactile setae of the
apical cavity in a particular direction. Thus, it may provide directional cue of
water current to the animal. Presence of a pore suggests that it may also be involved
with chemoreception. A detailed transmission electron microscopic study would ascer-
tain exact morphological relationship to their possible function.

Reference: 1. Kapoor, H.H. (1976). In "Scanning Electron Microscopy." (0. Johari &
R.P. Becker, ed.) pp. 619-621. IIT Research Institute, Chicago. 2. Kapoor, N.N. s
Zachariah (1973). Can. J. Zool. 5^: 983-986. 3. Komnick, H. (1977). Int. Rev. Cytol.

4. Lewis, C.T. (1970).49_: 285-329.
pp. 59-76. Blackwell Scientific Publications, Oxford, U.K.

In "Insect Ultrastructure" (A.C. Neville, ed.)
5. Wichard, W. & H.

Komnick (1974). Cytobiologie 8_: 297-311.
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Fiq. 1. Coxal gill (g) ; s, basal segment.
Fig. 2. Rows of microtrichia (nt) or. the cuticular folds of the basal soqnont r>f the-

gill.
Fiq. 3. V( ntral surface of the head and neck recjion.s of the nynph showinq distribu-

tion of bulbs (b) and spheres (sp).

Fig. 4. Distribution of bulbs (fc ) , spheres (sp) and microtrichia (rrt) on the thoracic
segment of the nymph.

Fig. 5. Detail of the bulb. St, stalk; c, collar.
Fig. 6. Apical portion of the sphere, h, hair; p, pore; ap, apical cavity.
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ELECTRON HICROSCOPIC VISUALIZATION OF THE RESIDUES
OF THE POLY-L-LYSINE ALPHA HELIX

George Harauz and F. Peter Ottensmeyer
Department of Medical Biophysics, University of Toronto, and

Ontario Cancer Ins t i tu te , 500 Sherbourne St ree t , Toronto,
Ontario, Canada, Î14X 1K9

Dark f ie ld electron microscopy makes possible the direct imaging of unstained
biological macromolecules with a resolution of 3 to 5 nm (1). A dark f ie ld
image can be interpreted as a projection of the three dimensional mass
density distribution of the molecule. This approach has been successful in
determining the structure of numerous low molecular weight polypeptides (1,2).
In one report, the possibi l i ty was suggested that vestiges of amino acid
side chains could be evident in images of vasopressin (3). An objective
computer analysis of the Fourier transform of a periodic structure, the
poly-L-lysine alpha helix, showed that the 0.54 nm pitch and 26' pitch angle
were present in over 70;.' of images of individual molecules, and that about
652 of the total alpha helix measured for molecules in solution was
represented in these micrographs (4). In this study, we extend this analysis
with the use of tomographic reconstruction techniques (5) to show that the
lysine side chains are present and visualizable in individual poly-L-lysine
molecules.

Dark f ie ld electron micrograph plates of a grid containing poly-L-lysine
molecules were taken previously (4). Individual molecules were selected from
the plates and digitized with a scanning microdensitometer to give matrices
with picture elements (pixels) of size Ô.03 nm x 0.03 nm. Digitized X-ray
transmission images of a CPK spacefill ing model of poly-L-lysine were
obtained with the same pixel size. The regions in the Fourier transforms of
these helical structures comprising the origin and 0.54 nm repeat wei'e
extracted and the inverse transform computed. Regions with the best
preserved helical structure were selected and the axes of the molecules
determined (figure 1). A set of horizontal slices through the helical
structure provides many different views of the repeating lysine sideanr
(figure 2), and these projections can be used to reconstruct a cross-section
through the molecule (figure 3). This was done using convolution
back-projection (5), applied to images that were Fourier f i l tered to remove
noise but not molecular information.

The cross-sectional reconstructions through molecules correspond to those
through the space-fil l ing model (figure 3). Similar results were obtained
with two other molecules. We can conclude that we have successfully
visualized the side chains of individual molecules of poly-L-lysine. As can
be seen in the schematic (figure 2), this information is hard to discern in a
projection, and a three dimensional reconstruction approach is necessary.
Even after adsorption, drying, and intense electron bombardment, a dark f ie ld
image of an individual polypeptide retains much structural information, which
can be extracted by image enhancement techniques such as those used here.

(1) FP Ottensmeyer, Science 215 (1982) 461.
(2) AP Korn and FP Ottensmeyer, J Ultrastruc Res 79 (1982) 142.
(3) FP Ottensmeyer, JW Andrew, DP Bazett-Jones, ASK Chan, and

J Hewitt, 0 Microscopy 109 (1977) 259.
(4) DW Andrews and FP Ottensmeyer, Ultramicroscopy 9 (1982) 337.
(5) R Gordon and GT Herman, Int Rev Cytol 38 (1974) 111.
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Figure 1 - (a) Dark f ie ld electron micrograph of a poly-l-lysine molecule on
a carbon support. The molecule (between the arrows) is a broad (0.5 nm)»
rod-like whiter structure and is very d i f f i cu l t to discern among the grains
of the noisy background at this !r<agnification. The scale bar represents 2 nm.
(b) The molecule in (a), blurred sl ight ly to aid in i t s visualization.
(c) The molecule in (a), sfter Fcurier f i l te r ing to enhance the 0.54 nm
helical repeat. The box shows the region used for cross-sectional
reconstruction, and the l ine denotes the axis of the molecule.
(d) Transmission roentgenogran of a spacefilling model of alpha helical
poly-L-lysine.

Figure 2 - (a) Schematic representation of a projection of an ideal alpha
helix, with residues every 0.15 nm extending out radial ly. The residues
appear to be of different lengths; one is viewed head-on and is not visible
at a l l . (b) View of a horizontal slice through the molecule showing a
typical residue and part of the helical backbone.

Figure 3 - Cross-sectional reconstructions from (a) a spacefill ing model,
and (b) a dark f ie ld electron micrograph of a rolecule of poly-L-lysine,
showing a residue appearing and disappearing, and f inal ly the average of the
row (marked "av"). The scale bar represents 1 nm.
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ELECTRO:; SPHCTRGSCOPIC IMAGING OF RIBONUCLEOPROTEIN
COMPLEXES CONTAINING TRANSFER RNA

D.W. Andrews and F.P. Ottensmeyer,
Department oi Medical Biophysics, University of Toronto,

>00 Sherbourne Street, Toronto.

Maturing cocytes of Tr-iturus cristatus before vitellogenisis accumulate in their
cytoplasm a 40S ribcnuclecpcrotein (RîiP) particle which contains 5S RNA, tRNA and two
proteins of molecular weight 45,UGO (P45) and 39,000 (P39). The particle consists of
four identical subunits, each containing three nolecules of tRNAr one molecule of 5S
R!JA, two molecules of P45 and one molecule of P39. In SDS these particles can be com-
pletely dissociated while in 0.25"î :4aCl dissociation into subfragaients of 15S and
smaller occurs. Reconstitution experiments suggest that P45 can bind up to three mol-
ecules of tRTIA or one molecule of 5S R!JA. One molecule of 5S RNA can combine with
P39; however complexes bet/.'een P39 and tRIJA have not been observed (1) .

The RTJA distribution within these particles, generously donated by J. Sommerville
(St. Andrews), has been investigated by neans of an imaging electron energy filter
installed in a Siemens Elniskop 102 transmission ndcroscope (2). This filter permits
tne selection of a snail ensrgy band in the energy loss spectrum with which a so-
called electron spectroscopLc inage (ESI) is produced with a spatial resolution as
good as 0.3 to 0.5 run (3). By judicious choice of this energy band (e.g. on an ioni-
zation edge) the distribution of a particular atomic element in the image can be en-
hanced. Computer processing of several such images above and below an ionization edge
produces a quantitative high resolution elemental distribution.

P'or the RNP particles the phosphorus distribution was used to differentiate RNA
moleculos within the particlts from proteins, since phosphorus is present almost ex-
clusively in KIA. Electron spectroscopic images were used to identify different sub-
fragments of salt dissociated 40S RNP particles based on their RNA content. Three
different subfragments were observed predominantly, containing one tRNA molecule, two
tRNA molecules, or one 5S RNA molecule.

In Fig. 1 electron spectroscopic images of single tRNA molecules bound to protein
can be compared to images of isolated molecules of tRNA. In order to differentiate
RNA from protein in the images (Fig. la) the distribution of phosphorus in each image
is overlayed on the outline of the particle (Fig. lb). The similarity between two of
these images enlarged in Fig. lc and d is quite remarkable. Furthermore the enlarged
ESI1s in Fig. lc to e are net unlike the more dense regions of the three different
views of two dimensional projections of the crystal form of tRNA (Fig. If to h) sim-
ulated from x-ray diffraction data (4) and photographed from a computer display. The
characteristic 'L' shape of tRNA is also discernable in the dark field micrographs (5)
of isolated yeast tRNA in Fig. li to k. It appears that the structure of tRNA is sub-
stantially the same when the molecule is bound to protein, adsorbed to a carbon sup-
port film, or crystallized. Moreover, the structural detail present in these images
illustrates the exquisite sensitivity of electron spectroscopic imaging when one con-
siders that a molecule of tRNA contains only about 80 atoms of phosphorus.

(Supported by MRC, Canada and NCI, Canada).
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CAN THE S.T.E.H. RATIO TECHNIQUE BE USEFUL FOR IMAGING UNSTAINED BIOLOGICAL SPECIMENS?

R. F. EGERTON

Physics Department, University of Alberta, Edmonton, Canada T6G 2J1

I

Some eight or nine years ago, Crewe and co-workers [1] used a high-resolution scanning-
transmission electron microscope (fitted with an annular detector and energy-loss
spectrcieter) to image single uraniun and mercury atoms dispersed on a very thin
(~3 nm) carbon film. In order to reduce unwanted contrast due to variations in mass-
thickness of the carbon support, a ratio image was formed by dividing the annular-
detector signal Ia£j by the inelastic component I,- of the transmitted beam (see Fig. 1).
According to simple Lenz theory of atonic scattering [2], the ratio-image intensity R
should be proportional to the local (nean) atonic number z.

More recently, a similar imaging technique has been directed towards polymer
samples [3] and tissue sections [4]. These specimens were somewhat thicker (30 nm or
more), and an analysis of the scattering distribution [5] indicates that the effect of
thickness variations does not cancel, both R and dR/dt being increasing functions of
thickness t (sae Fig. 2).

Moreover, for elements within the same row of the periodic table, the Lenz model
does not predict the correct z-depsndence of the elastic and inelastic cross sections
(see Fig. 3). Based on more accurate atomic cross sections [6,7], the expected
annular-detector, inelastic and ratio signals can be calculated for samples of various
chemical composition and thickness. The results (Fig. 4) suggest that for thin tissue
sections (t ~ 30 nm) contrast in the ratio image should be less than that available
from either of the individual (anrular-detector and inelastic) signals. In the case
of thicker specimens (e.g. t ~ 100 nm) R-contrast is higher, but a major potential
advantage of ratio imaging (reduced sensitivity to thickness artifacts) is lost.* Use
of a heavy-metal stain should lead to high R-contrast (Fig. 4 ) , but again at the
expense of a potential advantage {greater preservation of tissue structure).

Further experiments are desirable in order to test the validity of these
conclusions and to investigate other possible advantages of the ratio-imaging method.

[1] A.V. Crewe, J.P. Langmore and M.S. Isaacson, in: Physical Aspects of Electron
Microscopy and Microbeam Analysis (Wiley, New York, 1975) p. 47.

[2] F. Lenz, Z. Naturf. 9a (1954) 185.
[3] M.M. Treacy, A. Howie and C.J. Wilson, Phil. Hag. A33 (1978) 569.
[4] E. Carlemalm, C. Colliex, M.R. Garavito, W. Villiger, J.D. Acetarin and E. Kellen-

berger, in: Electron Microscopy-1982, vol. 1, p. 605.
[5] R.F. Egerton, Ultramicroscopy (in press).
[6] C.J. Humphreys, A. Hart-Davis and J.P. Spencer, in: Electron Hicroscopy-1974,

vol. 1, p. 248.
[7] M. Inokuti, J.L. Dehmer, T. Baer and J.D. Hanson, Phys. Rev. A 23 (1981) 95.

*In principle, the t-dependence can be removed by the use of logarithmic signal
amplifiers or by a posteriori signal processing [5], but this assumes an 'ideal'
detector system which is capable of distinguishing completely between the elastic
and inelastic scattering. At the moment, such a system does not exist.

52 MICROSCOPICAL SOCIETY OF CANADA — SOCIÉTÉ DE MICROSCOPIE DU CANADA VOLUME X. 1983.



Fig. 1: Principle of STEM ratio
imaging. An annular dark-field detec-
tor collects a signal I-d from all
electrons which have undergone
elastic scattering in the specinen.
An electron spectrometer {followed
by an energy-selecting edge) provides
a signal If from those electrons
which suffered inelastic {but no
elastic) scattering. A ratio
amplifier can be used to form the
signal R = I^/Ii-

Fig. 3: Elastic and total-inelastic
scattering cross sections per atom
(for lOOkeV incident electrons) for
elements of atomic number Z s 40.
The solid lines show the Z-dependence
within the range 4s Z s 10. The
dashed lines illustrate the Z-
dependence expected on the basis of
a simple Lenz model.

Unm)

Fig. 2: Detector signals {solid
curves) and their percentage change for
a 1% change in specimen thickness
{dashed curves), plotted as a function
of specinen thickness t. The values
were calculated for an amorphous carbon
specimen, assuming a lOOkeV incident
beam {of intensity I t).

1 s
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APPLICATION' OF ELEfTRKJ DIFFRACTION TO CSYSÏAL IDENTIFICATION IN PATHOLOGIC TISSUE

A.B. Reid, P.-T- Cheng, M.D. Grynpas and K.P.H. Pritzker

Mount Sinai Hospital, Toronto, Canada

Electron diffraction has been used extensively in the physical sciences but has
found little popularity amongst biologists where it could provide much valuable
information.

Many types of crystals ar« found in biological systems (Table 1) and in order to
unde: stand their pathogenesis it is important not only to know the crystals identity
but al&o its relationship with the surrounding matrix (1).

Traditionally crystal identification has been carried out by x-ray diffraction
(y.Rît) studies but these provHe no information abcut the crystals' surroundings. To
overcome this problem we have been using a correlative approach (2) combining polar-
ized light microscopy (PLM), scanning electron microscopy (SEM), transmission
electron microscopy (TE?J), x-ray energy spectroscopy (XES) and XRD which yields
information en both the structure of the crystal as well as its relationship with the
surrounding tissue but mot both on the exact same area. By adding electron diffract-
ion (ED) to this list it is now possible to locate and identify the same crystals thus
élimina*.ing the problen of cultiple crystal types in the same specimen.

This paper will discuss an approach combining TE!-*, for crystal localization and
ultrastructure, and ED, for crystal identification, that can be performed in any
laboratory that is equipped for ultrastnuctural analysis.

For TEM studies of crystal bearing tissue many precautions must be taken to
ensure that an accurate assessment of crystal type and distribution, as well as their
interaction with the tissue component, may ^e made.

Processing of specimens for TEM observation is a relatively long and complex
procedure and crystals may be lost or altered at any stage. For example, cholesterol
crystals, which are alcohol soluble, would be lost if the tissue was dehydrated
through the conventional graded ethanol series. Another relevant example would be
urate crystals which are responsible for the disease called gout. These water
soluble crystals are lost when taken through aqueous fixatives or sectioned into
water. It has also been found that certain types of crystals (e.g. calcium phos-
phates) may solubilize during processing and later recrystallize in a different
crystal phase.

Once the material has been adequately preserved and sectioned, crystal containing
areas must be selected by either an aperture placed in the back focal plane of the
objective lens, or by the spot size, and ED performed to identify the crystal type.

There are some crystals that are extremely beam sensitive and are quickly
destroyed. This is especially evident with calcium pyrophosphate dihydrate crystals
which are associated with pseudogout in man. These crystals develop bubbles when
exposed to the electron beam (Fig. la) but still yield ED patterns (Fig. lb) if beam
exposure is kept to a minimum.

In order to achieve a diffraction pattern from which the crystalline structure
may be deduced, it is necessary to have a highly coherent beam of parallel electrons.
This is easily achieved by using small apertures in the illuminating system and de-
focusing the second condenser lens.

After the diffraction pattern is formed by the specimen, it is magnified and
imaged in the plane of the photographic plate where it appears as a series of rings
whose diameter may be related to the lattice spacings of the crystal by the formula:

R/L = X/d.

The radius (R) of the rings is measured directly from the photographic plate and the
wavelength of the incident electrons (X) is known from the accelerating voltage.
The camera length (L) must be calculated by diffracting a crystal of known lattice
spacings (d). It must be remembered that any modification in the strangth of any lens
in the imaging system will change this constant and thus the microscope must be re-
calibrated. Once the d-spacinas of the unknown are calculated, it is merely a problem
of comparing these to published tables.

\
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Electron diffraction has proven invaluable in our laboratory numerous tiir.es. One
example of this is the presence of crystalline deposits in the synovium of the knee
joint in iran» Upon successful localization of the crystal bearing regions (Fig. 2a,
2b), ED provided the inforr.ation that the crystals '.rere h^droxy apatite (Fig, 2c)
thus enabling an accurate diagnosis to be nade. Electron diffraction, therefore,
provides a very powerful tcol in the study of crystal induced pathogenic conditions.



ÏÛ'A BEAM ÏHIWJIKS OF A ZX-OXIUH ALLOY FOR TEH

Eliisa Silva*, John H. Robinson and Derek 0. ftorthwcod

+ *Physics 9e?t., University of Chile, Santiago, Chile and
Dept. of Engineering Materials» University of Windsor, Uindsor, Cnt., Canada S9B 3P4

I

The high resolution attainable with 111' rakes it an outstanding technique for examining
the microstructure of naterials. However using a conventional IBCkeV machine, the
thickness of the specimens r.-jtst be restricted to IDO-SOEr" in order to avoid undue
absorption of the incident electrons. Many rethcris have been developed for preparing
thin specimens of materials having widely varying mechanical ar.d chemical properties
and a detailed review of the preparation techniques is given in the took by Goodhew
(1) which form part of the Practical ftethcds in Electron Microscopy series published
by North Holland.

For metals, chemical etching, and electrolytic techniques have proven to be generally
suitable and the most tjenerally applied. Difficulties can anse when the materials are
not homogeneous; preferential etching cay occur and seccnd phases nay fce leached out.
Even when a material can be control! ably etched, the etc "rant ~sy fora a contaminating
layer on the surface. For exar.ple, when preparing thin foils of zirconium alloys by
jet electropolishing techniques, it is cc~nn to fora either a surface layer of snail
oxide crystals and/or scall surface hydride particles whicSn can produce contrast
effects in the TEH that can lie confused with such "icrostructural features as radiation
damage (2).

One of the core promising ne f techniques for thin foil preparation is ion bean thinning
(3-3) in which mechanical polishing is followed by erosion by ions on one or both sides
of the specimen. Such a technique cay allow one to overcome the problems of prefer-
ential thinning in ruilti-phase materials and contamination from the etching/polishing
solution. In the research reported here, ian tear, thinning has been investigated as a
means of producing thin foils of a zirconitn alloy, Zr-1.15wt'Xr-0.1wt;'Fe. This
particular alloy was chosen because it was already under study (9,10) and was two-
phase material containing precipitates of ZrjCrFe);». Ion bean thinning was done on a
Polaron system, a E6850 Ion Thinning Sîodule and a É6300 F550Î1 Vacuira Station. Thin
foils suitable for ion beam thinning were prepared usino the conventional techniques
for zirconium alloys; namely, sectioning on a slow speed diar.ond saw, grinding on
240 to COO grit silicon carbide papers and chemical polishing using 45H'«Q,:45H?0:8HF
solution at room temperature (2). Scne foils were thinned by conventional jet electro-
polishing techniques for comparison with the foils obtained by ion beam thinning.

In general the material was difficult to thin by the ion bean process. The thinned
areas were limited in size and uneven in thickness. Moire fringes have been observed
on some specimens indicating an epitaxial oxide. The oxide was generally present on
most of the sample, but especially at the edge of the hole. All thinned areas had the
appearance of being heavily cold worked as a result of the ion beam thinning process.
A summary of all the results will be presented riving details of the condition of the
disc prior to the ion beam thinning, the thinning parameters, type of specimen holder,
type of hole formed and the electron microscope observations of the thinned specimens.
In most cases, thinning was done in two stages. Stage 1 used a fairly high angle of
incidence of the ion beams in order to thin within a reasonable period of time.
Stage 2 used a low angle of incidence (10°) to final thin at a slow controlled, even
rate. Selected results are presented in Figure 1 to illustrate the effects of angle
of incidence of ion beam and varying the specimen plate holders. In general the
fastest thinning rate is obtained for angles of incidence of 30° to 40°. The average
thinning rate was l.l±0.3 urn hr-T. The plates of the specimen holder seem to play an
important role in the thinning process. The original plates and those subsequently
made from Ta gave faster thinning rates than plates made from Ni. The original plates
of the specimen holder became fairly heavily etched after about 3 samples were pre-
pared. This necessitated pressing the specimen between the plates to keep it in place
whilst rotating. Such an arrangement proved unsatisfactory and new plates were made
at the University of Windsor. The new plates made from Hi proved not to be suitable
because of the slower thinning rate and deposition of the Hi onto the windows of the
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vacuum cfoatâer.
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"ZONE AXIS PATTERN !!APS FROM ZIRCONIUM KOî'QCRYSTALS"

E.Silva*. J.Riquelne* and J.H.Robinson**

* Departanento de Fîsica. Facultad de Ciencias
Fîsicas y Katenâticas. Universidad de Chile.
Casilla 5487, Santiago, Chile.

** Department of Engineering Materials. University
of Windsor. Windsor Ontario Canada '3?B 3P4.

flaps have been obtained applying two well known crystal-
lographic contrast techniques in TE?!, they are hend contours
patterns (BCP) and Kossei-Kollenstedt or K line patterns
(KMP). Both zone axis pattern naps f»-on 7ii*coniurj single-
crystals have been constructed using nuitiple-micrograph
montages taken at 100 PV.

Electron transparent thin foils of Zirconiun nonocrystal
were prepared by electropolishing of prethined discs (1). An
angular range of &S° was explored f.-on the [Ï011] direction,
which was nearly normal to the specimen surface."

Both maps show zone axis patterns with sone character-
istic features which are particularly useful to determine
the specinen orientation (2). Observations of zone axis
patterns on the BCP map enable to carry out orientation
determination accurately and directly in the image plane.

The Fig. presented here shows the bend contours map from
Zirconium monocrystal built up from a large number of micro-
graphs. It shows distortion as is generally the case, in
contrast to a KfiP map which has been obtained from nearly
the same explored angular area. Maps have been indexed on
the basis of the theoretical schenatic Kifruchi nap for a
Zirconium (3) and the identification of ?one axis by selected
area diffraction patterns.

Zone axis patterns: [Î011], [2243], [Î010] and [2021]
having diffraction group 2RmmR, each of them has in both maps
symmetry 2mm close to the zone axis and has symmetry m if a
wider field of view is used. The BCP symmetry is the bright
symmetry (4) and the KMP should have the whole pattern sym-
metry (5).

These results confirm the similarity between BC and K
line patterns as was previously observed (6) and (7), and the
theoretical predictions for zone axis having the same symmetry
for 'bright-field' as for 'whole-pattern' and also the same
symmetry for 'bright-field' as for 'whole-pattern' when the
projection approximation is used (6) and (7).
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ELECTRON MICROSCOPY OF COLLOIDS

C M . Hoeike

Atomic Energy of Canada Liai ted
Chalk River Nuclear Laboratories

Chalk River, Ontario, Canada
KOJ 1JQ

Colloids have long been of interest to the paint, rubber and
plastics industries and in recent years have assumed increased importance
in other fields. The utilization of sunlight as a viable source of
energy, our growing concern about the environmental impact of atmospheric
pollutants, and of special interest at the Chalk River Nuclear Laborato-
ries, the processes involved in the removal of corrosion products from
power reactor components, all require an increased understanding of
colloidal materials.

Ths microscopy reported here was in support of two programs being
conducted at Chalk River Nuclear Laboratories. The first is an investiga-
tion of processes for reducing radiation fields around nuclear reactors
caused by radioactive corrosion products from reactor components. These
corrosion products are mainly metal oxide particles of submicron size
activated by neutron radiation in the reactor core and subsequently
deposited on components and piping outside of the reactor core. The
second program is to develop improved catalysts for the hydrogen isotope
exchange of water to reduce the cost of the heavy water needed for
nuclear power reactors. Colloidal catalysts can also mediate the decompo-
sition of water and may allow the production of hydrogen as a cheap and
abundant fuel.

The most important factors of a colloidal system are: particle
size, particle shape, surface properties, particle-particle interactions,
and particle-solvent interactions. The first two of these factors,
particle size and particle shape are obviously well suited to investiga-
tion by electron microscopy.

SPECIMEN PREPARATION

Specimens were prepared for electron microscopy from aqueous
colloidal mixtures by depositing approximately 0.1 ml onto 400 mesh
copper grids covered with carbon support films _< 10 nm thick. The water
was slowly evaporated by gentle heating with an infra-red lamp. The
carbon films were exposed to a 1000 volt glow discharge in an argon
atmosphere at a pressure of 15 Pa (̂  100 vm) for 5 minutes before use.
The glow discharge treatment rendered the surface hydrophilic allowing
the aqueous specimens to wet the carbon surface uniformly thus leaving
the colloidal particles randomly distributed over the surface, as seen in
Fig. la.

MICROSCOPY

The specimens were examined in a Siemens Elmiskop 101 using
single crystal pointed filaments for* increased resolution. The platinum
colloid shown in Fig. la has a particle size range of 1-2 nm. The dark
field micrograph of the same area, Fig. lb, taken with the objective
aperture positioned on the prominent bright ring of the diffraction
pattern shown in Fig. lc, shows that the particles were crystalline. The
micrograph of colloidal Fe203, Fig. 2, shows how the resolution of the
specimens can be reduced by the large amounts of non-crystalline material
from the solution in many colloid specimens. Particle size range for this
specimen was 2-10 nm. The colloidal gold specimen shown in Fig. 3 was
particularly clean with almost no non-colloidal material present, struc-
tural defects can be seen in many of the particles.
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Fig. 1 Colloidal platinum particles 1-2 nm in size are shown in bright
field (a) and dark field (b). Objective aperture position for
(b) is shown superimposed on diffraction pattern (c).

Fig. 2 Colloidal Fe2O3 shows loss Fig.3 Colloidal gold showing
of resolution caused by structural defects
large amounts of non- within the particles,
colloidal, soluble material Particle size is
in sample. Particle size 10-20 nm.
is 2-10 nm.
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APPLICATIONS CF TEANSMISSIO3 ELECTRO» ÎÏICROSCOPY IN SUCLEAR WASTE MANAGEMENT

C D . Caim, P.J. Eayvard, K. Kuttall and P.G. Richardson

Atonic Energy of Canada Linited, trhiteshell Nuclear Research Establishment
Pinawa, Manitoba, Canada ROE 1L0

The overall goal of the Canadian Nuclear Fuel l-'aste Management Program is to
ensure there will be no significant effect on cart or the environment fron nuclear fuel
wastes at any tine. To achieve this, the concept .J'* isolating the vastes in a series
of engineered barriers deep within a stable, hard-rock vault is being assessed. The
research now being carried out. Is to determine the basic safety and environmental
aspects at this concept. This research is generic in nature and is examining the
processes that ray occur in the vault environment. As r.any of these processes occur
at the microscopic level, thu transmission electron microscope (TEM) plays an important
role in this research. Ti-:c examples of the application of the TEM are:

Î. RadionucJide Partitioning in a Glass Ceramic

One option for .-losing the- nuclear fuel cycle is to recycle the fertile and
fissile fuel natcrirsls as part of an advanced fuel cycle progran. Kith this option, a
matrix must be chosen Co incorporate and irrrobilize the vastes arising during the fuel
reprocessing stage. The candidate materials for this matrix are glasses, ceramics and
glass-cerair.ics. One particular candidate is a sphene-based glass-ceramic, the micro-
structure of which is shown in Figure 1. In this naterial, the crystalline grains are
sphene, CaTiSiO^, while the natrix is an aluninosîlicate glass. TEM studies utilizing
energy dispersive X-ray spectro-etry have been carried out on this inateriaJ to deter-
mine the partitioning of radionuclides, sucii as Cs, Sr, Ce, La and U, between the
crystalline and glass phases and to identify the crystalline phases present. Knowledge
of this partitioning allows predictions to be nade about the retention and release of
the radiunite 1 ides during any subsequent leaching in groundvater.

Ill c st ructurul Studies of a Titanium Alloy

Tliu principal barrier to the release of rad ionucl ides within the vault is a metal
container within which the irradiated fuel or immobilized wastes are sealed. The con-
tainer will be designed to provide an absolute barrier between the radionuclides and
any pathways to the biosphere for a period of about 300 years during which the wastes
are most hazardous. Thus, the container must be highly resistant to all potential
failure median isms. One candidate material for this container is a dilute titanium
alloy, ASTM grade-12, which is known to be highly corrosion-resistant in saline waters
such as may exist in the disposal vault. Additional studies are in progress in order
to predict confidently i ts susceptibility to other failure mechanisms and long-term
performance. In support of these studies, a detailed examination of the al loy's micro-
structurc is being carried out. Figure 2 shows an example of the typical microstruc-
ture observed in this alloy. It is composed of large alpha titanium grains separated
by a pol ycryst.il I ine grain boundary phase composed of Ti2Ni and other unidentified
phases. Electron diffraction techniques are being used to identify these other phases.
This information will be used to support studies of such possible failure mechanisms as
hydride crocking and localized corrosion.

In addition to these applications, TEM is being used in support of a number of
leaching studies involving glasses, glass-ceramics, uranium oxide and minerals.
Extraction replicas are used to collect the leach products for examination and identi-
fication in the TEM. The results from these studies will be used in predicting the
migration of radionuclides in the vault environment.
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Fi gun- 1 • A br ight-f ield electron r.icrugrapi: of a gli,xs-L-^rn"ic shoving crystalline
C;iïiSiOj grains in an altraino-sil icaic ;.', !;JHH nntri::. î;îier.;y d ispers ive X-ray sj^uctra
rocordi-'d from the crystals and the glass nalri:-. arc used lu Jt-leraïne the part it inning
of radionuelides between tb" two phases.
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COLLISION CASCADES IN SILICON AND GERMANIUM

L.M. Howe and H.H. Rainville

Solid State Science Branch, Atonic Energy of Canada Limited Research Company
Chalk River Nuclear Laboratories, Chalk River, Ontario, Canada KOJ 1J0

High resolution transmission electron Microscopy techniques have been used to
obtain information on the contrast, spatial distribution, size and annealing behaviour
of damaged regions in ion-bombarded Si (1,2) and Ge. Of particular interest was the
dependence of the above features on the average deposited energy density ov within the
collision cascade. Polished monocrystalline Si and Ge slices were implanted at 35-50 K
in a random orientation with swept beams of monatonic and diatomic ions of 75As, 121Sb
and 209Bi having incident energies of 10-120 keV, which enabled ev to be varied from
0.02 to 3.7 eV/atpm. The bombarding ion fluences used covered the range l.OxlO11 to
5.0x10** ions cm"2.

All of the damaged regions which were visible in the ion-bombarded Si and Ge
crystals exhibited fa i r ly strong contrast (see Figure 1 ) . Detailed bright f i e l d , dark
f ie ld and dark f ie ld weak-beam analyses revealed that the sane damaged regions were in
good contrast regardless of which operating reflection was used to form the image. The
damaged regions had essentially the same physical appearance when imaged with different
operating reflections and the contrast exhibited by the damaged regions appears to be
of the structure factor type ( i . e . arises due to the difference in extinction distances
between the matrix and the damaged regions). These observations indicate that the
latt ice is highly disordered in these damaged regions and may possibly be "amorphous".

At high energy densities (~,, > 0.5 eV/atom), the visible damage produced in a
collision cascade consisted of a single, isolated, damaged region similar to that shown
in Figure 1 for a 10 keV Bi implant in Si . With decreasing values of ev there was an
increasing tendency for multiple damaged regions to form within a collision cascade
until eventually at eu £, 0.3 eV/atom multiple damaged regions were quite prevalent. An
example of the development of this sub-cascade structure is shown in Figure 2 for an
118 keV Bi implant in S i . I t was also observed in both Si and Ge that the fraction of
the theoretical cascade volume occupied by a damaged region steadily increased as %
increased.

Interesting features developed asreqions within collision cascades began to
overlap, particularly for high energy (low ev) implants. At ion fluences of
>. 5x10" ions cm"2 additional regions appeared which had lighter contrast than the
multiple damaged regions formed in the in i t ia l stages (see Figures 3 and 4 ) . I t is
proposed that as overlap of the individual collision cascades occurs, tiie damage level
in the region peripheral to the areas of dark contrast becomes great enough to produce
diffraction contrast in more extensive regions of the cascades.

The annealing behaviour of the damaged regions was investigated at tempe-
ratures ranging from 300 to 775 K. Ourinq annealing, the number density and the size
of the damaged regions was observed to decrease. In Si the temperature range over
which the annealing occurred was very dependent upon the specifics of the ion
bombardment, whereas in Ge most of the implanted crystals exhibited similar annealing
behaviour over the range 300-550 K. The damage produced by diatomic ions was always
more resistive to annealing than the damage produced by monatomic ions of the same
velocity, this effect being particularly pronounced in S i .

(1) L.M. Howe, M.H. Rainville, H.K. Haugen, and D.A. Thompson, Nucl. Instr. and Meth.,
170 419 (1980).

(2) O T . Howe and M.H. Rainville, Nucl. Instr. andMeth., 182/183 143 (1981).

MICROSCOPICAL SOCIETY OF CANADA — SOCIÉTÉ DE MICROSCOPIE DU CANADA VOLUME X. 1983.



Figure 1: Bright f ie ld electron micrograph of
^iraged regions produced by inplanting Si with
11 keV Bi to a fluence of 3.3X1011 ions crrr2.
v, = 1.84 eV/atan.
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Q'ÀDt?.-îtïSa?.bZR TEl«SFC?JI-MT:G:i IS CuPd INDUCED BY 14 MeV COPPER ION IRRADIATION

II.II. Zee' and G.L. Kulcinski

Nuclear bngir.eerin.; L'epartnsnt, University of Wisconsin, Madison h"I 55706, U.S.A.
•Present address: Chalk River .'v-xlear laboratories, Chalk River, Ontario KOJ 1J0

Ordered alloy development in 3 vital part of ttie design of a fusion reactor
because of the superior physical pra^erties of these materials [1-5] cor.pared to pure
materials. Since it s.as SÎ;O*.:Ï by Siebel J6] nsre than thirty years ago that neutron
irradiation could disorder Cu.yhs, zany esperlr.ents had been directed at the area of
radiation induced! onJer-disorJir iransfcrratîcn l?-lî].

The objective of this kerî. is to determine the effects of irradiations on the
order-disorder transforraticri in the Cisî'i system, Copper-Palladium alloy of 52.48 at»
composition was irradiated at the University of Wisconsin tanden accelerator with
14 :feV copper ions and subsequently analysed using the transmission electron microscope.

Initially ordered CuPd samples uere irradiated to doses between 0.05 dpa and 5 dpa
froc 300 K to 825 K and initially disordered samples at 575 K and 625 K to 5 dpa.
Below 575 K, the initially ordered material was ccrpleteîy disordered by irradiation at
a rate of 10-5 dpa/s to doses as loi» as 0.5 dpa. This disordering process was accompa-
nied by a change in the crystal structure fron an ordered B2 to a randon fee phase. The
disordered caterial was heavily twinned to relieve the stress induced by the I'olume
change associated with the phase transformation. The basic danage structure is shown in
Fig.l. The set of diffraction spots (see insert) closest to the transmitted beam has a
lattice parameter corresponding, to the (111) spacing of the disordered fee phase. This
(.111) spacing is of course the shortest in the reciprocal space for the fee structure.
No superlattice spot or any fundamental reflection corresponding to the B2 ordered
phase was detected. Lower dose irradiation result shuus a definite correlation between
the orientation of the "parent" and "daughter" phases and that the transformation is
continuous.

Irradiation of the ordered alloy above 625 K to a dose of 5 dpa did not result in
any disorder. Reordering due to vacancy migration is very fast at such high tempera-
tures and doninates over the disordering process, lloaevcr, an initially disordered
sample irradiated at 625 K to 5 dpa regained disordered suggesting that vacancies were
still imzobile in the disordered state at this temperature. An order dependent vacancy
migration energy was proposed. The bec structure in the ordered state is more open
than the disordered close-packed fee phase. Therefore a scalier lattice distortion is
required for vacancies to migrate in the forcer lattice. A vacancy migration energy
for the ordered state of 0.6 eV was obtained by fitting the experimental data with a
phenomenological model [12] base on vacancy notion as the mechanism for reordering (see
Fig.2).

The experimental result can be summarized by means of a new partial phase diagram
for the Cul'd system under this particular set of irradiation conditions. As shown in
Fig.5, such irradiation reduces the extent of the ordered B2 phase at low temperatures.

Post-irradiation annealing up to 585 K was conducted on two radiation disordered
specimens. Result indicates that the recovery process is heterogeneous in nature
similar to classical nucleation. Figure 4 shows the boundary between the recrystallized
ordered grains and the radiation disordered matrix as a result of annealing.
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Fig.4 Micrograph showing recovery of the
radiation disordered matrix as a result
of post-irradiation annealing at 533 K.
for 90 min. The inserted diffraction
pattern is taken from the recrystallized
grain showing strong superlattice
reflections.



AÎIfiLïSIS OF DISLOCATIC:: LOOPS II! SVHM IBEÎOIATEB SOIE REFINED 2IRCONIOÎ AND 2IRCALQY-4

P..A. Eerrir .g, M. G r i f f i t h s , K.H. Lc re t to ar.d R.E. Snallcan

Depsrtrx-r/t of Metallurgy sr.d! Mate r i a l s , Univers i ty of Binsinghan,
P.O. E=sî 263, 3iminghar; , El5 2T7.

I

Zirconium and i t s alleys heve ÊCCÏÏ studied extensively fcccau.se of their
importance for nuclear ûcpîicatiGr.s. î.'e-trcrj irra-iiaticn danage primarily consists of
dislocation loops cf Ejrgors •••ester, t-i^lîlC-", hiving vacancy and inters t i t ia l
character both in 2r ÔÎ::3 in aircoil&y "••*. l i t t l e vcrk iiaa keen dene to characterize
dislocation loops fcrr.cd ir: Zircsni^, ïto a lie-, HVEM irraâiaticn.
Griffiths et a!.^^ have analysed le»jc ir. zirconium cf 4'33.95t purity and have feursd
vacancy and intcrctitiai loops of Eargerc vectcr, fc.=-j<lI10> and interstitial loeps of
Burgers v&ctor, fc_=4<1213>. Carcer.ter ar.3 Vatters^J1 'have analysed loeps as
interstitial, having Burgers vector, £=rp<2120'"' ïn Î3VÎ3Î irradiated 2irccn

Fig-jres 1 and 2 show micrographs taken at 1OO kV i7j an EM400T of Zircaloy-4
specicens with a foil normal of ̂ C2C2l3 after electrcn irradiation at 1 MV at 673 K in
a vacma of ̂ ixlO"6 tcrr. Fig-^re 1 EÎISKS eight selected micrographs of loops at
various diffracting conditions. The lacp narhed A C E L K S when the specimen is tilted
about Ï2ÎO frcn the Cîoill to the CÏ010J pole, and when tilted about 01Î1 to t21iol
and thus has a loop narrai near the IÏIOOJ çole. Locp A is cut of contrast with
g=0OO2 and in contrast for g_=1101 and 01Î1 indicating that it has a Barcers vector,
b=±-|€Î2Îo]. The locp shcws~oatside contrast fer Ï2Ï2 anà inside contrast for 1212 when
thi: bean directicn^is near ClOlol and is thus an interstitial locp. All loops with
Burgers vectors b_=^<112O> fron this pcv^laticn ware analysed as interstitial in nature.

The set of four cicrographs in Figure 2 shew <c> conpcr.ent loops foriacd during
HVEM irradiation of 2ircalcy-4 at 675 K. Micrographs {%} and (ill are from a
neighbouring grain of the cans zircalc.y-4 cpecicen as that analysed in Figure 1. Two
different kinds of <c> component diclocaticns cran be seen. Loops B exhibit inside/
outside contrast on reversing the diffracting vector. Elsie-cations marked C appear to
be line defects, however, sir.ilar defects havp been seen to reor_entate and appear as
perfect loops during HVEM irradiation.

Figure 3 is a sec of four tnicrcgraphs of HVEM irradiated 2one refined zirconium.
The foil normal is "-E12133. The loops which are in contrast with the ±Î2Î2
diffracting vectors are out of contrast using the 1O10 diffracting vector and thus
have a Burgers vector, b=±tl2io3. The loops open on tilting fron the L*O0Ol3 to the
[12133 pole and show inside contrast with g=1212 at this pole. The loops have a safe
loop normal for analysis and are thus vacancy. The loops have been seen, using stereo
microscopy, to lie throughout the entire thickness of the thin foil.

The significance of
irradiation of zirconium
2ircaloy-4. It is therei
energy atomic scattering
for the nucleation of va;
presence of the alloying
between the stability of

this work is that whilst vacancy loops can form during HVEM
they have not yet been identified in electron irradiated
rore possible that the depleted zone created by a higher
(i.e neutron, proton or ion irradiation) may be necessary
?ancy loops observed in alloyed zirconium. Alternatively the
elements may play a part in altering the delicate balance
the vacancy and interstitial loops.

Acknowledgement : One of the authors (RAH) is grateful for an Overseas Research
Scholarship.
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Figure 3 Analysis of dislocation loops in zone refined zirconium following 1 MeV
electron irradiation at ^675 K to M).O5 d.p.a. The loops are vacancy in
nature, having b=^tÏ2Ïo3.
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PEPJyriKS EXPERIENCES KITH A !.*£»» CEM/STïM AT C=!K£2

G.J.C. Carpenter ar.3 T.F. Hal is

Physical MetalZ-'rsy Research Laboratories
Cfti.'SET, 5€S Booth Street

©ttawa K2A CGI

A Philips E.«ï4CC7 trar:5Da£:E3cn/Ecar.nisg transmission electron

microscope {TEM/STEMï was installed at tt.ç Fhycical Kctalliiray Research

Laboratory fPWRL]) of the Canada &r.,tre fer Mineral 3rd Energy Tech-

nology dCANMET)/, near t!r;t ev3 of 2982. C'.e rrir:e'i?"sl ^plication of

the microscope in for the ricrestroies^raJ crararierizatien cf cojr.jr.er-

cial and experircntal alloys. It ic also fcr-irx! used fer Pt^dàes of

minerals and of r.ateriala for appHiisaticns ir the f.io'23 of sicro-

electronics.

The rricroscope is eqjiçpe-dï «ith the followirg accessories:

(aï a STEM unit, including a "Kycrid Eiffraction y.oSale", (b) detectors

for transmitted, diffracted, secondary ar.â tzckscattereâ electrons, (c)

an E'dax EDS system for quantitative X-ray an3 electron energy loss

analysis, and (dj a Gatan electron energy loss srectrcreter fEELS).

The microscope has a differential vacuum systc-rj» with an iors getter

pump for the speciir.en chamber and electrcn gan regions, to ninisnize the

partial pressures of hydrocarbons which r:<ay cause carfcon contamination

to build up under the electron bear;. For applications where contani-

nation is particularly critical» it can be controlled by the use of a

Gatan specimen cooling stage.

The Hybrid Diffraction Module permits operation in the rock-

ing beam mode and has the ability to transfer the irrage on the TEH

screen to the STEM CRT (e.g. for irrage analysis). In addition, it is

possible to generate a conical scan where the electron beam executes an

angular rotation with the pivot point at the intersection of the opti-

cal axis and the specimen plan. It is therefore possible to obtain

dark field micrographs using all the diffracted beams at a given angle

to the incident beam. This feature is proving to be useful in studies

of precipitates in pipeline steels and for work on the structure cf

fine-grained polycrystalline films of Si for semiconductor applica-

tions.

An LaBg cathode is used to obtain maximum beam intensity

with a conventional electron gun. This puts some constraints on the

operating procedures, compared with a conventional thermionic tungsten

emitter, but can be justified on the basis of enhanced brightness and

(with care) long life. Preliminary experience shows that the setting

of the LaBg source with respect to the Wehnelt aperture is extremely

critical. Measurements of beam intensity relative to a conventional

thermionic tungsten emitter, as well as relevant operating experiences,
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will be presented.

Because a finely focussed electron probe can be fonted in

both TEM anâ STEM, either operating rode can be used to carry oat X-ray

microanalycis. It ray te rare convenient to work in the TEM mode for

certain applications, e.g. the analysis of STSI^. precipitates or

inclusions, whilst concentration gradients ray be reasured r.ore readily

using STEM. However, measurements shew that the relative boa»

intensities, as deduced fron the strength of characteristic X-rays from

test specimens, rust also Le* taken an to account in eraïer to optimise

counting staticties.

Electron energy loss spectroccopy !EELS3 is being msed at

PMRL in an effort to characterize carhonitrade precipitates in steels.

Progress in this area, which depends partly on the ability to aake

suitably thin specimens, will be described.

\\
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CRYSTALLOGRAPHY AND DEFECTS IH 'EXPLOSIVELY' CRYSTALLIZED
AMQRPHÛRUS GERKANIOH

I

J.R. Parsons and C M . Hoeike

Atomic Energy of Canada Limited, Chalk River Nuclear Laboratories
Chalk River, Ontario, KOJ 100, Canada

Introduction
The 'explosive' or self-sustaining crystallization of a thin film

of amorphous germanium is fascinating to observe with an electron Micro-
scope. Crystallization is initiated by removing the condenser aperture
to expose a localized area to the full intensity of the microscope's
focussed electron beam. Micrometre-sized crystals appear in the hot
central portion of the area exposed to the electron beam and radiate out
from the centre of the heated area in the direction of decreasing tem-
perature. Host papers on the phenomenon include a model in which heat
liberated at the crystallization front serves to drive the front further
into the amorphous matrix until the ambient temperature falls below a
critical value1. Once nucleated, the transformation propagates at
high speed through the amorphous matrix and the final structure, shown
in Fig. 1, consists of large grains surrounded by a band of fine grained
polycrystaliine material which in turn is surrounded by the amorphous
matrix.

Crystallography
Much to our surprise, crystal lattice images from some of the

crystals in this polycrystailine matrix had interplanar angles that were
not characteristic of the expected cubic structure. For example, Fig. 2
and Fig. 3 were obtained from different crystals in an electron beam
crystallized area similar to that shown in Fig. 1. In Fig. 3 four sets
of resolved planes intersect with non cubic Interplanar angles of 56°,
62°, 62 and 86 whereas in Fig. 2 the interplanar angles ere 55 , 55',
70° and 90 characteristic of a crystal with a 1110] cubic orientation.
A trial and error method was used to deduce the structure of these non
cubic crystals and, as we have recently reported in Nature2, the best
fit was achieved when they were given a hexagonal unit cell with
dimensions a * 0.396 + 0.002 nm; c * 0.980 _+ 0.028 nm and c/a * 2.47.
With this c/a ratio th"e crystal lattice image in Fig. 3 is unique to a
[12Ï3] orientation of this proposed hexagonal germanium lattice. Cry-
stals with this [T2Î3] hexagonal orientation appeared as frequently as
did crystals with the 1110] cubic orientation shown in Fig. 2.

Defects
Explosively crystallized amorphorus germanium films contained

numerous defects, the most common of which were bubbles in both hexa-
gonal and cubic crystals. These bubbles, several of which can be seen
in Fig. 2 and Fig. 3, ranged in size from 3 nm to 8 nm and very often
were polyhedral rather than spherical in shape. Bubbles are believed to
form when gas atoms within the amorphous film coalesced during passage
of the crystallization front1 which was slow enough for some of the
bubbles to acquire a shape compatible with the known variation of sur-
face energy with orientation. Dislocations, microtwins and grain
boundaries were also present in the crystallized films. Of particular
interest, and the subject of further study with crystal lattice images
are grain boundaries between the hexagonal and cubic crystals and the
effect of annealing on their structure.

References
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•Fig. 1. Electron beam
I crystallized

area.

5

Fig. 2. Cubic germanium
t in 1110J orienta-
ls tion showina the
S; 0.326 nin spacing
f of_(Tll) and
: (111) planes and

the 0.283 nm
spacing of (002)
planes.

• Fig. 3. Hexagonal ger=
I manium in [12Ï3]
I orientation show-
I ing the 0.343 nm
I spacing of (1010)
I planes and the
I 0.324 nm spacing
I of (1Î01) and
I (OTll) planes.
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