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Foreword

The Laboratory Manual presents sample preparation procedures which were developed/
modified/assessed by the Instrumentation Unit, IAEA Laboratories, Seibersdorf, under the
project G.2.02. Nuclear Spectroscopy. Most of the procedures were applied in the Laboratory
prior to X-ray microfluorescence analysis of various materials.

Laboratory Manual is based on the experience of the Agency staff and extensive survey of
current literature. The major contributor to the publication is Ms M. Dargie who performed
survey of literature and compiled relevant information, developed/modified the sample
preparation procedures and prepared the manual. Ms A. Tajani and Mr G. Bernasconi
performed X-ray microfluorescence analysis, Mr N. Haselberger prepared the photos of the
instruments available in the Laboratory, and Mr A. Markowicz revised the manual.
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1. Introduction

X-ray microfluorescence is a non-destructive and sensitive method for studying the;
microscopic distribution of different elements in almost all kinds of samples.
Since the beginning of this century, x-rays and electrons have been used for the:
analysis of many different kinds of material. Techniques which rely on electrons are
mainly developed for microscopic studies, and are used in conventional Electron
Microscopy (EM) or Scanning Electron Microscopy (SEM), while x-rays are widely
used for chemical analysis at the microscopic level. The first chemical analysis by
fluorescence spectroscopy using small x-ray beams was conducted in 1928 by
Glockner and Schreiber (1). Since then much work has been devoted to developing
different types of optical systems for focusing an x-ray beam (2,3), but the efficiency
of these systems is still inferior to the conventional electron optical systems.
However, even with a poor optical efficiency, the x-ray microbeam has many
advantages compared with electron or proton induced x-ray emission methods. These;
include:

• The analyses are non-destructive, losses of mass are negligible, and due to the low
thermal loading of x-rays, materials which may be thermally degraded can be
analysed.

• Samples can be analysed in air, and no vacuum is required; therefore specimens
with volatile components such as water in biological samples, can be imaged at
normal pressure and temperature.

• No charging occurs during analysis and therefore coating of the sample with a
conductive layer is not necessary.

• With these advantages, simpler sample preparation procedures including mounting
and preservation can be used.



2. X-Ray Microfluorescence instrumentation

The spectrometer basically consists of four different parts: an X-ray tube, the capillary
collimator, the optical microscope monitor and the semiconductor detector with
associated electronics.
A beam of x-rays from a conventional x-ray tube is focused using capillary optics to
a fine microbeam (lOum diameter). The characteristic x-rays excited in the specimen
are detected using an energy dispersive spectrometer. The signal from the detector is
processed by conventional electronics and a computer - based multichannel analyser.
The images in the form of elemental maps which represent the distribution of the
elements within the scanned area, are then displayed using colours or pseudogrey
scales.

A u-XRF spectrometer constructed at the IAEA Seibersdorf Laboratories,
Instrumentation Unit (4) is shown in Fig 1.

Fig.l. The ц-XRF spectrometer and its components:

1. An optical microscope with a CCD camera.
2. Computer controlled, motorised sample holder
3. Microbeam lOum ellipsoidal capillary with a protection shield
4. A high resolution Si(Li) X-ray detector
5. X-ray tube with fine focus Mo-anode, capable of operating at a power of up to

2kW
6. Sample holder



3. Sample preparation requirements specific for the x-ray miicroprobe technique

Sample preparation procedures are of great importance for obtaining reliable
experimental results by using the x-ray microprobe. The major goal of sample
preparation is to prepare a sample in such a way that the original elemental
distribution at the time of sampling is preserved and that introduction of foreign
elements due to contamination is prevented.
To achieve an adequate final preparation for microprobe atnalysis the following
general requirements should be fulfilled:

• Prior to analysis, samples should be prepared in a dust- free area on pure backing
foils or embedded in pure resins which do not mask the elements being analysed.

• The original morphological structure and elemental distribution should be
adequately preserved, and any chemical processes that can introduce contamination
or distortion of original elemental distribution must be avoided.

• The surface of the sample presented to the x-ray beam should be very smooth and
flat to prevent unpredictable absorption and shadowing which might create;
artefacts in elemental images and introduce errors in quantitative analysis.

• To avoid interference from the elements in deeper layers, samples which are not
homogeneous in three dimensions should not be thicker then the spatial resolution
of the system . However, samples which are too thin will not give sufficient
information on the elements of interest due to very low counting rates.

4. Preparation of geological and inorganic samples

Before the analysis, samples should be cut or fractured to the required size, embedded
in an appropriate resin, cut again, then mounted on the specimen holder and carefully
polished to a finish of lum. The major consideration during preparation of geological
samples such as rocks, coal , stones or other inorganic materials such as metals,
semiconductors and fibres is to obtain a smooth polished surface to prevent errors
caused by roughness of the sample. Another important consideration is to minimise
contamination caused by elements adhering to the specimen during cutting and
polishing procedures. This is normally achieved by careful washing with solvent and
pure water using an ultrasonic bath.

4.1 Embedding

Embedding is the process of infiltrating the sample in a resin of low viscosity, which
is then polymerised and transformed from a thermoplastic state to a hard solid block.
The purpose of embedding is to enable thin and ultra-thin sectioning of biological
samples, and to prevent geological samples from fracturing on interfaces during
cutting and polishing procedures.



4.1.1 Media for embedding

The most common media used for embedding of geological and other inorganic
samples are epoxy and metacrylate based resins. The choice of resin depends on the
type of material and its hardness. To obtain a homogeneous surface and to avoid
problems during cutting and polishing , the resin of choice must bind firmly to the
specimen surface and must polymerise to an equivalent hardness.
Since their introduction for electron microscopy in 1956 (5), epoxy resins have
become the most commonly used embedding medium for all kinds of biological and
geological samples. Chemically, epoxy resins are polyaryl ethers (Araldite Y212) or
aliphatic ethers of glycerol (Agar 100) with terminal epoxy groups. When a curing
agent is added, transparent yellowish epoxy resins are transformed from a
thermoplastic state to hard and stable solids.
Curing agents or hardeners can be divided into two groups: crosslinking and
catalytic. Crosslinking agents participate directly in the reaction and are absorbed into
the resin chain. The most appropriate crosslinking hardeners are nadic methyl
anhydride(NMA) and dodecenyl succinic anhydride (DDSA). The reaction between
the hardener and the resin is slow and normally requires a high temperature.
Catalysts on the other hand promote epoxy to epoxy reactions and do not themselves
serve as direct crosslinking agents. Commonly used catalysts are tri-
dimethylaminomethyl phenol (DMP-30) and benzyldimethylamine (BDMA).
To impart softness and flexibility to the cured specimen, appropriate modifiers such
as dibuthylphatalate (DBP) may be added.
Nowadays epoxy resins are commercially available under various trade names e.g.
Araldite CY 212, Spurr resin, Agar 100, Quetol 651 etc.
Although epoxy resins are the most commonly used embedding media for all kinds of
samples, metacrylate based resins are recommended for very hard samples such as
metals and certain ground sections. These resins are commercially available under
different trade names. One commonly used is Technovit 4004. This is a two
component cold curing resin, specially developed for the embedding of ground
sections in material testing procedures. It consists of methylmethacrylate resin and
benzoyl peroxide as a polymerisation catalyst. Processing is simple, and
polymerisation is obtained within one hour without heating. The cured material has
great hardness, it is resistant to abrasion and it can be sawed, milled, drilled, ground
or polished.
Different embedding media require different combinations of resin components and
specific embedding procedures. Embedding in epoxy resins such as Araldite CY 212
and Agar 100 , as well as in methacrylate based resin Technovit 4001 is described
below.



4.1.1a Embedding in Araldite CY 212

This embedding medium consist of the following components:

Araldite CY 212, epoxy resin
DDSA, hardener
BDMA, catalyst
MNA, hardener
Dibutyl phthalate, plasticiser

The standard basic combination of components is as follows:

Araldite CY 212 10ml
DDSA 10ml
BDMA 0.4ml

The mixture described above produces blocks of average hardness. The type of
sample to be embedded and its hardness determine to the modifications to be made to
the basic mixture. For embedding very hard samples, lml of DDSA should be
replaced with lml of MNA. Softer blocks may be obtained by adding a small amount
(e.g. lml) of dibutyl phthalate. To obtain complete mixing, all three components,
including a graduated cylinder and a conical flask are warmed to 60°C before mixing.
Mixing is achieved by gently rotating the flask by hand for a few minutes. An
appropriate amount of BDMA is then added (0.4 ml for every 10 ml of Araldite) and
mixing continued for further 1 -2 min. The mixture obtained is poured over the sample
using a vacuum impregnation set to prevent formation of air bubbles. The resin is
cured in an Embedding Oven at 60°C for 48 hours (Fig.2).

Fig.2. Embedding Oven with vacuum impregnation set



4.1.1b Embedding in Agar resin 100

Agar embedding medium consists of the same components as Araldite, but the main
resin is Agar 100 which belongs to another type of epoxy resin. This resin has now
replaced Epon 812, which was mainly used for embedding biological samples for
electron microscopy.
The standard formulation is:

Agar 100 Resin 48g
DDSA, hardener 26g
MNA, hardener 26g
BDMA, catalyst 2g

The ratio DDSA/MNA can be modified between 1:2 or 3:1 depending on the hardness
required. Harder blocks require more MNA. After mixing all the components, the
embedding mixture is poured over the specimen and left to harden at 60°C for 12 - 72
hours. The curing time also has a significant effect on the final hardness. The longer
the curing time, the greater the hardness obtained. Therefore appropriate modification
of the basic formulation can be made when the curing time is foreseen. If curing is
for 12 hours, more MNA should be added to obtain the required hardness. If 72 hours
curing is used, the proportion of DDSA should be increased.

4.1.1c Embedding in Technovit 4004

Technovit 4004 is a cold curing resin based on methylmethacrylate, supplied as
powder and liquid. These should be mixed in the ratio 2:1 (powder/liquid). Mixing
should be done thoroughly with a spatula, until all the powder is moistened and no
liquid remains on the surface of the mixture. The mixing vessels should be porcelain,
polyethylene or pergamin, and the spatula used should be wood, horn or stainless
steel. The mixture should be poured immediately over the specimen because curing
begins as soon as the powder and liquid are mixed. During polymerisation, heat is
generated which may lead to the formation of pores. To avoid excess heat it is
recommended not to use more then 20g of powder and 10ml of liquid. Placing the
vessel with the mixture in cold water will help to avoid the formation of pores. Larger
specimens should therefore be embedded in several layers. It is very important that
each layer is completely cured before the next one is applied. Curing is complete
within two hours.

Note
Methacrylates and other embedding resins are harmful when inhaled and may cause
irritation to skin and eyes. Therefore the preparation of resin must be done in a fume
hood and protective gloves should be worn.



4.2 Cutting

To prepare geological or inorganic samples for surface polishing prior to
microanalysis, cutting should be performed using a low speed diamond saw or slurry
wire saw (see Fig.3). This type of equipment allows samples to be cut with minima];
damage and defonmation, and it is also well suited to fragile or softer materials which
cannot be handled with standard high speed cut-off machines.
Embedded specimens must be trimmed before cutting to fit in the specimen holder
and to enable correct orientation to the cutting wheel. Trimming can be done by hand!
using a single edge razor blade.
After trimming , the specimen is placed in its holder, the specimen holder
appropriately loaded and cutting performed. The thickness of the slices is not critical.,
but is usually adjusted by setting the micrometer to 0.8 mm. Serial sections may be;
made by advancing the micrometer setting between cuts.
During cutting, the diamond saw should be cooled continuously and cleaned using a.

mixture of water and lubricant placed in the stainless steel reseivoir below the cutting
wheel. The wheel rotation speed and loading of the specimen holder depend on the:
hardness of the specimen. Harder specimens require a lower cutting speed and more:
weight on the specimen holder. To prevent damage to the specimen surface, cutting;
speeds higher then 200 rpm and heavy specimen loading should be avoided.

Fig.3. Low Speed Diamond Saw



4.3 Mounting

Prior to polishing, to prevent gluing of the sample to the polishing block and then its
transfer to the sample holder, it is recommended to design special holder which can
be used as a polishing block as well as a sample holder which can be fixed into the
microprobe stage (Fig.4).

sample

hole holding

part fixed in microprobe stage

area during polishing

Fig 4. Thin slice (0.8mm) of embedded sample is glued using Super glue over a hole
(3-5mm) drilled in the center of a plexiglass holder

4.4 Polishing

All geological and inorganic specimens such as coal, rocks , metals and other similar
material should be polished prior to x-ray microanalysis. The purpose of polishing is
to avoid unpredictable absorption and shadowing effects caused by surface roughness
which will create artefacts in any elemental images and also introduce errors in the
quantitative analysis. The degree of polish depends on the penetrating power of the x-
rays, and therefore it is good practice to aim for a surface finish of lum.

4.4.1 Polishing material

Silicone carbide paper

Due to their cutting properties and close grain size, waterproof silicone carbide papers
with different grit sizes can be used for the early stage of polishing. The grit sizes
commercially available are in accordance with European standards, ranging from 60
down to 1200 (the latter corresponds to a 15um grain size).

Silicone carbide powder

Silicone carbide powder is a valuable substitute for carbide paper and can be used in a
water- based slurry for coarse polishing.

Diamond polishing paste

Diamond pastes are used for final polishing to a finish below Юцпх Compared to
silicone or aluminium - based polishing media , diamond does not introduce
contaminants and is capable of polishing even very hard material rapidly.



Diamond pastes are commercially available in various grain si2;es from 45 to 0.25 urn
in the form of pastes or aerosol sprays. They are normally used on a soft lapping cloth
mounted on the rotating plate of the polishing machine

Polishing Aluminas

This polishing medium is used for extra fine polishing down to 0.05um. It is supplied
as a thick suspension in a polyethylene bottle. The grain sizes available are: coarse
7 urn; medium 2um; fine 0.1 urn; and extra fine 0.05um.

4.4.2 Polishing Methods

Polishing can be performed by hand or using a polishing machine with a rotating
wheel Fig.5). Hand polishing can be used when complete flatness is not required
.The polishing paper is placed on a flat surface and the specimen polished with light
circular movements using water as a lubricant.
The polishing machine consists of a high torque motor, and one or two rotating discs;
which carry self-aidhesive polishing paper and cloths. The speed of the disc can be;
adjusted to give an optimal finish. The maximum speed is 500 rpm, but polishing is;
usually performed at less than 300 rpm. During use, polishing paper is continuously
lubricated by a flexible water outlet to avoid a build up of removed material and!
scuffing.
A typical polishing procedure consists of the following steps. To remove coarse
cutting marks and to obtain a specimen with the required thickness, polishing starts
using silicone carbide paper with 320 grit which is then gradually replaced by the next
finer grade papers (400 grit, 600 grit etc.) finishing with 1200 grit size paper. Changes
to the next paper grade should be done when all visible scratches are of uniform size.
During polishing, carbide paper should be lubricated continuously with water (Fig.5),
and each time before changing to a smaller grit size paper, the specimen and polishing
paper should be rinsed thoroughly to remove accumulated slurry and allow
examination of the surface. The final polishing to a finish below lOum is made using
diamond paste or diamond strips with grain size of 15, 9, and lum. When the final
polish is satisfactory, the specimen is cleaned thoroughly in an ultrasonic bath, rinsed
with double destilled water and dried by filtered air.

Fig.5. Rotary Polisher Grinder



4.5 Example: preparation of rock and coal

A small representative sample is first degreased in acetone and then any remaining
surface film removed with methanol. The cleaned sample is placed in a polyethylene
mould and fixed using double-sided sticky tape. The mould is filled with a previously
prepared Araldite mixture and placed under vacuum (15-20 psi) for 2-4 minutes to
remove air bubbles and enhance infiltration. The filled mould is placed in an
embedding oven and polymerisation is completed within 48 hours at 60°C. The
embedding mixtures for rock and coal samples are:

Embedding mixture sample

coal rock

Araldite С Y212
DDSA
BDMA
MNA

10ml
9ml

0.4ml
lml

10ml
8ml

0.4ml
lml

After curing, the sample in the form of a hard block is inserted in the sample holder
and cut into thin slices (0.8mm) using the Labcut low speed diamond saw. Cutting is
performed under following conditions:

Wheel speed - 45-46 rpm
Number of weights - no vertical weights, two weights at the end of the arm

Thin slices are mounted on a plexiglass holder, carefully polished to a final finish of
1 )j,m and analysed. The map obtained is given in Fig. 6.

Fig.6. The map obtained by scanning the area of 100x70 ц т 2 clearly shows the
variation in calcium distribution within the sample. Lighter grey colours indicate
higher concentrations of calcium, while significant decrease of calcium concentration
is indicated in the fracture of the rock.

10



4.6 Example: preparation of optical fibres

Prior to preparation, the outside protective layer is removed and the surface of the
fibre cleaned with methanol. The fibre is cut into 20mm segments, cleaned again and
inserted into a little hole drilled in the centre of a small plastic cylinder ( 10x10mm}
in order to hold it vertically. The plastic cylinder with the fibre is then inserted into
another cylindrically- shaped polyethylene mould (height 20mm), and the free end of
the fibre is embedded by filling the empty part of the mould with Araldite CY 212.
mixture. To obtain average hardness of the cured resin, the standard composition of
Araldite resin is used:

Araldite С Y212
DDSA
BDMA

10ml
10ml

0.4ml

The cylindrical mould filled with resin is placed in the embedding oven and
polymerisation is completed within 48 hours at 60°C. After curing, the top of the hard
block containing the fibre in its centre is cut into thin slices using the Labcut low
speed diamond saw. Cutting is performed under the following conditions:

Wheel speed - 100 rpm
Number of weights - one vertical weight middle size on the top of the arm, and no
weight at the end of the arm.

Each slice is mounted on a plexiglass holder, carefully polished to a final finish of
1 ц..т and analysed (Fig.7a). The analysis showed that the core of the fibers was
doped with germanium (Fig.7b).

Fig.7a Microscopic image of
Brugg Fiber

(x 20 magnification)

Fig.7b Elemental map of Bragg Fiber.
Intensities of Zn (2 circles)
and Ge (6 cores) are plotted
together. Darker grey
corresponds to higher intensity.
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5. Preparation of environmental particles

Environmental particles are found in the form of airborne aerosols, water sediments,
soils, fly ash etc. Often industrial dust or particles extracted from precipitators are
collected and stored in plastic containers and supplied in bulk as powders.
To perform meaningful analysis of individual particles, it is necessary to devise

systems of sample collection and preparation which do not alter the morphology
either composition of the particles to be analysed.

5.1 Bulk particles

The standard procedure for preparing powders for analysis of individual particles is
to suspend the particles in an inert liquid such as hexane, methanol or ultra pure
water. The suspension is then mixed using an ultrasonic bath and filtered through a
suitable membrane filter by conventional filtration (6). The ideal filters are
Nucleopore filters (0.4 um pore size) because they are flat, relatively thin and free of
any major contaminants. The filters should be loaded lightly to ensure isolation of
individual particles. To achieve uniform deposition of particles on the filter, the
filtration unit should first be filled with 10 ml of solvent, and then an appropriate
amount of the suspension injected into the filtration unit. Filtration is then started by
applying vacuum. The filter is dried and mounted directly on the plexiglass holder
using double faced scotch tape.

Another possibility is to mix the particles in a dilute resin solution such as the
pioloform used for preparing thin support films. After drying, a thin plastic film with
the embedded particles is mounted on a special metal frame or microscopic grid and
analysed (7).

5.2 Airborne particles

Analysis of the composition and surface properties of individual airborne particles is
of critical importance when it is necessary to establish exact sources, mechanism of
formation and modification of particulate material. The size of individual particles
determines the residence time in air, the probability of agglomeration while airborne,
the effect on visibility and the probability of deposition and retention in the lung (8).
Therefore it is very important to select preparation procedures which permit the
particles to be analysed individually without interference and without affecting their
composition or morphology. The most commonly used are direct, indirect and ashing
procedures.

5.2.1 Direct procedure

The ideal method is to collect particles directly onto the substrate which will be
analysed. This eliminates any artefacts introduced by sample handling since the only
possibility of artefacts being produced is in the collection itself.
The direct technique is well described by many authors (9,10,11). B. Treiger at al.(12)
collected aerosol particles on 0.4 ц т pore size Nuclepore polycarbonate membrane
filters ( aerosol grades ). The filters are placed in a plexiglass holder with a hat-type
cover to protect them from rain drops. The filter holder is connected to a vacuum
pump equipped with an automatic timer system and a flow meter. Filters are

12



exchanged every 2 hours to obtain a loading suitable for single particle analysis. After
collection the filters are mounted on an appropriate support or metal frame and
measured by x-ray microanalysis.

5.2.2 Indirect procedures

5.2.2a Particles collected on glass fibre filters

Particles collected on high volume glass fibre filter should be transferred onto a
suitable substrate prior to analysis. This is done by cutting the filter into small pieces
and washing them in an inert liquid such as methanol, n-hexane or acetone. During
washing, filters are sonicated to suspend loose particles. A few microliters of
suspension are then pipetted onto a microprobe substrate and the solvent evaporated;
particles which are more or less evenly scattered over the surface of the substrate are
ready for analysis (13,14).
The substrate on which particles are pipetted should not interfere with the elements to
be analysed. Therefore, due to their low atomic number and high purity berylium
metal and pyrolite graphite are the most commonly used substrates.
The potential disadvantage of this procedure is that preexisting agglomerates may be
broken up during ultrasonication and the particle surface chemistry altered due to
possible interaction with the suspending liquid (15).

5.2.2b Particles collected on polymer membrane filters

The dissolution procedure is used when the particles are collected on the polymer
membrane filters which are soluble in organic solvents. Collected particles are
separated from the filter by dissolving the filter material in ultrapure acetone (16) .
The suspension obtained is centrifuged and the acetone solution decanted; more
solvent is then added and the suspension again centrifuged . This cycle is repeated
several times to remove dissolved membrane material which would otherwise
precipitate over the substrate surface following evaporation of the solvent.
Centrifuged particles are then suspended in another inert liquid such as methanol, n-
hexane or water which does not interact with the Nuclepore filters. To obtain good
separation of individual particles the suspension should be: properly diluted and
filtered through a Nuclepore filter ( 0.4 urn pore size), using the procedure described
for preparation of powders.

5.2.3 Ashing procedure

In this procedure the polymer membrane filter is ashed to eliminate the original filter
material . The ashed residue is then suspended in ultrapure water by ultrasonication
and the suspension then diluted and filtered through Nuclepore filter (0.4 urn pore
size). The filter is air-dried and mounted on a plexiglass holder prior to microanalysis.
The disadvantage of this procedure is elimination of organic debris which may modify
the original size distribution.

13



5.3 Prevention of contamination

To prevent the introduction of contaminants during preparative procedures, samples
should be prepared in a glove box or in a filtered air laminar flow hood. To check
working conditions, blanks should be prepared at the same time as the samples.

5.4 Evaluation of procedures

To test the homogeneity and to check whether particle agglomeration occurred using
either of the above procedures, it is necessary to prepare particle mixtures of different
pure compounds, each containing one element which is not present in the other
compounds. For this purpose a mixture of quartz, corundum and pyrite particles is
recommended. Qualitative analysis of the particles will then indicate the degree of
homogeneity obtained and the percentage of particles that have agglomerated. If the
sample has been carefully prepared, particle distribution over the substrate should be
homogeneous and at least 90% of the particles analysed should be monophasic.

14



6. Preparation of biological samples

The most important step in the microanalysis of biological samples is to preserve the
integrity of the specimen i.e. its morphological structure and the in vivo distribution
of water soluble and bound elements.
Biological samples can basically be divided into two main groups: soft or non-
mineralised tissue and hard or mineralised tissue. Soft tissues form the major
component of the mass of larger organisms and have a spectrum of composition and
consistency ranging from soft, fragile structures such as brain, to compact, dense
structures such as muscle and skin. Certain parts of plants such as leaves can be
considered as soft tissue.
The hard or mineralised tissues are tougher and more rigid biological samples such as:
wood, bone, hair, seeds etc.

6.1 Soft tissue

6.1.1 Sampling

The period between collection of samples and their preparation should be as short as

possible to maintain the integrity of the sample and to reduce post mortem diffusion
and surface oxidation.
The selected part of the specimen should be dissected from the organism using
standard dissection procedures and tools (Fig. 8).
To prevent contamination, dissection should be performed in a clean room and on a
clean bench using plastic forceps, talc free gloves etc. To remove surface
contaminants e.g mucus, body fluids etc., derived from the sample itself, gentle
washing in buffer solution such as PIPES or HEPES is recommended.
Great care has to be taken that these treatments do not cause chemical losses or
damage to the sample surface and underlying tissue.

Fig. 8. Dissecting Kits

To minimise the diffusion of physiologically active ions and structural deterioration
of the tissue extracted from its natural environment, biological specimens must be
fixed immediately after dissection. The degree to which specimens should be
preserved and the preparation procedure to be used depend on the type of sample and
the objective of the investigation.

15



6.1.2 Chemical fixation

Chemical fixation is commonly employed for light and electron microscopy to
preserve the morphological structure, but not the elemental composition of
specimens.
In this process glutaraldehyde and osmium tetraoxide are used to immobilise cell
contents through precipitation, denaturation and crosslinking. Tissue water is
successively removed by immersion in an organic solvent and the dehydrated
specimen is infiltrated with an appropriate resin. After polymerisation, the embedded
specimen in a form of a hard block can be cut into very thin sections. This technique
is well established and used extensively for morphological studies of tissue and cells.
However, chemical fixation causes considerable alterations to both the structure and
distribution of elements within the sample. The main artefacts introduced are
redistribution and loss of naturally occurring elements, particularly those which are
not associated with enzymes and proteins such as K, Ca and Mg, and the introduction
of impurities contained in the chemicals used for preparation (17,18,19).
Physical fixation methods such as rapid freezing and cryosectioning, freeze drying
and embedding in low temperature curing resins are therefore much more acceptable
for microanalytical applications.

6.1.3 Rapid freezing techniques

Rapid freezing or cryofixation is an entirely physical process which fixes the tissue in
its current physiological state and restricts diffusion of unbound elements. After
removal from their natural environment, biological specimens should be cut into
appropriate pieces, protected from moisture loss and then frozen rapidly to avoid
redistribution of active ions. Before freezing, fresh samples are often mounted onto
aluminium (20) or copper specimen holders (18) using compounds like gelatine,
polyvinylpyrolidine and cellulose solution (21).
If properly performed, cryofixation causes little disturbance to the natural state of the

tissue and minimises the possibility of contamination (22-29). It is essential to freeze
tissues very rapidly, since the faster the freezing, the smaller the ice crystals and the
shorter the distance in which elements can redistribute. For good quality cryofixation,
cooling rates in excess of 104 K/s are required. Slow cooling rates (less than 1 K/s)
result in extracellular ice crystalisation, while intermediate rates (l-103K/s) result in
both intracellular and extracellular damage (30,31). Due to the low thermal
conductivity of water, the cooling rate at a certain depth from the specimen surface
decreases as the thickness of the sample increases, and only a thin superficial layer of
tissue is frozen rapidly enough to prevent the formation of detectable ice crystals (32).
Therefore, all the rapid freezing techniques will attain the required cooling rate
(>104 K/s) and produce very good results in terms of small ice crystals ( <100nm)
only if the specimen is smaller than lOOum. For large specimens (>0.1 mm) only the
outer layer (20-50цт) will be well frozen without significant tissue damage,
irrespective of the technique used (33). The size of the sample also depends on the
requirements of the analysis and the resolution of the microprobe system. For analysis
at high resolution, i.e. at 0.1-1 urn or better the size of tissue block to be shock frozen
should not exceed lmm3 (18,34,35). For analyses at lower resolution, presently
attainable with most nuclear microprobes, somewhat larger (2-3 mm3) samples can be
cryofixed (36,37).
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However, larger samples can be sufficiently well frozen if the physical properties of
the water are changed. This can be achieved by rapid freezing under a pressure of
2100 bar, or by using chemicals which protect cells and tissues from the occurrence of
freezing artefacts. These chemicals or cryoprotectants are classified into those which
penetrate cells and tissue and those which do not. Penetrating ciyoprotectants alter the
permeability of cell membranes and cause redistribution of ions. Nonpenetrating
cryoprotectants do not penetrate cells, but their molecules can affect the natural!
physiological processes within the tissue (38,39). Due to their interaction with
biological molecules and ions, cryoprotectants .are not recommended for
microanalytical studies.
Various freezing techniques have been developed to minimise the growth of ice
crystals and limit structural damage below the spatial resolution of the
microanalytical technique used. A summary and short description of rapid freezing;
techniques are given in Table 1 . For detailed description of freezing procedures refer
to books (33,38).

Table 1

Method

High pressure- freezing

Spray -freezing

Jet -freezing

Plunge- freezing

Cold block-freezing

A comparison of rapid freezing methods (33,38)

Description and application

Freezing is performed at 2,000 bar to sub-cool water so that the critical
cooling range is much reduced and cooling rates of only 102 Ks-1 are
required for good freezing. It is applied for tissue block and
suspensions, and it is the only method which produces well frozen
large blocks (> 1.0mm) of noncryo-protected tissue. This method is
complex and expensive.

It is applied for freezing of fine droplets of suspensions and emulsions
(10-50 pm ) by spraying the liquid specimen into liquid cryogens (e.g.
propane). Only suitable for sprayable specimens. Moderately complex
apparatus required.

It is usually applied for thin, flat specimens (<0.05 mm ) such as
cultures, monolayers, etc., which are sandwiched between thin metal
plates. Freezing is then obtained by impacting a jet of cold cryogen on
one or both sides. Complex and relatively expensive apparatus
required.

Freezing is obtained by rapid immersion of small tissue blocks into
liquid cryogen. This method is very versatile, simple and inexpensive.
It is recommended as an initial procedure and when the highest cooling
rates are unobtainable because specimen is too large .

Rapid freezing is performed by impacting the specimen onto the
polished surface of a cooled metal block. It yields excellent freezing of
thin (10-20um) surface layers. For routine ш:е complex and expensive
apparatus are required.

17



The choice of freezing technique depends on the nature of the biological sample, the
basic information to be obtained from the frozen specimen, and the effective
resolution of the microprobe system used.

Since larger samples can be cryofixed for analysis at lower resolution, there is no
need to apply ultra rapid cooling technique and therefore most authors use simple
plunge-freezing procedure involving immersion of small sample into a cryoliquids e.g
isopentane, freon, ethanol or propane, which are cooled to their melting points by
using liquid nitrogen. This procedure provides the maximum cooling rate,
(proportional to the temperature difference between the coolant and the sample) with
good thermal contact between coolant and the entire surface area of the sample.
Costello at al.(40) have measured the cooling rates achieved with a variety of liquid
coolants, and concluded that in practice shock-freezing by immersion in liquid
propane under controlled conditions yields the fastest cooling rates.

Table 2

Cooling rates (x 103K/s) of different cryoliquids.

Liquid Propane Freon 22 LN2 LN2 Freon 12
slush

Cooling 98 66 16 21 47
rate

In general, it appears that differences in cooling rates are mainly caused by differences
in the complexity of various biological specimens (composition, size and shape),
immersion speeds and depths, and sizes of thermocouples used for monitoring the rate
of freezing

Freezing in liquid propane- basic rules

1. the time before freezing should be minimised
2. the specimen volume should be as small as possible
3. cryogen liquid should be filled to the rim of the vessel
4. specimen is rapidly immersed by hand or mechanically into cryoliquid
5. the specimen should be deeply plunged into the cryogen (>15mm depth)
6. during freezing the cryogen should be mixed to eliminate thermal gradients and to

avoid detrimental slow cooling effects which may occur as the tissue penetrates a
relatively warm surface layer.

Note

Safety precautions: during freezing, liquid propane should be kept at a temperature
above 90°K to avoid condensation of atmospheric oxygen and prevent eventual
ignition which might occur at lower temperatures in the presence of certain organic
compounds.
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Another very often applied procedure is cold block freezing based on the high
thermal conductivity of metals. The sample is firmly snapped against the flat surface
of a deep frozen metal block and due to the high rate of freezing no deformation at the:
molecular level occurs (33). This procedure is simple, inexpensive and it is suitable:
for larger samples. A simple cold block freezing procedure used by Dempsey (41) is
shown in Fig. 9.

Specimen

Teflon
specimen support

Wooden 15mm
diameter dowel

Fig. 9. A simple cold block freezing method. The copper block is cooled in liquid
nitrogen from which it is lifted just prior to freezing, to obtain a clear surface. The
specimen is then firmly thrust against the highly polished surface of the cold copper
block. ( Redrawn from Dempsey and Bullivant 1976a).

6.1.4 Post-freezing preparation

After freezing, the sample can either be stored or used directly for further processing.
Frozen samples are stored into a suitable container cooled by liquid nitrogen. If the
frozen sample is used for immediate further processing it must be handled in a way
which avoids contamination and temperature increase. This is achieved using pre-
cooled transfer devices and ensuring that transfer is accomplished as quickly as
possible.
The frozen sample can be cryosectioned, then mounted on clean Kapton foil and
freeze dried, or freeze substituted and embedded in a low temperature curing resin.

6.1.4a Cryosectioning

In order to maintain the original distribution of water soluble elements frozen
biological specimens should be sectioned using a cryomicrotome at temperatures
between -30 and -110°C. Cryosectioning can be performed in ordinary cryostats or
cryokits.
In an ordinary cryostat the microtome is kept entirely within a refrigerator which is
cooled by compressors; sectioning down to 10um is achievable at a temperature range
between -20 to -40°C.
Cryokits are insulated boxes that surround the specimen and knife area of the
ultramicrotome.
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The more rigorous requirements for thin frozen samples are obtained using
ultramicrotomes. Cryoultramicrotomes have good temperature control of the
specimen and knife even at temperatures lower than -100°C. Thicker sections
(5-1 Оцт) require a cryosectioning temperature above -30°C. During sectioning the
specimen area should be protected from water vapour and condensation. Other
features of an ultramicrotome such as adjustable cutting speed, knife angle section
thickness etc., should be achievable at the same low temperature.
To avoid contamination, glass or diamond knives are used.

Sample preparation procedures which involve cryosectioning do not have many steps,
but need to be performed with expensive equipment (Fig. 10) and require
considerable experience. Therefore only a limited number of laboratories are able to
conduct cryosectioning in a routine manner.
In principle cryosectioning can be avoided if cryofixation is preeceded by freeze-
drying and vacuum embedding(42,43) or freeze substitution and embedding using low
temperature resins (33,44,45).

Fig. 10. (a) General view of the Slee TUL Cryostat Cryo-Ultramicrotome. The
microtome is placed in a large temperature controlled chamber. Compressor-cooling
of the chamber is augmented by liquid nitrogen cooling when the microtome is in use.
(b) Internal view of the cryostat chamber showing the microtome, freeze-drier, remote
controls, standby refrigerator and storage space for specimens and work tools (taken
from Slee Medical Equipment Ltd., not available in Seibersdorf Laboratory).

20



6.1.4b Manipulation of cryosections

Cryosections can be mounted on Kapton or nylon foils and freeze-dried or examined
in the frozen hydrated state using a microscope equipped with a cold stage (33,46).

6.1.4c Freeze drying

Freeze drying is the process of removing ice from frozen samples by sublimation in a
vacuum. It offers the advantage that redistribution of water soluble substances is
prevented even when the specimen is allowed to warm up. Furthermore, compared to
analysis of frozen hydrated specimens, since almost 80 % of the mass is removed
during drying, freeze dried sections improve the image contrast and yield higher peak:
to background ratios in the x-ray spectra. Another advantage of freeze drying is thai:
the amount of tissue shrinkage is in the range of 5-15 % which is considerably less;
than by other drying methods such as critical point drying or air drying.
To ensure reproducible and effective freeze drying, the specimen should be kept at
temperature below ice recrystalization and in a well controlled vacuum. If drying is;
performed at too high temperature, the internal ice will melt and quickly evaporate:
with sufficient force to distort the sample and redistribute the elements.
Most modern freeze drying units have efficient vacuum pumping systems for
evacuating the chamber during the drying process (Fig. lla). The drying process is,
monitored by thermocouples inserted into the plates and by a vacuum gauge. The;
specimens are placed onto a pre-cooled temperature controlled stage in the drying;
chamber. A condenser is placed close to the temperature controlled stage to ensure
optimal trapping of water vapour and to protect the specimen against contamination
through condensation. Specimen holders for very small samples, transfer gadgets and
special devices for specimen embedding without breaking a vacuum are provided
(Fig.ll.b).

Fig.l 1. (a) Freeze drying unit
(Tissue drier)

(b) Embedding accessory
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Freeze drying is usually carried out between 213 and 203 °K. At these temperatures a
lOOum thick specimen is dried in a few hours, while for a sample of a few millimetres
it may take several days.
The drying rate depends on a number of factors including temperature, size, shape and
the relative amounts of bound and free water in the sample, and to some extent, the
vacuum pressure of the drying chamber. Therefore, a defined procedure for drying
times and temperatures cannot be set, but the following general procedure appears to
work for many specimen (38).
Frozen samples previously stored in plastic vials filled with liquid nitrogen are
transferred onto a pre-cooled, temperature controlled stage in the drying chamber of a
freeze drying unit. The chamber is then evacuated and initial drying started at 190°K
and a pressure of 1-2 mPa. The subliming water vapour is trapped onto a condenser
which is kept at 77 °K. The temperature is slowly allowed to rise to ambient over a
period of 24-48 hours. It is recommended to warm the specimen to 303°K while
maintaining the high vacuum to remove the last traces of water. Once drying is
completed, the apparatus should be back filled with a dry inert gas and the sample
quickly placed in a dessicator since a sample which has been properly freeze dried is
very hygroscopic.

Alternatively, if the frozen samples are not sectioned in the hydrated state prior to
freeze drying, the dried specimen should be infiltrated in situ under vacuum in wax
or an appropriate resin and subsequently cut into thin sections prior to analysis.
Another method of freeze drying which does not involve a high vacuum system and
temperature control has been described by Legge at al. (47). A small thin sample in
the frozen hydrated state is placed on a large cold block of aluminium and dried by
sublimation of ice well before the block reaches a temperature where thawing could
occur with consequent redistribution of elements. A 300 cm block of aluminium,
initially cooled to liquid nitrogen temperature, has sufficient heat capacity to handle
typical samples of 2mm diameter and 10 ц т thickness.

6.1.5 Storage of freeze dried cryosections

To be protected from environmental water vapour and possible contamination the
hygroscopic freeze dried cryosections should be stored in a dessicator with silica gel
as drying agent (46).

6.1.6 Embedding of freeze dried samples

The resin embedding accessory supplied with a freeze drier allows the degassing of
resin and infiltration of sample without breaking the vacuum and affecting conditions
in the drying chamber. The procedure is as follows:
Before starting the freeze-drying operation, the embedding accessory should be fixed
into the coupling in the top of the chamber. During the drying process the glass
reservoir of the accessory should be filled with resin. When drying is completed, the
resin should be first degassed and then allowed to drip onto the tissue until the entire
tissue is well covered by it. The chamber is then filled with gas or air, the tissue
removed from the temperature controlled stage, and the resin cured for the required
time and temperature.
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6.1.6a Manipulation and mounting of embedded freeze dried specimens

Freeze dried samples embedded in an appropriate resin, usually a conventional epoxy
resin, are cut after polymerisation into thin sections using a microtome. These
sections are then mounted on Kapton or Myler foils streched across a hole (3-5 mm
diameter) made in the centre of the specimen holder (Fig. 12), (48).

HokJet fo' xy table

Fig. 12. Outline of target preparation using embedded specimens. (Redrawn from.
U. Lindhl981).

6.1.7 Example: preparative procedures using cryotechnique and freeze drying

a) Biological specimens are cut into a Imm3 block and mounted onto brass or Cu
specimen holders . The blocks are quickly immersed in liquid nitrogen or liquid
nitrogen slushor liquid nitrogen cooled propane , left to stabilize for a few hours or
stored under liquid nitrogen until sectioned. Thin sections of 5-30 um are obtained
using a standard cryostat at -30°C, or with an ultramicrotome at -80°C. The
cryosections are quickly transferred with an eyelash or fine hair onto a thin foil glued
over a teflon or cooper grid. To ensure adequate adhesion, the sections are firmly
pressed against the grid using a teflon rod , transferred to the pre-cooled plate of the
vacuum chamber, and freeze- dried at -80 °C (49).

b) Small samples (2-3 mm3) are taken from mouse liver using quartz surgical
instruments to avoid contamination. The tissue blocks are quickly frozen to the
temperature of liquid nitrogen and 5-1 Оцт sections were cut at -30°C using a
conventional cryostat. The time interval between excision of the liver tissue and its
subsequent freeze fixation is kept to 1-2 minute, to minimise the redistribution of ions
in the tissues The cryosections are picked up on clean Kapton foils or nylon grids and
freeze dried at 210° К and 2.7 Pa for 24 hours (36).

6.1.8 Freeze substitution and low temperature embedding

Techniques which combine freeze drying with embedding have been developed as
alternatives to the standard chemical fixation and organic solvent dehydration
methods. This procedure ensures that the frozen specimen is never warmed until it has
been fully infiltrated with resin and polymerised at low temperature
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The main goal of low temperature embedding techniques is to reduce the diffusion-
induced molecular displacement and extraction that occur during chemical fixation,
dehydration and embedding at ambient temperature. In recent years a number of
papers have been published in this field indicating that physical stabilization by
freezing , followed by freeze substitution and embedding at low temperature is much
superior to chemical fixation and other follow up techniques (33,38,50,51,52,53).
Freeze substitution is performed at low temperatures by dehydration in an organic
solvent and subsequent infiltration in a liquid resin. Since the water in its different
dynamic states is the most important factor in maintaining the structural and
functional integrity of the sample, the main advantage of freeze substitution over
freeze drying is slow gradual dehydration of the specimen which enables better
control over removal of the cellular water necessary for subsequent plastic
embedding. To be effective and to mantain good structural and elemental preservation
of the tissue, it must be carried out at temperatures below ice- recrystalization, which
for most biological tissue is between -100 and -80°C (173 to 193°K). After freeze
substitution, specimens are infiltrated with pre-evacuated low temperature resin at
238-245 °K, since at lower temperatures hydrophilic resins becomes too viscous for
successful embedding. Polymerization by means of UV radiation is performed at -27
С (246 °K).

For microanalytical purposes, dehydration in an organic solvent can be avoided by
directly infiltrating the sample in a water soluble, low temperature curing resin.
Recently introduced resins specifically designed for low temperature infiltration and
polymerisation using UV light, should prove ideal for such application.
After polymerisation, sectioning should be performed under anhydrous conditions to
prevent dislocation of water soluble components.
Commercial equipment suitable for freeze substitution and low temperature
embedding is available from Balzers Union, Balzers, Furstentum Liechtenstein.

6.1.8a Low temperature resins

The production of resins that can be infiltrated into biological specimens at sub zero
temperatures and then polymerized also at low temperatures was an important
advance in chemical and structural preservation. In 1981-82 a variety of highly
modified embedding resins which replace the dehydration agents at temperature
between 243 and 223°K were developed (54). These are acrylate and metacrylate
based resins which are available under the name of Lowicryl K4M and Lowicryl
HM20. They are highly cross linked embedding media, especially formulated to
provide low viscosity and to replace the dehydration agents at low temperature. K4M
is a hydrophilic resin usable down to -38 °C (235°K) while HM20 is hydrophobic and
can be used at temperatures as low as -70°C (203° K). Both resins can be
polymerized using UV light at low temperatures (238-245°K) or at 60 °C (333° K).
Almost at the same time much work was dedicated to produce a water soluble resin
derived from the heterocyclic compound triamino triazine (melamine) (55).
After screening more then 200 melamine resins, a 70% aqueous solution of
hexamethylol-melamine-ether in combination with p-toluene sulphonic acid as a
hardener turned out to be the most promising material for futher experiments. This
resin was introduced in 1985 (56,57), and is nowadays available under the trade name
NanoplastFBlOl.
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The main advantage of melamme resins are their hydrophilic properties. As in protein
synthesis, water is produced during polymerization and it slowly evaporates together
with the water in the sample, allowing the polymer to penetrate: the tissue and replace
molecules of water. Therefore, during polymerization no shrinkage occurs and both
morphological and chemical structure are preserved.
When dissolved in acetone or methanol, melamine resins can be used for infiltration
and polymerization of frozen biological samples at low temperatures (58,59).
Commercially these melamine resins are available under the name Nanoplast MUV
116andAME01.
Nanoplast MUV 116 consists of 50% w/v hexamethylol-melamine-ether in water free;
acetone, while Nanoplast AME 01 consists of 20% w/v methylol-melamine-ether in
acetone.
Until now, melamine resins have been applied:
- to study the ultrastructure of biological samples (58,59)
-in environmental research to study the ultrastructure and physico- chemical
characteristics of colloidal particulates in natural aquatic systems (60,61,62)
-as a substrate for cell culture (63)

6.1.8b Sectioning

Thin sections are cut from the embedded tissue block using an microtome (Fig. 13).
The quality of the sections depends i.e. on the cutting edge of the knife, the knife
angle, the cutting speed, the embedding material, the face of the specimen block, and
the method of collecting the specimen from the knife. Embedded specimens are often
sectioned and retrieved from water baths. Since elements are readily leached during
water flotation (17,64), the specimen should be collected dry from the knife edge to
prevent losses. To avoid contamination glass or diamond knives are used. In general,
the sections thickness will vary from 2-15 urn depending on the embedding medium
employed.

Fig. 13.Universal Microtome
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6.1.9. Example: freeze substitution and low temperature embedding in
Nanoplast MUV 116

The method of embedding rapidly frozen cells of blue green alga at 190°K in
UV -polymerised Nanoplast MUV 116 resin is well described by Bachuber at al.(58)
and it is performed as follows:
Blue green alga collected from agar plates is placed as a thin layer on gold grids.

Each grid is dipped with forceps into liquid nitrogen-cooled Freon 22, and
subsequently transferred into an aluminium cartridge containing 500ul of liquid
nitrogen-cooled Nanoplast MUV 116. For substitution of ice by acetone, the sealed
cartridge is then stored for 24 hours in a -82 °C dry ice-acetone bath. The cartridge is
then rapidly transferred to the pre-cooled surface of a Balzers vacuum unit. Acetone is
eliminated overnight by evaporation in a vacuum of about 10"4 mbar and temperature
of -82°C. A rise in vacuum to about 10"7mbar indicates that the solvent has
disappeared. The vacuum chamber is then flooded with nitrogen gas and the cup
removed from the cartridge. The chamber is closed again and the UV lamp, situated
about 120mm above the specimen, is switched on. Ten minutes after turning on the
UV light, the temperature control of the specimen table is set to 273°K, and the
specimen is allowed to warm up. After 2 hours, the cartridge is recovered from the
chamber and the specimen left to cure for 24 hours at temperature of 333°K to obtain
the hardness required for very thin sectioning. Sections are cut on an LKB Ultratome
III with a diamond knife.

6.2 Mineralized tissue

Mineralized tissues are known to contain elements which are fundamental to normal
physiological processes and which are present in sufficiently high concentration to be
determined by x-ray microanalysis. Very often samples such as wood, root or bones
do not require extensive sample preparation , and can be directly measured after
being cut into thin slices and mounted on a metal frame or another specimen holder.

6.2.1 Bone

Bone specimens are taken with a surgical metal saw and then cut into thin sections
using a low speed microtome. Thin sections are mounted on the plexiglass holder
with the hole drilled in its centre and polished to a thickness of about 50цт or less.
Finally the surface of the bone is cleaned in ethanol using an ultrasonic bad.
To obtain very thin sections it may be necessary to embed the sample in Araldite
following the procedure described in previous section. Due to insufficient porosity,
binding of the embedding medium to the sample surface can be rather poor and
therefore roughening of the specimen surface before embedding might be required.
Other similar types of sample such as nails, teeth, shells from the sea, animals etc. can
be prepared in a similar way (65).
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6.2.2 Hair

Hair analysis has been performed by many authors (66,67,68,69,70,71,72,73.74) and
it was in fact one of the earliest known nuclear microprobe applications (72).
The main aim of microanalytical studies is to measure the radial distribution of trace
elements in the hair. Interest in hair analysis is based on the widespread belief that
hair reflects a whole body trace element status. Contamination of the hair surface by
environmental effects and hair treatments is one of the main problems in hair
analysis.. For microanalytical studies, it is recommended to avoid washing procedure
since even mild washing may alter the trace element content (70,72,73), and to
remove eventual dust by wiping the sample with a dry clean tissue.

6.2.3 . Plant

After collection, different parts of plants should be gently washed in deionized,
distilled water to remove soil and dust adhered to the surface. Leaves can be analysed
directly after being mounted on metal frames. The other parts of plants should be cut
into appropriate sizes and prepared for microanalysis by air drying after gluing the
specimen to the polypropylene foil stretched across the specimen holder using a weak
formvar solution (75) , by dehydration and subsequent embedding in an appropriate
resin (75) or by freeze drying(76). To avoid the dehydration step, embedding in water
soluble resin such as Nanoplast FBI01 can be recommended.

6.2.4 Example: preparation of hair cross sections

This procedure is well described by Bos et al. (68) and it is performed as follows:
The single hair is stretched on a sheet of graph paper and cut into lcm segments

using a scalpel blade. This 10mm hair segment is placed into a little hole (0.3mm
diameter, 5.0 mm depth) in the centre of a cylindrically shaped piece of plastic. The
cylindrical block is covered with PVC mantle and filled with an Araldite resin
mixture type AY 103 with hardener HY 956. The resin was hardened at 40°C
overnight. The cylindrical block with inserted hair along the axis is cut into sections
of 30 urn thickness perpendicular to the hair strand using a microtome with a tungsten
carbide knife. The sections are streched with a drop of aqua bidest on a warm glass
plate, air dried and glued with a glucose solution on an Aluminium frame.

6.2.5 Example: embedding of plant specimens in Nanoplast FB 101

Nanoplast FB 101 is a highly water soluble two component resin which permits the
infiltration, drying and hardening of biological specimens without the need for
dehydration by organic solvents. During polymerisation no shrinkage occurs.
Therefore this is an ideal embedding medium to replace air drying or hydrophobic
resin which require a dehydration step prior to embedding.
It consist of 70% aqueous solution hexamethylol-rnelamine-methyl ether, and p-
toluene sulfonic acid as a hardener. The procedure is performed as follows:
Two components aire mixed together in a ratio resin/hardener 10 : 0.15 or 10 : 0.20
depending on hardness required, and mixture is transferred to ВЕЕМ capsules. The
small part (l-2mm) of plant specimen (grass) is oriented in the resin and the mould
placed in the embedding oven. Hardening is completed in two steps: 2 days at 40°C in
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a dessicator, and 2 days at 60°C without dessicator. During polimerization the blocks
sink due to the loss of water, but the samples do not shrink. Elemental map obtained
is given in Fig. 14.

Fig. 14. Map obtained in scanning area of 100 um square shows distribution of Ca and
К within the grass sample indicating vascular system. Dark grey corresponds to Ca
and very light grey corresponds to К which is centrally seen in the veins.

6.2.6 Sources of contamination

Contamination introduced during specimen handling and preparation can be a major
problem. Specimens should be prepared and handled in special clean areas or rooms
to avoid contact with grains of dust which are abundant in the atmosphere. Since
adequate cleaning of biological specimens is not possible, scanning a larger area of
the sample can help to identify eventual contamination.
The embedding media as well as any supporting foil may also be sources of
contamination. For example, epoxy resins contain high concentrations of chlorine,
while support foils can be contaminated by dust particles or catalyst residues
incorporated into the polymer during the production process.
Another major source of contamination are the glues used for attaching specimens to
foils or sample holders. Therefore very thin, small samples should be glued to the
supporting foils using a weak formvar solution, while large or embedded specimens
can be attached at points which are not seen by the excitation beam.
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