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Abstract

High-pressure homogenization using a new flat valve homogenizer in combination with

enzymatic digestion with a crude protease was investigated as a means of releasing Se

compounds from zoological and botanical matrices prior to slorry introduction GF-AAS.

Timed trials with four zoological certified reference materials (CRMs), three botanical

referenee materials (RMs), and a food crop indieated that Se release was quantitative

after homogenization or became quantitative within 1 h ofdigestion at 60°C. For each of

the zoologieal RMs, three passes through the homogenizer in the presence of protease

provided a quantitative release of Se and incubation with the enzyme was not necessary.

No separation of the Se between the liquid phase and the particulate phase was evident

even after several days of subsequent storage at 4°C. The botanical matrices were more

resistant to Se release and required up to 1 h of digestion with protease at 60°C.

Altematively, 10 passes through the homogenizing valve (in the presence of the enzyme)

resulted in the quantitative release ofanalyte.

The same technique was employed on live animal feed samples. For each of the animal

feeds, ten passes through the homogenizer eombined with O.S h enzymatie digestion at

60°C was sufficient to provide a quantitative release ofSe.

A new model of homogenizer equipped with ceramic homogenizing valve was evaluated

in terms ofanalyte Metal contamination levels within the final sample dispersion. For Cr~

Cu, Fet Mn and Pb, contamination levels fell within the range that can be either ignored

or readily compensated for when determining levels of these analytes in biologieal

matrices. The level of iron was greatly reduced when compared with levels introduced by

the previous Madel.

Five animal feed samples and four wood pulp samples, were investigated for their content

of Cu, Fe and Mn using high-pressure homogenization as the sample preparation

technique prior to GF-AAS. Dispersions ofdried animal feeds were sub-sampled reliably

after 7 days ofstorage at 4°C.

Trials 00 pulp samples indicated that pulps could be sub-sampled reliably after 1 dayof

storage. However, further optimization studies will need to be perfonned to iocrease the

homogeneity of the dispersions.
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RÉsUMÉ

L'homogénéisation à haute pression combinée à une digestion enzymatique par une

protéase brute a été évaluée comme moyen de libération des composés du Se à partir de

matrices zoologiques et botaniques, préalablement à l'analyse par SAA-FG. Pour ce faire,

un nouvel homogénéisateur à valve plate a été utilisé. Des essais chronométrés avec quatre

échantillons de référence certifiés (ERC) d'origine zoologique, trois échantillons de

référence (ER) d'origine botanique et un échantillon de plante alimentaire ont montré que

la libération du Se était quantitive après homogénéisation ou qu'elle devenait quantitative

en lh de digestion à 60°C. Pour chacun des ER zoologiques, trois passages à travers

l'homogénéisateur en présence de protéase ont pennis une libération quantitative du Se,

sans que l'incubation avec l'enzyme soit nécessaire. Aucune séparation du Se entre la phase

liquide et la phase particulaire n'a pu être mise en évidence, même après plusieurs jours

consécutifs de conservation à 4°C. Les matrices botaniques étaient plus résistantes à la

libération du Se et ont nécessité jusqu'à lb de digestion en présence de protéase à 60°C. En

alternative, 10 passages à travers la valve d'homogénéisation et en présence d'enzyme ont

permis une libération quantitative de l'élément.

La même technique a été utilisée avec cinq échantillons d'aliments pour animaux. Pour

chacun de ces aliments, dix passages à travers l'homogénéisateur, combinés à O.5h de

digestion enzymatique à 60°C étaient suffisants pour permettre une extraction quantitative

de Se.

Un nouveau modèle d'homogénéisateur équipé d'une valve d'homogénéisation en

céramique a été évalué en considérant le niveau de contamination métallique de l'élément

dans la dispersion finale. Pour Cr, Cu, Fe, Mn et Pb, les niveaux de contamination se

situaient dans une èchelle pouvant être soit ignorée, soit facilement compensée au moment

de la détermination des niveaux de ces éléments dans les matrices biologiques. Le niveau

de fer était réduit de façon importante, comparativement au modèle précédent.

Cinq échantillons d'aliments pour animaux et quatre échantillons de pulpe de bois ont été

étudiés pour leur teneur en Cu, Fe et Mn, en utilisant l'homogénéisation à haute pression

pour la préparation des échantillons avant analyse par SAA-FG. Les dispersions des

aliments secs pour animaux étaient rééchantillonnées efficacement après 7 jours de

conservation à 4°C.

fi



Des essais sur les échantillons de pulpe ont montré que les pulpes pouvaient être

• rééchantillonnées de manière efficace après un jour de conservation. Cependant~ des études

supplémentaires d~optimisation devront être mises en œuvre pour augmenter la stabilité des

dispersions.
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1
Introduction

1.1 Trace ElemeDts

1.1.1 Defmition

More than ninety different elements from hydrogen to uranium occur naturally.

How Many of them are essential to Iife? Some are easy to detect; whereas other

elements occur in such small quantities in living tissues that for a long time their

concentrations were not determined accurately; they were often mentioned as

occurring at "trace" levels (conventionally considered to occur at concentrations of

less than one ppm, part per million). Although exceedingly sensitive techniques

have been developed that provide low ta sub parts per billion (Ppb) limits of

detection, that are virtually specific for the analyte, and that pennit precise

detenninations of virtually ail elements, the tenn ~trace element' still remains

popular in cunent usage. Sorne authors define a trace element as any substance that

occurs at concentration of 1 mg or less in 1 kg of tissue (Cotzias and Foradori,

1969). Another definition was provided by Forssen (1972), trace elements are those

elements that occur in tissues at concentration less than 0.01% ofdry masse

For a long time, the term "trace element" also suggested an uncertainty as to the

biological significance of the clement. Probably for the latter reason iron and

iodine, although they can occur within the above-mentioned concentration ranges,

are generally considered to be distinct from the group of trace clements.

The following elements are generally included among the trace elements: fluorine,

aluminum, silicon, vanadium, chromium, manganese, cobalt, nickel, copper, zinc,

arsenic, selenium, rubidium, molybdenum, cadmium, tin, mercury, and lead.

1.1.2 Classification

From a dietary point of view, trace elements are most conveniently classified into

tbree groups: essential, possibly essential, and non-essentia1.

Criteria that an element must satisfy in arder to be classified as essential for life are

(Cotzias and Foradori, 1969):
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1. it is present in healthy tissues ofallliving organisms.

2. its concentration from one individual to others of the same specie is fairly

constant.

3. its withdrawal from the diet reproducibly induces the same structural and

physiologica1 abnormalities regardless of the species onder study.

4. supplementation of the diet with the trace element either prevents or reverses

these abnonnalities.

5. the abnonnalities induced by deficiency are always accompanied by specifie

biochemical changes.

6. these biochemical changes cao be prevented or cured when the deficiency is

prevented or remedied.

As recently as the mid 1950s, only five trace elements (in addition to iron and

iodine) had been identified as being essential: manganese, cobalt, copper, zinc, and

molybdenum. Research over the course of the folloWÎDg two and a half decades

added severa! other elements, including fluorine, silicon, vanadium, chromium,

nickel, selenium and tin. However, it should be noted that ail trace elements are

potentially toxic when the limits of safe exposure are exceeded. On the other hand,

the well-known toxicity ofan element is no bar to its being essential.

1.1.3 FUDCtiOD

How trace elements play their essential raie in biologjcal systems is only PQOrly

understood. The search for an explanation of their physiological mode ofaction has

emphasized their association with enzyme systems. Enzymes affected by metals

can he categorized in two groups: metalloenzymes and metal-enzyme complexes, on

the basis ofthe strength of the binding between the metal(s) and protein.

A metalloenzyme contains a metal as an integral part of its molecule stlUcture (in a

fixed ratio per molecule of protein), the specifie and unique chemical nature of the

metal-protein interactions apparently confers both stability and reactivity ta the

molecule.

2
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Metal-enzyme complexes comprise a large group of enzymes, which are more

loosely associated with metal ions, the criterion of association being the activation

of catalysis. The metal is believed to act as a temporary Iink between the enzyme

and the substrate during the chemical reaction. In addition to stabilizing the

enzyme-substrate complex, the metal cao also stabilize the reaction products - thus

facilitating the reaction.

In addition to enzymatic catalysis, trace elements are involved in oxidation­

reduction and transport processes, in membrane permeability, in the function of

subcellular organelles such as mitochondria, in nerve conduction and in muscle

contraction. They alsa appear to play a role in the synthesis and structural

stabilization ofboth proteins and nucleic acids.

1.2 Trace ADalysls

A trace Metal analytical procedure should, ideally, possess the following attributes:

• possess a limit of detection (LOD) that is sufficient to answer the question

being posed,

• be relatively fast,

• be relatively inexpensive,

• be applicable to a wide range ofdifferent samples,

• be relatively specific,

• be suitable for most analyticallaboratories (which suggests no need for special

equipment),

• be capable ofproviding infonnation simultaneously on Many elements,

• possess a rela'ively wide Iinear dynamic working range, and

• he accurate (he amenable to testing with Certified Reference Materials, CRMs)

Historically, gravimctric and titrimctric methods were tirst employed for trace

element analysis. However, it was necessary to employa nomber of tinte­

consuming and error prone steps including separation and preconcentration to

increase the concentration of the target trace constituent sufficiently to permit its

unambiguous detection and/or quantitation using these techniques. It was not,

3
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therefore, until sensitive analytical instruments became widely available that

practical and accurate trace element analysis became possible.

In the 19305 optical emission spectrometric methods of analysis were developed.

Initially flames were employed as excitation-atomization sources, followed by

fumaces, arcs and sparles. Colorimetric-molecular-spectrophotometric methods

were introduced at about the same time. These approaches include the related

techniques of nephelometry, turbidimetry, and molecular fluorometry. Practical

electrochemical methods were introduced in the late 1930s and early 19405. The

most commonly used eletrochemica1 approaches are polarography and anodic

stripping voltametry.

It was not, however, until the introduction of atomic absorption spectrometry and

modem neutron activation and related methods that routine trace element analysis

became very popular. More recently the introduction of the plasma atomizer­

excitation sources for use with optical cmission and mass spectrometry have greatly

expedited trace element analysis methods.

1.2.1 Atomic Absorption Spectrometry

Atomic absorption spectrometry (AAS) is generally considered to be a mature

technique, and at present, is the most widely used technique for the detennination of

trace elements. The positive features of this technique remain the relative freedom

from spectral interference and the modest purchase and operating costs. The

approach is relatively simple and the instrumentation is available widely. It cao be

found in analytica1 trace Metal laboratories and in a variety of biological, clinical,

and environmental research, metallurgical and routine analytical establishments.

AAS involves the study and measurement of the absorption of radiant energy by

Cree atoOlS. Free atoms are generated by an atomizer, which May be a flame or an

electrothermal (furnace) atomizer. Radiation from a suitable light source such as a

hollow cathode lamp (containing the element to he determined) is directed through

the resulting population of ftee atoms that attenuate the incident radiation. The

degree of attenuation (absorption) of the incident radiation is proportional to the

4
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concentration of the analyte atoms within the light path. Absorption by ftee atoms

at other (non-absorbing) wavelengths is essentially zero.

Atomic absorption detection limits depend on the type of atomizer used and on the

sample matrix. Generally the levels of analyte element are in the range of

micrograms per milliliter to sub nanograms per milliliter, the latter being the case

when a furnace atomizer is employed. These limits of detection are usually

adequate for detennination of trace metals in a wide variety ofsamples.

Flame AtomizatioD

A flame is fonned using air, oxygen, or nitrous oxide as the oxidant gas and

hydrogen, acetylene, coal gas, or butane as the fuel gas. Most often a mixture of air

and acetylene provides the support gases to give a stable flame front that is

maintained sorne 3-7 mm above the bumer head. A liquid sample is aspirated into

nebulizer where turbulent gas f10ws cause most of the sample to coalesce and to

deposit on the sides of the chamber. The larger droplets are discarded via a drain.

Only the smallest liquid droplets are carried up tbrough the nebulizing chamber and

into the flame where the solvent is evaporated. The solid residue of microcrystals is

decomposed and Cree atoms are generated.

Flames are very inefficient atomizers. It has been estimated, for instance thal

approximately one atom in a million atoms of the sample element is actually

transfonned to the Cree atomic state. Ali other atoms are not reduced to free atoms

quickly enough, and they pass through the light path unreduced and do not

contribute to the atomic absorption signal.

Hydride GeDeratioD AtomizatioD

The resonance wavelengths ofa number ofelements (principally metalloids and non

metals) are in the vacuum UV region (lcss than 200 nm). Air appreciably absorbs

radiant energy al these wavelengths so that the intensity of the radiation is greatly

diminished. In consequence, the background signal is the most severe in this region

making measurement of the atomic absorption by these elements difficult. For a

number of these clements the problem cao be overcome because fortunately they

s
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form volatile hydrides. These hydrides can be generated by mixing the sample with

a solution ofstrong 3Cid plus NaB84.

MXn + nNaB84 + 2It'~ MHn t + nNaX + nBH) +H2 t

Total reaction rime is typically between 10 sec and 2 min.

The volatile hydride is swept into a silica tube that bas been intetpOsed within the

optical light path. At the temperature of the tube the hydride is decomposed to free

atoms of the analyte Metal. The rapid release of molecular hydrogen into the quartz

tube sweeps air from the light path. The absorption signal is then measured in the

normal fashion.

The advantage of this technique is that the high background of the Oame is

eliminated because no Oame is used in the process. The disadvantage is that

hydride fonnation depends on the valence of the element being determined, and that

only a few elements can be detennined in this way. This technique bas been widely

applied to only certain spccies of the following elements: As, Pb, Sn, Bi, Hg, Ge, Sb

and Se.

Electrothermal (Graphite Faraace) AtomizadoD

Electrothennal (graphite fumace) atotomization is probably the most sensitive

atomic spectrometry technique that is routinely available to the analyst. A small

quantity (typically 20 JL1) of sample is deposited into the interior of a hollow

graphite tube (furnace) which is mounted horizontally within the optical beam of

the instrument. In successive stages, the tube is heated (elcctrical resistance) to

cause:

• solvent evaporation (drying stage);

• matrix decomposition (charring stage);

• analyte atomization (atomization stage); and

• fumace cool-down (and vapour clean out prior to introduction of the next

sample)

The direct introduction of sample ioto the graphite tube maltes differences in the

pbysical properties (viscosity, solvent composition etc.) between sample and

standard virtually insignificant. A second advantage of this design is that

6



•

•

•

volatilization of the analyte atoms occurs into a confined space 50 that the alom

residence lime within the optical beam is appreciably longer that with flame or

plasma techniques. The limits ofdetection are at least an order of magnitude (aften

two or three orders) lower than with either Dame AAS or plasma-atomic emission

spectrometry (AES). In addition, this technique bas the advantage that much of the

matrix can be removed during the charring stage of the analysis, which makes the

interference level less severe in the final detennination stage.

1.2.2 BackgrouDd CorrectioD lor AAS

The two main sources ofbackground absorption in AAS arise from the scattering of

the resonance radiation by solid particulate matter and the ab50rbance by molecular

species fonned during the sample matrix decomposition. The background

interferences result in overestimates of the anaIyte concentration.

The scattering of Iight by particles of solids and Iiquids obeys Raleigh's stray üght

law in which a scattering coefficient is given by

't = PlPo = 247t3N~/Â.4

i.e. the magnitude of the eiTect is directly proportional to

-the number ofparticles (N) per unit volume

-the square of the particle volume (v)

-and is inversely proportional to the 4 th power of the light wavelength (Â.)

(i.e. 't increases 256 folds from 800nm to 200 nm)

Historically, the initial attempt to provide reference measurements was achieved by

incorporating a deuterium continuum source into the spectrometer's optical system.

The absorbance measured with the hollow cathode lamp includes the contributions

from the analyte, matrix and scattering comPOnents while with the deuterium lamp

there is essentially no residual atomic absorption. Measurements of absorbance

from both sources are subtraeted to provide a background corrected atomic

absorbance. While this technique is often adequate in Many analytical applications,

it will clearly fail should the matrix components present discrete line spectra.

7
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Furthennore, no simple, single tunable source is capable of adequately covering the

entire ultra violet-visible range required for atomic absorption and whenever

multiple sources are employed careful optical alignment is imperative to ensure

identical spatial distributions ofsource radiations within the fumacelflame.

Modem physics bas demonstrated that the wave length of atomic spectral lines can

be shifted by applying magnetic fields (Zeeman effect). By employing the Zeeman

etTeet to modify the atomic absorption wavelength profile, the residual background

absorbance at the analyte wavelength, can then be measured separately.

Measurement of the background plus analyte signal can then be subtracted by the

absorbance ofthe background.

Sïnce only a single source is requir~ there remain none of the optical alignment

problems encountered with multiple source schemes. Furthennore, the Zeeman

etTect is generally applicable to all spectroscopie transitions and 50 encompasses the

entire wavelength range. However, for Zeeman atomie absorption, there is the

complication in that calibration curves cao become curvilinear al higher

concentration. This means that two different concentrations can give the same

absorbance, 50 the technique is analyte concentration Iimited.

1.1.3 Summary

As summarized in Table 1.1, only a limited number of trace elements in plasma or

serum can be detennined successfully by flame AAS. By contrast, the majority of

analyte elements can be detennined routinely with graphite fumace-AAS

techniques, whereas others require hydride generation AAS procedures.

8



• Table 1.1 Atomic Absorption Techniques Used for the Determination of Trace

Elements in Human Plasma or Serum

Element FAAS OF-AAS HOAAS Dilution Digestion Preconcention

Li X X X

Al X X

V X X

Cr X X [X] [X]

Mn X X

Co X X X

Ni X X [X] [X]

Cu X X X X X

Zn X X X

As X X X X

Se X X X X

Rb X X X X• Mo X X X

Ag X X X

Cd X X X

Sb X X X X

Hg X X

Note: [ ] = optional; FAAS = flame-AAS; GF-AAS = graphite fumace AAS;

HGAAS = hydride generation AAS ( Versieck J. and Comelis R.~ (988)

•

1.3 Sample PreparatioD IIDtrociuetioD for Trace ADalysis

Sample preparation bas a1ways been viewed as a manual and cumbersome

technology that is often regarded as ulow tech". Today, analytical techniques are

increasingly generic, there are a variety of ways to perform sample preparation~

Many of which are virtually sample-specific. Sample preparation remains one of the

more time-consuming, cumbersome and error-prone aspects of the analytical

procedures and as 5Och, it has long been the 61lottleneck" in the overall process.

Usually, the time needed for the preparation of the samples exceeds by an order of
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magnitude the instrument time needed for the actual measurement. The time and

effort required during an analysis become critical factors in determining the

feasibility and cost ofan analytical Methode

Selection of the optimal sample preparation/introduction procedure for an analysis

requires Many considerations. These considerations include the tyPe of sample (e.g.

solid, liquid, gas), the levels for the analyte(s) that are anticipated, the required

accuracy and precision, the quantity of sample that is available to the experimenter

and the number ofdeterminations that can be performed per bour.

Most methods currently used in trace Metal analysis require that the sample he

presented to the instrument as a Iiquid as is the case for atomic absorption

spectrometry. For the AAS analysis of most biological, environmental or food

samples (in which trace clements are of great research interest), it is usually

necessary to perform a digestion of the sample, in order to: (i) release the analyte

clement from the organic matrix into a fonn that is detcctable by the AAS

technique; (ii) make a truc solution of the sample.

Despitc successive improvements in the AAS technique in terms of

instrumentation, measurement and quantitation methodologies, sample preparation

has remained Iittle cbanged during the last few decades. Since the early 1980's, a

greater aWareness of the sample introduction process and the development of a

variety of sample introduction techniques bas resulted in an even greater research

activity in this area. Among the ditTerent strategies, microwave digestion of the

sample and solid sampling techniques have attraeted the greatest attention. Each is

considered below.

1.3.1 Microwave-Assisted DigestiOD

Abu-Samra et al. (1975) tirst reported the use of microwaves as a heat source for

wet chemical digestion methods. Sïnce then, the microwave digestion technique bas

gradually gained widespread acceptance as a rapid and efficient method of sample

preparation. Using tbis technique, bas reduced digestion dramatically (by a factor of

2-5). In addition, tbis approach bas reduced contamination, the consumption of

reagent and sample, and bas reduced the loss of volatile spccies and improved safety
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(Kinston and Jassie, 1988). In the carly 90's, the introduction of high

temperature/pressure digestion devices provided a furtber impetus to the evolution

of the technique (Dunemann and Meinerling, 1992). The advantages of the

microwave digestion technique have 100 to its application as an etTective sample

preparation method for a wide range ofsample matrices.

Closed Microwave Digestion

The closed digestion technique involves placing the sample in a sealed vial (or

bomb), typically constnlcted of a fluorinated polymer, such as

polytetrafluoroethylene or perfluoroalkoxy polymer. After adding the digestion

rcagents, the bomb is sealed tightly and placed in the microwave oyen to he

irradiated with microwave energy.

The major advantage of the closed microwave digestion is the high heating

efliciency that can be achieved. Hcating causes an increase in pressure, due to the

evaporation of digestion acids and the gases evolved during the decomposition of

the samplc matrix. This benefits the digestion process by increasing the boiling

point of the reageots, which aids the breakdown of the sample matrix. However, the

excessive build-up of pressure, especially during the digestion of samples with a

high content of organic matter, can lead to the rupture of sealed vessels. For this

reason, most digestion bombs are fitted with pressure relief valves, designed to open

if the pressure becomes excessive, and thus maintain safety. If venting does OCCOT,

sample losses are likely and a less efficient digestion can result from the loss of

volatilized acid vapors. Considerable studies have been performed to find ways of

controlling or reducing pressure built-up during the digestion process (Banuelos and

Akohoue, 1994; Gluodenis and Tyson, 1992; Reid et al., 1995).

Open DigesdoD Tecllaiques

Open digestion systems operate at atmospheric pressure and 50 do not sutTer from

the problems associated with a rapid pressure build-up. However, they do require

an effective fume removal system. The potential loss of volatile spccies is

minimized by the re-condensation ofvapors in a reflux column positioned above the
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sample flask. The open vessel approach permits the addition of digestion reagent at

any stage of the procedure, which can increase the eiTectiveness of the digestion.

This is a distinct advantage over closed methods where the addition of reagents

cannot be achieved without coaling and opening the vessels.

A disadvantage of the early open digestion system was that only one sample could

be digested at a lime. More recently, a two - or six-cavity open microwave

digestion unit bas become available commercially. Other features include the ability

to program the power output/desired temperature to each sample independently

(prolabo, 1995).

As an example, microwave digestion techniques have been applied successfully to

the digestion of biological samples prior to selenium detennination. Many different

microwave digestion procedures for the determination ofselenium have described in

the tcchnical literature. Banuelos and Akohoue (1994) investigated a number of

different reagent combinations with and without a pre-digestion stage. Using a

simple nitric 3Cid digestion, a Se recovery ofooly 23% was obtained for a National

Institute of Standards and Technology (NIST) standard reference matenal (SRM,

Wheat Flour). Recoveries were improved to 800A» after a nitric acid and hydrogen

peroxide digestion with a 4-b pre-digestion (but only 57% of the Se was recovered

in the absence of a pre-digestion stage). Prolonged heating or the addition of

hydrochloric acid did not increase the recoveries. Mizushima et al. (1996) reported

that the successful detennination of Se in NIST Bolvine Liver SRM was achieved

by digestion with nitric acid, but that the results for (lntemation Atontic Energy

Agency. Fish Flesh certified reference material were low. Selenium detenninations

have also been carried out successfully using open nitric acid and hydrogen

Pe1'Oxide digestion procedures for NIST Bolvine Liver and Mixed Diet SRM.

Whereas results forNIST Total Diet SRM were slightly low (DUClOS et al., 1994).

1.3.2 Siurry TecbDique

In rccent years there has been considerable interest in procedures that avoid

complete digestio~ such as solid samplmg analysis. A particular field of interest,

within solid sampling anaIysis, bas been the application of AAS to the analysis of
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solid samples using a slurry introduction technique. In this technique, a stabilized

suspension of solid particles is analyzed in an exactly analogous fashion to a

conventional liquid solution. The technique is known as slurry atomization. This

strategy combines the advantage of solid and Iiquid sampling, because the sample

can he transported into the atomizer by conventional liquid bandling equipment

following a minimal pretreatment of the sample. This approach minimizes the

potential contamination &om the cbemicals and minimized operator intervention in

the process of suspendingldissolving the sample. Compared to solid sampling, the

main advantage of slurry atomization is the ability to calibrate the instrumental

response with aqueous standards.

AtomizatioD Methods

Most of the work that bas been reported on the slurry sampling of biologjcal

materials bas been performed by AAS using either Dame or electrothennal

(furnace) atomization, the latter being the more popular approach.

Conventional Dame nebulization systems are prone to blocking when slurries

containing large particles are continuously nebulized into the instrument.

Frequently, the etTects bave been attributed to sample transport etTects. Solid

particles and agglomerates generated from slumes containing large particles can he

rejected preferentially as they traverse the spray chamber. The degraded analytical

response for slurries can also be explained in part by incomplete atomization of the

particles as they pass through the flame regjon. The composition of the support

gases and resulting flame temperatures also have an appreciable etTeet on

atomization efliciency (De Benzo et al., 1991).

In contrast to Dame and inductively coupled plasma OCP) atomization of slumes,

efficiencies obtained by fumace atomizations do not seem to vary with particle size.

(De Benzo et al., 1991). Solid samples are probably anaIyzed with fewer problems

using Of-AAS (graphite fumace AAS) than by any other spectroscopic technique

because the sample remains within the atomization chamber for a longer time. This

makes it more lilcely that the solid particles of varying sizes and volatilities will he

more fully decomposed. By integrating the analytical signal over the course of the
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atomization stage of the fumace beating sequence, now routine in OF-AAS, troubles

from large particles are minimized or avoided (Bradshaw et al., 1989). Slurry

sampling OF-AAS techniques are ftequently applied to samples that previously had

been difficult to analyze. 115 relatively ease of use, the commercial availability of

instruments and the ease of adapting laboratory systems to nearly all commercial

autosamplers for Gf-AAS systems are among the main reasons for its increasing

application of this technique to numerous analytical tasks.

Partiele Sïze

The Mean particle size and the particle size distribution of the slurry is of particular

importance for the efficiency and the repeatability of the nebulization. The

introduction of slurries by nebulization into Oames (Canion et al., 1987; De

Andrade el al., 1990; Lopez-Garcia et al., 1991; Vinas et al., 1993) and plasmas

(Ebdon el al., 1990; Goodall et al., 1993) as weil as into hydride systems (Madrid el

al., 1989; Calle et al., 1991) require extremely smalt particle sizes, typically < 3~,

that typicalty are ooly achieved with vigorous milling procedures (Goodall et al.,

1993).

The slurry technique for OF-AAS cao be performed with significantly larger

particle sizes that approach the particle sizes obtained by conventional grinding

techniques. The data reported for particle sizcs comprise a broad range from S 20­

SOf.Ll1l and include particles that are as large as l00f.d11. Smaller Mean particle sizes

of 10-20 f.LI1l can he anticipated to improve the precision of the analytical results, but

are only mandatory if the element(s) to he detennined are not distributed

bomogeneously tbroughout the solid matrix (Miller-Ihli, 1992). If the analytes are

quite homogeneously distributed in the solid material, significantly targer particle

sizes up to about SOO JJ.IIl cao he tolerated.

Successful determinations have been reported for a variety of metals in zoological'

botanical, and food samples that bave been ground with conventional techniques,

more vigorous grinding bas been reported to improve the precision of metal

detenninations in soils, sediments and coal Oy ash (Dolinsek et al., 1991). Many of

the materials to he analyz~ e.g. standard and certified reference rnaterials already
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have mean particle sizes in the optimal range « 50-100 J.lIl1) for slurry sampling or

even less. Thus it was often possible to use these materials directly for slurry

preparation without prior grinding. However, whenever additional grinding is

needed, it is very important to minimize contamination from the grinding devices.

Takuwa et al. (1998) reported the optimal precision of the analytical results was

obtained after 60 min of grinding of plant samples, when 100% of the sample

particles had diameters lcss than SOIJll1.

Bermejo-Barrera et al. (1998) reported that human haïr powder with a Mean particle

size ofO.8J111l was suitable for slurry OF-AAS detennination ofAl and Mn.

Meeravali and Kumar. (1998) used ceramic motor and piston for additional grinding

of CRMs, and the particle size was found to be 15-30 ~ for NIST SRM 1566a

Oyster Tissue and 30-40 J1IIl for OBW 08504 Cabbage and NIST SRM 1571

Orchard Leaves.

Januzzi et al. (1997) applied the slurry technique to the detennination of Se in fish

by OF-AAS. A sample was sieved through 250, 105 and 53 J.UD screens. The

particle size distribution was 22.1% for 250 ~, 62.4% for 105 J1IIl, and 9.8% for 53

J.1Ill. The repeatability of the signaIs ftom the slurries prepared ftom the coarse

fractions was worse than those ftom the finest fraction. In addition.. higher

recoveries were obtained by employjng the 53 J.UIl particle size than with the 250

and 105~ fractions.

Dispersioa Ageat aad Stability

The stabilities of dispersions of solid samples within a liquid medium cao be

monitored readily by measuring with repeatability of the determination with lime.

Sometimes, when analyzing certain types of biological samples, it is advantageous

to include a surfactant in the slurry liquid to assist in wetting and dispersing the fine

powder. Without the surfactant, the powder can have a tendency to float and to

agglomerate. Similar efTects have not been observed for particles of more polar

character including finely ground rocks and minerais for which wetting and flotation

agents have not been found to he particularly useful (Willis, 1974).
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The classical approach to maximizing slurry stability bas been to increase the

viscosity of the medium by adding dispersing agents such as Viscalex (Littlejohn el

al., 1985; Stephen et al., (985) or glycerol (Hoenig et al., 1986). The use of

viscosity modifiers have stabilized the slurry, ensuring that a homogeneous

suspension can be maintained, without the requirement for extemal stirring during

the withdrawal of a suitable a1iquot for analysis.

Fuller and Thompson (1977) and Fuller el al. (1981) were the tirst to apply this

technique for the detennination of several elements. Suspensions containing

approximately 2% (v/v) Viscalex gel was reported to be stable for several days.

Littlejohn et al. (1985) and Stephen et al. (1985) applied the same technique for the

determination of Pb in spinach using an autosampler. Yu et al. (1990) used a

similar stablization technique for Pb determination in various NIST plant standard

reference materials (SRMs) by manual injection. The material was ground to

particle sizcs less than 50 f.1ID. For a Citrus Leaf SRM slurry (0.3% mlv) containing

Viscalex HV30 (1.5% v/v) a stability ofgreater than 3 h was reported. However, it

was reported (Miller...Dili, 1988) that the use of Viscalex cao cause problems with

the repeatability ofautosampler pipettings.

Another slurry stabilizing agent is glycerine. Hoenig and coworkers (1986, 1989)

used mixtures of glycerine, Methanol, nitric acid and matrix modifiers for the

preparation of slurries from different geological and biological materials to

detennine various elements using an autosampler. Optimal results were recorded

with 1+1 glycerine-demineralized water for environmental samples and glycerine­

methanol (1: 1 v/v) for lyophilized animal tissues. It was observed that these

suspensions were stable for up to 1 h tbus pennitting introduction via an

autosampler.

Bendicho and De Loos...Vollebregt (1990&, 1990b) attempted to stabilize slurries of

glass materials with solutions containing 5-80010 glycerol in the autosampler cup.

The slurry was stirred then left in the autosampler cup without further mixing for

automated injection. The authors reported that these slurries were very unstable al

low concentrations of glycerol, whereas the high concentrations of glycerol caused

repeatability problems with the autosampler. They concluded that for high density
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rnaterials such as glass powder, glycerol was unsuccessful as a stabilizing agent

because the distribution of the particles was not homogeneous unless the slurry was

continuously stirred.

In order to maintain an even distribution of particles in slurries, a method has been

reported (Miller-Ihli, 1988) that utilizes ulttasonic agitation using a titanium probe

inserted directly ioto the autosampler cup. This approach seemed to circumvent the

need for stabilization ofslurries using dispersing agents.

From the literature conceming modes of ulttasonication, the stability of the slurry

appears to be of minor or even of no importance, if the agitation is perfonned

directly in the sample tray and continued during sampling. However, in sorne cases,

there is sorne elapsed time between the tennination of ultrasonication and injection

because of the ditTerent techniques applied. Therefore, sorne studies have been

perfonned on the stability of slurries after ultrasonication. These studies provided

addition information about the extent of analyte extraction from the solid into the

liquid phase of the slurry ( Dobrowolski and Mierzwa, 1992, 1993; Mierzwa and

Dobrowolski, 1994)

Lima et al. (1999) chose 0.2% v/v HNO) + 0.04% v/v Triton X-IOO as media for

suspending the fish slunies, since the medium provided low blank values and

avoided sample flotation.

Vinas et al. (1999) a1so rePQrted that acceptable analysis results were obtained using

Triton X-loo (0.1% m/v) as surfactants for As determination of baby food slurries.

[n addition, foaming was prevented by adding one drop of a silicon antifoam agent.

For determinations ofAI and Mn in human scalp haïr, Bermejo-Barrera et al. (1998)

studied the stability of slurries using ditTerent wetting agents including Triton x­
100, Viscalex HV40 and glycerol. While improvement in the analysis precision

were provided by either Triton X-tOO or glycerol, the authors selected glyeerol as

most adequate agent due to problems related ta the volumetrie measurement of

Triton X-l00 solution.
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Modifier

Modifiers are added to the sample solution/suspension to modify the physical

characteristics of the sample and to increase the temperature al which it is volatized.

The usefulness ofmatrix modifiers in slurry-GF-AAS is controversial and bas been

discussed in the literature. Some examples are given below.

Hinds and Jackson (1987) used matrix modifiers to overcome interferences due to

organic carbon in soil slurries. They compared the addition of palladium nitrate and

palladium chloride as chemical modifiers for the detennination of Pb in solutions

and soil slunies. They concluded that a mixture of Pd and Mg nitrates had the

advantage of being applicable to a variety of analyte elements (Hinds and Jackson,

1990).

Lynch and Littlejohn (1989) found the Pd modifier to be superior to ammonium

dihydrogen phosphate for Pb detennination in food slurries. Haraldsen and Pougne

(1989) used Mg nitrate as a modifier for the determination of Be in coal slurries to

pennit ashing temperatures of up to 1800°C. Ohta et al. (1990) detennined Cd in

various biological materials with a Mo tube electrothermal atomizer. Matrix

modification was performed by adding 1 J.Ù aliquots of a sulfur solution (10 mg/ml)

in carbon disultide.

Dolinsek et al. (1991) detennined Cd and Pb in geological and plant materials. It

was reported that for the analysis of plant materials, an ammonium dihydrogen

phosphate modifier was optimal.

For the detennination of As in different matrices, matrix modification was also

employed. Lopez and Hemandez (1990) used Ni nitrate for Fe (Ill) oxide pigments.

Pd-Mg nitrate was used by Bennejo-Barrera et al. (1994) for analysis of mussels.

Bendicho and Sancho (1993) detennined Se in wheat tlOUl and reponed the

usefulness of a Pd/Mg matrix modifier and isothermal atomization. However,

Miller-Ihli (1994) reported tbat &equently, the use of matrix modifiers for slurries

appeared to be unnecessary. However, in some cases, greater amounts of matrix

modifier than for aqueous solutions were required to achieve good results.

For the analysis of technical materials Krivan and coworkers (Friese and Krivan,

1995, Schneider and Krivan, 1995) found that only for a few elements (Cr, Cu, Fe,
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and Mn in silicon nitride and Al, Cd, and Si in zirconium dioxide based materials)

was the use ofmatrix modifiers necessary.

Lopez-Garcia et al. (1993) reported the use of rapid fumace programs and the

addition of HF for the determination of Cr, C~ and Pb in slurries of diatomaceous

earth. Hoenig and Oillissen (1993) demonstrated that the use of rapid fumace

programs for several metals in CRMs gave results comparable to conventional

approaches using matrix modification, but tbat in all cases peak evaluation was

mandatory.

Carlosena el al.(1997) studied use of some chemica1 modifier for determinations of

Cr, Co and Ni in vegetables. It was reported that a mixture of HNO)-H202 acts as

an oxidant modifier that permits one to diSPeJ1Se with conventional chemical

modifiers (e.g., Mg and Pd); moreover, its presence affords a high pyrolysis

temperature for Cr and Co.

In Lima's (Lima el al. 1999) study, a tungsten carbide-rhodium coating on the

integrated platform of a transversely beated OF-AAS was used as a pennanent

chemical modifier for the determination of Cd in fisb slurries. The pennanent

modifier increases the tube lifetime by 50-90% compared with untreated integrated

platforms. Also, there is less loss of sensitivity during the atomizer lifetime when

compared with the use of a conventional modifier so that there is, a decreased need

for re-calibration during routine analysis.

Standardization and Accuracy

Different methods have been employed for the direct analysis of slurries:

comparisons with commercial standard reference materials, calibration with the

method ofstandard additions and measurements against aqueous standard solutions.

For nebulizer-based procedures, the variation in signal response with particle size

and matrix require that closely matched standards be used for accurate analysis. By

contrast, it is possible to use aqueous standards for electrothennal atomization and

to obtain acceptable results (De Benzo et al., 1991).

The accuracy of the slurry method for determinations in biological samples has been

verified by different approaches. These include: recovery tests and the method of
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standard additions, the comparison of results generated with independent analytical

methods and the use ofstandards or certified reference materials (CRMs) ... the latter

two methods have been applied MOst ftequently (De Benzo et al., 1991).

Specifically for biological samples, a great variety of CRMs are available. In

consequence, the accuracy of analytical methods bas been verified mainly against

these standards. Many studies reported that the accuracy of the slurry method

compares favorably with the accuracy of other methods for these types of materials

(De Benzo et al., 1991).

1.3.3 Summary

Slurry SampUDg vs. SoUd SampliDg

Direct solid sampling is desirable ifonly a small amount of sample is available or if

there is an interest in the distribution of the analyte within the solid matrix. Most

solid-sampling insertion devices are manually operated and require ski)) to obtain

acceptable precision. Additionally, there is a requirement for repeated micro­

weigbings for a single analysis. The use ofeither matrix-matched solid standards or

the method of standard additions might a1so be required.

Siuny sample introduction is quite straightforward when using a conventional liquid

autosampler device that also pennits the ready addition of matrix modifiers. It bas

the further advantages of facile dilution, convenient sample transfers and facilitated

calibration with aqueous standards that collectively provide bath accurate and

precise results.

Siurry SampUng vs. Sample DigesdoD

Compared to conventional sample digestion. the preparation of slurries bas minimal

requirements for additional cbemicals and equipment as weil as a relatively small

laboratory sample size. The preparation can be relatively simple and environmental

fiiendly in that much less chemicals are typically employed. ft a1so has advantage

for the detennination of trace clements in non...biological materials such as ores, and

silicates, that cao he difficult to decompose by classical chemical digestio~ as weil
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as determinations of ultra-trace analytes if the digestion stage is prone to

contamination.

1.4 Rigb-Pressure HomogeDizatioa

1.4.1 Blgh-Pressure BODlogeDizer

The tenn ''homogenizer'' bas beoome a generic descriptor applied to any piece of

equipment that disperses and/or emulsifies (including a turbine blade mixer, an

ulttasonic probe, a high shear mixer, a colloid mill, a blender or even a mortar and

pestle).

A high-pressure homogenizer is an apparatus that applies a pre-selected pressure to

fluid materials that are to be processed into emulsified products. Usually, the

instrument is equipped with a stainless steel cylinder black and a plunger to force

the fluid through a tiny orifice. The fluid then impacts on an adjustable flat-faced

valve. The purpose of homogenization is to physically break up the solid particles

or liquid globules in the camer fluid onder reproducible conditions of pressure and

the gap distance between the orifice and the valve. The passage of fluid through the

minute orifice under higb pressure and controlled flow subjects the fluid to

conditions of high turbulence and shear that provide an efficient mechanism for

particle or droplet size reduction.

1.4.2 Rigb-Pressure Homogenization of Milk

The high-pressure homogenization technique was tirst employed in the dairy

industry. Milk is an oil-in-water emulsion, with fat globules dispersed within a

continuous skim milk phase. When raw milk is pennitted to stand, the fat globules

coalesce, rise and fonn a layer ofcream. Homogenization is a mechanical treatment

of the fat globule suspension in raw milk that results in a decrease in the Mean

diameter and a corresponding increase in the numbers and mean surface areas of the

globules. The net result, from a practical view, is a appreciably reduced tendency of

resulting globules to cream. Homogenization does not affect the nutritional quality

of the product and is perfonned entirely for aesthetic purposes (University of

Guelph, 1999).
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Auguste Gaulin's patent in 1899 described a 3 piston pump in which produet was

forced through one or more hair-like tubes under pressure. There bave been more

than 100 patents issued since, all directed to producing smaller Mean partiele sizes

with the expenditure of as üttle energy as possible. To understand the meehanism,

consider a conventional homogenizing valve processing an emulsion sueh as milk at

a Dow rate of 20,000 Llbr at 14 MPa (2100 psi). As it first enters the valve, the

velocity of the Iiquid is about 4 to 6 mis. It then moves into the gap between the

valve and the valve scat where the velocity is increased to 120 mis in about 0.2 ms.

The liquid then moves across the face of the valve scat and exits in about 50 sec.

The homogenization phenomena is completed before the tluid lcaves the area

between the valve and the scat, and therefore emulsifieation is initiated and

eompleted in Icss than 50 sec. The entire process occurs between 2 pieces of steel

in a steel valve assembly. The produet May then pass through a second stage valve

similar in design to the tirst stage. While MOst of the fat globule size reduetion

takes place in the tirst stage, there is a tendency for clumping or clustering of the

reduced fat globules. The second stage valve efficiently separates these clusters into

individual fat globules (University ofGuelph, 1999).

Il seems likely that a combination of two theorics, turbulence and cavitation, can

explain the reduction in size ofthe fat globules during the homogenization process.

Turbulence: Energy dissipation within the liquid passing through the homogenizing

valve, generates intense eddies of turbulence of the same size as the average globule

diameter. Globules are thus tom apart by these eddy currents reducing their average

size (University ofGuelph, 1999).

Cavitation: There is a considerable pressure drop with the charge of velocity of

fluid. The liquid C8vitates because its vapor pressure is attained. Dissolved air is

expelled &om the solution to form bubbles which expand rapidly then contraet. The

high velocity gives liquid a high kinetic energy which is disrupted in a very short

period of tîme. Dissipation of this energy leads to a high energy density (energy per

volume and tinte). Cavitation generates further eddies that would produee

disruption ofpartieles.
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1.4.3 The ApplicatioD of Bigla-Pressure BomogeDizadoD to CeU DisruptioD

A lot of biological Molecules are inside the cell, including many metalloenzymes

and metalloproteins, and for biological assay or biochemicallchemical analyses,

they must he released from the cell before determination. This is achieved by cell

disruption (lysis). Cell disruption is a sensitive process because of the cell wall's

resistance to the bigh osmotic pressure inside them.

High-Pressure homogenization bas heen applied as a mechanical cell disruption

method. Cell disruption is accomplished by three differeDt mechanisms:

impingement on the valve, bigh liquid shear in the orifice, and sudden pressure drop

upon discharge, causing finally an explosion of the cell. The technique is suitable

for large-scale applications. Following the rationale first employed by Dunnill

(1972), the application of this high pressure device to cell disruption has found to be

very useful for industrial applications.

The Manton-Gaulin APV homogenizer is ODe of the most widely used high-pressure

disruption devices in industry. Using it to disrupt baker's yeast, Hetherington et al.

(1971) reported disruption to be proportional to the number of passes and the

operating pressure.

Sauer et al. (1989) studied the disruption capabilities of the Microfluidizer (a high­

pressure homogenizing device) using both recombinant and nonrecombinant strains

of the bacterium E. coli, and they reported the device achieved excellent disruption

(e.g. 95% to 98% disruption at an homogenizer operating pressure of 95 Mpa with

recombinant E. coli NM989 with only two to three passes through the

homogenizer).

1.4.4 Siurry PreparadoD by MeaDs of Bigb-Pressure HomogeaizatioD

Recently, bigh-pressure bomogenization bas been evaluated for the preparation of

quasi-stable dispersions/slurries suitable for FTIR (Dion et al., 1994) or Gf-AAS

(Tan et al., 1996a, 199&). The advantage of tbis approach to sample preparation

were the ease and speed of the slurry preparation and the fact that analyte metals

were extraeted quantitatively Înto the liquid phase during the preparation 50 that no

analyte segmentation was detected within the slurry even after standing for several
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days storage at 4 oC. Certified reference materials (CRMs). frozen cervine liver and

kidney and dried animal feeds of botanical :Jrigin were analyzed successfully for

C~ Cr, Cu, Mn, Ni and Pb but not for Se. The principal limitation of the high­

pressure homogenization technique was the amount of contaminating analyte metals

introduced into the sample by the homogenization operation. Contamination was

reduced appreciably, but not eliminated entirely, by capping the fiat face of the

stainless-steel homogenizing valve with a ruby, alumina or sapphire dise (Tan et al.,

1996b).

1.S Selenium, aD Ultra-Trace Essentia. Element

Selenium was first discovered in 1818 by a Swedish chemist. Berzelius. Early

interest in selenium by nutritionists concerned its high concentration in certain range

plants and the consequent toxicosis induced in animais that grazed on these plants.

For a long tinte, Se was considered to be toxic for human and animals, causing

severe poisoning in some regions of the world (Franke, 1934). In recent years Many

exciting research results have indicated that Se. depending on its concentration, can

influence mammalian metabolism in a variety of ways; the essentiality of selenium

to homeothenns has become the focus ofmore recent attention (Schwarz and Foltz,

1957; Rotruck et al. 1973; Flohe et al. 1973; Keshan disease research group, 1979a,

1979b;) This element is now known to he an ultra-trace essential element which is

required by laboratory animais, food animais and humans, but the range between

dietary requirements and toxic levels is surprisingly narrow (National Research

Council, 1980).

1.S.1 ADalysis ofSe

Sensitive assays are required to determine the quantities of total selenium that is

present albeit at low concentrations in Many biological and food crops,. A variety

of analytical methods have been applied for the detennination of trace amounts of

selenium in various materials. These include fiuorimetry, atomic absorption

spectrometry, neutron activation anaIysis, optical emission as weil as a variety of
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mass spectrometrie methods of detection that are frequently combined with

chromatographie separation techniques.

Fluorometry

The fluorometric method using diaminonaphthalene (DAN) to fonn a piazselenol

type derivative bas been one of the most popular methods for Se analysis (Cousins,

1960). This method involves conversion of Se, present in various oxidation states

within the sample, to Se (IV), and reaction with DAN to fonn benzopiazselenol, a

fluorescent product that cao be quantified fluorometrically. The chiefadvantages of

the DAN procedure are its good sensitivity and its relatively low eost. Nevertheless,

the method bas certain disadvantages. It entails the tedious nitric-perchloric acid

digestion, which is Jabor intensive and can he hazardous. In addition to a

quantitative release of Se from the sample matrix the analyte must be in the

tetravalent state prior to reaction with DAN.

A second potential problem involves interferences by fluorescent degradation

products from the reagent DAN itself (Dye et al., 1963).

Atomic AbsorptiOD Spectrometry

Comparative studies have indicated that AAS is an attractive choice for the

determination of selenium. The best AAS sensitivity [Iowest limit of detection

(LOD)] for Se are currently achieved usÎDg Gf-AAS (O.OS to 3 mg/liter).

Conventional f1ame atomic absorption spectrometry has not been generally suitable

for the detennination orse in biological samples due to the relatively high LOD (ca

0.1 ppm). It cao only be used for samples containing high concentration of this

analyte. The very short residence tinte of the atomized element in the analYtical

f1ame and the relatively low signal to noise ratio for flame AAS are the factors that

limit the sensitivity ofthe technique.

Hydride generation - AAS provides the advantage ofgood sensitivity (ca 0.01 ppm)

but requires that great care be taken to ensure complete sample digestion and

conversion of selenium to selenite (Lloyd et al., 1982; Bye et al., 1983). However,
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it doesn't work for certain Se-compound. Additionally, it suffers from possible

interference due to other elements that cao also fonn hydrides (e.g. As, Cu, Sb).

Improved sensitivity bas been obtained using graphite fumace -AAS (Alfthan and

Kumpalainen, 1982; Kumpalainen et al., 1983; Lapez-Garcia, 1995, 1996; Januzzi,

1997). This method avoids the problems associated with wet acid digestion by

employing high temperature oxidation within a graphite furnace. The use of high

temperature ashing reduces interference that result from nonspecific absorption of

organic compounds and non-Se salts, but cao increase analyte losses due to the

volatilization ofSe under such conditions. This problem can he minimized with the

use of modifiers (salts that stabilize). In practice, OF-AAS bas LODs for Se of

approximately 0.003 ppm and with the use of Zeeman-effect background correction

sensitivities approaching 0.001 ppm have been reported (Camick et al.., 1983;

Januzzi et al., 1997).

1.5.2 Sample PreparatioD for Se DetermiDatioD

Numerous accurate techniques for the detennination of Se in biological materials

bave heen developed. However, almost all these methods require a prior sample

digestion to decompose organic matter. A complete digestion of the samples is

necessary prior to the determination of Se because, on one band Se is frequently

incorporated within proteins in the form of selenomethionine and/or selenocysteine

and must be released (Welz, et al., 1984). On the other band, sorne of the

techniques (GC-MS, HGAAS, HG-lep-MS) require chelation or bydride fonnation,

which are convenient only for total digestion, though Ge cao achieve partial

separation prior to MS detection.

The digestion methods for Se commonly involve use of strong oxidants such as

RNO) and HCI04 to decompose the Se-containing compounds. Moreover., to avoid

losses of the volatile Se, which typically are in reduced forms, oxidizing conditions

must he maintained throughout the digestion procedure (Oster and Prel1witz, 1982;

Koh and Benson, 1983).

Microwaves cao also accelerate the wet ashing process for individual samples of

approximately 1 g or less. However, Most commercia1ly available microwave-based
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digestion systems have a limited "parallel'" througbput rate in tenns of numbers of

samples that can be processed simultaneously and are not configured to handle sub­

samples as large as 10-30g.

Conventional acid digestion methods are time consuming and require constant

operator attention to rnioimize anaIyte losses in the process or the addition other

contaminants. It involves using strong oxidizing acid and once the analysis has

been completed, there remains the problem of waste disposal that contains

appreciable quantities ofhazardous chemicals.

1.6 Heavy Metal iD Paper Pulp

1.6.1 Role or Metals in Pulp Processing

Totally Chlorine Free (TCf) bleaching was tirst introduced commercially in the

pulp and paper industry around 1990, and the rate of its development in recent years

has been very rapid. The necessity for a reduction in the use of chlorine gas for the

bleaching ofpulp is no longer a question ofdebate. Increasingly, market pressure is

driving pulp mills towards reduced emissions of all effluents with the eventual goal

a completely closed mill. Closure of a mill will he difficult to achieve if the

recycling streams contain chloride ions because of their high corrosivity. A TCF

sequence will pennit mills to operate with the least pollution of the environment

whilst the development of the necessary recycling processes are carried out.

Additionally, a TCF bleaching process will not cause the fonnation of any org8Oo­

chlorine matter in the pulp or in waste streams (Troughton and Sarot, 1992).

Hydrogen peroxide is an attractive candidate for use in TCF sequences. ft is

extensively used in the pulp and paper industry as a bleaching reagent, panicularly

for brightening of mechanical pulps. It is decomposed to gjve water and oxygen

ooly, 50 it is ideally suited to applications where the effect on the environment of

effiuents bas to be minimal (Troughton and Sarot, 1992).

Metal ions present in wood and pulp have a great effect on the efficiency of

bleaching wood pulps with oxygen and bydrogen peroxide. Because of their

intrinsic ability to easily change oxidation state, transition metals naturally present

in wood pulp can catalytically disproportionate hydrogen peroxide into water and

27



• oxygen, through radical intermediates. Among the transition metals, Mn, Fe and Cu

are those most commonly found in wood and are therefore of MOst significance for

bleaching with hydrogen peroxide (Bryant et al., 1992).

In both acidic and alkaline media, bydrogen peroxide will react with transition

metals. For example, hydrogen peroxide will oxidize iron (11) ions to iron (111),

generating hydroxyl radicals. Further reaction with hydrogen peroxide will generate

other radicals including the perhydroxyl radical. Oxygen, water and iron (II) are the

end product (See reaction equations 1-7). The generated oxygen is not effective as a

delignifying agent and is lost to the system. The iron {In cao react further, so the

cycle destroys the hydrogen peroxide. The hydroxyl radical intennediate is a highly

reactive species. ft is electrophilic and will readily delignify pulps. Unfortunately,

it also readily attacks cellulose rapidly destroying the physical properties of the

pulp.

•
Peroxide Decomposition Reactions (Troughton, 1992):

Fe (II) + H20 2 ~ Fe (III) + 'OH + Olf

H202 + 'OH ----+ 'OOH + H20

Fe (lIn + ·OOH-----+ Fe (lI) + Ir + 02

(1)

(2)

(3)

(4)

Additional reactions:

Fe (II) + 'OH ----+ Fe (III) + OIr

Fe (II) + 'OOH ----+ Fe (III) + 001f

Fe (nn + OOIr ----+ Fe (II) + 'OOH

(5)

(6)

(7)

•

Iron is not the oo1y transition Metal that catalyses the generation of hydroxyl

radicals and the decomposition of hydrogen peroxide. Manganese and copper are

known to he particularly active al alkaline pH wbereas titanium is more active al

8Cid pHs.

Therefore, effective use of hydrogen peroxide for bleaching or delignification of

wood pulp requires the removal or deactivation of transition metals. With a
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controlled Metal ion profile it is possible to achieve a good bleaching result with

hydrogen peroxide, or other bleaching agent sucb as ozone and oxygen.

1.6.2 Analysis of Heavy Metals ID Pulp Fiben

To heneficially control the Metal profile, analyses must he perfonned to provide the

infonnation of Metal content in a wood pulp. The metals present in a wood pulp

vary according to the wood species and the soil in which it was grown.

When using the TAPPI (Technical Association of the Pulp & Paper Industry)

standard methods (TAPPI, 1988), the metal contents are detennined by AAS with

calibration standards. Sample preparation involves either dry ashing or more

frequently, wet digestions with strong acids. Typically, pulp fibers are wet-ashed to

convertlvolatilize the carbon to carbon dioxide. The inorganic residual ash that is

present in (or bas been re-dissolved in) strong acid, is then analyzed by AAS.

The wet digestion with refluxîng strang acids (hydrochloric or nitric acidIH202)

must be performed with appreciable operator care because of corrosive nature of

these oxidants. Extreme care must also he exercised with dry-ashing techniques to

avoid analyte volatilization losses. Again for pulp matrices, sample preparation

remains the most rime consuming aspect ofthe overall analysis procedure.

1.7 Researcb Objective

The objectives of this study were as follows:

1. Ta evaluate high-pressure homogenization combined witb partial enzymatic

digestion as a rapid sample treabnent procedure to provide a quasi-stable

dispersion of certified reference materials or animal feed that can be analyzed

for Se by Gf-AAS.

2. To evaluate the performance of a new model of bomogenizing instrument in

terms ofmetal (Cr, Cu, Fe, Mn, Pb) contamination introduced by the instrument

during the process ofhigh-pressure bomogenization.

3. To evaluate the slurry preparation/introduction technique for the determination

ofother elements (Cu, Fe, Mn) in animal feed.

4. To extend the applicability ofthe technique to wood pulp samples.
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2
Enzymatic Digestion - mgh - Pressure Homogenization Prior to

Slurry Introduction GF-AAS for Selenium Determination in Plant

and Animal Tissues

2.1 Introducdon

A previous study (Tan and Marshall, 1997) had established that a high­

pressurehomogenization of solid samples in the presence of aqueous

tetramethylammonium bydroxide (TMAH) - ethanol did not release all of the

selenium analyte into the aqueous phase. Detenninations performed on slumes of

eight different CRMs consistently underestimated the concentration of Se in these

materials. However, iC the homogenization was performed in the presence of

protease and the resulting homogenate was digested at 37°C for 4-8 h, recoveries in

the resulting digests became quantitative. Whereas zoological CRMs required up to

4h oC enzymatic hydrolysis, botanical CRMs proved to be more resistant and

required up to 8h of hydrolysis. The addition of the protease to the sample

suspension prior to homogenization (i.) accelerated the hydrolysis somewhat

relative to additions of protease post homogenization and (ii.) resulted in less

variation (decreased relative standard deviation) among replicate analyses. Since

determinations of the supematant fraction after several days of storage at 4°C

provided estimates that agreed with the certified concentration in these reference

materials, it was suggested that the analyte had been transferred quantitatively to the

liquid phase. In the current report, reCerence is made to the release oC the analyte

ÏDto a form that can be detected by the OF-AAS technique without implyiog

whether the analyte has been transCerred quantitatively to the liquid phase or

whether a fraction remains bound to solids.

The objectives of the curreot studies were: to evaluate the perfonnance of a new

homogenizing instrument and to develop a more rapid sample preparation for the

determination oC Se in biological materials by OF-AAS. There have been few

reports of the determination of Se in slurried samples (Ebdon and Pany, 1988;

Bradshaw and Slavin, 1989; Wagley et al., 1989; Bendicho and Sancho, 1993).
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Recent reports (Cabrera et al., 1995; Lopez-Garcia et al., 1996) indicate that the

approach is promising for this analyte as weil. Prolonged enzymatic digestion with a

crude protease has been used (Giton et al., 1995) to boerate component selenoamino

acids from proteins. This approach seemed promising as a post-homogenization

sample preparation.

2.2 Experimental Procedures

Reagents

Tris[hydroxymethylamino]methane (TRIS) and tetramethylammonium hydroxide

(TMAH) were purchased from Aldrich Chemical Co. (Milwaukee, WI, USA) and

aqueous Se solution (sodium selenite, 1000 ).1g1ml, traceable to a NIST primary

standard) was purchased from SCP Chemical Co. (St-Laurent, Qué.).

Samples: CRMs were purchased from the National Research Council of Canada

(DOLT-2, DORM-2, TORT) or the US National Institute of Science and

Technology (Durham Wheat Flour (DWF), SRM #1538; Whole Egg Powder, SRM

#8415 (Egg) ). The rape seed sample and two fiour reference materials (QCIV and

QCV) that had been subjected to round-robin Se deterrninations by six laboratories

was kindly supplied by B. Gowalko, Canadian Grain Commission, Winnipeg, Man.

Sample Preparation

Reference materials (RMs) were stored in a dessicator until use. Rape seed was

groun~ to pass a 0.5 mm scree~ in a Tecator Cyclotec sample mill, Tecator AB,

Hoganis, Sweden. Sample (approximately 0.2 g ofCRM or plant tissue) weighed to

the nearest 0.1 mg was added directly to 10 ml of S% (v/v) ethanol-0.03M TRIS

containing 20 mg crude protease (Type XIV, ex Streptomyces griseus, Sigma

Catalog # P-SI47, Sigma Chemical Co., St. Louis, MO, USA). The resulting

suspension was then processed three limes through the flat valve homogenizer

(EmulsiFlex Model CS, Avestin, Inc., Ottawa, ON) capable of developing 137.9

MPa (20,000 psi) when provided with compressed air (689.5 KPa, 100 psi). This

unit was capable of re-circulating the processed fluid back through the
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homogenizing valve. The homogenates, in 50 ml Erlenmeyer flasks were then

digested for up to 3 h at 60°C with gentle agitation every 15 min. Altematively,

solid sample was suspended in 90% (v/v) water ethanol containing 0.25% (w/v)

TMAH. The suspension was sonicated at low power for up to 15 min then processed

as above.

GF-AAS

Selenium determinations were performed using a hot injection technique on a

Varian Model 300 OF-AAS system equipped with an autosampler, pyrolytically

coated platfonn graphite tubes, a conventional Se hollow cathode lamp and Zeeman

effect background correction. Ashing - atomization curves were generated for

sodium selenite in the presence/absence of co-injected bovine serum albumine At

temperatures <2,300 oC, the Se atomization signal was somewhat broadened by the

presence of biological materials but was sharpened (and did not tait) for

atomizations at 2,400°C. In the presence of the palladium - citric acid modifier, no

loss in the Se signal was observed at an ashing temperature l,400°C. Fumace

operating parameters are presented in Table 2.1.

CalibratioB

GF-AAS quantification was performed by both the method of extemal standards

(ES) and by standard additions (SA). ES consisting of appropriately diluted

processed solvent blank plus protease, and up to four levels of standard were

prepared automatically by the sample introduction device. Background corrected

peak area response, resulting from three replicate injections of each diluted standard

was used to define the best fit regression equation. For standard addition (SA)

cahbrations, 10 ml aliquots of processed fluid was amended with 2, 5, or 10 ml of

aqueous standard chosen to result in a range of peak areas including signals which

were one-half and at least twice the signal for the unamended sample. The data were

modelled by lcast squares linear regression. Quantification was performed by

dividing the Y-intercept of the regression equati<in by the slope of that equation and

the overall standard enor ofestimate (SEest) was calculated from:
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SEest =(SE2y -int + SE2slope)112 (1.)

Particle Sïze Detenninations: Particle size/shape characterizations were perfonned

with a Galai CIS-lOO instrument. The distributions of the numbers of particles as a

function of length/arealvolume, in TRIS buffer-etbanol suspensions ofthree CRMs

before and after processing through the homogenizer were recorded. To detect

concentration dependent associationslagglomerations of the particles, the sample

suspension was diluted ten-fold with TRIS bufTer-ethanol and the determination was

repeated and after a second ten-fold dilution the distribution of particle sizes was

determined a third time.

2.3 Results and DiscussioD

The homogenizing instrument (EmulsiFlex Model CS) possessed several desirable

features that were not available in the prototype model that had been used for

previous studies. These included (L) the ability to recirculate the product dispersion

back through the homogenizing valve, (iL) a higher operating pressure [137.9 MPa

(20,000 psi) vs. 68.9 MPa (l0,000 psi)] and (iii.) a ceramic homogenizing valve (to

minimize metal contaminations within the final product). An initial characterization

of the influence of high-pressure homogenization on the sizes of particles was

perfonned using laser granulometry. The Galai CIS-lOO instrument was capable of

detennining the length, cross sectional area and volume of irregularly-shaped

particles that fell within the range of 0.5-1200 Dm in length. The distribution of the

volumes of the particles within the sample was of special interest since it was

considered that volume (rather than Mean length or Mean cross sectional area)

would relate more closely to mass and therefore to the concentrations of individual

analytes. It was possible that much of the mass of the sample might be included in a

relatively few particles of larger volume. Arbitrarily, tbree CRMs (DORM-2, DWF

and Egg) were chosen for analysis by granulometry. Homogenization at 103.4 MPa

produced a dispersion that was characterized with respect to the Mean length, mean

cross sectional area and mean volume of the particles. Distributions of the numbers

of particles as a function of length, area and volume were also recorded. The

means of these parameters for each of the tbree CRMs before and after processing
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are recorded in Table 2.2. Homogenization appreciably reduced the mean length,

area and the volume of the particles in ail three matrices. However, particles within

the flour sample proved to he more resistant to sae reduction. More importantly, the

relative standard deviations associated with the means were not changed appreciably

by processing. This indicated that the approximately nonnal distributions of

particle- length, area and volume were not broadened appreciably by processing.

This lack of any appreciable change in the fonn of the distribution can be observed

in Figures 2.1-2.3 that present distributions of the numbers of particles as a function

of particle volume for the dogfish muscle (DORM-2), Durham wheat flour and the

whole egg powder samples rcspcctively. Plots of the cumulative percent by volume

vs. particle length that are included in each of these figures also indicate an

approximately nonnal distribution (symmetrical s-shaped plots) for the egg and

DORM-2 matrices. Ten passes of the flour sample through the bomogenizer did

result in sorne broadening of the partiele volume distribution yet the distribution

remained approximately Gaussian and the Mean volume was reduced to

approximately one eighth by the processing. Each suspension, before and after

processing, was diluted either 10-fold or loo-fold with solvent tben re-analysed.

Since the resulting particle sizelcross sectional area / volume distributions remained

essentially unchanged by the dilution there was no evidence for concentration­

dependent particle agglomeration or flocculation within the suspension.

Because crude enzyme isolates tend to be more resistant to heat-induced

denaturation, this enzyme isolate offered the possibility that the rate of hydrolysis

might be accelerated by perfonning the incubation at elevated temperature. In

preliminary trials with 0.02g of enzyme suspended in TRIS buffer, sufficient

hydrolytie activity remained in the suspension after 2 h incubation at 75°C, to cause

the quantitative release (at 37°C) of the selenium from OORM-2 and Egg CRM.

Somewhat arbitrarily, in aU subsequent trials, 0.2 g samples were digested at 60°C

with 20 mg enzyme for 0, 0.5, l, 2 or 3 h. For the four zoological matrices (egg,

DORM, OOLT and TORT), the release of Se was achieved by three passes through

the homogenizer (Table 2.3). Prior to bomogenization, cacb suspension of sample

plus enzyme in TRIS butTer had heen sonicated for 15 min at low setting, to
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completely wet the sample matrix. Homogenization al 103.4 MPa (post sonication

for 15 min) served to release the Se into an AAS-detectable forme Relative to the

previous model, the bigher operating pressure of the corrent homogenizer caused

efficient liberation of Se from each of the four zoological matrices. It is unclear

whether the anaIyte was released into the liquid phase quantitatively or whether

processing reduced the particle size sufticiently to pennit efficient

pyrolysislatomization of analyte direcdy ftom the solid phase. Within experlmental

error, an orthe Se analyte in the TORT matrix was detected after one day of storage

of the homogenate at 4°C. Similarly, a quantitative recovery of Se in the DOLT-2

homogenate that had been digested enzymatically for 0.5 h was observed even after

6 days of storage of the homogenate at 4°C. In bath trials, storage caused no

apparent segregation of the analyte between the liquid and solid phases suggesting

that the analyte had been transferred quantitatively to the liquid phase.

Companion sample preparations were also generated with two zoological matrices

(DORM-2 and DOLT-2) in the absence of the protease enzyme. An objective for

previous studies had been to define a single solvent system for homogenization that

could he applied to all samples for the detennination of ail metals; work had

focussed on 90% (v/v) water ethanol containing 0.25% (mlv) ofTMAH. The results

for Se detenninations in slurries that had been prepared in the absence of the

protease (Table 2.4) indicated that the recovery ofSe was not influenced perceptibly

by the number of passes through the homogenizing valve, by the duration of the

sonication procedure (0, 5 or 15 minutes) prior to homogenization or by the solvent

used to prepare the slurry. In all cases, the recovery of Se from these reference

materials remained incomplete. Quantitative recoveries were achieved only if the

enzyme was present during the homogenization (Table 2.4). The reason for the

beneficial effeet of the added enzyme on Se recovery is not known. Storage of the

resulting slurries al 4 oC for 12h caused appreciable segregation within the DORM­

2 (but not within the DOLT-2 sample). Determinations of Se in the supematant

fractions from DOLT-2 slumes post l2h storage at 4°C indicated that virtually ail

the Se that was detected initially was present in the supematant fraction. By

contrast, for the OORM-2 matrix an appreciable fraction of the total Se that was
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detectable immediately post preparation remained with the solids fraction after 12 h

storage at 4°C.

In contrast to the zoologicat reference materials, the botanical RMs proved to be

samewhat more resistant to the homogenization induced release of Se. Three passes

tbrough the homogenizing valve in the presence of protease released Se

quantitatively ftom the rape seed sample and but was inefficienl for ail three flour

samples (Table 2.S). Homogenization coupled with enzymatic digestion al 60°C

during 1h resulted in a quantitative liberation of the analyte from all three flour

samples. Quantitative recoveries from each ofthe flour samples was also achieved if

the sample was processed through the homogenizer several times. This was

accomplished conveniently by operating the homogenizer in the recycle mode

during 2 min «10 passes). For the DWF matrix that bad been homogenized

continuously during 2 min, ten days of storage at 4°C did not result in a perceptible

decrease in the Se content in the supernatant fraction. Similarly, once complete

enzymatic release from the QCIV and QCV samples had been achieved (Ih),

subsequent storage at 4°C for 2 or 3 days did not result in any apparent segregation

of the Se between the supematant fraction and the salids.

The principle shortcoming of the homogenization technique is considered to be the

decreased precision associated with the introduction of slurries. The precision was

improved slightly with increased digestion time but apparently not with increased

processing.

2.4 Conclusions

High-pressure homogenization provides a rapid sample preparation technique for

soft biological materials prior to GF-AAS. Reliable detenninatioDS of the selenium

content in the resulting slurry cao be achieved provided that the particle volume bas

been reduced sufficiently and that the matrix is sufticiently homogeneous. This

work bas also demonstrated that enzymatic digestion with a crude protease cao be

accelerated by incubation at elevated temPerature (60°C) ta liberate Se from

biological matrices. However, Se-release can he achieved more rapidly by

sufficiently reducing the size of the particles within the sample matrix. Multiple
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passes through the homogenizing valve were sufficient to generate a quasi-stable

sluny that could he sampled reliably for Se even after several (1-10) days ofstorage

al 4°C post preparation.
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Table 2.1. Furnace operating parameters
G

for determinations ofselenium.•

•

Element

wavelength / Dm

lamp CUITent / A

sHt width / Dm

injection T / oC

pre-injection

Temperature of last

dry step (lOs) / oC

charring sequence

cooldown

Atomization

measurement tinte

matrix modifier

selenium

196.0

10

1.0

60

yes

250

lOs ramp to l,400°C, 40 s hold.

None

0.6 s ramp to 2,400 oC, 5.0 s hold

5.6 s

5 J.11 [0.5% (mlm) Pd(N03)2 + 2.5%
(m/m) citric acid] for 10 ,.L1
sample

•

a Each step of the fumace program (with the exception of the

read step) was performed in the presence of Ar purge gas

(3 l/min).
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• Table 2..2. Means of the length of particles, their cross sectional areas and volumes

(per unit volume of solvent) for three CRMs prior to and post homogenization at

103.4 MPa.

•

Matrix (prior or
post l,Sor 10
passes through the
homogenizer)

OORM-2

Prior

Post x 1

DWF

Prior

Post x 1

Post x 5

Post x 10

Egg

Prior

Post x 1

8.9 :21.0

4.1 ± 4.0

17.0 ± 33.2

8.4 ± 15.1

3.4 ± 5.7

4.2 ± 3.5

38.2 ± 44.4

8.2 ±21.0

Area

(J.lDl2 ± ISD)

139.8 ± 98.5

12.4 ± 8.2

140.1 ± 89.4

91.6 ± 64.8

41.9 ± 32.4

13.6 ± 14.1

89.8 ± 58.2

62.0 ± 41.7

Volume

206.4 ± 120.9

17.8: 11.1

202.9 ± 107.2

137.4 ± 87.6

67.0± 29.6

28.2 ± 22.1

162.1 ± 78.1

103.3 ± 30.6

•

"SD = standard deviation
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• Table 2.3. Percent rec::overies (± 1 standard deviation) of selenium from certified

zoological reference materials detennined after 15 min of sonication at low speed

followed by 0, 0.5, 1.0,2.0 or 3.0 h of enzymatic digestiona (or following digestion

plus several days ofstorage at 4°C

Matrix Hours ofDigestion al 600c Certified
Concentratio

0 0.5 1.0 2.0 3.0 n (J.1g/g ±
ISO)

Solveot blank 23 ±7.6
(TRIS) +
protease (og/10 ml)

Whole Egg 108±9% 104± 5% 106±4% 108 ± 8% 1.39: 0.17
Powder

88 ±3% 98 ±6% 88±3%

DOLT-2 loo±2% loo±5% 95±2% 6.06: 0.49
(2d)

• 103±4% 104±2% 103 ± 6%
(6d) (6d) (6d)

OORM-2 96±6% 100:7% 96±8% 1.40 ± 0.09

TORT 110 ± 4% 103± 5% 100 ± 6% 6.9 ± 6.8
(3d)

110 ± 9% 106 ± 5% 100 ± 7GA.
(Id) (Id) (id)

GEach sample was processed through the homogenizer three limes.

•
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• Table 2.4. Mean percent recoveries (± 1 standard deviation) orSe from DORM-2
or DOLT-2 CRM post S-, 8- or lO-sequential passes through the homogenizing
valve in the absence orprotease enzyme.

Matrix Homogenization Solvent Sonication prior
to

homogenization

5-passes 8-passes 10-passes [Time (min)]

DORM-2D 77±6% 81 ± 9% 71 ±4% TMAHb 0

76±2% TMAH 5

64±8% TRISe 15

66±3%

DOLT-2D 86±4% 72 ± 10% 80±7% TMAH 5

82±4% 8S± 1%

83± 4% TRIS 15

DCertified concentration is quoted in Table 2.3.

• borMAH = 90% (v/v) water-ethanol containing 0.25% (m/v) of

tetramethylammonium hydroxide

cTRIS = 5% (v/v) ethanol-O.03M tris[hydroxymethyl]aminomethane

•
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• Table 2.5. Percent recoveries of selenium (± 1 sn based on 3 replicate samples) from botanical reference

materials detennined after 15 min. sonication followed by 0,0.5, 1.0,2.0 or 4.0 h ofenzymatic digestion at

60°C (or following enzymatic digestion plus several days ofstorage at 4°C).

Matrix Hours ofDigestion al 60 Oc Certified
concentration

0 0.5 1.0 2.0 4.0 (J.1g/g ± 1SO)

Solvent blank 23 ±7.6
+protease (ngllO ml)

Durham 82±2%"c 87±S%- 92±9%- 97±3%- 1.23 ±0.09
wheat flour
(DWF) 86±8%- 91 ±6%- 86±8%- 9O±4%-

1I7 ±9% 6 107±13% 6 107 ± 8' 91 ± 6%'
(IOd) (IOd) (10<1) (IOd)

92± 11%6 92± 11%6 97 ± 9Ot'o 6

Milled Wheat 52 ± 11''c 77± 16%~ 87± 13%- 94±7%- 91±8% 0.87 ±0.02
Flour (QCIV) (2d)• 95 ±8% 6 92 ± 90,/0' 92±5%'

91 ± 15%' 91 ±7%' loo±9%' 108 ± 10% 6

101 ± 2% 6 109±6%6 109 ± 6% 6 105 ± S0t'o 6

Milled Wheat 55 ± 14%-'c 6O± 12%"c 9O±5%- 115 ± 9%- 115 ±7% a 1.11 ± 0.07
Flour(QCV) ( 3d)

77 ± 20%- 71 ±20%"c 105 ± 13%- 105±8%-

Rape Seed

99± 12%6

73±3%~

86± 17%6

86± 17%-

104 ± 100,/0 6

87 ± 10%-

92±4%6 102±4%6 0.23 ± 0.25

•
"Samples were subjected to three successive passes through the homogenizing valve or b to

continuous homogenization during 2 min.

CSignificantly different from the certified concentration at the 95% level ofconfidence.

42



•

o
o~ --rii.oI."""""'"

_ DORM·2 CRAf before •• .' 100
50 homogenlzatlon .
~ DORAf·2 after one •. •pass through .• •homogen/zer .. •. .•. cumulative % by 80 CD

40 .
E.

volume be'ore .
-=homogen/zatlon ,
~. .•. cumulative % by ..
~

.
volume after one .

60.... 30 homogen/zation • ....
li

. fi..
~

.
~. .

et
. . Q). . Q.. .

20 .
40 ~... . ;::. . JI. .. .

~• . .. . E
10 ~

20 (.)

1 10 100

Partiel. volume (um3
)

1000

Figure 2.1 Distnbution of the number ofparticles as a function ofparticle volume

for dog fish muscle (DORM-2)

•
43



•
35 --.------------------------,

40

o

100

80

20

60

.•­-
_ DWF CRU before homogen/zatl~.
~ DWF CRU after 5 passes p.

through homogenlzer 0 ff

c=J DWF CRU afte, 10passes ~
through homogenlzer a :

...•.. Cumulative % by volume: •
before homogen/zatlon 1 ,f

. •. Cumulative %by volume "
afte, 5 passes t •

. -O· Cumulative % by volume " :
afte, 10passes ,t' f

t

1

t

o -t--_::L--........~L-{ ,............L...L.-_ ....-...-..-.......~~_

() .tt
.. - -0 · 0: ~. ~.•...•...•.••..

5

20

30

10

25

...
lie 15
cf

•
1 10 100

Partic/e volume (um3
)

Figure 1.2 Distribution of the numbers ofparticles as a fonction ofparticle volume
for Durham wheat flour (DWF).

•
44



•

o

20

100

40

80

60

•••••••.•...
•

.....•.....•.......•,0:.::1···········
o ~---------~--

5

20

25

30 ~---------------------
_ EggCRMbefore '"

homogen/zation
_ Egg CRM after one pass •

through the homogen/zer .
...•.. Cumulative % by volume ~

before homogen/zatlon
...•.. Cumulative % by volume

after one homogenlzallo

.. 15
i
~

l
10

•
10 100

Panic/e Volume (um3
)

1000

Figure 2.3 Distributions of the numbers ofparticles as a function ofpartiele volume

for the whole egg powder (Egg).

•
45



• 3
Higb-Pressure Homogenization Siurry Preparation Prior to Heavy Metal

Determinations in Animal Feeds and Wood Pulps by GF-AAS

3(1). Metal CODtamiaatioD from tbe New HomogeDizer

3(1).1 New Model of HomogeDlzer IDcorporatiDg a Ceramic HomogeDiziDg Valve

Previous studies (Tan, 1996a, 1996b) had demonstrated that the principal limitation of the

high-pressure homogenization technique was the quantity of contaminating analyte metals

introduced into the sample by the homogenization process. The new model of homogenizing

instrument (EmulsiFlex Model CS) possessed several desirable features that were not

available in the prototype model that bad been used for previous studies. Included among the

modifications, was a ceramic homogenizing valve that was anticipated to minimize metal

contaminations in the final product.

Prior to employing the slurry preparation technique, investigation were perfonned to

• detennine the level of Metal contaminations introduced by the EmulsiFlex Model CS

bomogenizer.

3(1).2 Experimental Procedure

Reagents

Aqueous Metal standard solutions (1,000 J1g/ml, traceable to NIST primary standard) were

purchased from sep Chemical Co. (St-Laurent, QC). Tetramethylanunoniurn hydroxide

(TMAH) was purchased from Aldrich Chemical Co. (Milwaukee, WI, USA). Dilution of

metal standard solutions were perfonned with ethanol-water (1 + 9 v/v) containing 0.25%

(rn/m) of TMAH.

Sample preparation

The solvent mixture, ethanol-water (l + 9 v/v) containing 0.25% TMAH, was processed

through the high-pressure homogenizer EmulsiF/ex Model CS four or more times al the

working pressure of 103.4 MPa. This was accomplished by operating the homogenizer in the

• recycle mode.
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Sample Analysis

After homogenization, the processed solvent mixture was analyzed for trace metals.

Analyses for chromium, copper, iron, manganese, and lead were performed using a hot

injection technique on a Varlan Model300 OF-AAS system equipped witb an autosampler, a

pyrolytically coated partition or platform graphite tube, a conventional bollow cathode lamp

and a Zeeman effect background correction system. Analytical operating parameters are

presented in Table 3.1 and 3.2.

CalibratÎoB

GF-AAS quantification was performed by the method of external standards. Extemal

standards consisting of reagent blank, and up to four levels of standard were prepared

automatica11y by the OF-AAS autosampler. Background corrected peak area responses

resulting from three replicate injections of each diluted standard were used to define the best

fit regressioD equation.

3(1).3 Results and Discussion

A previous study (Tan, 1996a) had demonstrated that levels of trace Metal contaminations

that were introduced into the dispersion by processing was reduced appreciably but not

eliminated entirely by capping the flat face of the stainless-steel homogenizing valve with

either a ruby disc or with various ceramic materials. In the case of homogenizations

perfonned with the ruby capped homogenizing piston, Cr, Cu, Fe, Mn, and Pb concentrations

in the processed solvent mixture was reduced 4-20 fold when compared to concentrations

that were dctennined in solvent that bad been processed with a bare stainless steel piston.

But still, for certain elements, the level of contamination remained appreciable even in the

presence of the mby cap. Moreover, there was also high probability of Al contamination

introduced into homogenized fluid by the TUby cap.

As sumrnarized in Table 3.3, the new model, equipped with the ceramic homogenizing valve

significantly decreased the Metal content in the processed blank solvent mixture. The

concentration of live metals, Cr, Cu, Fe, Mn and Pb, in the processed fluid fell in the range

between 0.3 to 16.7 ppb, with the lowest for Pb, highest for Fe.
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Each element was determined by Gf-AAS several times on different days. Sample was

prepared fresh on each day that analyses were performed. The results were summarized in

Table 3.4. For Pb, the reproducibility was not very good, presumably the result of the very

low level of the analyte in the sample solution (0.3 to 0.8 ppb). For the same rcasoo,

detenninations performed on the same day resulted in elevated relative standard deviations

(RSDs, i.e. 0.8 ppb ±68.7%). However, there was appreciably less Pb in the solvent mixture

processed by the ceramic homogenizing valve than in solvent mixture that had been

processed with the ruby capped homogenizing valve, and much less in the solvent that had

been processed with the stainless steel valve.

For Mn, not ooly were the determinations performed on difTerent days, but also the solvent

mixture was processed through the homogenizer for varying limes. Initial investigations were

perfonned on fluid that had been processed for four sequential times. Additional studies were

perfonned to compare the Mn level in fluid homogenized for one time or for 30 sec in a

recycle mode (approximately 6 tintes). As described in Chapter 2, when applying the high­

pressure homogenization to biological samples for slurry preparation prior to OF-AAS,

samples might have to he homogenized in the recycle mode to achieve a quantitative release

of the analyte Metal from the matrix. By comparing the Metal burdens observed in a solvent

blank that had been processed with a single pass vs. processing with several sequential

passes, changes in the levels of metal contamination would be evident. Moreover, the levels

of contaminations were anticipated to reflect the number of passes through the homogenizer.

This strategy was perfonned for Mn detenninations. Data obtained for analyses perfonned

on different days agreed with each other, 0.6 ppb on Day 1, 0.7 ppb on Day 2, and analyte

concentrations for samples of solvent that had been processed four sequential times agreed

weil with solvent that had been processed for 30 sec in the recycle mode (0.6 ppb).

However, the solvent that bad heen homogenized ooly once contained levels of Mn at 0.2

ppb ± 14%. This suggested that the analyte Metal might have accumulated with longer

homogenizer processing times. On the other band, a relatively stable level of Mn

contamination might he reached within a specific duration ofprocessing.

Similar investigation was performed with Cu. Whereas solvent that had been subjected ta

only a single pass through the homogenizer provided copper concentrations that contained

approximately 1 ppb, whereas processing in the recycle mode for 20 sec (== 4 times), 30 sec

48



•

•

•

(~ 6 rimes), 1 min (~ 12 times) were cbaracterized by Cu level 2.2, 2.96, and 4.1 ppb

respectively. As was the case for Mn, the data for 4 sequential passes, 20 sec (~ 4 tintes) and

30 sec in the recycle mode (~6 times) were in close agreement, whereas Cu contamination in

solvent that had processed continuously for 1 min increased somewhat. Previous studies had

demonstrated that for most zoological samples, processing by homogenization for three

sequential times was sufficient to release analyte metal quantitatively into a fonn that was

detectable by GF-AAS whereas botanical samples required extended processing times. The

duration of the contact time between the sample and the homogenizer was anticipated to

increase the metal contamination in the processed sample. However, typical concentrations

ofheavy Metal in most of the botanical samples can be anticipated to be sufficiently high that

the levels of contamination introduced by homogenization process can be ignored. The

concentrations of both Mn and Cu in the homogenized solvent mixture were appreciably

lower (Mn, 0.7 ppb; Cu, 2.6 ppb) than the corresponding concentrations observed for

homogenizations with four sequential passes through the ruby capped homogenizer (M~ 2.0

ppb; Cu, 3.5 ppb).

For Cr, bebavior that was similar to both Mn and Cu (rePQrted above), was obtained for

sample that had been processed once, for 30 sec, and or 1 min., (2.1 ppb, 5.6 ppb, and 7.S

ppb). However, levels of chromium contamination generated by processing with the ruby

capped homogenizing valve were not appreciably greater than levels generated by the

ceramic homogenizing valve. The source ofthis contamination remained unclear.

Of the different metals, iron provided the greatest levels of contamination. Despite the fact

that the new model homogenizer was equipped with ceramic homogenizing valve, most of

the other parts of this instrument were composed of stainless steel. It was to be anticipated

that Fe contamination levels in the hom."lgenized tluid would be higher than for other heavy

elements. Detenninations of Fe indicated that levels varied from 12.5 ppb, to 16.7 and 18.7

ppb, for analyses that were performed on different days. Each solvent mixture was

homogenized four times successively. When using the stainless steel homogenizing valve,

contamination induced by processing was as high as 285 ppb, whereas processing with the

ruby capped device resulted in Fe concentrations of 70.0 ppb. Apparently, the ceramic valve

did reduce the Fe contamination level appreciably. Despite the introduction of Fe, accurate

analysis cao still he perfonned on rcal samples by correcting the total Fe concentration in the
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slurried sample for the relatively low Fe contamination, or more simply use the homogenized

solvent mixture as the blank for analyses of real samples.

3(1).4 Conclusions

When compared with levels of metal contamination introduced by the previous model, the

EmulsiFlex Model CS homogenizer equipped with ceramic homogenizing valve has the

advantage of reducing levels of the metal contamination within the final dispersion. The

contamination levels of five elements (Cr, C~ Fe, Mn and Pb) fell within the range that cao

be either ignored or readily compensated for when determining trace Metal in biological

matrices. This approach is especially valuable for the screening of large numbers of samples,

where simple, fast, and relatively accurate analyses are required. The generation of

dispersions by high-pressure homogenization is a rapid sample preparation technique that to

date, has consistently resulted in the quantitative transfer of analyte to the liquid phase. The

practical result of this analyte transfer is that the supematant fraction of the product

dispersion cao he sampled even several days after preparation without any apparent loss

(segmentation ofanalyte between the liquid and solid phases).

The most appreciable improvement made by the new model was the greatly reduced level of

Fe contamination in the homogenized Ouid, which had been of major concem with previous

model.

Metal contamination levels was increased by passing the fluid through the homogenizer

several times. So, when applying the technique to real samples, care should be taken not to

over-process the suspension. When the analyte element has been released quantitatively from

the matrix, the homogenization should be stopped. Studies to date have demonstrated that

three sequential passes of suspensions from zoological samples were sufficient for

quantitative release, whereas botanical matrices cao require up to ten passes (1ess than two

minutes in the recycle mode).
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• Table 3.1. Graphite fumace operating parameters for the detenninationG of chromium,

copper and iron.

Chromium Copper Iron

Â. (nm) 357.911429.0 324.7 Il 244.2 386.0

lamp current 7amps 4amps 5 amps

sHt width (nm) 0.2 0.11/ O.S 0.2

injection T oC 60°C 60°C 60°C

pre-injection no no yes

charring sequence 20 s ramp to 5 s ramp to 10 s ramp to

1450 oC, 40 s hold 900°C, 20 s hold. 1100°C, 21 s hold

cool down 7 s ramp to 40°C, none none

10 s hold

atomization 1.2 s ramp to 1 s ramp to 1.2 s ramp to• 2,400 oC, 8 s hold 2,300°C, 2 s hold 2400°C, 4.0 s hold

measurement 8s 3s 6s

matrix modifier 3J.lI of 20 gIl 5 J.lI of 1 % (rn/m) 5 J.ll of(5oo mg/l Pd+

Mg(NOJ)2 Nl4N03 2.5 % citric acid)

Il Each step of the fumace programs (except the read step) was perfonned in the presence of

purge gas (3 Vmin).

•
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• Table 3.2. Graphite furnace operating parameters for the detenninationD of manganese and

lead.

Manganese Lead

Â. (nm) 403.1 //279.5 283.3

lamp current 5amps 4amps

slit width (nm) 0.2//0.2 0.5

injection TOC 60°C 70°C

pre-injection yes yes

charring sequence 10 s ramp to 1200 oC, 0.5 s ramp to 900°C, 30 s hold

20 s hold

cooldown none none

atomization 0.7 s ramp to 2200 oC, 0.5 s ramp to 2400 oC, 4 s hold

• 2 s hold

measurement 3s 2.8 s

matrix modifier 5 IJI of(500 mgll Pd + 5 IJl of(5oo mgll Pd + 2.5% citric

2.5 % citric acid) acid)

·Each step of the fumace programs (except the read step) was perfonned in the presence of

purge gas (3 Vmin).

•
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• Table 3.3 Analyte concentration (Ppb) in solvent mixture that had been processed

through the homogenizing instrument" fitted with various homogenizing valves.

Analyte Element Homogenizing Valve

Ceramic Valve Ruby Disk Stainless Steel Head

Chromium 3.3 1 4.5

Copper 2.6 3.5 75

Iron 16.7 70.0 284.7

Manganese 0.7 2.0 11.6

Lead 0.3 1.4 6.9

•

•

aSolvent mixture was processed through the instrument four times.
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Table 3.4 Analyte concentrations (Ppb) (± 1 relative standard deviation expressed as a

percentage, based on triplicate detenninations) in solvent mixture that had been processed

through the ceramic homogenizing valve (EmulsiFlex Model CS) for varying times.

Analyte Homogenization Tinte / Mode
Element

1 Time 4 Times Il 4 Times Il 20 sec b 30sec b 1 min b

Lead 0.33 ±9% 0.8 ±68.7%

Manganese 0.2 ±14% 0.6 ±5.8% 0.7 ±lO.I% 0.6 ±2.I%

Copper 1.0± 16.7% 2.6±5.2% 2.2 ±7.S% 2.96±4% 4.1 ±5.6%

Chromium 2.1 ± 2.6% 3.2±9.5% 3.3 ±1.6% 4.2 ±14.6% 5.6 ±6.8% 7.5 ±2.2%

Iron 16.7±S.2% 12.5 ±8.9% IS.7 ±8.1%

aOetenninations were performed on difTerent days with freshly prepared solvent mixture.

bSolvent mixture passed through the homogenizer continuously in recycle mode.
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3(11). Application of the Siurry Prepantion Technique to the Determination of

Trace Elements in Animal Feeds

3(D).1Introduction

To characterize a novel analytical procedure, it is important to assess the accuracy of the

results. Generally, three approaches to accuracy assessment bave been employed:

1. Analysis ofcertified reference materials (CRMs).

2. Recovery studies.

3. Use ofa completely independent technique to assess the concentration ofthe target

analyte.

The use of CRMs (reference materials for wbich there is common agreement on the

concentrations oftarget analytes that have been detennined in advance using severa! different

techniques) is much preferred. In previous studies (Tan, 1996a, 1996b), the concentrations

of selected trace metals in a variety of CRMs of bOtaJ1ica! and zoological origin had been

determined by means of rapid slurry preparation prior to OF-AAS determination. The same

techniques were also applied to the analysis of selected biological samples. However, due to

the Metal contamination induced by the homogenizing instrument, the analytical results had

to be corrected for analyte concentrations that had been introduced by the homogenizing

process. By employing the new model homogenizer, it was anticipated that trace analysis of

real sample following signy preparation would be more accurate.

Enzymatic digestion - high - pressure homogenization for slurry preparation prior to GF­

AAS detenninations of selenium, had only been perfonned on reference materials, that

contained relatively bigh levels of selenium. However, in most real biological samples, the

content of selenium is much lower. It was important to evaluate the applicability of the new

technique to real samples.

Five kinds of animal feeds witb various matrices were investigated for their contents of Cu,

~ and Se. Sïnce no reference data was available on analyte element concentrations in these

samples, it was decided to employ microwave digestion, as a separate technique for sample

preparation prior to GF-AAS determination. Evaluation of the new sluny technique could
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then be perfonned by comparing the analyte concentrations as detennined by either sample

preparation technique.

Meeravali and Kumar (2000) compared slurry sampling vs. open focused microwave

digestion for detennination of Cu, Mn and Ni in algae using transverse heated-GF-AAS.

They rePQrted that no significant differences were evident betweeo the results obtained by

either of these methods, when the student's t-test was applied at the 95% confidence level.

For ail the three analyte elements, the limits ofdetectioo obtained by rapid slurry atomization

were lower than that provided by microwave digestion.

Mierzwa et al. (1998) analyzed tea leaves using slurry sampling GF-AAS and microwave

assisted acid digestion ICP-AES for detenninations of Ba, Cu, Fe, Pb and Zn. The accuracy

ofboth methods was verified by using CRMs; the recoveries of analytes varied from 91% to

99% for slurry sampling, and from 92.5% to 102% for microwave digestion ICP-AES. The

results for Ba and Pb determination were calculated using the standard addition method, and

the results ofCu, Fe and Zn from external standard method were based on aqueous standards.

These two studies both concluded that slurry sampling GF-AAS is relatively fast technique

that can provide analytical results with satisfying accuracy. Meeravali and Kumar reported

slurry sampling had the advantage of lower limit of detection and lower process blank.

However, neither study rePQrted 00 the stability of the slurry (i.e. analysis post sample

storage).

3(11).2 Experimental Procedure

Reagents

Aqueous Metal standard solution (1,000 flglml, traceable to NlST primary standard) was

purchased trom SCP Chemical Co. (St-Laurent, QC).

Tetramethylammonium hydroxide (TMAH) and tris(hydroxymethyl) amino methane)

(TRIS), were purchased from Aldrich Chemical Co. (Milwaukee, WI, USA).

Crude protease (Type XIV) was purchased from Sigma Chemical Co. (St. Louis, MO. USA).

Nitric Acid (63%, mlm) was purchased from ACP Chemical Co., Montreal, QC.
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Samples

• Animal feed samples that had been destined for a local zoo, were kindly provided by

Professor E. Chavez, Department ofAnimal Science, McGill University.

Sample Preparation

(1).Primary Treatment

Animal feed samples were dried at 125°C for 72 ~ then ground to pass 0.5 mm screen in a

Cyelotec sample mill (Tecator, Hoganas, Sweden).

•

•

(2).SlurryPreparation

For determination of Cu and Mn, approximately 0.2 g of accurately weighed, dried and

ground sample was added directly to 50 ml of ethanol-water (1 + 9 v/v) containing 0.25%

TMAH (m/m) in a 50 ml Erlenmeyer flask. The resulting suspension was sonicated at low

power setting for 10 minutes in order to completely wet the sample, then it was proeessed

through the EmulsiFlex Model C5 homogenizer for 6 min (approximately 10 tintes) in the

recycle mode. The working pressure of the homogenizer was maintained at 103.4 MPa.

For detennination of Se, approximately 0.2 g of accurately weighed, dried and ground

sample was added directly to 10 ml of 5% (v/v) ethanol-O.03M TRIS containing 20 mg erude

protease. The resulting suspension was then processed through the homogenizer (l03.4 MPa

working pressure) for 1 min in the recycle mode (approximately 8 times). The homogenate,

in 50 ml Erlenmeyer flasks was then enzymatieally digested at 60°C for 0.5 h.

(3).Microwave Digestion

Microwave digestions were perfonned using a focussed open digestion systems with a

Prolabo Type 3.6 Microdigester. The digester features a focussed microwave source and an

open digestion flask. The microwave ftequency was 2.45GHz. The power input was

controUed (between l00.iO and l()()oA» in 1% increments) independently for each of the three

flasks. The instrument was also equipped with a suction-scrobbing unit that was capable of

aspirating the acidie volatiles away from the neck ofeach flask.

Drled ground feed sample (approximately 0.4 g) was added directly to the microwave

digestion flask, followed by IS ml of 63% (m/m) HNÛ] (ultra-pure grade) using the pump
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that was attached to the microwave system. The sample was digested for 10 min at 20%

power, and then paused to pennit the sample to cool down (approximately 20 min).

Subsequently, 3 ml of H202 was added to the sample via the pump and the sample was

digested for a further 40 min al 40% power. The resulting clear solution was diluted to 25 ml

with de-ionized distilled water.

Gf-AAS

Concentrations of Se were determined in slurries or digests using procedures that were

identical to those described previously (Chapter 2, section 2.2)

Similarly, concentrations of Cu or Mn were detennined in slurries or digests using

procedures that were identical to those described previously (Chapter 3, Section 3(1).2)

Calibration

Calibrations were perfonned as described in Chapter 3, section 3(1).2. However, for sample

prepared by microwave digestion, calibrations was performed using de-ionized distilled

water as blank and standard solutions were diluted with de-ionized distilled water. For

determinations of Cu or Mn in homogenized samples, calibrations were perfonned using

ethanol-water (1 + 9 v/v) containing 0.25% m/m TMAH as bl~ standard solutions were

diluted with the same solvent mixture. For detennination ofSe, ethanol-0.03M TRIS (1 + 19

v/v, pH 7.5) containing 0.2% (m1v) crude protease was used as blank as well as the solvent

mixture for diluting aqueous standards.

3(11).3 Resulu and Discussion

The five animal feed samples that were investigated for their contents of Cu, Mn and Se,

included full fat soybean, control diet, full fat soybean diet, flaxseed and flaxseed diet.

Because there were no reference data on the Metal analyte concentrations in these samples,

microwave digestion was employed as an independent sample preparation method to provide

a means of comparison. Sïnce microwave digestion employed a strong acid in combination

with an oxidizing agent, it can he considered to be a more conventional procedure. Since the

• main purpose of the study was to develop a simple and rapid sample preparation method
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prior to trace element determinations in biological materials, microwave digestion, (that has

been generally accepted as a rapid and widely applicable techreque) could serve as a

reference Methode

The results of Cu, Mn, Se detenninations in tive animal feed samples are summarized in

Table 3.5. For all of the tive samples, trace element concentrations in sample processed by

high-pressure homogenization (HOMO) agreed closely with the concentrations in solutions

that had been prepared by microwave digestion (MW). A Student T-Test for the relative

differences «HOMO-MW)/MW) between the slurry technique and microwave digestion was

used to compare the results from both techniques. The comparisons were performed for each

element (Cu, Mn, Se) in different matrices (Table 3.6), and for each matrix (Full Fat

Soybean, Control Diet, Soybean Diet, Flax Seed, Flax Seed Diet) regardless the analyte

identity (Table 3.7). No significant differences al the 95% level of confidence (p = 0.05)

were detected between results generated by either preparation Methode An alternative

parameter involves the fact that the confidence interval between upper 5% and the lowest 5%

must include 0.0. (Table 3.6, and Table 3.7). The contentrations of Cu and Mn in ail five

animal feeds ranged ftom IS.3 to 121 ppm, whereas Se concentrations were appreciably

lower than 1 ppm. Statistical comparisons demonstrated that there was no signiticant

difference between the two sample preparation procedures (HOMO vs. MO) prior to GF­

AAS detennination for trace elements al either trace (ppm) or ultra-trace (sub-ppm) levels.

The relative differences (HOMO-MW)/MW] between results for the homogenization

procedure and for the microwave procedure were acceptably small in ail cases. For copper

concentrations, relative differences fell in the range between -3% (full fat soybean diet) to

13% (full fat soybean). For manganese concentrations, relative differences ranged between

0.4% (full fat soybean diet) to 13% (flaxseed diet). The concentrations of Cu and Mn in

homogenized samples were not always higher than those in samples prepared by microwave

digestion, suggesting that no appreciable levels of contamination had been introduced into

sample slurries by processing.

For trace element detenninations in biological materials it is frequently considered that

calibrations by the metbod of standard additions cao provide more accurate results. It might

be expected that the results using different preparation methods (HOMO or MW) would he

more concordant if the calibrations were performed by the method of standard additions.
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The main problems with this approach are that this fonn ofcalibration is both labor intensive

and time conswning. Calibrations must he repeated for each analyte and for each sample

matrix.

Studies with animal feed samples were undertaken to evaluate the feasibility ofhigh pressure

homogenization as a rapid sample preparation method for biological materials when using

the method of extemal standard as the calibration procedure. For results generated by both

sample preparation procedures (Table 3.5), it cao be observed that bigh-pressure

homogenization technique provides estimates of concentrations that are comparable to

concentrations determined after microwave digestion OF-AAS. However, microwave

digestion still involves the use of strong acid, that must he Performed in a properly ventilated

fume bood in order to exhaust acid fumes that are liberated during the digestion. The

digestion of multiple samples will require extended processing limes because a maximum of

three samples cao he digested simultaneously. Once completed, the individual digestion

flask must he cleaned carefully before the digestion of the next batch is started. Collectively

the treatments result in an appreciably longer processing time than might have been

anticipated by the length of the digestion time. By contrast, a maximum of 10 min was

required for high-pressure homogenization of eacb sample plus clean up prior to the next

sample. Rapid cleaning cao he achieved by simply passing solvent through the instnunent for

a few minutes. The high pressure helps to flush out aoy contaminating residues from the

interior surfaces.

The concentrations of Cu, Mn and Se in five animal feeds are summarized in Table 3.8, 3.9

and 3.10 respectively.

For detennination of Cu, post high-pressure processing, dispersions were stored at 4°C for 3

days or 7 days prior to copper detenninations by OF-AIS. The results demonstrated a lack of

any significant difference in copper concentrations in samples that had been stored for 3 or 7

days. Collectively these results suggested no tendency for the aoalyte to segregate between

the Iiquid supematant fraction and the solids fraction over the course of the storage. For the

samples that had been processed with high pressure then stored at 4°C for up to 7 days, the

relative standard deviation (RSD) associated with replicate detenninations were aIl

acceptably low, <±8%. This low level of variation demonstrated good reproduciblity

associated with the total analysis procedure. Prior to atomic spectroscopy, the sample
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dispersion (that had heen stored in a sealed glass container) was shaken gently then an

aliquot was transferred to an instrumental autosampler cup by pipette. During the actual

detennination, no further stirring or mixing was perfonned. The Mean results obtained from

three replicate sub-samples from each sample matrix were characterized by low RSD (less

than 5%), indicating a high level of repeatability for both the processing method and for the

determinatioDS.

For detennination of Mn, one sample was investigated after one or two days of storage at

4 oC post preparation or immediately after microwave digestion for each of the different

animal feeds. Again, there was good agreement between the Mn concentrations in slurries

that had been stored for 1 day and 2 days. For manganese concentrations observed for

different storage batches, the RSD was less than 6%, except for flaxseed diet, which was

13%. Good repeatability was also observed for the replicate readings of each sample during

actual determinations.

The good repeatabiliities of the Cu and Mn determinations in slurried samples of animal

feed indicate that the high-pressure homogenization is a very promising technique for

sample preparation prior to OF-AAS analysis, especially for soft media including

biological, environmental, and food samples that can require extended digestion times to

generate a homogeneous liquid phase.

Typically, SRMs and CRMs have been defatted during preparation to improve their shelf

life. It was necessary to evaluate the homogenization technique for samples containing

fat, 50 as to extend the applicability of the procedure to real samples.

During the studies it was observed that the crude protease enzyme by itself did not result

in any appreciable AAS reading, but its presence in the dispersion was able somehow to

enhance the instrumental response to Se. For Se determinations, calibrations were

perfonned using a TRIS buffer-ethanol solvent mixture amended with protease as the

blank. Protease concentration in this blank was approximately the same as that in slurry

samples.

Due to the low Se content in the samples (appreciably less than 1 fJglg), the RSDs

associated with estimates of concentrations of this analyte in samples that bad been

prepared by either procedure were elevated relative to those for Cu or Mn. No

segmentation between the supematant Iiquid phase and the solid phase of the dispersion
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could he detccted after one day of storage. There was good agreement between the

concentration of Se in microwave digested samples and Se in slumes prepared &om the

same sample matrix after 1 day of storage at 4 oC. Analogous behavior was observed

(Chapter 2) for SRMs and CRMs. Thus, the inclusion of an appreciable fat component in

sorne of the feed samples did not seem to interfere with the detenninatioDS. Dispersions

of ail the five feed samples gave reproducible results for Se, that matched with estimates

obtained from microwave digests.

3(11).4 CODelusioDS

The results indicate that high-pressure homogenization can be used to rapidly generate

dispersions of dried animal feeds that can he reliably sub-sampled during 7 days of

storage and analyzed by OF-AAS for Cu, Mn and Se. This processing did not introduce

appreciable levels of analyte contamination into the product sluny. Sample preparation

proved to be rapid (a maximum 6 minutes was required to prepare SO ml ofsample) and

the homogenizer was readily cleaned between samples by processing fresh solvent.

The repeatability of detenninations perfonned on the same homogenate post ditTerent

periods of storage indicated that at least a high proportion of each analytes is extracted

ioto the Iiquid phase during processing. Results ofdeterminations performed 00 different

sub-samples of the same feed using slurry preparation prior to OF-AAS proved to be

highly repeatable. The results of Se determinations indicated that the homogenization

followed by enzymatic hydrolysis was a practical method for releasing Se from the

sample matrix ioto a form that can be detected by GF-AAS.
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• Table 3.S Mean copper, manganese and selenium concentrations- in dried ground

animal feeds that bad been processed by high-pressure homogenization or by microwave

digestion.

Sample Copper Manganese Selenium
Preparation

HOMOb MWC HOMO MW HOMO MW

Full Fat 24.2 ±3% 21.3 ±I% 44.7 ±2% 50.1 ±2% 0.18 ±12% 0.15 ±IO°fcJ
Soybean

Control Diet 22.7 ±()oA. 2S.9±1% 83.1 ±3% 73.1 ±2% O.34±4% 0.37 ±8%

Full Fat 23.6 ±2% 24.4±2% 120.8±6% 121.3 ±1% 0.32 ±11% 0.38 ±8%
Soybean Diet

Flax Seed Diet 30.4±3% 31.0 ±1% 111.9 ±13% 99.2 ±1% O.42±9% O.sS ±5%

Flax Seed 16.4 ±O% 15.3 ±2% 22.1 ±5% 22.2±O% 0.17 ±17% 0.20 ± 80/0

QJ.1g1g ± 1 relative standard deviation based on duplicate analyses perfonned on different days.

• 'High-Pressure Homogenization.

'Microwave Digestion

•
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Table 3.6 Student T-Test of the Relative Difference (RD = (HOMO-MW)/MW] ) between

• sluny technique and microwave digestion (indexed by element for animal feeds).

Element Mean ofRD SD" T p-Value 95% Clb

Cu ·0.06 0.19 -1.50 0.1508 (·0.1 S, 0.02)

Mn 0.03 0.11 0.83 0.4297 (·0.05, 0.11)

Se -0.04 0.15 -0.92 0.3817 (-0.15,0.06)

"SD: Standard deviation

bCI: Confidence interval

•

•
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• Table 3.7 Student T-Test of the Relative Difference (RD = [(HOMQ-MW)IMW] ) between

slurry technique and microwave digestion (indexed by animal feed matrix).

Matrix Mean ofRD SDa T p-Value 95% Clb

Full Fat Soybean 0.08 0.14 1.71 0.1301 (-0.03, 0.20)

Control Diet -0.06 0.13 -1.28 0.2404 (-0.16,0.05)

Soybean Diet -0.05 0.09 -1.68 0.1377 (-0.12,0.02)

Flax Seed -0.18 0.23 -2.29 0.0556 (-0.37, 0.01)

Flax Seed Diet 0.04 0.09 1.14 0.2935 (-0.04,0.11)

aSO: Standard deviation

bCI: Confidence interval

•

•
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Table 3.8 Copper concentrations- in dried ground animal feeds that had been• processed by either high-pressure homogenization or by microwave digestion.

Preparation Method Full Fat Control Full Fat Flax seed Flax seed
Soybean Diet Soybean Diet

Diet

3 d storage @ 4°C 25.7 ±O% 23.6 ± 1% 23.6 ± 1% 21.5±O% 17.4 ± 1%
posthornogenizationb

23.5 ± 3% 21.6±2% 24.4 ± 1% 20.1 ± 2% 15.4± 5%

7 d storage @ 4°C 24.7 ± 1% 21.8±2% 23.5 ± 1% 19.7 ± 2% 15.7 ± 1%
post homogenizationb

22.8 ± 1% 21.8 ±2% 23.1 ±2% 20.4 ± 1% 17.2 ±2%

•

•

Means of3 d & 7 d of 24.2±3% 22.7 ± OOA. 23.6±2% 20.4±3% 16.4 ±O%
storage @ 4°C

Microwave Digestion 21.3 ± 1% 25.9 ± 1% 24.4±2% 31.0 ± 1% 15.3 ± 2%

23.6 ± 1% 33.1 ± 5%

0J.1g1g ± 1 relative standard deviation based on three replicate detenninations (for

each analysis) or duplicate analyses perfonned on different days (for Mean

concentrations).

~igh-Pressure Homogenization.
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Table 3.9 Manganese Concentrations- in dried ground animal feeds that had been• processed by high-pressure homogenization or by microwave digestion.

Preparation Method Full Fat Control Full Fat Flax seed Flax seed
Soybean Diet Soybean Diet

Diet

1 d storage @ 4°C Post
4S.2±3% 8S.0±2% 12S.9 ± 1% 101.3 ± 2% 22.9±3%Homogenization 6

2 d storage @ 4°C Post
44.2 ±4% 81.2 ± ()O~ 11S.6±1% 122.S ± 1% 21.3 ± 1%

Homogenization 6

Mean of 1 d & 2 d of
storage 44.7 ±2% 83.1 ± 3% 120.8 ± 6% 111.9 ± 22.1 ± S%

13%

Microwave Digestion SO.1 ±2% 73.1 ± 2% 121.3 ± 1% 99.2± 1% 22.2±O%

QJlg/g ± 1 relative standard deviation, based on three determinations (for each

analysis) or duplicate analyses perfonned on different days.

• 6High-Pressure Homogenization.

•
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• Table 3.10 GF-AAS detenninations of selenium concentrationsd in dried ground

animal feeds post processing by higb-pressure homogenization or by microwave

digestion.

Preparation Full Fat Control Full Fat Flax seed Flax seed

Method Soybean
Diet Soybean

DietDiet

Homogenization 6 0.19 ± 12% 0.33 ±9% 0.34±2% 0.44 ± 3% 0.15 ± 18%
+ Id storage @
4°C 0.16 ± 12% 0.35 ±8% 0.29 ± OOA. 0.39±9% 0.19 ± 10%

Meanofl d@ 0.18 ± 12% 0.34±4% 0.32± 11% 0.42±8.S% 0.17 ± 17%
4°C

Microwave O.IS ± 10% 0.37 ±8% 0.38±8% 0.48 ± 5% 0.17 ± 8%
Digestion

dJ.1g1g ± 1 relative standard deviation based on three detenninations (for each analysis)

or duplicate analyses performed on different days.

• 'High-Pressure Homogenization.

•
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• 3(111). Application of the Siurry Preparation Technique to the Determination of Trace

Elements in Wood Pulps

3{III).1 Trace metal analysis in wood pulp samples

As described in Chapter 1 (Section 1.6), during the paper making process, transition Metal

cao exert undesirable effects during bleaching with hydrogen peroxide, oxygen or ozone.

[mprovements in the bleaching efficiency ofthese chemicals can be obtained by adjusting the

free Metal ion content in the pulp. To provide the infonnation ofmetal content in pulp, metal

analyses must be perfonned both prior to and post treabnent. Sample preparation involves

either dry ashing or an acid digestion, that are time consurning, error prone and require

appreciab le operator intervention.

Karadjova and Karadjov (1998) detennined Cd and Pb in plant (poplar, clover, plantain)

leaves using GF-AAS. Slurry preparation procedures using TMAH were compared with wet

digestion (1 moVI RN03 + 1.5 mol/l 8202). It has been found that a single standard addition

• could be used for quantitative determination in the case of wet digestion GF-AAS and a

standard addition to each analysed matrix was recommended in the case of slurry Gf-AAS.

For a1l plant leaves that were investigated, a good agreement was achieved between the

concentration detennined by wet digestion Gf-AAS and slurry GF-AAS. The wet digestion

method provided relative standard deviations (RSD) for Cd raging from 3°fcl to 17% and for

Pb from 2% to 16%. For the slurry method, the RSD values are in the range of4-31% for Cd

and 4-30% for Pb, depending, for both cases, on the magnitude of the measured

concentrations.

•

Takuwa et al. (1997) used ultrasonic slurry sampling Gf-AAS to determine Co, Ni and Cu in

flowers, leaves stem and Toots of four plant species (Helichrysum candol/eanum, Peristroplze

decorticans. Blepharis diverspinia and Tephrosia burchel/i). The slurry sample method \Vas

also validated by comparing the results from sluny sampling with those from the analysis of

decomposed samples. The two methods gave comparable precision and accuracy. The

RSDs were in the range 1-14% for slurry sampling and 1-20% for decomposed materials.

Accuracy was confinned by analyses of certified plant reference materials, no significant

di fference from the certified values was found when the slurry sampling technique was used.
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• Sïnce pulp is generated ftom the mechanically or chemically induced separation of the fibers

from wood chips, it can be considered to be a form ofplant matrix. The pulp matrix contains

a high proportion of long fibers. This matrix is ditTerent from the reference materials that

had been investigated previously; they were readily ground to a powder forme It was decided

to evaluate the high-pressure homogenization procedure for pulp samples as a means of

sample preparation prior to OF-AAS detennination of metals. If the technique could be

made to work on this kind ofmatrix, it would demonstrate that the homogenization technique

is more widely applicable and would provide another attractive optional procedure for

sample preparation ofthis matrix prior to Metal determinatioDS.

3(111).2 Experimental Procedure

Reagent

As described in section 3(ll).2.

Sample

Wood pulp samples were provided by Or.K. Thurbide, Pulp & Paper Research Institute,

• McGili University, and Dr. C. Heitner, Paprican (pointe Claire, QC)

Sample Preparation

(1).Primary Treatment

Wood pulp samples were dried at 125°C for 72 h, then ground to pass 0.25 mm screen in a

sample miU (General Electric, USA).

(2). Slurry Preparation

Approximately 0.1 g of accurately weighed dried and ground sample was added directly to

50 ml of ethanol-water (1 + 9 v/v) containing 0.25% TMAH (mlm) in a 50 ml Erlenmeyer

flask. The resulting suspension was processed through the EmulsiFlex Model C5

homogenizer for 6 min (approximately 10 times) in the recycle mode. The working pressure

of the homogenizer was maintained at 103.4 MPa.

•
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(3). Mierowave Digestion

Microwave digestions were performed using a focussed open digestion system [prolabo Type

3.6 Microdigester, as described in Chapter 3, Section 300.2].

Dried ground pulp sample that had been weighed accurately (approximately 0.1 g), was

added directly to the microwave digestion Oasle, followed by 15 ml of 63% (mlm) HN03

(ultra-pure grade) using the pump that was attaehed to the microwave system. The sample

was digested for 10 min at 20% power, and then paused to pennit the sample to cool down

(approximately 20 min). Subsequently,3 ml ofH2Û2 was added to the sample via the pump

and the sample was digested for a further 35 min at 400At power. The resulting clear solution

was diluted to 50 ml with de-ionized distilled water.

GF-AAS

Concentrations ofCu, Fe and Mn were detennined in slurries or digests using procedures that

were identical to those described previously (Chapter 3, Section 3(1).2].

Calibration

Calibrations were perfonned by both the methods of external standards and standard

additions (as described in Chapter 2, Section 2.2). However, for samples prepared by

microwave digestion, calibrations were perfonned using distilled water as blank and standard

solutions were diluted with H20. For detenninations of Cu, Fe and Mn in homogenized

samples, calibrations were perfonned using ethanol-water (1 + 9 v/v) containing 0.250/0

(rn/m) TMAH as blank, standard solutions were diluted with the same solvent mixture.

3(111).3 Results and Diseussion

Four wood pulp samples that were investigated for their contents of Cu, Fe and Mn included

a raw pulp (RP) ofunknown origin, as weil as pulp samples ofjack pine OP), balsam fir (BF)

and an ash free tilter pulp (AF) (purchased from Fisher Scientific). Because there were no

data on the concentrations of Metal analytes in these samples, microwave digestion was

employed as an independent sample preparation method to provide means ofcomparison.

The results of Cu, Fe, Mn determinations in four wood pulp samples are summarized in

Table 3.11. For each of the four samples, the apparent trace element concentrations in

71



•

•

•

sample that had been processed by high-pressure bomogenization (HOMO) agreed closely

with the concentrations in solutions that had been prepared by microwave digestion (MW).

The relative difference [(HOMO-MW)/MW] between results for the homogenization

procedure and for the microwave digestion procedure were acceptably small in all cases. If

the sign of the relative difference was taken into accoun~ the mean value of the relative

differences of three metals in four pulp samples (RP, RP*,JP,BF) was 0.68%, which

suggested no appreciable ditTerence between the HOMO and MW methods, while HOMO

technique provided the advantages of speed and simplicity. A Student T-Test for the relative

differences «HOMO-MW)/MW) between the slurry technique and microwave digestion was

used to compare the results tiom both techniques. The comparisons were prefonned for each

element (Cu, Mn, Fe) in different matrices (Table 3.12), and for each matrix (RP, RP post 1

day of storage at 4°C, RP*, IP, HF) regardless the analyte identity (Table 3.13). No

significant differences at the 95% level of confidence (p = 0.05) were detected between

results generated from either preparation Methode An alternative parameter of significance

involves the fact that the confidence interval between upper 5% and the lowest 5% must

include 0.0 (Table 3.12 and Table 3.13).

The mean concentrations of Cu, Fe and Mn in homogenized samples were not significantly

different from those in samples prepared by microwave digestion, indicating that no

appreciable levels of contamination had been introduced ioto the sample slumes by

processing.

Compared to the results of Karadjova and Karakjov (1998) and of Takuwa (1997), the

current results were characterized by a decreased RSD (relative standard deviation). The

RSDs based on analysis Perfonned on different days were as follows: Cu, 1-7%; Mn, 0-6%;

Fe, 0-8%. These results demonstrated that the high-pressure homogenization slurry

technique provided good reproducibility for wood pulp analysis.

The mean value of relative standard deviations associate with all three analyte elements

detenninations was 3.1% for sample prepared by high...pressure homogenization (HOMO),

and for those of MW, the mean value was 2.8%. This indicated that. for the three elements,

the repeatability of MW samples was slightly higher tban that of HOMO samples. Whereas

MW samples were aqueous solutions, HOMO's were aqueous dispersions.
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Preliminary investigations were performed on raw pulp (RP). Calibrations were perfonned

using both external standards method and standard additions Methode By comparing the

slopes of the calibration curves obtained for microwave digested matrices and homogenized

matrices, it was found that the difference between the sl0Pes bad an appreciable influence on

the final results. It was decided to apply standard addition calibration method to both

microwave digested matrices and homogenized matrices, in order to minimize matrix effects.

RP samples were also analyzed for their Cu and Mn content after 1 day of storage at 4 oC,

post homogenization. The results were cbaracterized by a lack of any significant differences

in Cu or Mn concenttation between samples that had been stored for 1 day or that had been

analyzed prompdy after preparation. (Cu 30.18 J1g1g vs. 30.21 J1g1g; Mn 64.5 JoLglg vs. 63.9

JoLglg)

However, prior to OF-AAS determination, the sample (eitber fresbly prepared or stored) was

gently hand shaken prior to sub-sampüng ioto the autosampler cup. Mixing by Pasteur

pipette witbin autosampler cup prior to transferring sample into graphite fumace was also

important to achieve good repeatability (i.e. results with low relative standard deviation

among replicates). By applying these mixing procedure (re-suspending solid fraction of the

dispersion), to ail the five homogenized pulp samples (three RPs, JP and BF), the analytical

results in Table 3.11 demonsttated good repeatability, the highest RSD was 8'Yo (Fe in JP),

and the lowest 0% (Fe in BF).

For analysis of RP, two batches (RP and RP*, • after 1 day of storage at 4°C) of sub-sample

were taken and milled on ditTerent days. The results oC the homogenized RP from these two

batches did not match with eacb other, whereas the results of homogenized and microwave

digested RP within the same batch were characterized by good agreement. This implied that

the whole pulp sample was not homogeneous, the metal contents varied within different

regions of the gross sample. To reach the real average metal content in the whole sample, a

larger size sub-sample should have been taken and milled.

Since there was no applicable sample blank for the pulp sample, Ash Free tilter paper pulp

(AF) was employed as a reference blank to investigate the extent of Metal contamination

induced by the sample process procedures. AF was treated by bath the homogenizing

procedure and the microwave digestion (except Cor Mn analysis, the MW result was

somehow missing). As summarized in Table 3.11, the concentrations of Cu and Fe in
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HOMO AF did not show significant ditTerences in Metal concentrations from those prepared

by MW. The concentration of Mn in HOMO AF was very low compared ta those in the

other five pulp samples Oess than 2%). These suggested no appreciable Metal contamination

was introduced mto the sample during higb pressure homogenization. However, when

comparing the Fe with Cu and Mn in AF (in either HOMO AF or MW AF), Fe was

appreciably higher than the other two Metal concentrations. It was suspected that Fe

contamination was induced by the milling process. Since there was no reference data for Fe

concentration in AF, no conclusion can he made regarding Fe contamination.

While performing the high pressure bomogenization of the samples, an aliquot of TMAH

solvent mixture was also passed through the homogenizer under the same working

conditions. The concentration of Cu, Mn and Fe in TMAH in Table 3.11 are expressed in

units of ppb. Since Cu and Mn in TMAH were bath very low, they were not considered

when reporting the Cu and Mn content in pulp samples. But Fe concentrations of ail five

HOMO pulp samples (three RPs, JP and BF) were COITeCted the Fe in TMAH, although

when compared with the Fe in these pulp sample, Fe in TMAH contribut~al most; less than

12% (JP) of the metal concentration in the final homogenate.

3 (111).4. CODclusions

The results indicated that the high-pressure homogenization procedure cao be used as a rapid

sample preparation technique for wood pulps prior to OF-AAS determinations for Cu, Fe and

Mn. The technique can generate dispersions of wood pulps that can be reliably sub-sampled

after one day of storage. The higb-pressure homogenization process did not introduce

appreciable levels of analyte contamination into the product slurry. Sample preparation

proved to be rapid (a maximum 6 minutes was required to prepare SO ml of sample) and the

homogenizer was readily cleaned between samples by processing fresh solvent.

The method will require further optimization in tenns of the stability of the sample

dispersion. It would be advantageous to cause analyte metals to be transferred quantitatively

ta the liquid phase during the processing (as were the cases for CRMs and animal feeds), so

that no fu11her mixinglagitation of the sample would he required prior to the automated

sampling stage by the înstnunent. Considering that a relatively larger uncertainty might he
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acceptable to customers, the pre-sampling mixing step might he skipped entirely when only a

rough estimation of the Metal content is required.
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Table 3.11 Mean copper, manganese and iron concentrations- in dried ground wood pulps

that had been processed by high-pressure homogenization or by microwave digestion then

subjected to Metal determinations by Of-AAS.

Sample Copper manganese LCon

HOMOb MWC HOMO MW HOMO MW

Raw Pulp (RP) 30.2 ±1% 33.2 ±1% 63.9±2% 65.2±4% 252.4±8% 258.5 ±O%

RawPulpd 30.2±I%d 33.4±7%d 64.5±4%d 63.5±2%d

Raw Pulpe (RP-) 13.5 ±7% 13.6±7% 104.6 ±1% 110.9 ±4% 193.1 ±6% 174.0 ±O%

Jack Pine (JP) 9.7 ±l% 10.0±1% 70.4±1% 65.5 ±7% 18S.8 ±8% 188.4 ±2%

Balsam Fir (BF) 6.0±2% 6.4±6% 106.1 ±2% 10S.3 ±O% 388.5 ±O% 377.3 ±l%

Ash Free (AF) 8.2 ±14% 9.4±18% 1.0 ±23% 64.2 ±l% 58.3 ±5%

TMAH' 6.9 ±18% 4.6±22% 43.1 ±14%

QJ.1g1g ± 1 relative standard deviation based on duplicate analyses perfonned on different days.

~igh.Pressure Homogenization.

'Microwave Digestion.

dpost 1 day ofstorage at 4°C.

eSeparately milled sub-sample ftom the same matrix.

IMetal concentration expressed as ppb in TMAH solvent mixture that had been

processed by homogenization for ten cycles.
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Table 3.11 Student T-Test oCthe Relative Difference (RD = [(HOMO-MW)/MW]) between

slurry technique and microwave digestion (indexed by element Cor wood pulp samples).

Element MeanoCRD SDa T p-Value 95% Clb

Cu -0.02 0.07 -1.18 0.2649 (-0.07,0.02)

Mn 0.00 0.05 0.32 0.7532 (-0.02, 0.03)

Fe 0.02 0.08 -0.81 0.4429 (-0.04, 0.08)

aSD: Standard deviation

bel: Confidence interval
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• Table 3.13 Student T-Test of the Relative Difference (RD = [(HOMO-MW)/MW]) between

siurry technique and microwave digestion (indexed by wood pulp matrix).

Matrix Mean of S04 T p-Value 95%Clb

RD

Raw Pulp -0.04 0.05 -2.18 0.0716 (-0.09, 0.00)

(RP)

Raw pulpe 0.03 0.05 1.58 0.1746 (-0.02, 0.09)

(RP)

Raw Pulpd 0.01 0.09 0.35 0.7380 (-0.07, 0.09)

(RP.)

Jack Pine 0.01 0.07 0.25 0.8085 (-0.06, 0.07)

(JP)

Baisam Fir -0.01 0.04 -0.42 0.6937 (-0.05,0.04)

• (BF)

aSO: Standard deviation

bel: Confidence interval

Cpost 1 day of storage at 4°C

dSeparately milled sub-sample from the same matrix

•
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Summary of Conclusions

The objectives of the study were to optimize novel procedures and techniques for rapid

sample preparation prior to trace element detenninations by GF-AAS and to apply them

to samples ofbiological origin.

ln chapter 2, high pressure homogenization (HPH) was demonstrated to provide a rapid

sample preparation technique for biological materials prior to selenium detennination by

GF-AAS. Reliable detenninations of the selenium content in the resulting slurry were

achieved provided that the particle volumes have been reduced sufficiently and that the

matrix is sufficiently homogeneous. This work has also demonstrated that enzymatic

digestion with a crude protease can be accelerated by incubation at elevated temperature

(60°C) to liberate Se from these matrices. However. Se-release can be achieved more

rapidly by adequately reducing the size of the particles within the sample matrix.

Multiple passes through the homogenizing valve were sufficient to generate a quasi­

stable slurry that could be sampled reliably for Se even after several (1-10) days of

storage at 4°C post preparation.

ln chapter 3, section 3(1), investigations ~ere performed to determine the levels of metal

contamination induced by the EmulsiFlex Model CS homogenizer. When compared with

levels of Metal contamination introduced by the previous model, the EmulsiFlex Model

CS homogenizer equipped with a ceramic homogenizing valve decreased levels of the

metal contamination appreciably. The contamination levels of Cr, Cu, Fe, Mn and Pb fell

within the range that can be either ignored or readily compensated for when determining

the concentrations of these elements in biological matrices. This approach is especially

valuable for the screening of large numbers ofsamples, where simple, fast, and relatively

precise analyses are required. The most appreciable improvement made by the new

model was the greatly reduced level of iron contamination in the homogenized fluid,

which had been ofmajor concem with previous model.

Levels of Metal contamination were increased by passing the fluid through the

homogenizer several limes. Studies to date have demonstrated that three sequential passes

of suspensions prepared from zoological materials was sufficient for a virtually
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quantitative release of analyte, whereas botanical matrices can require op to ten

sequential passes (less than two minutes in the re-cycle mode for 10 ml suspension).

ln chapter 3, section 3(11), the applicability of the new technique to the analysis of

biological sample was evaluated. The results indicate that: (i.) HPH cao he used to

rapidly generate dispersions of dried animal feeds and (ii.) these dispersions cao be

reliably sub-sampled after 7 days of storage and analyzed by GF-AAS for Cu, Mn and

Se. This processing did not introduce appreciable levels of analyte contamination into the

product slurry. Sample preparation proved to he rapid (a maximum 6 min was required

to prepare SO ml of sample) and the homogenizer was readily cleaned between samples

by processing fresh solvent.

The repeatability of detenninations performed on the same homogenate post different

periods of storage indicated that at least a high proportion of each analyte was extracted

ioto the liquid phase during the processing. Results of detenninations perfonned on

different sub-samples of the same feed using slurry preparation prior to Gf-AAS proved

to be highly repeatable.

The results of Se detenninations indicated that the homogenization followed by

enzymatic hydrolysis was a practical method for releasing Se from the sample matrix iota

a fonn that can be detected by GF-AAS. This sample preparation is effective not ooly for

CRMs that are fat free and contain relatively high content of Se, but also for real samples

that, very often, contain an appreciable component of fat and have an appreciably lower

content of selenium.

ln chapter 3, section 3(111), wood pulp samples were analyzed for their metal contents by

applying the HPH technique prior to Gf-AAS. The pulp matrix contained a high

proportion of long fibers and is very different from the reference materials that had been

investigated previously. The RMs were readily ground to a powder fonn. The results

indicated that the high-pressure bomogenization procedure cao he used as a rapid sample

preparation technique for wood pulps prior to Of-AAS detenninations for Cu, Fe and

Mn. The technique can generate dispersions of ground wood pulp that can he reliably

sub-sampled even after 1 day ofstorage.

The method will require further optimization in tenns of the stability of the sample

dispersion. However, considering that a relativeJy Jarger uncertainty might he entirely

80



•

•

•

acceptable to industry, the pre-sampling mixing step might he skipped entirely when only

a rough estimation of the metal content is required.

In summary, HPH provided a rapid sample preparation technique for biological materials

prior to trace element determination by GF-AAS. When combined with partial enzymatic

digestion, the procedure released the Se quantitatively from biologjcal materials into

fonns that cao be detected by GF-AAS. The HPH procedure cao be employed with

various biological matrices, including CRMs of both botanical and zoological origin,

animal feeds, and wood pulp. For ail those samples, the procedure did not induce

appreciable analyte Metal contamination during the process. The attractive features of this

approach are its speed, simplicity and the apparent stability of the resulting preparation.

A further attractive feature is the lower cost of the homogenizing device relative to a

commercial microwave digester.

For further study, the HPH technique could be evaluated for other biological materials.

More work needs to be done on wood pulp samples, to achieve a more prolonged stability

of the product dispersion, and to demonstrate that the procedure is applicable to pulps

from different plant species.
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