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Abstract

Direct application of many existing reference materials in

micro-analytical procedures such as energy dispersive x-ray fluorescence

(EDXEF), particle induced x-ray emission spectroscopy (PIXE) and ion probe

techniques for the determination of trace elements is often impossible or

difficult because: 1) other constituents present in large amounts interfere

with the determination; 2) trace components are not sufficiently

homogeneously distributed in the sample. Therefore specific natural-matrix

reference materials containing very low levels of trace elements and having

high degree of homogeneity are required for many micro-analytical procedures.

In this report, selection of the types of environmental and biological

materials which are suitable for micro-analytical techniques will be discussed.
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1. Introduction

A quality assurance (QA) programme is an essential part of a sound

analytical protocol. Analytical quality assurance and control is based on

good laboratory practice, established procedures, and effective supervision.

It includes the following:

well designed methods

- adequate instrumentation

trained staff

- provision of representative samples

- adequate sample preparation method

use of reliable reference materials

proficiency testing, etc.

These basic elements of quality assurance define the framework that

written protocols including all analytical procedures, must follow to obtain

reliable results. All of this is done with the aim of producing accurate

analytical results.

Accuracy is defined as the closeness of the agreement between the result

of a measurement and the true value of the quantity to be measured. In order

to achieve not only a good reproducibility but also a good accuracy, various

measures are necessary. These measurements are implemented in laboratory

through a QA programme.

Quality control in terms of accuracy can be best improved by participation

in inter- and intra- laboratory testing programmes. In addition, to assess

the accuracy of his method the analyst can test it with a certified referenc.

material"(CRM). The use of CRM's permits interlinking of the results obtained

by the laboratory with the outside world, in order to achieve the maximum

accuracy possible at the time.

Requirements for the production of certified reference materials are

summarized by Maier and they include requirements on homogeneity,
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stability, similarity with real samples, and accuracy and uncertainty of

certified values.

When large amounts of material are needed to prepare a sufficient number

of samples to be certified, e.g., 50 kg of material for 1000 bottles, the

producer has first to guarantee that the material is homogeneous. This

homogeneity has to be demonstrated for a given size or amount of test

portions inside the bottle and from one bottle to another. The homogeneity

has to be verified for both the matrix elements and the trace elements or

compounds to be certified. In addition, the CRM has to be stable over a

number of years and the user has to know how long he can use it and how he has

:o store it. It also allows the supplier to make the CRMs available to the

customers over a long period of time. The analysis of a CRM should be of the

same or of a more difficult nature than the real sample, e.g., same matrix,

comparable contents of analytes and interfering compounds. The certified

value should be the best approximation to the true value. The uncertainty of

the certified values should be sufficiently small to make use of the CRM for

calibration or to be able to distinguish between a good or a bad result.

Traceability is achieved by high standards in the certifying laboratories,

e.g., calibrated balances and glassware, stoichiometric and pure compounds,

etc. l>.

CRMs are generally produced and certified for their chemical composition

by major national standards organizations such as the National Institute of

Standards and Technology, USA; the National Institute of Environmental

Studies, Japan, the Bundesanstalt fur Materialpriifung, Germany, the Laboratory

of the Government Chemist, U.K. These national entities have been joined by

regional organization, e.g., Community Bureau of Reference, Belgium and the

nternational Atomic Energy Agency (IAEA) on an international scale .

Through the standards organizations and the Agency's Analytical Quality

Control Services (AQCS) programme virtually all chemical and radio-analytical

laboratories are in the position to use procedures for quality assurance. The

demand for these procedures and the supporting CRMs is still rapidly

developing. The evolution of laboratory accreditation programmes in

industrialized countries points the way that soon analytical results will not

be accepted from other than "accredited" laboratories. It is obvious that for

global trade and industrial development, for the protection of human and
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environmental health, and for the science of chemical metrology all

laboratories strive to obtain compatibility in their measurement system. It

prevents disagreement among parties and helps promote credibility an product

quality. When compatibility is based on the international measurement system,

it can provide evidence of compliance to environmental regulations,

appropriate patient diagnosis, adequate nutrition, proper manufacturing and

material processing.

In the system of standards we have seen a rapid increase in the

availability and use of natural matrix CRMs. From the first biological

standard that was made available in 1956 the analytical community

nowadays has access to more than 200 different vegetation, animal and humai

tissue, food, sediment, and soil samples . These CRMs are being used

with most analytical techniques, however, direct applications of many existing

CRMs in micro-analytical procedures for trace element determinations such as

energy dispersive X-ray fluorescence (EDXEF) and particle induced X-ray

emission spectrometry (PIXE) or solid sampling atomic absorption spectrometry

(SS-AAS) is often difficult or sometimes impossible. The requirements for

these methods need detailed attention.

2. Homogeneity

Most of the natural matrix CEMs are being produced from bulk or composite

batches of the material collected in nature or in a processing facility. They

are mostly solid or coarse grain products, which from their very nature are

inhomogeneous; only on rare occasions the initial material is a fine grain

powder, such as flour, milk powder, and some sediments. Hence, the producer

of CRMs must convert the natural materials to products that allow portioning

into thousands of subsamples that are of equal composition. Consequently th,

original material is transformed to the product with rather conventional means

of size reduction such as cutting, grinding, and milling as well as blending

and mixing to improve the homogeneity and the representativeness of the

individual subsample. The conventional processes in general achieve that 200

mg test portions are representative for the lot with an uncertainty of <1X

relative. This is obviously not sufficient for the techniques that analyze

much smaller samples; Table 1 lists some of the techniques and usual sample

size in mg.
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Homogeneity is always a relative term. In powdered materials, once

blended and defined in their physical characteristics, it depends on the

distribution of the constituents of interest in each particle and on the

distribution of the various particles within the powder, thus being usually

different for each constituent, and increasing as the amount of the material

sampled increases.

The homogeneity is a primary requisite of any powdered CRM, and can be

quantitatively expressed through the estimate of the "degree of inhomogeneity"

s , i.e., the scatter of the constituents of interest about their mean
INH

value from portion to portion of a sample or from sample to sample, which in

turn can be expressed as a relative standard deviation.

CRMs are usually supplied in bottles. The "degree of inhomogeneity" can

therefore be twofold: the reproducibility between bottles and the

reproducibility within each bottle.

Overall random error is

. 2 2.1/2
s= (sa + sh)

where s= measured standard deviation

s = variance due to random errors of analysis (or variance due

to analysis of inhomogeneous test sample)

s, = variance due to random sample inhomogeneity.

The value of s is accessible to the direct measurement only by

instrumental methods that allow repeatable measurements of one identical

.sample under identical conditions (could be done by XRF or INAA).

In addition

, 2 2. 1/2
Sh= (sb + Sk }

where s. is variance related to the inhomogeneity between bottles, while
2
 b

s is variance related to the inhomogeneity within bottle.

Investigations of degree of inhomogeneity (sv.) have eliminated many
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potential reference materials. In addition it was shown that the

degree of inhomogeneity increases for most of the materials for decreasing

concentrations. This difficulty arises especially for geological and

environmental materials, since some of the elements are concentrated mainly in

one mineral of the matrix such as zirconium in zircons or native gold in a

rock.

The IAEA practice for homogeneity testing involves determinations of

concentrations of some of the elements by the available techniques. Usually

elements like Ca, Fe, Mg, Mn, Ca and P are determined by inductively coupled

plasma optical emission spectrometry (ICP-OES), Cu, Fe, Mg and K by atomic

absorption spectrometry (AAS) and Br, Na, and Cl by neutron activation

analysis (NAA) on several samples (>10) taken from one bottle and the results

were compared with those obtained on sub-samples taken from several bottles

(>10) chosen at random. If the results did not differ significantly, by

applying the F-test, it can be found that, for example, a material could be

considered homogenous for a sample size of greater or equal to 300 mg at a

given confidence level (usually 0.05).

Here we present some of the homogeneity tests for a candidate material for

CRM, cabbage, IAEA-359. Fig 1 shows the results of homogeneity test as

determined by XRF. Intermediate thick sample (surface density 0.045g/cm2,

irradiated surface about 2 cm ) were used in measurements and

concentrations of a number of elements were determined. Measured

concentrations show a spread of values which could be used for determination

of the "degree of inhomogeneity", i.e. S_ =3.6X; Sr =5.OX; S. =3.IX.
Ca ie b r

3. Reference Materials for Ion Beam Analysis

Ion beam analysis has some very specific problems. The list of problems

includes:

precise energy calibration is one of the prerequisits for depth profiling

by the backscattering techniques;

contaminant layers growing on the targets during irradiation.

These problems make quantification without CRMs very difficult. In addition,

ion beams see a very small mass of the target. In spite of these
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difficulties, some materials are available for calibration purposes in ion

beam analysis. Examples are evaporated standard layers of metals (Al, Ti, V,

Cr, Cu, f, Pd, Ag, Pt, Au) deposited on light substrates (mainly vitreous

carbon) available from the Central Bureau for Nuclear Measurements

Due to the unique in vacuum weighing procedure, the thickness of the layers

in terr cf areal density can be traced back directly to the SI unit of mass

(20nt - ' * * ) • Analytical results of high accuracy can also be achieved by

empleylnj Internal standard layers evaporated directly onto the unknown

saaples with accurately determined densities. Other useful standards are

prepared ipedfically for SIMS, by low energy (30-120 keV) implantation into

Si or ar.y other electrically conductive material. Each standard is usually

ace
O
accoepar.led by a certificate of implanted dose (10 ions/cm ) and energy

Soase of the reference materials may from their nature be suitable for the

use with the ion beam analytical techniques. These materials that are very

fine powders and are obtained in their final form through a rather constant

homogeneous process. Among these are fly ash samples, certain sediments,

spray dried milk powder, and flours. Other materials require state-of-the-art

size reduction and homogenization techniques. Recently two techniques have

been successfully used to produce CRMs from which small test portions can be

taken: 1) jet milling of dried biological materials7 and 2) cryogenic

homogenization of fresh or dry materials . Following the principles of

homogenous and non-contaminating production Versieck et al have

described the certification of freeze-dried human serum for 14 trace elements;

PIXE results were as accurate and precise as those of other techniques applied

due to extreme homogeneity of tested material.

4. AQCS: A Programme of the IAEA

The AQCS programme was established by the IAEA to support and assist those

laboratories that are involved in the analysis of nuclear, environmental

(including marine) and biological materials. This assistance includes: 1) the

organization of intercomparison studies to establish the levels of organic

compounds, inorganic compounds and nuclides (stable and radioactive) in the

above materials, 2) the sale and distribution of these materials, 3) training

and consulting with fellows and scientific visitors from those same

laboratories and 4) co-ordinated research and co-operation in the production

and certification of CRMs.
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Laboratories involved in the analysis of samples with complex matrices

must somehow determine the precision (reproducibility) and accuracy (estimate

of the maximum deviation from the true value) of their result. The precision

of the results can easily be determined by repeated analysis of the same

material. The determination of accuracy however, in most cases requires more

detailed procedures involving one or more of the following:

An analyte is determined by a number of different methods and analytes in

an attempt to remove any biases introduced by the methods.

Analytes are determined in samples which include a reference material that

represents the sample matrix as closely as possible.

The laboratory may regularly participate in intralaboratory studies. The

agreement between its reported result and the recommended or certifies

value determined by some statistical averaging procedure, implies that the

method provides accurate results. '

- As most laboratories do not have the time or manpower to determine their

accuracy using the first option, the Agency provides a most valuable

service in offering laboratories the option of determining their accuracy

via the latter two options with minimal or no cost. Information on these

services is presented below.

Intercomparison Runs: Participation in intercomparison runs is carried out

on a voluntary and cost free basis for the participants. Once all the results

are received and evaluated, a report containing the results and statistical

evaluation is issued and a copy send to each participant. Fig 2 shows the

reported results for the material soil, element thorium, which is now

available as a IAEA Soil-312 CRM.

Reference Materials: The IAEA has a number of reference materials (RMs)

available for sale and is regularly organizing intercomparison runs to

replenish deleted RMs or initiate new RMs. These RMs can be used as secondary

standards for quality control in the laboratory, can be used to check

analytical methods and instruments and to verity new procedures or can be used

for training new personnel.
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5. Conclusions

Although in principle one can achieve the required accuracy of analytical

data without the use of CRMs such an approach would require a tremendous

investment in personnel, apparatus, various analytical techniques, control

bodies, and additionally would also need, for each type of determination, a

substantial participation in intercomparisons with many other laboratories of

the same high quality. This is possible, but the investment in time and

expertise to produce high quality accurately certified reference materials

gives an indication of the complexity of the task required. Accuracy of

results is more easily obtained with CRMs, therefore CRMs should be an

integral part of QA/QC system practiced in the analytical laboratory. To

satisfy the needs of the micro analytical techniques, a new generation of

CRMs should be produced which satifies homogeneity requirements down to less

then 1 mg of material.

Efforts in this direction include an IAEA co-ordinated research programme

(CRP) on reference materials for micro-analytical techniques. Through

co-operative research it is envisioned to identify and characterize a new

class of CRMs that can be used in thr QA of chemical analysis of small

samples. The CRP will determine the physical and chemical parameters needed

for their production, resulting in a programme for the issuance and

certification of relevant micro-analytical CRMs.
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Table 1

Reference Materials for Micro-analytical Nuclear Techniques

Analytical technique Usual sample size (mg)

1 (a)

(b)

2

3

4

5

6

7

8

9

10

11

12

13

Instrumental neutron

activation

Neutron activation with

radiochemical separation

Photon activation

Atomic absorption spectrometry

graphite furnace AAS

hydride AAS

cold vapour AAS

solid sampling AAS

Inductively coupled plasma optical

emission spectrometry

Emission spectrometry

Voltammetry

Isotope dilution mass spectrometry

X-ray fluorescence

Pulse polography

PIXE

RBS

PIGE

Nuclear reaction analysis

50-300

50-300

100-200

150-1000

15-800

10-50

10-50

5-20

250-1000

500-10000

80-200

70-100

1-100

70-200

<10

<1

<10

<1
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Figure Captions

Fig 1. Results of homogeneity tests for a candidate CRM, IAEA-359 cabbage.

Standard deviations from the mean values for Ca, Fe and Sr are shown

for 11 test portions.

Fig 2. Reported values from the intercomparison exercise for IAEA-312 soil,

element Th. The results are displayed in the order increasing

concentration measured by the participants (laboratory codes on

X-axis). The content of Th in this material was certified to (91.4 +

10.1) mg/kg.

145



Rejerence Materials /or Micro-analytical Nuclear Techniques

-0 5 0 0.5

-2 -15 -1 -0.6 0 0.5

CoflC. io S.D from average

Fig 1

146



V. Valkovic et at.

CO

2 £

t/3 Z

8 S o
00

t«
i £

o

o

oo

O

8
S3

N0LLVU1N33N0D

147


