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1. Introduction

It is well known today that mollusca are able to concentrate
micropollutants (e.g. heavy metals) in their tissues from the surrounding
sea-water. When animals of the same species are living in the same
conditions, the average concentration of a heavy metal determined in their
tissues after a sufficiently long exposure time should reflect the mean
concentration of this metal in their environment (or at least that of its
biologically available forms). On the other hand, heavy metals are normally
present in sea-water at very low concentration levels and it is much easier
and less expensive to determine them in blological tissues than directly in
sea-water. Mussels, in particular, have been considered as good indicators of
heavy metal pollution of the marine environment and this led to the
developmént of mussel watch programmes in many countries in the late seventies
(L.

The present intercomparison had a double aim: first, it was intended to
give to laboratories dealing with heavy metal analyses of mussel tissues an
opportunity for checking their analytical performance., Then, it was judged
highly suitable for these laboratories to have at their disposal a reference
material made of mussel tissue which would be accurately certified with
respect to many trace elements., Such a material would allow chémists to check

the validity of new analytical procedures.

2. Scope of the intercomparison

Each participating laboratory received a sample accompanied by an

information sheet and a report form, Participants were requested to determine
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as many as they could from among the following 15 elements: Ag, As, Cd, Co,
Cr, Cu, Fe, Hg, Mn, Ni, Pb, Sb, Se, V and Zn. The IAEA, however, expressed
its interest in receiving results for any other element(s) which participating
laboratories would be willing to determine.

In total, 55 laboratories from 29 countries submitted 529 laboratory means
on 46 elements. 19 of these results were reported as "less than” and could
not be used in the final data treatment. They were, however, registered in
the tables. For 16 elements only isolated results (1 or 2 laboratory means)

were supplied,

3. Description of the material

About 600 Kg of Mediterranean mussels (Mytilus galloprovincialis) were
purchased from a local suﬁplier. Soft tissues were separated from the shells
with the help of stainless steel knives. The shells were discarded and soft
tissues were lyophilised on aluminium trays covered with plastic sheets under
a vacuum of 10T Torr.

Lyophilised tissues were ground in a mixer made of stainless steel and
glass only. The fraction of the material passing through a 150 ym sieve was
collected and the residué was again ground in a porcelain ball mill. After
grinding, the resulting powder was again sleved and the fraction passing
through a 150 pm sieve was added to the first lot of powder.

Homogenlzation was done by mixing the entire quantity of powder having
particle size <150 pm in a stainless steel rotating drum for 100 hours.
Then, aliquots of 25 g were packaged into glass bottles sealed with plastic
screw caps.

The homogeneity of the material for trace elements was checked by

determining the concentration of some typical heavy metals in ten 500 mg-
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samples taken randomly from the bulk of the powder. The samples were
mineralized by wet ashing with nitric acid and zinc was determined by flame
atomic absorption spectroscopy while the flameless technigue was applied to
the determination of Cd, Cu, Mn and Pb., Fach sample solution was measured 10
times. A one-way variance analysis showed that the variance between samples
could be explained by the analytical variance for each element determined.
This material was, therefore, considered as homogeneous for the purpose of the
intercalibration (at least for a sample weighty 500 mg).

The water content of the lyophilized material as determined by drying to a
constant welght at 85°C was found to be 6.5%. As, however, the water content
may vary with changes in the ambient humidity and temperature, it was
recommended that'the water content of this material be always determined in
a2 separate sub-sample (not that taken for analysis) by drying for 48 hours
at 85°C.

All results were to be reported on a dry-weight basis.

4, Evaluation of results

The data provided by laboratories participating in this intercomparison
were processed by a specilal statistical computer program which has been used
already in previous intercomparisons organized by the IAEA. This program uses
non-parametric techniques and hence does not assume a particular form for the
data distribution. Outlying results were eliminated by a distribution-free
procedure (2,3). The medians and their confidence intervals were accepted as
the most robust estimations of the true values. The confidence intervals of
the medians were estimated from a table given by Remington and Schork (4).

The evaluation procedure which was used is described in Appendix 1.

e e -
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The results of the data treatment are p;esented in tables as follows:

-~ Tables 1 to 5 provide general information on the intercomparison; w

- Tables 6 to 51 give information on reported data;

-~ Tables 52 to 54 provide a summary of the results,
The meaning of the terms used in the tables is described in Appendix 2.
A graphical presentation of the results showing their distributions in the

form of local density functions is given in Fig. 1 to 22. The figures also

show the medians, means and modes together with their confidence intervals. A

description of the figures and the procedures used for their establishment is

given in Appendix 3. "
The final concentration values obtained from the statistical evaluation

were classified according to their analytical quality in the four following

groups:

- Concentration values which can be recommended with a "satisfactory” degree

of confidence

Concentration values which can be recommended with an “acceptable" degree of

confidence

Non-certified information values

®

Meaningless values, i.e. all concentration values which cannot be classified )b

in one of three preceding groups.
The criteria which were used for the clagsification of the final
concentration values in the above-menticned groups are given in Appendix 4.
The recommended concentration values ("satisfactory” or "acceptable") and the

non-certified information values are given in Tables 55 and 56.



5, Discussion

As far as the pretreatment methods are concerned, Table 3 shows that the
most frequently applied procedure was wet ashing (either under ndrmal pressure
or in closed decomposition vessels). Dry-ashing was less frequently used
since this method cannot be applied in the case of volatile elements, e.g.
mercury. Very often elements were determined without any pretreatment, in
particular when the quantitative determination was done by instrumental
neutron activation analysis,

Tables 4 and 5 show that atomic absorption spectroscopy in its various
forms was the analytical method which was predominantly used in this
intercomparison (45% of all determinations). It was followed by neutron
activation analysis (28%), atomic emission spectroscopy (15%), and X-ray
fluorescence (5%). Only a few results were obtained by other methods.

As it can be seen in the figures approximately symmetrical distributions
of results were obtained (after rejection of outliers) in the case of
aluminium, arsenic, cadmium, cobalt, copper, mercury, potassium and lead.
Results obtained for these elements are, therefore, relatively well clustered
around a central value (the mode of the distribution) which corresponds to the
maximun of the local density function.

Asymmetrical distributions, oan the other hand, were obtained in the case
of chromium, sodium and nickel for which a positive skewness (towards the high
values) was observed, and for iron and strontium which, on the contrary,
exhibit a negative skewness (towards the low values). When we look at the
individual results for chromium, we see that this skewness cannot be
attributed to systematic errors since results obtained by different analytical

methods do not seem to differ significantly. The same situation exists for
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sodium and nickel. In the case of these elements, all outliers were detected
on the same side (high values) and were obtained predominantly by atomic
absorption spectroscopy. It seems; therefore, that for these three elements
contamination errors (of a random type) during anzlysis rather than systematic
errors are jinvolved. For iron and strontium, on the contrary, outliers are on
the side of the low values as well as the direetion of the skewness of the
distributions. Also here, systematic differences between analytical methods
are not obvious. We notice, however, that neutron activation analysis
exhibits a tendency to give higher results than AAS and AES. This may be due
to the faet that nuclear methods are less sensitive to matrix effects than
spectrochemical methods. This could explain the observed asymmetry of the
distribution of these elements towards the low values.

The distribution of the manganese results is distinctive. The curve
showing the variations of the local density function for this element has twe
maxima (case of a bimodal distri£ution). When wé look at the individual
results obtained for this element, we see that most of them were cbtained by
three different methods (NAA, AAS and AES). The medians and their confidence
intervals for each group of results obtained by a given method were computed

as follows:

Median Confidence interval
NAA-Tesults 65.83 (57.87 - 79.83)
AAS~results 71.51 (63.27 =~ 78.45)
AES=-results 65.00 (49.28 - 77.48)

Obviously, the medians of the three groups of results do not differ

significantly and we cannot attribute the existence of two modes to systematic
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differences between analytical methods. On the other hand, a survey of the
applied pretreatment/preconcentration methods shows that the use of different
methods by the participants cannot explain the bimodal character of the
distribution of the manganese results either. It is not possiblé, therefore,
to explain that particular distribution on the basis of the data which are
available at present.

An other element for which a bimodal distribution was found is rubidium.
Like manganese, the curve showing the varlation of the local density function
for this element exhibits two maxima, When we look at the individual results
obtained for this element, we see that most of them (6 of 9) were obtained by
instrumental neutron activation analysis. Two of the three results which were
obtained by other methods (XRF and PIXE) are higher than the INAA results, The
number of individual results, however, is too small to ascertain the existence
of systematical errors between different analytical methods. The existence of

a mode at about 5.60 ug. g—l

-seems to result from a group of two INAA~results
very near each other at about 5.3 pg.g—l. The procedure applied for the
computation of the local density funetion did not remove completely this
maximum which looks accidental 1f we take into account the limited number of
data which are available in this particular case.

Two other elements (selenium and zinc) have distributions of results
which, although they are not bimodal in the mathematical sense, exhibit a
tendency to have two modal values as shown by the curves representing the
variations of their local density functions. When we look at the individual
results obtained for selenium, for lnstance, we see that we have two groups of
results, the first one between 1.6 and 1.7 pg.g-l, the other one between 2.0

and about 2.8 pg.g_l. Neither the preferential use of an analytical method

in a given group of results nor the pretreatment methods seem to be involved
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in this case. It is, therefore, not possible to find an explanation for the
distributio; of selenium results on the basis of the limited number of data
available at present. The same situation exists for zinc for which two maxima
of frequency of results are observed, the first one between 150 and

1, the other one between 180 and 190 pg.g-l. When we lock at the

160 pg.g”
individual results reported for this element, we see that most of them were
obtained by three methods (NAA, AAS and AES). Only few results were obtained
by other methods. The computed medians and their confidence intervals for

each group of results obtained by a given method are as follows:

Median Confidence interval
NAA=-Tesults 156.05 (152.25 - 166.61)
AAS~results 166.20 (153.33 ~ 181.50)

AES-results 147.25 (126.67 ~ 164.00)

It is obvious that the medians of the three groups of results given by
NAA, AAS and AES do not differ significantly and we cannot, therefore,
attribute the apparent agglomeration of zinc determinations around two central
values to systematic differences between analytical methods. As, omr the other
hand, the pretreatment/preconcentration methods do not seem to be involved
. here elither, it is ‘mot possible to explain the asymmetrical distribution of
the zinc results on the basis of the data reported so far for this element.

Aluminium exhibits an approxzimately symmetrical distribution but the
results reported by the participants are in limited number and considerably
dispersed. Om the other hand, results obtained by INAA are systematically
higher than the other results which were obtained by AES~-ICP. It is,

therefore, not even possible teo give an information value for this element
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until new data are available., It is interesting to notice that, in spite of
the relatively high concentration level (100-200 ug.g.l) the determination of
this element in this material gives rise to analytical problems.

The following elements fulfil the qualification criteria la, 2, 3, 4 and 5
(see Appendix 4): As, Br, Cd, Cu and Hg. The concentration values of these
elements, therefore, can be recommended with a "satisfactory"” degree of
confidence (class A). ’

At first sight, the following elements would also satisfy criteria la, 2,
3, 4 and 5 and should, in principle, be classified into the class A ~ results:
Ca, Fe, Mn, Na, Sr and Zn. When we look at the individual results of calcium,
we see that there is no obvious difference between the NAA, AAS and AES
results., One result obtained by PIXE, however, is significantly lower than
the other data and was, therefore, detected as "outlier”. The limited number
of reported results (only B) suggests to be careful as far as the fulfilment
of criterion 3 (agreement between different methods) is concerned., Owing to
this doubt the concentration value of this element was classified as class B =-
result only. The other elements (Fe, Mn, Na, Sr and Zn) fulfil also criteria
la, 2, 3, 4 and 5 and should, in principle, be classified into the class A -
results, As discussed above, however, the distributions of the results
obtained for these elements show strong tendencies either to asymmetry o; to
bimodality. As this brings a doubt about the accuracy of the determination of
the most probable concentration value for these elements, it was decided to
classify them into the class B - results (concentration values recommended
with an “acceptable” degree of confidence).

Lead is perhaps the most difficult element of this intercomparison as far
as the interpretation of the reported data is concerned. At first sight, the

distribution of the results reported by the participants for this element
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loocks approximately symmetrical amnd it seems that the criteria for
qualification of this element iato the class A -~ results are fulfilled. When
we look at the individual results reported for this element, however, we see
that most results were obtained by atomic absorption spectroscopy. These
results are spread over a relatively large range of concentrations and 80% of
the "outliers”(5 for a total number of 32 results) were obtained by AAS. If
we compare the accepted AAS-—results with the data obtained by other methods
(polarography, XRF aﬁd PIXE), we get the following values for the medians and

their confidence intervals:

Median Confidence interval
AAS~results 1.78 (1.37 - 2.07)

Other results 2.87 (2.40 - 4.38)

Obviously, the distribution of the AAS~results reported for lead is
significantly different from the distribution of the other results and we
caﬁnot consider that criterion 3 (no significant difference between the
medians of the groups of results obtained by different amalytical methods) is
fulfilled for this element. For this reason it was decided to consider the
concentration value obtained for lead as an information value only until more
data become available for thils element and enable us to clarify the
disagreement observed between the results of different methods for this

element.
6. Conclusion

The analytical results reported by the laboratories participating in this

intercomparison have enabled us to certify the concentration of 16 elements in

@
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the mussel homogenate MA-M-2/TM (Table 55). Information values could be
established for 6 additional elements {Table 56).

The total number of outliers was moderate (11.7% of all results), as well
as the total number of results given in the form "less than" (3.6%). The
number of outlying results by participating laboratories varied between 0 and
6, 17 laboratories produced one or two outliers, 5 laboratories 3 or 4
outliers and 4 laboratories 5 or 6 outliers. The last four laboratories

should carefully revise their analytical procedures for trace element analysis.

Note

The IAEA will appreciate all remarks and comments from analysts using the
reference material MA-M-2/TM which is certified on the basis of this
intercomparison. If a sufficient number of new results are received in the
future, the recommended concentration values will be revised and a new report

will be lssued.
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APPENDIX 1

Data handling and statistical evaluation
“The participants.were requested to méke at least three, preferably six
separate determinations of each element and to report the results of all ‘.i
determinations as net values, i.e. after correcting for the blanks. Some !
laboratories, however, sent in the results of only one or two determinations.
““““ The computer program Iin its present form accepts a maximum of 6 individual
results for a given element from one laboratory. If the number of reported
results obtained by the same analytical procedure was larger, only six resultg
chosen at random were included and the others were ignored.
The results supplied in the form "less than™ were tabulated only as
.additional information values but not used for statistical evaluation.
Results described as doubtful by the laboratory itself were not included. ‘l’
The main stages of the general statistical procedure used for evaluation )
of data were as follows:
1. Laboratory means were calculated om the basis of the reported individual
determinations,
2. All laboratory means for one element were treated as a set of data points
and arranged by theilr ascending values (sea Tables 6 to 51).

3. The set of data was tested for outlying results and the outliers were

rejected, using the following procedure:
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- the data points most distant from the mean o£ the set were tested
sequentially one after the other;
- for every tested point an h-~value was calculated:

_ - -1 -1/2
b= (x5 - % ) (8,.4) {327)

vwhere: Xy ~ value of the point to be tested

X1 arithmetic mean of the set without Xy

Sn_1 " standard deviation of the set without xj
n = total number of the data points in the set
- if the h-value was found to be larger than 3.162, then xj was rejected
as an outlier at the significance level of 0.05, and the testing procedure
was continued for the next most distant point;
- if h was smaller than 3.162, then the point was provisiomally excluded
from the set of data and the next point was tested. If for this next point
the h-value was also smaller than 3.162, both points were accepted, and
the'procedure was finished, however, if for the second point h was larger
than 3.162, both points were rejected as outliers and the testing was
continued for the next data points of the set.
- resulté rejected as outliers are indicated‘in Tables by an asterisk
put next to a laboratory mean.
4, The overall median was calculated irn the usual way and its confidence limits
were found in the table given by Remington and Schork (4).
5. For comparison, the arithmetic mean and its confidence limits (assuming a
normal distribution of data) and the mode (see Appendix 3) are also
calculated.

6. The distribution of the results for each element was plotted as a functiocn

of local density of the data (see Appendix 3),
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APPENDIX 2

Description of terms used in the tables

Tables 1 to 5

Method Code No.: The main features of the analytical methods used by

individual laboratories are shown in the form of code numbers. The code
numbers appearing before the point refer to sample pretreatment methods such
as dissolution, separation and/or preconcentration, the key to which is given
in Table 1. The use of two digits before the point means that a combination ")
of two different pretreatment methods was applied, e.g. aclid digestion and
solvent extraction.
The code number appearing after the point refers to the method used for
the quantitative determination of an element. The first diglt after the point
characterizes the type of method, e.g. neutron actfvation-analysis, atomic
absorption spectroscopy, ete. The second digit gives more exact information
about the analytical procedure used, e.g. neutron activation with radio-
chemical separation, flameless atomic absorption, energy-dispersive X-ray
fluorescence. ._)

Method Abbreviation: The combination of capital letters corresponding to

the first letters of the name of the anmalytlcal method. Each method
abbreviation refers to the first digit after the point iIn the method code.

Frequency of the Application of Pretreatment Methods: The relative number

of results, which were obtained by a single procedure using the pretreatment
method indicated by "Method Code No™ (figures before the point), calculated as
percent of all results reported for a given element including "less than"=-
results. Because sometimes the combination of more than one pretreatment

methed was used, the sum of the frequeacies for one element may exceed 100%.
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Frequency of the Application of Analytical Methods: The relative number of

results, which were obtained by the analytical method indicated by "Method
Code No." (figures after tﬁe point), calculated as percent of all results
reported for a given element including "less than"-results.

Two different types of frequencies are listed in Table 4: frequencies of
exactly specified methods (two digits Code No.) and frequencies of the group
of methods (onme digit Code No.). The frequencies of the second type were
calculated as the sum of the frequencles of all methods of the group concerned.

Laboratory Mean: The arithmetic mean computed from all individual results

supplied by a given laboratory. An asterisk next to a laboratory mean denotes
that this mean was classified as an outlier and was not taken into account
when computing the overall mean and median.

putlier: A laboratory mean classified as an outlying value in the set of
all laboratory means obtained for tﬁe element concerned (see Appendix 1),

-

"less than"-Result ("¢"-result): A result reported by a laboratory as

"less than". If a laboratory supplled some different "less than"-results for

an element, then only one, viz. the highest, was accepted.

Total Number of Laboratory means: The total number of all laboratory means

and "less than"-results obtained for all elements which were to be destermined

in the intercomparison run.

Total Number of Outliers: The sum of cutliers obtained in the

intercomparison run for all elements which were to be determined. Its
relative number was calculated as percent of the "Total Number of Laboratory

Means".

Total Number of "less than"-Results: The sum of all "less than"-results

reported in this intercomparison. Its relative value 1s calculated as a

percentage of the total number of laboratory means.
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Number of laboratory Means, Qutliers, and "less than"-Results by the

Method: Numbers corresponding to the above defined "total numbers" but
concerning the results obtained by one amalytical method indicated in the
table by "Code No" and “abbreviatlion". Thelr relative values were calculated

as percentage of "Number of Laboratory Means by the Method”,

Tables 6 to 51

Method Code No: )
Laboratory Mean: ) See description of Tables 1 to 5
“"Less than"-Results: )

Input Value: Known concentration of an element put in and homogeneously

distributed in the bulk of the material to be anmalysed {(Not applicable in the

reported intercomparison).

»

Units: Units in which the concentration of an element to be determined is

1 1

expressed, namely : NANOG/G = ng.g —, MICROG/G = pg.g —, MILIG/G = mg.g—l.

W

Laboratory Code No.: Each laboratory is represented by a code number,

which remains unchanged throughout the tables. These numbers, however, do ﬂot
correspond to the sequence of laboratories in the list of participants givenm
at the end of this report, so that anonymity is preserved. " When a laboratory
has used more than one analytical procedure for the determination of the same
element, then the results are distinguished as different sets of datz by
different capital letters added to the code number,

Number of Determinations: The number of individual determinations

performed by the laboratory using the same analytical procedure ("less than"-

results excluded).
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Laboratory Standard Deviation: The absolute and relative laboratory

standard deviations are calculated in the usual way.

Estimated Laboratory Error: The participants' own estimate of the relative

standard deviation expressed in percent. The figure before the point refers
to the error due to counting statistics (only for radiometric methods), and
that after the point to the error due to a complete analytical procedure.

Deviation from Input Value: Not applicable in the reported intercomparison.

R~=Value: Not applicable in the reported intercomparison.

Tables 52 to 54

Method Code No: )

Method Abbrevation: ) see description of

Laboratory Mean: ) Tables 1 to 5.

Qutliers: )
Unit: ) See description of
Input Value: ) Tables 6 to 51

Number of Reported Results; Laboratory Means: Number of laboratory means

(excluding "less than"-Results) reported for an element.

Number of Reported Results; Individual Determinations: Number of

individual determinations (excluding "less than"-Results) reported by all
laboratories for an element,

Number of Accepted Results; lLaboratory means: Number of laboratory means

(excluding "less than"-Results and outliers) reported by all laboratories for

an element.
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Number of Accepted Results; Individual Determinations: Number of

individual determinations (execluding "less than"-Results and outliers)
reported by all laboratories for an element.

Total Range of Laboratory Means: The range between the lowest and the

highest of the "Reported Results"”.

Range of Accepted Laboratory Means: The range between the lowest and the

highest of the "Accepted Results”.

Percentage of outlying laboratories: Relative number of laboratories which

have supplied outlying results given in percent of the total number of
laboratories which have reported results.

Percentage of Qutliers: Percentage of "Outlying Laboratories”.

Percentage of Laboratories with an R-Value larger than 1l: Not applicable

in the reported intercomparison,

Percentage of Laboratories with no R-Value: Not applicable in the reported

intercomparison.

Overall mean: Non-weighted mean of zll accepted "Laboratory Means", after

elimination of outliers,

Confidence Limits of the Overall mean: Calculated on the assumption of

normsl distribution of labeoratory means. If for an element the calculated
lower confidence limit was found to be negative, then 1t was taken to be equal
to zero.

Relative Uncertainty of the Mean: The differences between the overall mean

and its confidence 1limits expressed as percent of this overall mean.

Overall Median: The median value of all "accepted” laboratory means {(after

elimination of outliers).

-~

Confidence Limits of the Overall Median: Values of the data points

(overall means) which were found in the table given by Remington and Schork

(4) for a significance level of 0.05.

d!’}
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Relative Uncertainty of the Qverall Medlan: the differences between the

overall median and its confldence limits expressed as percent of the value of
this median. ©Notice that the confidence interval can be distributed
asymmetrically around the median.

Overall Mode: The concentration value corresponding to the maximum local

density of laboratory means (see Appendix 3).

Relative Deviation from the Input Value: Not applicable in the reported

intercomparison.

Mean Value by the Method: The arithmetic mean of results (laboratory

means) obtained by the method referred to by the "Code No”.

Median Value by the Method: The median of results (laboratory means)

obtained by the method referred to by the "Code No".
APPENDIX 3

Description of figures

The data distribution is presented graphically in the form of relative
local density of data points as a function of corrected values of these
points. Because the data represent the values of a random variable they may
form small clusters with a very high local density which does not result from

the distribution of the total set. The plotted Qalues, therefore, were

calculated by using the following smoothing procedure: J

1. For every data point a new corrected value was calculated as the average
value of this point and of two neighbouring points. This operation was

repeated 0.1ln times, where "n" is the total number of accepted data points

rounded to full tens.
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2, The absolute local demnsity values in the nearest vicinity of every

corrected point were calculated as the reciprocal values of the mean 4

distanc; between this point and two neighbouring points.
3. The function obfained in this way was smoothed by calculation for each

point of a mean value of this point and 0.2n neighbouring points. This

operation was also repeated 0.ln times ("n"-value see para. 1). Finally,

the functign was transformed into the relative local density function by

normalizing its maximum to 100.

The relative local density functioms é {Xi) plotted against the corrected -
values of results are shown in Figures 1 - 22 as the continuous lines with J

small circles. They represent only the distributlon of experimental data, not

‘the shape of the general distribution in a statistical sense. The modal
values were estimated as values of the corrected points corresponding to the
maximum of the density functions. The values of original results (laboratory
means) are indicated directly above the abscissa. The values of the overall
means and medians accompanied by their confidence limits and values of the
modes are indicated in the plots by vertical arrows. The values of outliers
are listed on both sides of the plots with horizontal arrows indicating the .
direction of their positiom. .)
For multimodal curves (more than one maximum) the function § (Xi) was
?rocessed further by the same procedure as given in para. 3. The operation
was repeated until a unimodal plot was achieved.
The transformed unimodal function was plotted as a continuocus line without

circles, e.g. figures 14 and 18, The modal value was estimated for this

function.
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APPENDIX &

Criteria for certification

~

I. Qualification criteria

.1, The relative uncertainty of the overall medlian (at a significance level of
0.05) does not exceed the following limits:
. a) Major and minor elements: + 10%
Trace elements: + 20%
b) Major and minor elements: + 20%
Trace elements: + 35%,
2. The overall median is based on data obtained by at least two different
analytical methods.
3. There 1s no significant difference (at the level of 0.05) between the
medians of all groups of laboratory means obtained by different analytical
methods.
- 4. The relative number of laboratory means rejected as outliers does not
, exceed 307,
5. The overall median is calculated on the basis of at least 5 laboratory

means.

II. Certification

A concentration value for an element (overall median) 1s classified as a
recommended value with a satisfactory degree of confidence (Class A) when it

fulfils criteria la, 2, 3, 4 and 5.
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A concentration value for an element (overall median) is classified as a “
recommended value with an acceptable degree of confidence (Class B) when it
fulfils criteria 1b, 2, 3, 4 and 5.

A concentration value 1s classified as a non-certified information value
when it fulfils at least criteria la or 1b and when the overall median is
caleculated on the basis of at least 3 laboratory means.

Concentration values which cannot be classified into one of the above-
mentioned categories are regarded as meaningless until additiomal results are

obtained for the element concerned. )

Table 1.

Code numbers of pretreatment methods used in the Intercomparison
MA=M-2/TM (not including radiochemical separation after neutron

activation)

Method Method

Cede No _)
. Not communicated )
C. No pretreatment
1. Dry ashing
2. Wet ashing (normal pressure)
3. Wet ashing (pressure decomposition vessel)
4, Addition of a reducer
S. Extraction
6. Dissolution
7. Pellet formation

8. Ion~exchange chromatography.



Table 2

Code

No.

24
.30
.31
.32
.40
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Code numbers and abbreviations of methods used for quantitative

determination of trace elements Iin the Intercomparison MA-M-2/TM

Abbre-

viation

NAA

AES

PIX
EM
Sp

CM

Method

Not indicated

Neutron activation analysis (without specification)
NAA - instrumental

NAA - with radiochemical separations

Atomic absorption spectroscopy (without specification)

AAS ~ flame technique

AAS - graphite furnace technique

AAS - hydride generation technique

AAS = cold=vapour technique

Atomic emission spectroscopy (without specification)
Flame emission spectroscopy

Inductively coupled plasma emission spectroscopy
X-ray fluorescence (without specification)
Energy-dispersive XRF

Wavelength~dispersive XRF

Total-reflection XRF

Fluorimetry

Proton—induced X-ray emission

Polarography or anodic stripping voltammetry
Spectrophotometry, colorimetry

Other methods
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Table 55

Concentration values of elements in MA-M~2/TM reference material which can be
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certified with satisfactory (Class A) or acceptable (Class B) degree of

confidence

Element

Arsenic
Bromine
Calcium
Cadmium
Cobalt
Chromium
Copper
Iren
Mercury
Magnesium
Manganese
Sodium
Rubidium
Selenium
Strontium

Ziac

Unit

Concentration

12.8
357.8
14.8
1.32
0.88
1.25
7.96
256.2
0.95
5.94
67.1
45.5
+6.96
2.27
101.3

156.5

Confidence interval

11.8
304.1
13.6
1.16
0.75
0.95
7.53
229.2
0.85
5.22
60.7
44.0
5.30
1.70
91.5

152.8

(significance level 0.05)

- 14 ‘4

416.7

- 16.1
- 1.54
- 1.07
- 1l.62
- B.44
268.2

1.06

6.70
75.3

- 47.7
- 7,80
- 2,56
- 106.7

- 166.7

Class of

results

w b s

to
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Table 56

Information values (non-certified) for concentrations of certain elements in

MA-M~2/TM reference material

Element Unit Concentration Confidence interval
(significance level 0.05)
Silver ng.g™t . 54.2 45.1 = 62.0
Gold ng.g™t 15.5 4.6 ~ 16.3
Chlorine mg.g-l 87.1 83.4 - 87.9
Lead pg.g"l 1.92 1.53 - 2.50
Antimony ng.g™* 27.0 26.6 - 29.5
Scandium ng.g™* 45.1 42.2 - 48.0

)
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