Report on Intercomparisen V-9
of the Determination of Trace Elements

in Cotton Cellulose

by

L. Pszonicki, A.N. Hanna and 9. Suschny
International Atomic Energy Agency

Laboratory Seibersdorf



2.
3.
AN

Content

Introduction
Scope of the intercomparison

Description of the material .

Results
4.1 Data handling
4.2 Statistical evaluation
4.3 Description of tables
Tables 1 to 5
Tables 6 to 62
Tables 63 to 65
4.4 Description of diagrams

Criteria for the selection of concentration values
Discussion

6.1 Pretreatment and analytical metheds

6.2 Evaluation of results and their qualiry

Conclusions

Acknowledgements
Note
References

List of participants

68 Tables
17 Diagrams

page

Lo e e e Y

L T R e
o ~ oo N

19
19
20
21



1. Introducticn

The role of trace elements in the metabolism of plants as well as
the increasing contamination of plants with mineral contaminants are in-
vestigated by many laboratories. To enable thege laboratories to check
the accuracy of their work, the IAEA has organized several intercompari-
sons of analytical results of plant materials such as wheat flour, dried
potatoes(l) or rve flour(z). The reported intercomparison deals with
cotton cellulose powder. It was organized also with the aim to provide

data needed in the certification of a batch of the reference material.

Cotton cellulose is a relatively pure organic material which con-
tains only low concentratioms of inorganic constituents and, therefore,
it is a good material for the testing of trace analysis methods-. For the
same reason it is, however, a difficult material because the concentra-
tions of elements to be determined are close to the detection limits of
methods used, and relatively few laboratories (27) submitted their re-

sults and most of them only for 2 limited number of elements.

2. Scope of the intercomparison

The participants were requested to determine as many elements as
they could of the 29 elements mentioned in the information sheet accom—
panying the intercomparison sample, however, the IAEA expressed its in-
terest in receiving results for any other element(s) which participating

laboratories would be willing to determine.

In total, 27 laboratories from 19 countries submitted 377 labora-
tory means on 57 elements. 61 of these results were reported as "less
than™ and for 28 elements only isolated results (1 or 2 lab. means) were
supplied. All these results were registered but could not be used for
statistical evaluation. The number of reported results (lab. means) per
element varies from 1 to 21 and the number of accepted results from 1 to
17.



3. Description of the material

4 batch of approximately 50 kg of cotton cellulose powder was
additionally homogenized at the Agency's Laboratory by mixing in a
rotating plastic drum for 70 hours. Finally, portions of about 25 g of

this material were distributed into plastic bottles.

In order to assure a long-term conservation of the material, all
- . . s 60 ,
bottles were sterilized by gamma-ray irradiation ( Co) using a dose of

2.5 Megarads.

Homogeneity was checked by determining the concentrations of
potassium, magnesium, copper, and zinc by atomic absorption analysis in

two sub-samples taken from various bottles chosen at random.

By applying F and t tests it was found that the results did not

differ significantly and that this material could be considered

homogeneous.

The water content of the air-dried material as determined by drying
at 85°C to a comstant weight was found to be 7%. As, however, the
moisture content may have varied with changes in the awmbient humidity and
temperature, it was recommended that the water content of this material
be always determined in a separate sub-sample {not that taken for

analysis) by dryving for 20-24 hours at 85°¢.

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

4. Results

4.1 Data handling

The participants were requested to make at least three, preferably

six separate determinations of each element and to report the results of



all determinations as net values, i.e. after correcting for the blanks.
Some laboratories, however, sent in the results of only one or two

determinations.

If for one or more radionuclides a laboratory submitted results
obtained by two or more different analytical procedures,.-the results were
entered as two or more separate sets, each bearing the same laboratory
code number with addition of different capital letters, e.g. 11A, 11B,

etc.

The computer programmme in its present form accepts a maximum of &
individual results for a given radionuclide from one laboratory. If the
number of reported results obtained by the same amnalytical procedure was
larger, only six results choosern at random were included, 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.

All data were edited, punched on cards, and processed by a special
computer programme. The results were printed in the form of tables and
plotted in the diagrams.

The concentrations of trace elements were expressed in Pg/g and

ng/g and the concentrations of carbon, hydrogen and oxygen in percent.

4,2 Statistical evaluation procedure

The statistical procedure used for evaluation of data of the

reported intercomparison was the same as that used in the previous

(3) (4,5)

intercomparison and discussed in previous papers « The



procedure is based on the assumption of a non-parametric distribution of
data and the median and its confidence interval are accepted as the most

robust estimation of the true value.

It is commonly known that the median is insensitive to the presence
of outliers in 2 set of data, however, when the number of data is
relatively swall and all outliers are on one side, the confidence
interval of the median may be significantly deformed and expanded in the
direction of ocutlying results. Thergfore, every set of data must be

tested and ocutliers rejected.

The outliers were eliminated by the modified procedure proposed by

(6)

Veglia + The original procedure is as follows:

- the data points most distant from the mean of the set are tested

sequentially one after the other;

= for every tested point an h-value is calculated:

h = (x5 = Xp—-1) (Sp-1)7t <n_§.r)~"=

where: xj = value of the point to be tested
X1~ arithmetic mean of the set without xj
Sn-l - standard deviatiom of the set without xj
n - total number of the data points in the set

- 1f the h-value is found to be larger than 3.162, then Xj is
rejected as an outlier at the significance level of 0.05, and
the testing procedure is continued for the next most distant

point;

= 1f b € 3.162, then the point is accepted as belonging to the set

of data and the testing procedure is fininshed.



The above test is wvalid for every continucusly distributed set of
data, however, sometimes, when the number of data is not very large and
two outliers are placed at approximately the same large distance from the
centre of the set, it is ineffective. This is caused by the fact that
the data points suspected to be outliers are tested one after the other.
When the most distant point is tested, the other one, almpst equally dis-
tant from the centre, is included in the set of data used for calculation
of the Sn~l-value. In the case of a relatively small number of data it
deforms significantly the Sn_l-value and with it the h-value may be so
much deformed that an evident outlier from an analytical point of view
may escape detection. To remove or at least to minimize this disadvan-
tage, the test was modified by us in the following way: When it is found
for a point to be tested that h" 3.162, the testing Is not finished as
in the original procedure, but the point is provisionally excluded from
the set of data_and the next point is tested. If for this next point the
h-value i{s alsc smaller then 3.162, both points are accepted, however, if
for the second point h is larger than 3.162, both points are rejected as
outliers and the testing is continued for the next data points of the set.

The main stages of the general statistical procedure used for eva-

luation of data are as follows:

l. Laboratory means are calculated on the basis of the reported

individual determinations.

2. All laboratory means for one element are treated as a set of
data points and arranged by their ascending values (see tables 6
to 62).

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

are rejected.

4. The overall median is calculated in the usual way and its confi-

dence limits are found in the table given by Remington and
Schork(7)o



5. For comparison, the arithmetic mean and its confidence limits
(assuming a normal distribution of data) and the mode (see Sec.

4.4,.) are also calculated.

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

function of local density of the data (see Sec. 4.4.3.

4.3 Description of tables

The results of the reported intercomparison after computer pro-

cessing are presented in three groups of tables:
— Tables 1 to 5 provide general information on the intercomparison;
- Tables 6 to 62 give information on reported data;
- Tables 63 to 65 provide a summary of the results of the
evaluation.

The meaning of the terms used in the tables is as follows:

Tables 1 to 5

Method Code No.: The main features of the amalytical 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 te 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. acid

digestion and solvent extraction.

The code number appearing after the point refers to the method used for
the quantitative determination of an element/radionuclide. The first
digit after the point characterizes the type of method, e.g. neutron
activation analysis, atomic absorption spectroscopy, or spectrometry of
the daughter radionuclide. The second digit gives more exact information

about the analytical procedure used, e.g. neutren activation with



radiochemical separation, flameless atomic absorption, or gamma-spectro-

metry of the daughter radionuclide with a scintillation detector.

If in the method code only one digit after the point is used, e.g.: .1,
this code number refers to all analytical procedures indicated by the two
digits code aumber in which the first digit is the same, e.g.: .10, ,11,
+12, etc. )

-

Mathod Abbreviation: The combination of capital letters corresponding to

the first letters of the name of the analytical method. Each method
abbreviation referes to the first digits after the point in the method

cede.

Frequency of the Application of Pretreatment Methods: The relative number

of results, which were obtained by a single procedure using the pretreat-
ment method indicated by "Method Code No." (figures before the point),
calculated as percent of all results reported for a given element in-
cluding "<"-results. Because sometimes the combination of more than cne
pretreatment method was used, the sum of the frequencies for one element/

radionuclide may exceed 100%.

Frequency of the Application of Analvytical Methods: The relative number

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

group concerned.

Laboratory Mean: The arithmetic mean computed from all individual re-

sults supplied by a given laboratory. An asterisk next to a laboratory

mean denotes that this mean was classified as an ocutlier and was not

taken into account whenm computing the overall mean and median.



Outlier: A laboratory mean classified as an outlying value in the set of
all laboratory means obtained for the element/radionuclide concerned {see

Sec. 4.2).
"<"-Result: 4 result reported by a laboratory as “"less than". If a
laboratory supplied some different "<"-results for the element/radio-

nuclide, then only one, viz. the highest, was accepted.

Total Number of Laboratory Means: The total number of all laboratoery

means and "<"-results obtained for all elements/radionuclides which were

to be determined in the intercomparison run.

Total Number of Qutliers: The sum of outliers obtained in the intercom-

parison run for all elements/radionuclides which were to be determined.
Its relative number was calculated as percent of the “Total Number of

Laboratory Means”.

Total Number of "<"-Results: The sum of all "<"-results reported in this

intercomparison. Its relative value is calculated as a percentage of the

total number of laboratory means.

Number of Laboratory Means, OQutliers, and "<"-Results by the Method:

Numbers corresponding to the above defined "total numbers” but concerning
the results obtained by one analytical method indicated in the table by
"code no.” and "abbreviation”. Their relative values were calculated as

percentage of "Number of Laboratory Means by the Method”.

Tables 6 to 62

Method Code No.: )

Laboratory Mean: ) See description of Tables 1 - 5

"<"=Result : )



Input Value: Known concentration of an element/radionuclide put in and
homogeneously distributed in the bulk of the material tc be analysed.

{Not applicable in the reported intercomparison).

Units: Units in which the concentration of an element/radionuclide to be

-+

determined is expressed. -

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

which remains unchanged throughout the tables. These numbers, however,
do not correspond to the sequence of laboratories in the list of
participants given at the end of this report, so that anonymity is
secured. When a laboratory has used more than onme anmalytical procedure
for the determination of the same element/radionuclide, them the results
are distinguished as different set of data by different capital letters

added to the code (see Sec. 4.1)

Number of Determinations: The number of individual determinations per-—

formed by the laboratory using the same analytical procedure {"<"-results

excluded).

Laboratory Standard Deviation: The absolute and relative laboratory

standard deviations are calculated in the usual way only if at least

three results were reported by a laboratory.

Estimated Laboratory Error: The participants' own estimate of the rela-

tive 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 intercompari-

50N »

R-Value: Not applicable in the reported intercomparison.
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Tables 63 to 65

Method Code No.:
Method Abbreviation:

See description
of Tables 1 to 5.

Laboratory Mean:

R Y I

OQutliers:

Unit: )] See description

Input Value: )] of Tables 6 to 62.

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

LIRS

(excluding "<"-results) reported for an element/radionuclide.

Number of Reperted Results; Individual Determinations: Number of indivi-

dual determinations (excluding "<"-results) reported by all laboratories

for an element/radionuclide.

Number of Accepted Results; Individual Determinmations: Number of indivi-

dual determinations (excluding "<"-results and outliers) reported by all

laboratories for an element/radionuclide.

Total Range of Laboratory Means: The range between the lowest and the
highest of the "Reported Results”.

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

highest of the "Accepted Results”.

Percentage of Qutlying Laboratories: Relative number of laboratories

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

cf laboratories which have reported results.

Percentage of Qutliers: Percentage of "Qutlying Laboratories"”.

Percentage of Laboratories with an R-Value > 1: Not applicable in the

reported intercomparison.
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Percentage of Laboratories with nc R~Value: Not applicable ia the

reported intercomparison.

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

elimination of cutliers.

-

Confidence Limits of the Overall mean: Is calculated from the relation:

% - tg.o5(5-E.) S U s X+ tg.ps(S.E.)

where: U ~ consensus value ("true value”)
ﬁ - overall mean
%5.05 " Student's factor for the significance level of 0.05
§.E. = standard error S5.E. = (S.D.)n-l/2
S3.D. = standard deviation of laboratory means.

If for an element/radionuclide the calculated lower confidence limit was

found to be negative, then it was taken to be equal to zero.

Relative Uncertainty of the Mean: The differences between the overall

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

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

(after elimination of outliers). It is found in the following way: the
laboratory means are arranged in order of increasing values and when
their number n is odd, n = 2k-1, the k-th result is accepted as the
median; when n is even, n = 2k, the median is calculated as the

arithmetic mean of the k-th and the (k+1)~th results.

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

{overall means) which were found in the table given by Remington and
Schork(7) for the significance level of 0.05.

Relative Uncertainty of the Overall Median: the differences between the

overall median and its confidence limits expressed as percent of the
value of this median. Notice that the confidence interval can be dis-—

tributed asymmetrically around the median.
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Overall Mode: The concentration value corresponding to the maximum local

density of laboratory means (see Sec. 4.4).

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 bv the Method: The median of results {(laboratory means) ob-

tained by the method referred to by the "code no”.

4.4 Description of diagrams

A graphical presentation of the results of this intercomparison for
all elements for which at least five laboratory means were accepted, is
made in Figures 1 - 17. The figures present the distribution of results
as plots of their local density against their values. The local density

of data was calculated as shown below.

All accepted results (laboratory means) Ei were treated as a sat
of data points and arranged by ascending values. The distances between
every point Ek and.its two neighbouring points ik—l and §k+1’ ex-
pressed in units of concentration, are dependent on the local density of
points in the surrogndings of ik and may be used as a measure of this
density. However, Xi is a random variable which, for a limited number
of data, may form accidental small clusters of points with a very high
iocal density which do not result from the distribution of the total set.
These anomalies were eliminated by a correction of the original data.

The corrected value Ek of every original experimental point ik was

calculated as an arithmetic mean of its value and the values of two

neighbouring points:
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- o + % + X
f, = k-l 3k K+1

but the values of the first point and that of the last were not changed:

il = §l andg '}—{n = Xn

The cperation was repeated once and then the corrected values Xk ware

found.

The above procedure eliminates local accidental small agglomerations
containing two or three points without deforming the distribution in a
larger interval. The mean distance a from a corrected data point Xy
to tw i rin ints and was 1 ted

two neighbou g po Xk-l Xk+l as calculated from the

formula:

el =~ Xgel

a =
k 2

k = 2 ... (n-1)

From the extreme points Xl and Xn cnly the one-side distance may be
calculated because the position of points, which could appear as more
distant from the centre of the set if the number of data was increased,
is not known. So the mean distance for these points is arbitrarily

approximated by:

ay = X3 - X3 and ap = Xy - Xp-2

The vaules of a, are inversely proportional to the data density and it

is more convenient to use their reciprocals:

~ . 1
& (X1) e

The function a(Xi) expresses the dependence of the local density of
data on their values Xi’ i.e. the number of points per one

concentration unit in the immediate vinicity of a given point. The
accidental small maxima of this function were removed or minimized by a
smoothing procedure, same as that used for the correction of data points.

The new values Ek were calculated for every point as follows:



Wwh |
!

but 51 = a? and En =
The absolute values of $(Xi) depend neot only on the dispersion of
results but also on their number and they can be compared 9nly with other
values caculated for the same set of data. The normalization of @(Xi)
assigning to its maximum a value 100, gives the new function @(Xi},
identical in shape with the previous one, which a2llows a comparison
of the distribution of different sets independent of the aumber of data

contained in them.

The relative local density functions ¢(xi) plotted against the
corrected values of results are shown in Figures 1 - 17 as the
continuous lines with small circles. 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 by
horizontal arrows indicating the direction of their position, e.g. Fig's
4 and 7.

For a multimodal distribution (Fig's 3 and 14) the function @(Xi) is

processed further by calculating for every point X, its average value

i
for this point and for four, six, eight, etc. neighbouring points. This
operation can be repeated until a plot of a unimodal distribution

function will be achieved (the line without circles).

5. Criteriaz for the selection of concentration values

The data received in this intercomparison (individual results from
the participating labaratories) were treated as described in Section 4.2
of this report. Laboratory means, overall means and medians and their

confidence intervals were calculated by an objective mathematical pro-
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cedure. From the analytical point of view, however, their values are of
different quality depending on the concentration level, the number of the
analytical methods used in the determination and the number of labora-
tories supplying the data for the element concerned. Therefore, the
results of statistical treatment require a further selectiom and
classification. To avoid subjectivitry, this selection must be based on
precisely defined criteria. Such criteria, although arbitrary because of
the lack of generally accepted rules in this field, have been formularted

(2,3}

already for previous IAEA intercomparisons and the criteria given
below constitute a further development of them. They are based on the
median which is regarded as the best estimate of the true value and are

formulated as follows:

1) For a given concentration range the relative
uncertainty of the overall wmedian (at a significance

level of 0.03) deoes not exceed the following limits:

0.1 - 10 mg/g + 20%

10 - 100 ug/g + 30X

0.1 = 10 pug/g - - 50%; + 60%
< 0.1 pg/g - 50%; +100%

2) The overall median is based on data cbtained by at

least two different methods.

3) More than half of the medians.of all groups of
laboratory means obtained by different analytical
methods and calculated on the basis of more than one
result is enclosed inside the confidence limits found

for the overall medianm.

4) The relative number of laboratory means rejected as
outliers does not exceed: a) 0 (uno outliers), b) 30%,
and ¢) 50%.

5) The overall median is calculated on the basis of at
least the following number of laberatory means: a) 5,
b) 3, and ¢) 2.
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4 concentration value for an element (overall median) is classified
as recommended value with a satisfactory degree of confidence (Class A)

when it fulfils the first three criteria and criteria 4b and 5a.

A concentration value is classified as recommended value with an
acceptable degree of confidence (Class B) when 1t fulfils af least

criteria 1, 2, 3, 4c and 5a, or 1, 2, 3, 4b and 5¢, or 1, 4a and 5a.

A concentration value is classified as uncertified information

value (Class C) when it fulfils at least criteria 4a and 5S¢ or 4c and Sb

and their confidence interval is reasomable for the given concentration

level.

Concentration values which do not even satisfy the reliability
eriteria for Class € are regarded as meaningless until additional results

are obtained for the elements concerned.

6. Discussion

6.1 Pretreatment and analvtical methods

A significant number of participants provided their results without
any information on the pretreatment methods used (Table 3), however, most
of these results were obtained by instrumental activation analysis and it
may be assumed that no pretreatment was applied. The sum of these
results with those for which the information "no pretreatment” was given
(Code No. 0.) suggests that the majority of determinations was carried
out by direct analysis of samples. The second large group of results was
obtained by use of such simple pretreatment methods as dry and wet
mineralization or disseclution {Code No. from l. to 4.). The separation

methods were applied only by few laboratories.



- 17 -

The analytical method most frequently used in the reported intercom-
parison (Tables 4 and 5) was neutron activation analysis (53% of all
results), followed by atomic absorpticn spectroscopy (24%), atomic
emission spectroscopy (15%Z), and particle induced X-ray emission (72).

Only few results were obtained by other methods.
Table 4 also shows that certain variants of these amalytical

methods were preferred: direct instrumental NAA (Code No. .11), flameless

atomic absorption (.22), and atomic emission with ICP~excitation (.32).

6.2 Evaluation of results and their quality

Results were received for a total of 57 elements. 37 of these
elements were found to be present at a concentration level of ng/g (ppb},
i.e. very close to or sometimes below the limits of detection of the
methods used by some laboratories. This fact explains the relatively

large number of results (16%) reported as “less than” ("<"~-results).

The number of laboratory means rejected as outliers was 61, i.e.
16% of the total number of results (Table 5). 1In general it may be re-
garded as normal, however, 39 of them (64%) were produced by only five
laboratories which provided the following numbers of outliers: 4, 5, 7,
8, and 19. Particularly the last two laboratories (8 and 19 outliers)
should revise their analytical procedures, since almost all their results

had to be rejected.

All data used in the classification of results according to the
criteria mentioned in Section 5 are listed in Table 65. At present, only
28 of 57 elements for which results were received, could be included in
one of the three classes of accepted results. Results for three of the
remaining elements were reported only as "less than”, for 14 only single
results were provided, and for 12 only two or three considerably
differing results were supplied. The results for four elements (As, Cd,
Co, and Sb) at the ppb level, and for two elements (Ti and Zn) at the ppm

level must be regarded as unsatisfactory because of their large

dispersion.
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The results for 13 elements, which can be recommended with a
satisfactory or an acceptable degree of confidence (Class A and Class B),
are listed in Table 66 and those classified as non—certified information

values, Class C, in Table 67.

Concentrations of carbon, hydrogen and oxygen, which form the
organic matrix of the material, were reported only by single lahoratories
and there is no proper justification to classify them as "information
values"” on the basis of the criteria previously outlined. However, the
values for carbon and hydrogen supplied by one laboratory and the value
for oxygen, supplied by another, agree rather well, adding up to 98.5%
which must be close to the true concentration of all matrix elements
combined. In view on this fact and of the desirability of providing
information on the composition of the matrix, the relevant values are

listed in Table 68.

7. Conclusion

The collective effort of the analysts participating in this inter-
comparison resulted in the preparation of a new reference material,
"Cotton Cellulose, V-9", for which concentration values of 13 elements
can be recommended. Participation in the intercomparison also provided
an opportunity to the amalysts to check the quality of their work. Those
who did well may see in it a confirmation of their reliability while
others may receive an impetus to revise and improve their analytical

procedures.

The results of this intercomparison confirm once more that ele-
mental trace analysis even of simple organic materials still presents
many problems not only at the ppb but also, for some elements, at the ppm
level. "Consensus” concentration values could be established only for a
relatively small number of elements. The large dispersion of the
determined concentration values seems to be partly due to shortcomings of

analvtical methods which are still inadequate for some elements.
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Table 1

Code numbers of pretreatment methods used in the Intercompariscn V-9

{not including radiochemical separation after neutron activation)

00§§tﬁﬁgber Method
. Not communicated or nmot clearly indicated
0. No pretreatment
I Dry mineralization
2. Wet mineralization - normal pressure
3. Wet mineralizatiom - pressure bomb
4, Dissoclution
5. Acid digestion
6. Extraction
7. Addition of buffer

8. Gas abscrption in solution




Table 2

Code numbers and abbreviations of methods used in the
quantitative determination of elements in the intercomparison V-0

Code  Abbre~  Method
No. viation
- Not communicated or not clearly indicated
.1 NaA Neutron activation analysis (Naa) - general
J1 Instrumental direct NAA
.12 NAA with radiochemical separation
o2 AAS Atomic absorption spectroscopy (4AS) - general
.20 AAS - no additional information provided
21 Flame AAS
22 Flameless AAS
.23 AAS -~ hydrides generation
« 24 AAS - cold vapour techmnique .
.3 AES Atomic emission spectroscopy (AES) - general
.31 Flame AES
W32 AES - ICP (inductively coupled plasmz)
b PIX Particle induced X-ray emission
] SP Spectrophotometry
6 ISE Ion selective electrode
o7 PT Potentiometric titration
.8 MS Mass Spectroscopy
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Table 66

Concentration of elements in IAEA's Cotton Cellulose (V-9)
which can be recommended with satisfactory or acceptable
degree of confidence

Concen= confidence
Class Element tration limits*
pe/g ng/g
- Ba 9 6+ 12
o Ca 241 227 + 256
g« Cu 0.59 0.47 + Q.94
g gg 0.055 0.047 + 0.075
e s Mg 53 46 * 67
pelid Mn 0.15 0.12 ¥ 0.21
3 Na 56 49 * 64
: Sr 0.65 0.54 * 0.96
: - cl 603 497 + 634
g~ Cr 0.11 0.08 + 0.14
22 Mo 0.034 0.030 + 0.049
gz Ni 0.09 0.07 + 0.18
2L Pb 0.25 0.22 * 0.33

* Confidence limits calculated at a significance of 0.05.



Table 67

Information values (non—certified) for concentration of
certain elements in IAEA's Cotton Cellulose (V-9)

Element Concentration Confidence limits -
pe/sg re/g

Al 44 13 + 33

Br 0.17 0.08 * 0.31
cd 0.002 0.001 + 0.006
Fe 11 7 %15

Ga* 0.01 (0.007 ; 0.013)
HE* 0.002 (0.002 ; 0.002)
Li% 0.024 (0.022 ; 0.022)
g* 5& (50 ; 537)

Sc 0.009 0.007 £ 0.010
Se 0.015 0.008 + 0.018
Sm 0.003 0.002 + 0.004
Sn* 0.6 (0.5 ; 0.7)
Th* 0.004 (0.002 ; 0.006)
U* 0.05 (0.02 ; 0.07)
v 0.09 0.07 + 0.10

* Only two laboratories provided the results. These results are shown in
brackets in the place of confidence limits.



Table 68

Information on the approximate composition of the
organic matrix in IAEA's Cotton Cellulose (V-9)

Element Concentration#
Z
c 47.8
H 6.3
0 44 .4
Sum of components 98.5

* Each of these values was provided by only one laboratory.
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