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Validation of the strength of reference solutions used
for measuring concentrations

1 Scope

The reference solutions used for the standardization of analytical methods are the means through which the final
result of the analysis is traceable to the basic units and to their standards.

The strength of these solutions should therefore be traceable to these same units with a relative accuracy of
+ 0,1 % or better.

This International Standard specifies procedures for preparing reference solutions, as well as a set of procedures
for ensuring the quality of their réparation-and the /degree 'of ‘accuracyof the ‘selution strength.

It is intended to be a working documeént [for lanalyti¢al chemists) Thel underlying statistical theory is therefore not
presented in full details or rigorously, in order to simplify application.

Sufficient details are included in annex H, in order to implement the procedure step by step in a laboratory en-
vironment.

2 Principle

Uranium, plutonium and potassium dichromate reference solutions are prepared independently.

These reference solutions are prepared exclusively from certified reference materials or from materials which have
been analysed by at least two independent methods. Exactly weighed quantities of these materials are dissolved
quantitatively and the solutions thus obtained are themselves weighed exactly.

The solution strengths are calculated from weighing data and from the known composition of the source materials.

The accuracy of their preparation is checked by comparing these solutions between themselves with the help of
analytical methods so that the relative difference 4 between A, the strength calculated for these solutions, and
A, the mean of replicate measurements, does not exceed 0,1 %.

Two categories of reference solutions can be distinguished according to the quality of the materials used in their
preparation:

— primary reference solutions;

— secondary reference solutions.

3 Primary reference solutions

- Primary reference solutions are prepared from reference materials which are distributed by approved organizations
certifying their composition with a relative uncertainty of 0,05 % or better, corresponding to the confidence interval
for a probability level of 95 %.
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The strength of these solutions shall be known with a degree of accuracy as close as possible to that which is
indicated by the certificate of the original reference material.

Because these materials are very expensive, it is essential to use them economically. This is why these primary
reference solutions will be used above all to calibrate or to check the strength of the secondary reference sol-
utions.

The primary reference materials as well as the procedures to be used for preparing the primary reference solutions
are given in the annexes:

Annex A: Preparation of uranium primary reference solutions;
Annex B: Preparation of plutonium primary reference solutions;

Annex C: Preparation of dichromate primary reference solution.

3.1 Purpose of the validation procedure

The purpose of the validation procedure is to ensure that no “abnormal” errors occurred during the preparation
of the solution from the certified reference material. A second primary reference solution is used to verify that the
two calculated strengths agree with the results obtained during the titration of one of the solutions by the other.
That is:

— verification of a dichromate solution by means of a uranium solution, or inversely;

— verification of a dichromate solution by means of a ‘plutonium-solution, or inversely.

The method used for this verification should be the 'most*precise” one' ‘'employed by the laboratory, for example
the ISO 7097 method for uranium and the ISO 8298 one for plutonium, provided that the testing laboratory can
perform these methods on pure uranium or plutonium(solutions with a coefficient of variation of repeatibility of
0,05 % or better and with biases)iessithans0;02:%:

The number of determinations to be carried out depends on the accepted risks and on the precision of the method
used, as explained in 3.2.

3.2 Verification of the strength of a primary reference solution

3.2.1 Principle of the procedure

A titration solution T (for example potassium dichromate) is prepared by weighing and dilution. Its strength is cal-
culated and recorded, T.

In order to check the strength of solution T, a primary standard solution (U or Pu), designed A, is prepared. Let
A, be the strength calculated for this solution.

Select an analytical method which presents no bias at all and apply it n times to A, using T as the titration solution.
Call A, the mean of the results obtained and A the relative difference between A, and A_:

A, — A,
e e

C

A=

Even if the true strength of solution T is equal to the calculated value, T, the value of 4 is not generally nil because
of errors in the measurement and preparation of the standard solution A. Solution T shall however be accepted
as long as the absolute value of 4 does not exceed a certain threshold. The value of the threshold depends on the
number of measurements n and on the confidence which is desired in the subsequent analyses.

After the number of measurements n is established, the probabilities of retaining solutions which are affected by
given errors 4, and the confidence interval of the strength of solution T can be calculated.
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If the difference | 4| is lower than the selected threshold, the conclusion is that the strengths A. and T, but also
the analytical method, have the expected accuracy.

Alternatively, if the difference |A| exceeds the selected threshold, this can be due to an error in the strength of
one or of the other solutions, or to a bias in the analytical method.

3.2.2 Choice of the number  of measurements to be carried out on the standard solution

The number n depends on several factors.

a)

b)

Preparation and measurement errors

The operations described in 3.2.1 are affected by the following errors:

1) errors in the strength T,, due to uncertainties in the certification and preparation, and represented by the
relative standard deviation o4/T,

2) errors in the strength A,, due to uncertainties in the certification and preparation, and represented by the
relative standard deviation o,4/A;

3) errors in the n measurements, represented by the relative standard deviation a,,/A..

The standard deviation of these errors shall be known or estimated as precisely as possible, for example, by
variance analysis or by error propagation.

When n is chosen, the preparation and measurement errors result in a total error in 4, the standard deviation
of which can be calculated by:

o (2) 4 ()

(Annex E includes the derivation of equation 2.)

If the strength of T is truly equal to T, and if the analysis method is not biased, the possible values of A4 are
part of a distribution, which is assumed to be Gaussian, with mean zero and a standard deviation . In other
words, there is a probability of 99,9 % that A may take any value between — 30, and + 30,4

Alternatively, if the strength, T, includes a relative error 4, = 0, the distribution function of the potential values
of A will be centred around a mean value 4, (see figure D.2).

Choice of n

According to figure D.2, the risk of false alarm, «, and the risk of non-detection, B, vary in opposite directions.
Both risks depend also upon the number of measurements, n.

Equation (3) gives the number of measurements n to perform in order to detect a true error of 4, with selected
values of risks o and B:

n= (Um/Ac) 2 %))
[42/(L, + Ly)2] — (01/T,)? — (04/A))° -

The values of L, and Ly are given in table 1 as a function of the risks « and 8.
The value of n calculated using equation (3) is rounded up to the next highest integer.

If this value is not realistic (too high), it will be necessary to revise the choice of different parameters, especially
by increasing 4, and . The efficiency and sample size curves (see annex F) are used to select the appropriate
values. A numerical example is given in annex E.
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Table 1
Fhsk(;(c> or f L, L
0,003 4,00 3,90
0,050 3.30 3,46
0,100 3,09 3,30
1,000 2,33 2,58
5,000 1,65 1,96
10,000 1,28 1,65
25,000 0,67 1,15
50,000 0,00 0,67

c) Comment

Since the number n must be positive, formula (3) can only be applied if

2 2

A0>Amm=(La+Lﬁ)\/(;—:) +(—Z%) @4

For a given risk of false alarm « a relative error 4, in the titration solution is likely to be detected with a prob-
ability equal to at least (100 — ) only if it is greater than 4,,,. See the numerical example in annex E.

3.2.3 Test procedure

After calculating n from equation (3), calculate the standard, deviation o, using formula (2). The actual error A,
which may be detected with given risks « and’g,<s'equal to

Ao = (L, + Ly)oy ...(5)

For a risk of non-detection g = 100 %, L is equal to zero_and 4, has a limiting value:

lim|A| =Ly, ... (6)

The mean difference of the n measurements, 4, is calculated for each titration solution using formula (1). If the
absolute value of A is below or equal to Lo, the titration solution is accepted with the risk g of having in reality
a solution with a difference equal to at least 4. If |4| is greater than L,s,, the solution is rejected and the risk
of this rejection being unfair is equal to «.

3.2.4 Strength of reference solution
If the solution is accepted, its strength is given at the (100 — «) confidence level by the expression:

T. (£ L, o7]T;) (D)

a) Example

This example is drawn from annexes E and F. If the numerical values used in annexes A and C are taken and
if the analytical method presents a coefficient of variation of 0,03 %, then:

olA. = 3,00 x 107*
oalA, = 2,74 x 10~ * (uranium)
o7/T, = 1,14 x 10~ * (dichromate)

If five determinations are carried out, ¢, may be calculated:

o,=324x10""*
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b)

4

Selecting a risk of unfair rejection, « =5 %, the rejection limit is calculated according to equation (6):

lim| 4] = 1,96 x 3,24 x 10~ *
=6,35x 107*

If the mean difference is greater than the rejection limit,

A, —A
4] =Am =4l 6064 9

AC

the solution under test must be rejected and a new solution prepared. Under these conditions there is a risk
of rejecting 5 times out of 100 a solution which is actually correct.

If the difference A is smaller then 0,064 %, the solution is accepted, and the confidence interval for the
strength is

T,(1 +£23x 107 *) for the dichromate, and
AC(1 + 5,5 x 10"4) for the uranium,
depending upon which solution was to be verified.

In the above case, there is a risk g of 10 % of accepting the strengths as correct although they actually include
an error greater than or equal to 4;:

AOZ (La+Lﬂ)aA
= (1,96 + 1,28) x 3,24 x 1024
=105x10"*

due to a mistake in 'the preparation! Therisk B of non-detection comes'down’to 1 % if the preparation error is
0,14 % (Ly = 2,33).

Comment

In the event that both of the compared reference solutions have to be checked:

— obtaining a difference lower than the limit value validates both solutions, as well as the analytical method:

— obtaining a difference greater than the limit value necessitates preparation of a third reference solution
which will be compared with one of the two previous ones. (The combined tests shall allow any ambiguity

to be cleared up. If the difference remains too large, it is possible that the analytical method presents a
bias which must be eliminated before the test can proceed further.)

Secondary reference solutions

Secondary reference solutions are prepared as follows:

— from secondary reference materials distributed by approved organizations and certified as having a precision

between + 0,05 % and + 0,2 %; or

— from uncertified but pure materials, distributed by an approved organization.

4.1 Validation of solutions prepared from certified materials

In this case the validation procedure is identical to the one recommended for the primary reference solutions (see
clause 3). The permissible difference between the measured strength and the calculated one will be higher than
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in the case of primary reference solution. Acceptance of the solution will lead to the adoption of the strength and
the degree of precision calculated from the certificate of the secondary reference material.

4.2 Standardization of solutions prepared from uncertified materials

The solution will be standardized with the aid of a primary reference solution, after making sure that there are no
impurities which might interfere with the calibration method.

In addition to the possible interferences linked to the secondary reference solution itself, the possible bias of the
method also has to be taken into account. If g, is the coefficient of variation of the method used to correct or
detect the bias of the standardization, the uncertainty of the measured strength of the solution is expressed by a
coefficient of variation:

2
% _ [ [m T 2
K—\/n(Am)'*‘(TC)-FU‘b ...(8

or

2 2
% _ [1(om )\, (o), 2
%_/n(%)+(&)+% ©

depending on whether a secondary reference solution of uranium (or plutonium), or a dichromate titrant is stan-
dardized.

Note that the absence of a systematic error can-be checked, at,best, withinthe limit of,uncertainty of the reference
materials used for checking it.

4.3 Numerical examples

Assume that the absence of a systematic error has been-verified-and the test repeated numerous times with the
aid of a reference solution certified with“a'coefficient ‘of variation of 0,025 % and a dichromate titrant known with
a coefficient of variation of 0,010 %. In this case, ¢, = 0,026'9'x 10~ 2

a) Standardization of a uranium solution by means of a dichromate primary solution

Assume the standard deviation values given in annexes C and E:

o7/T. = 1,14 x 10~ *
oA, =3,00 x 107*
o, =269 x 10 *
if n="5, then g /A, =3,21 x 10™ 4 and a probability of 95 % that the solution strength lies within
An(1 £ 63 % 107%).
b) Calibration of a dichromate solution by means of a primary uranium solution

Assume the standard deviation values given in annexes A and E:

oplA, =274 x107*
/Ty = 3,00 x 1074
op = 2,69 x 107"
If n="5, then o,/T,, = 4,07 x 10" *and a probability of 95 % that the solution strength lies within

Tn(1£80x107%).
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4.4 Standardization and validation with the aid of two reference solutions (two independent
methods)

The solution is measured by:

a)

b)

method (1) with the aid of a reference solution S, the strength S, of which is known, either by preparation
or titration, with an uncertainty estimated by the standard deviation og,. The measurement characterized by
the standard deviation o, is carried out n, times, A, being the mean of the results; or

method (2) with the aid of a reference solution S,, the strength S, of which is known, either by preparation
or titration, with an uncertainty characterized by the standard deviation og,. The measurement characterized
by the standard deviation o, is carried out n, times, A, being the mean of the results.

The relative difference observed is

A1 —AZ

A= 4,

... (10)
with
s o) (o 2+L(ﬂ)2+L(2)2 an
4= S1 S2 n1 A] nQ Az

If this difference A is acceptable, a weighted mean of the values A, and A, will be selected as the best estimate
of the strength A. Numbers n, and; will thereforeche selected with the aim of minimizing the random com-
ponent of the variance of 4, with the minimum total number of measurements.

This is achieved when

ny = ny [(02/A7)[(01/A1)] ...(12)

For a fixed a (the unfair rejection of 4, =0) and a fixed B (the probability of accepting the equality when the
true A has a value 4, = 0) n, can be calculated as follows:

(01/A1) [(01/A71) + (0,/A7)]

[40/ (L, + Lﬁ)]z — (051/81)% = (05/,)?
n, is derived from equation (12). The minimum value of 4, which can be chosen is:
Arin = (Lo + Lﬂ)\/(051/51)2 + (0521S7)° .. (14)

Once n; and n, have been chosen, the limit value of the acceptable difference can be calculated from
equations (11) and (6):

||m|A| =LuGA

1) If 4| is above this limit, the equality of A, and A, is rejected, there being a risk « of making an unfair re-
jection. In this case, the following may be called into question:

— either the preparation of the S, solution, or
— the preparation of the S, solution, or
— method (1), or

— method (2), or
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— the preparation of the secondary reference solution which may contain an interfering element in one
or the other of the methods.

2) If |4] is below this limit, the equality of A; and A, is accepted. A weighted mean of A, and A, is adopted
as best estimate of the strength A:

Ao Arf(041)° + Ayl (042)°

1(oa)* + 1/(042)° -9
with
(oa1/A1)? = (051/8:)* + (01/A47)*Imy ...(16)
(0a2lA2)? = (0521S5)* + (02/A2)%Im, .37
The confidence limits of the best estimate are:
A(1 £ L,o/A) ...(18)
o/A = 1 .. (19)

\/1/(0A1/A1)2 + 1/(‘7/12/142)2

A numerical example is given in annex G.

5 Report of the results

A written protocol shall be made of the results.of, the validations:

Annex H gives an example of a protocol applicable to the validation of a reference solution by titration against
another reference solution.
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Annex A
(normative)

Preparation of uranium primary reference solutions

A.1 Scope
This procedure describes the preparation of uranium primary reference solutions, which may be used:
— for verifying the quality of the preparation of the dichromate primary reference solution;

— for calibrating or checking the dichromate secondary reference solutions used in the U and Pu accountability
assay by titration;

— for the calibration of isotopic tracer solutions used in the U assays by isotope dilution analysis.

A.2 Reference materials and reagents

All reagents shall be of recognized analytical quality and of a very high degree of purity.

A.2.1 Uranium metal, certified at %+'0,05.% lor better (+ 2og). (foriexample! NBL 112, MU1/EC 101, MU2 or
NBS 960).

A.2.2 Concentrated nitric acid.
A.2.3 Nitric acid solution, ¢(HNO;) =6 mol/l’ (approximately).
A.2.4 Nitric acid solution, ¢(HNO3) = 3 mol/l.

A.25 Acetone, very pure.

A.3 Procedure

Prepare the reference solution by weighing accurately a portion of the certified uranium metal, dissolving it in nitric
acid and weighing accurately the solution obtained.

Air buoyancy corrections should be done on all weighings.

The standard deviations of the masses shall be determined by carrying out a preliminary examination of the bal-
ances used and by checking them when about to be used.

A.3.1 (Acid) etching

Steep the piece(s) of uranium (A.2.1) to be dissolved in 6 mol/l nitric acid (A.2.3) until any and all visible trace of
surface oxidation has been eliminated.

Rinse abundantly with distilled water, then steep in the acetone (A.2.5). Dry in the open or, better still, in a nitrogen
or argon flow.

Weigh the piece(s) of uranium immediately after drying in the tared dissolution flask, using a balance which has
been checked out beforehand. The mass of uranium, my,, corrected for air buoyancy, shall be greater than 1 g and
be measured within + 0,2 mg or better.
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A.3.2 Dissolution

Add concentrated nitric acid (A.2.2) to the dissolution flask in sufficient quantities to obtain complete dissolution
(for example 10 ml per 0,5 g of uranium). Boil gently until all solid particles have completely disappeared and a
clear solution is left. This operation shall be carried out without there being any splashing: it is preferable to use
a tall narrow-necked flask, with a small funnel on top or a reflux dissolving apparatus.

After cooling, dilute with 3 mol/l nitric acid solution (A.2.4) to approximately obtain the desired concentration, by
carefully rinsing the edges of the flask. If this operation cannot be carried out in the dissolution flask, transfer the
solution carefully into a previously tared flask, and rinse the dissolution flask several times with the diluting acid,
before making up to the desired volume.

Weigh with the best possible precision and record the net mass, M, of the reference solution just prepared.

Carefully seal and shake, in order to homogenize.

A.3.3 Possible dilution

Using a weight burette (or other suitable means) quantitatively transfer a known quantity (of mass m;) of the ref-
erence solution (see A.3.2) into a previously tared flask (whose empty tare mass is M,). m, shall be determined
with the best possible precision.

Add the desired quantity of 3 mol/l nitric acid solution (A.2.4).
Weigh again with the best possible precision the net mass of the diluted solution, M,.

Carefully seal and shake in order t6 homogenize.

A.4 Use

When needed, samples shall be taken, using a precise weighing procedure. As far as possible, the sampling shall
be carried out as soon as the preparation of the solution.has been completed, and the samples shall be kept in
sealed flasks until required for use.

In the case where the solution is stored for a relatively long period, it is advisable to check the stability of the mass
in the sealed flask. If there has been any significant change during storage, the solution should be discarded.

A.5 Solution strength

The solution strength, A, is given as a mass function, by the equation:

A, =R x 10_2(”10/1‘41)(’"1/Mz) (AD

or, in moles per gram, by

A= (1/Mp)R x 107 (/M) (my /M) ... (A2)
where
R is the uranium content in the certified metal, in per cent;

my is the mass of uranium;

M, is the mass of reference solution;

m is the mass of reference solution transferred to the tared flask;
M, s the mass of the diluted solution;

M, is the molar mass of the uranium, in grams per mole.

10
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A, is known to have a precision of + 20,. This standard deviation ¢, is obtained from the equation:

Ufzx Uzze UrznO Uzzm 0,2n1 Uzzwz

A—Cz = = mg M2 2 M22 ... (A3)
EXAMPLE:

R =100 % op/lR=25x10""*

my=1,0000 g om0 =0,1mg

M, =80,0000 g oy1 =01 mg

m, = 20,000 g o, =1mg

M, = 500,000 g oy =1 mg

(041Ac)* = (25 x 107 %)% + (107%)2 + (107 4/80)% + (107 %/20)? + (107%/500)2
oalA, =274 x107%

A, = (5,000 0 + 0,002 7) x 10™* grams of uranium per gram of solution.

1
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