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The evaluation of any developed chemical analytical method has to be preceded by a defined
analytical order (request) that is derived from the social order defined by the fundamental aim of
the analytical activity. The validation of the performance and efficiency of an analytical method is
based on the comparison of tolerance parameters, defined in advance with parameters derived from
experimental measurements. Therefore analytical chemistry becomes a basis for obtaining chemical

information.

The analytical order [1] is formulated hierarchically
by means of parameters defined in advance. These
numerical values express the required performance of
the analytical method. The choice of the parameters
needs, at the same time, to take into account the
ISO standards [2], and general validation principles
[3]. From the point of view of analytical importance it
is necessary to divide the considered parameters into
three groups. They are: the primary fundamental pa-
rameters, the secondary additional parameters, and
finally the tertiary parameters which support the elu-
cidation of performance parameters, as well as the pa-
rameters with specific nature [4]. The hierarchy and
classification of the used tolerance and experimental
values of the analytical order are presented in Table 1.

The subscript T marks the chosen parameters of
the analytical order, because they are simultaneously
the tolerance values, the attainment of which is re-
quired for an actual analytical method.

These tolerance values are in the course of vali-
dation process compared with the equivalent experi-
mentally obtained values. The values obtained from
the experimental measurements as well as the derived
values, are conventionally marked by the mark = above
the symbol defining the given parameter. By compari-
son of the tolerance and experimental values it is pos-
sible to test not only the degree of fulfillment of the
analytical order but also the information efficiency [5]
of the tested method.

THEORETICAL

The primary input parameters of the analytical
order are the following tolerance values: the desired
maximum concentration of the analytical determina-
tion ¢(X)max, T, the minimum concentration ¢(X)min, T,

Table 1. Hierarchy and Classification of the Input Data and
the Validation

Fundamental data Additional data Elucidation data

A. In advance chosen tolerance input date

C(X)max,T C(X)st C(X)max,lin.T

e(X)min, T c(X)rec ¢(X)min lin, T

(X, T c(X)roq,T
B. Calculated tolerance values

E(X)p,T AC(X)st AC(X)lin,T

Ac(X)T Ac(X)rec

s(e)x,T

S(C)X,T,r

Primary parameter Secondary parameter Tertiary parameter

A. Experimentally obtuined input data

E:(X)max &(X)St a'(X)max,lm

é(X)min a'()()re:c &(X)nﬁniin

X)L AdX)Loq
B. Calculated experimental values

éX)p AE(X)st Ag(X)in

Ag(X) A(X)rec

3(c)x

E(C)X,r

and the absolute value of standard deviation s(c)x T
of the determined analytical element (X). In the fol-
lowing step, it is necessary to calculate the half sum
¢(X)p, T which represents the arithmetical centre of the
given concentration range Ac(X)r

E(X)p,T = %(C(X)max,T -+ C(X)min,T) (1)
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the value of the concentration range Ac(X)t
AC(X)T = C(X)max,T - C(X)min,T (2)

the absolute standard deviation s(¢)x T, and the rel-
ative standard deviation s(¢)x, T,

1 N
T 2 X —eX)  (3a)

l
S(C)X,T,r = (S(C)X,T/E(X)p"r) x 100

S(C)X,T =
(3b)

By verification of an analytical order, the above-
mentioned tolerance values need to be compared
with the adequate experimentally determined values:
&(X)p 1, AEX), 8(c)x or 8(c)x,r It is reasonable to
derive these experimental values from analytical cali-
bration [6, 7].

The fulfillment of an analytical order with regard
to the concentration range is expressed by the inequal-

ity
Ac(X)p < A&X) (4a)

The fulfillment of the analytical order is valid only in
case when both boundary conditions defined by the
following relations are fulfilled

oK) pir ~ EX), (4b)

s(c)x,Tr = 8(0)x,r (4c)
However, if the inequalities

Ac(X)T > A¥X) (5a)
and

&(X)p,r < E(X), (5b)

are confirmed, the analytical order is fulfilled only par-
tially [8], and the analytical method requires addi-
tional optimization. In the case of multielernent ana-
lytical determination, if the optimization condition by
the majority of elements is not fulfilled, the method
needs additional optimization. The determining fact
is that the optimization condition is fulfilled for the
most significant elements [9].

The agreement of the absolute and relative stan-
dard deviations is also necessary to analyze. If the
inequalities

s(e)x,t = 3(c)x (6a)
and

S(C))()T7r 2 §(C)x.r (5b)
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are confirmed, it is an unambiguous evidence of a ful-
fillment of the demands on the precision of the concen-
tration determination. If the priority is the detectabil-
ity, the method has to be optimized further.

The last primary parameter is connected with the
detectability (LOD) of the analytical method. This
parameter is expressed by the tolerance limit of dete-
tection ¢(X)y,r. If the inequality

e(X)p 1 26X (7)

is confirmed, the analytical order is also fulfilled. This
assessment is particularly important in trace analysis.

The most significant parameter among secondary
parameters of the analytical order is trueness of the
analytical results (expressing accuracy and reliabil-
ity). This evaluation, however, is dependent on the
existence of certified standards of the analyzed matrix
with the declared concentrations ¢(X)s of the actual
analytical elements. The condition for the attainment
of true results is expressed by the equation

¢(X)y — cX)g = Ac(X)p =0 (8)

The concentration value &(X)s of the analytical ele-
ment (X) has to be obtained by an attested analytical
method using the certified standard. The equality of
the values in eqn (8) has to be confirmed by the sta-
tistical test (9) involving the standard deviation s(&)x

If the inequality tcale < teab is valid, then the agree-
ment of the tested values is confirmed. In the opposite
case when fealc > tiab the agreement is rejected [10].
The value t,, may be obtained for the degree of free-
dom F = N — 1 and the significance level o. Here
Nrepresents the actual number of measurements used
for the determination of standard deviations and 7 is
the value of Student’s test. In the case that certified
standards are not available, it is necessary to use ar-
tificially prepared reference samples. In this very fre-
quent case, only the test of recovery effect takes place
This test may be represented by the equation

fete = (€000~ (X0) | (s60x

A&(X) = &(X) — c(K)yee (10,
For the test of recovery the equation for testing o:
trueness is valid.

Among other parameters of the analytical order
the value of the linear concentration range of the an
alytical straight line is also important

AC()()lin,T = C(X)max,lin,T - C(X)min,lin,T (113’
The fulfillment of this analytical order is given by in
equalities
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ANALYTICAL ORDER

Table 2. The Experimental Input Data and their Validation

A. Ezperimental input and calculated data

w(co)max,’l‘ = 500 ppm
W(Co)max = 500 ppm

w(co)max,lin,T = 500 ppm
(Co)max,lin = 500 ppm

Aw(Co) = 499 ppm
Aw(Co) = 492 ppm

w(Co)st = 32 ppm

W(Co)st = 37 ppm Aw(Coltin

B. Validation data

Aw(Co)r 7 Aw(Co)
499 ppm > 492 ppm
V.N.C.

@w(Ca)r ? W(Co)
V.N.C.
Aw(Co)st 70

5ppm >0
V.N.C.

s(w)Co,T ? é(w)(}o
20.6 ppm < 27.2 ppm
V.N.C.

w(co)min,T = 1 ppm
ﬁ)(co)min: 8 ppm

w(Co)min lin, T = 10 ppm
'ib(co)min,linz 50 ppm

s{w)co,r = 20.6 ppm
$(w)co = 27.2 ppm

250.5 ppm < 254 ppm

wW(Co)r = 250.5 ppm
w(Co) = 254 ppm

TU—(CO)Iin,T == 255 ppm
w(Coin = 275 ppm

w(Co),, T = 0.1 ppm
% {Co), = 0.3 ppm

Aw(Co)iin = 490 ppm
= 450 ppm

w(Ca)r,t ? W(Co)L,
0.1 ppm < 0.3 ppm
V.N.C.

A’UJ(CO)UD 1 ZB‘ﬂ‘]((:())lin
490 ppm > 450 ppm
V.N.C.

Remarks: The abbreviation V.N.C. means that the validation is not confirmed.

AC(>()lin,T < AE(X) (llb)

lin

6(X)liu,p,T ~ é(X) (IIC)

lin,p
Extraordinarily favourable conditions are represented
by the inequalities

&(X) > e(X)

max,lin =

(12a)

max,T

é()()min,lin S C(X) (12b)

min, T

The limit of the quantification (LOQ), called also
the limit of determination, is defined very doubtfully.
It is the concentration of analytical element (X), which
is possible to be determined with the acceptable stan-
dard deviation and accuracy |2, 10]. The procedure of
the determination of LOQ-value requires in advance
to define the precision s(c)x,r and trueness Ac(X),
values, and the concentration value é¢(X)10q, it is ac-

cepted when the following inequalities are both ful-
filled.

S(C)X!T > S(é)x (13&)

e(X),, = é(X)y {13b)

DISCUSSION

On the one hand, the fundamental, additional and
elucidation tolerance input values, the calculated val-
ues footing in this input values, and on the other hand
the complex of experimentally obtained data was used
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for the illustration of the suggested validation proce-
dure. The concentration values are given in the weight
ratios and therefore are marked as w values. In the
given case as input data are used the figures of merit
(Table 2) of Co analytical element [11, 12,

The remarkable differenice between the tolerance
and experimentally obtained values is in the mini-
mal observed content value, w(Co)min, in the val-
ues of the arithmetical means w(Co), in the content
ranges Aw(Co), and at last in the values of the lim-
its of detection of w(Co)L. The differences between
Aw(Co)r and Aw(Co) values allowed to express only
the approximate agreement and therefore the fulfill-
ing of the equality is not confirmed. The judgement
of agreement of w(Co)r and @(Co) values unambigu-
ously demonstrated the shifting of the experimental
arithmetic mean value to the higher concentrations.
Similarly the values of standard deviations s(w)co,T
and §(w)g, confirmed that the precision of the con-
centration determination of experimental values is re-
markably worse. In the same manner it was confirmed
that the linear segment of the analytical straight line
is evidently shorter. Lastly the testing of the trueness
confirmed that the determination of Co did not give
a sufficient accuracy.

CONCLUSION

The evaluation of the parameters of analytical or-
der presents the fundamental procedure of the verify-
ing of all analytical methods. The tolerance parame-
ters of the analytical order are urgent in advance to
defining. It is necessary to compare these values to the
equivalent experimental values.
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