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Abstract

Itis proved that the shape of equations obtained after transformation
of real (x, y) into normalised (u, v) variables enables to present
polynomial and rational functions in a unified form. In terms of
normalised variables, the equations applicable for calibration curves
are analogous to ones obtained for standard addition method. It
enables to apply a common criterion adaptable for both methods of
chemical analysis.
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Introduction

The instruments used in chemical laboratories require prior
calibration before they are used to produce relevant analytical data.
Calibration [1-8] is defined as the sequence of operations that enables
to establish, under specified conditions, the functional relationship
between values of the measurable signal y (output quantity, e.g.
absorbance) indicated by a measuring device and the corresponding
values of variable x (input quantity or property, e.g. concentration)
realised by standards of an analyte X, under defined conditions
assumed. If the calibration is performed incorrectly, the results of
analyses will be unreliable [1,5].

We consider polynomial and rational, monotonically increasing
functions y=y(x), ie., dy/dx>0 within defined x-range. For the
monotonic function y=y(x), there is an inverse relation x=x(y) within
the specified y-range. The model y=y(x) will be applied to the set of
arranged experimental data (x; y), j=1, .., N, wherey <y,  atx<x .

The linear relationship y=a+b-x is applicable only within a limited
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(narrowed down) range for x. For a more extended range of the
variable x, the non-linear (parabolic, hyperbolic) models seem to be
more adaptable. They are represented by equations:

y=a0-~-a1~x+a2~x2 (1)
chtey-X

-0 1- &)
1+024x

for parabola (1), and hyperbola (2). Equation 2 is a particular case of
rational function [9,10]
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y = y(x,a,b,n,m) = —=1=0_1 i 3)
l+zj:1bj-x

wherea=[a,..,a ] ,b=[b,..,b_]|",a,b €R.A particular case are there
the functions of the Padé type [11—141; some of them (with m=n+1)
were applied [15] to semi-empirical modelling purposes. In a common
opinion, rational functions have greater approximative power than
polynomial functions - in the sense that, with the same number of
parameters involved, they enable to get better approximation. The
modified rational function (3) where a =0, i.e.,

TRy apx

y= Y(Xaaaba n, m) = 7] (4)
m .

1+ 2]=1 b_] X

is applicable for standard addition method [16,17].

Equations (1) and (2) assume linear form at a, = ¢, = 0. The model (2)
and its simpler form, with c0 = 0, proved to be applicable in analyses
made with use of AAS method [9] and in potentiometric acid-base
titration curves, where generalised Simms constants [15,18,19] are
involved.

Numerous examples testifying in favour of hyperbolic
approximations are provided in [20-24] where the approximation

In(1+x) = (5)
1+x/2

has been applied against the approximation

In(1+x)=x (6)

referred to the Gran I method, and the approximation In(1+x) =
x - x*/2. The validity of the approximations is clearly visible in
Table 1, [22]. The divergences are, for example: 0.02% in Equation
6 and 2.5% in Equation 7 at x=0.05; 0.27% in Equation 6 and 9.8%
in Equation 7 at x=0.20; 3.8% in Equation 6, and 44% in Equation
7 at x=1.00.

Standard addition method (SAM)
Let us introduce a new variable z, involved in relation
X=X +Z 7)

where x is the initial concentration of an analyte X in the sample
tested. Let y, be the signal related to x=x (i.e., z=2,=0) and N be the
number of standard additions, i.e., N+1 experimental points {(z, y,) |
j=0,1, ..., N} are registered.

From Equation (1) we get
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Table 1: The In(1+x) values and their approximations.

1 X 0.05000 0.10000 0.20000 0.25000 0.50000 0.75000 1.00000
2 In(1+x) 0.04879 0.09531 0.18232 0.22314 0.40547 0.55962 0.69315
3 X — X312 0.04875 0.09500 0.18000 0.21875 0.37500 0.46875 0.50000
4 x/(1+x/2) 0.04878 0.09524 0.18182 0.22222 0.40000 0.54545 0.66667
o aa 2 Uniformity of Non-Linear Models
y=ypta zta, -z (8)

where: In order to compare the models applied within different ranges of

concentrations and/or signals y registered, a uniformity (normality)

Vo= 8+ a X +a,x ©) procedure is necessary, i.e., both variables (x and y) should be

Yo =ag+a; Xg+a, 'on (10) norrr_lalised. .Ta}(ing into account that. nonlinez?r models fire

* . considered within different areas of chemical analysis, the resulting

a =aj+2-ay-Xg >3,=a; - 2-a,X, (11)  models should also be independent on the instrumental method

At a =0 in Equation (9), from Equations (9)-(11) we have, by
turns:

2 *
ay-Xg~ —ap Xy yO:O (12)

X =0.5% (] -y(a])2-4xanxy0) /a, (13)

where y,, a;k and a, are determined from Equation (8), according to
LSM.
From Equation (2) we have, by turns,
cn+cy-(xy+2)
_ 0" Yo
= 71+02 ~(x0 T2 -> y(1+c2 X ¢y -z):co+cl X ez >

c

*
y(1+02»z):y0+ ‘z >
1+c2-x0

* * c *
y(l+02-z):y0+y0-cz-z+7-z—y0-c2-z9
l+c2~x0

(I+* =yt oyt a ,*) >
y(+cy-2)=yg+yy-cyz (m Y€)=z

*

¢ -z
y=Yo+t 1* (14)

1+c2-z

where:
_ . * 02
_co+c1.x0; * 1 =CHCy fep= (15)
Yo = q = 2 l+cy X
1+c2-x0 (1+c2~x0)

Before application of the LSM, Equation (14) should be rewritten
into the form

*
y=y0+d1-z-cz-y-z (16)
where:
* *
d1 =cyt¢y -y (17)

At c=0, from Equation (15) we have, by turns,

Yo c; X0
—*:x0~(1+02-x0):x0~ H—F—x [=——— >
c1 1-c2-xq 1_02.x0

* *
Yo =g (e +¢3-5p) (18)
and then from Equations (17) and (18) we have

=20 (19)

applied for analytical purposes. The sensitivity of the method
should also be considered. All the requirements are fulfilled
when the normalised variables are introduced. The normalising
procedure consists of two steps: (1°) calculation of parameters of
the regression equation in its initial or transformed forms and (2°)
formulation of the comparative criterion of fit of the modelling
functions, in terms of normalised variables. The parameters of the
functions are obtained by the least squares method (LSM). The
functions considered will be related to the calibration curve and
standard addition methods.

CCM

Let x;, ..., X be the set of N ordered reference values and Yy v
¥, be their respective test values. Then for the arranged set of over-
determined experimental data (xj, yj), j=1,...N (xj < XY < yjﬂ), we
introduce the relations:

u = (x-x,)/(x—x,) = (x-x )/Ax < X=X, +u-Ax (20)
v=(y-y ) (yy-y) = (y-y)/Ay > y=y,+v-Ay (21)

where u € <0,1>, v € <0,1>. Applying Equations (20) and (21) in
Equations (1) and (2), we get the formulas:

v=a-u + (1-a)-u? (22)
_ ru
- @3)

where:v=0foru=0,andv=1foru=1
a=(a +2ax)/s
v =[(c, = ¢, )/(1 +c,x)/s

and s=Ay/Ax is the mean sensitivity of the CCM; the s value is affected
- to some degree — by the range <x, x> of the variable x chosen
to plot the related calibration curve. The straight line connecting the
points (0, 0) and (1, 1) in the co-ordinates (u, v) has the form

v=u (24)
SAM

Introducing:

Ve 7=y (Y = (=y)/AyS >y =y, +vAy* (25)

w* = (z-2)/(z-2,) = 2/z = 2/Az* > 2= w*Az* (atz,=0)  (26)

into Equations (1) and (2), we have, in terms of normalised variables
(W, v*):

v = ot wh + (1-a*)-(w¥)? (27)
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where v*=0 at w*=0 and v*=1 at w*=1. Applying Equations (25) and
(26) in Equation 14, we have

* * A* */ * * * *
* * ¢ W Az * ci /s W .
1 1 VoW
VA s PV = 3 ¥ % E— (28)
l+cy-w -Az l+cz~Az -W l+;/1 ‘W

Assuming that the curve passes through the points (w', v') = (0, 0)
* * .
and (1,1), we get n=r b and then we have the relation

* *
* Yy W
o Tw (29)
I+(y -D)-w

where: o* = a */s*, y* = ¢ */s* = [(c, - ¢,-¢,)/(1 + ¢,x))*]/s* and s* =
Ay*/Az*.

Some remarks

Note that the formulas for SAM with asterisked data (a*, y*, s*,
w* and v*) involve x, not x,. The x, enters the formulas for a, y, s,
u and v, referred to CCM. Similarities between the formulas: (22)
and (27) or (23) and (29) are the basis for application of identical
criteria for CCM and SAM; these formulas are in close relevance to
the homotopy problem [25], considered within topology.

Applying equidistant values for z, ie., z,, - z = Az for j=0,
N-1, we get z. = (j/N)-Az’. Similarly, at X, x A, for j=1, ..., N- 1
we have X=X + (j-1)/(N-1)-Ax. Then the external parameters of the
corresponding regression equations can be calculated with use of the
following formulas:

N N(N+1 N N(N+1)(2N+1
NN N e
=1 6 =l 6
) (30)
N ( )2 N (3N +3N—1)
i=ls) iyi =8y —m——~
2OUE s

A nonlinearity criterion of the model

As the criterion of the nonlinearity one can assume the area
between the lines (5)-(7) and straight line (Equation 8) in the
normalised variables (u, v) [9] (Figure 1). This integral criterion is

expressed by
1
2 oa-1
F = u+(l-a)- —u}-du= 31
1(1){[°°u(a)U}u}u ’ (31)
1 : (y-1-1
=I{7y_u —u}.du=7y (y 2ny)_7 (32)
o l+(r—1-u (v-1) 2

When referring to standard addition, the parameters a, B, y
should be replaced by o, B, y". Setting Iny=In (1+y-1) and applying
the approximation (5), from Equation (32) we get

y—1
2-(y+1

The area between the line v=v(u) and the line v=u, plotted in the
normalized coordinates (u, v), is the measure of nonlinearity of any
monotonic relationship obtained on the basis of experimental points
(x, yj)|j:1, ... N}, compare with Figure 1. This area is expressed as
follows

h = (33)

1
Q:f|v—u|~du (34)
0

More complex rational functions y=y(x) (Equations 3 and 4) were

doi: 10.4172/2576-3954.1000108

also considered in references [9,16,17], e.g. the function

:a0+a1~x+a2-X2

2 (35)
I+az-x+ay-x
is expressed, in normalized variables, by the relation v=v(u)
_outpuw P g 1 SR PN S
l+y-u+n-u’> n 21 du n n
(36)
—37[ — +1
v’ +f u+f
o-u+p-u’
b- (37)

:1+y-u+(a+B—1—y)-u2

For the function (36), illustrated by Figure 1, we have v > u within
ue<o,1>.

From the tables of elementary integrals [26,27] we find, among
others,

2 28+
——-tan f A<0
J-A J-A
1 -2
jzida: for A =0 (38)
af” +bé+c 2a8+b
! 2a§+b VA forA>0
JK et rbavA

with A=b? - 4ac. Setting a=1, b=y/n, c=1/n and &=u in Equation (38),
we get [9]

2 a2n+y Y
—— | tan —tan for A<0
=A [ n-v-A

n-v-A
1
ll‘(A):j;].du: Zn-(l— j forA=0 (39)
owl+ Yyt Yy 2n+y
n
‘2T]+Y n A JEn \/7‘ forA>0
\/Z ‘ZTHY*'T] f Y—-n- \/Z
where
v =v(u)
1 -
0,8 -
0,6
—1
>
—2
0,4 -
0,2
0 T T T T 1
0 0,2 0,4 06 08 1
u
Figure 1: The exemplary plot v=v(u) [9] and the line v=u (Equation 24).
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2
A= (Y] 4 (40)
n n
In particular, for A<0 we get the Q value (Equation 34)
Q—B—1+B~(a—y]~[ln[l+y+lj+lnn]
n 2 2n{p n non (41)

B [y (& v
LN N e i IS R BN 20
nz[Z(B nj+j @

Final Comments

Calibration is one of the basic activities realized within any
analytical measurement. On the step of calibration, the functional
relationship between the y-values indicated by measuring instrument
and concentrations x of the standard samples (s) is established under
strictly defined conditions of the calibration procedure.

In univariate calibration, with x as an independent variable, the
linear regression is most frequently used and abused [28]. In some
instances, however, a nonlinear model expressing a functional
relationship y=y(x) between variables x and y within defined x-range
provides better description of a relationship between x and y, under
specified conditions. To obtain a valid model, the analyst must also
subjectively decide on the boundaries of the system and on the
attributes to be quantified in the model.

The calibration enables, among others, to estimate the real value
x, of the measurand from the experimental value obtained in the
measurement. The calibration provides an empirical relationship
between the measured values.

The nonlinear modelling is done both for analytical and
physicochemical purposes [2,29]. The success of calibration
(accuracy, precision) depends on interrelations within the “triplet™
dataset {(x, y)|j=1, .., N}, model y=y(x) and the analytical method
applied. When applying the least squares method to linear regression,
it is assumed that each data-point in a given x-range has a constant
absolute variation (homoscedasticity). If y=y(x) is not a linear model
with respect to changes in analyte concentration, i.e., y(x) cannot
be sufficiently modelled by a first order polynomial, a nonlinear
calibration model must be employed [29]. The nonlinear model is also
necessary when the unknown sample contains some species affecting the
y value; otherwise, the prediction will be inaccurate [30]. An accurate,
univariate calibration is prohibited, in most cases, by matrix effects. In
such instances, an issue is the standard addition method.

The uncertainty (errors) may also be the physical modifications
(changes) taking place between the calibration and the measurement
process using this curve. For example, if the temperature of the samples
is not equal to the calibration temperature, then the results may be
wrong. In flame AAS (FAAS), the change of temperature influences
the surface tension of the liquid sample, and thus on the efficiency
of nebulization preceding the sample atomization. The composition
of the reference samples must be similar to the composition of the
samples tested. This applies, in particular, to the sample matrix and the
size of particles contained therein [31]. For example, analysis of blood
serum samples for pesticide or drug residues should not be based
on calibration curves based on measurement of signals for aqueous
solutions of the respective reference substances [32]. Because the serum
blood composition is not reproducible in calibration solutions, another
method is required [33], especially the standard addition method.

doi: 10.4172/2576-3954.1000108

In this work we have shown that for CCM, as an extrapolation
method and for SAM, as the interpolation method, we obtain formally
identical functional relations in a normalized, dimensionless system
of coordinates. Hence results the possibility of applying a unified
criterion of nonlinearity of the appropriate results of analysis. This
criterion is independent of the scale and range of concentrations
covered by the measurements, and the indications and sensitivity of
the measuring devices.

References

1. Danzer K, Currie LA (1998) Guidelines for calibration in analytical
chemistry. Part |. Fundamentals and single component calibration (IUPAC
Recommendations 1998). Pure Appl Chem 70: 993-1014.

2. Curie LA (1999) Nomenclature in evaluation of analytical methods including
detection and quantification capabilities: (IUPAC Recommendations 1995).
Anal Chim Acta 391: 105-126.

3. Miller MM (2000) Implementation of reference systems in laboratory
medicine. Clin Chem 46: 1907-1909.

4. May W, Parris R, Beck C, Fassett J, Greenberg R, et al. (2000) NIST Special
Publication 260-136, Standard reference materials. Definitions of terms and
modes used at NIST for value-assignment of reference materials for chemical
measurements, U.S. Government Printing Office, Washington.

5. Cuadros-Rodriguez L, Gamiz-Gracia L, Almansa-Lépez E, Laso-Sanchez
J (2001) Calibration in chemical measurement processes: |I. A metrological
approach. Trends Analyt Chem 20: 195-206.

6. Jancke H, Malz F, Haesselbarth W (2005) Structure analytical methods for
quantitative reference applications. Accred Qual Assur 10: 421-429.

7. Switaj-Zawadka A, Konieczka P, Przyk E, Namiesnik J (2005) Calibration in
metrological approach. Analyt Lett 38: 353-376.

8. Czichos H, Saito T, Smith L (2011) Handbook of metrology and testing,
Springer-Verlag Berlin Heidelberg, Germany.

9. Gorazda K, Michatowska-Kaczmarczyk AM, Asuero AG, Michatowski T
(2013) Application of rational functions for standard addition method. Talanta
116: 927-930.

10. Michatowski T, Pilarski B, Michatowska-Kaczmarczyk AM, Kukwa A (2014)
A non-linearity criterion applied to the calibration curve method involved with
ion-selective electrodes. Talanta 124: 36-42.

11. Michatowski T, Rokosz A, Tomsia A (1987) Determination of basic impurities
in mixtures of hydrolysable salts. Analyst 112: 1739-1741.

12. Michatowski T (1988) Possibilities of application of some new algorithms
for standardization purposes. Standardization of sodium hydroxide against
commercial potassium hydrogen phthalate. Analyst 113: 833-835.

13. Michatowski T, Rokosz A, Negrusz-Szczesna E (1988) Use of Padé,
approximants in the processing of pH titration data. Determination of the
parameters involved in the titration of acetic acid. Analyst 113: 969-972.

14. Michatowski T, Rokosz A, Koscielniak P, tagan M, Mrozek J (1989)
Calculation of concentrations of hydrochloric and citric acids together in a
mixture with hydrolysable salts. Analyst 114: 1689-1692.

15. Michatowska-Kaczmarczyk AM, Michatowski T (2016) Application of Simms
constants in modeling the titrimetric analyses of fulvic acids and their
complexes with metal ions. J Solution Chem 45: 200-220.

16. Michatowska-Kaczmarczyk AM, Asuero AG, Martin J, Alonso E, Michatowski
T, et al. (2014) A uniform nonlinearity criterion for rational functions applied
to calibration curve and standard addition methods. Talanta 130: 307-314.

17. Michatowski T, Pilarski B, Ponikvar-Svet M, Asuero AG, Kukwa A, et al.
(2011) New methods applicable for calibration of indicator electrodes. Talanta
83: 1530-1537.

18. Michatowski T (1992) Some new algorithms applicable to potentiometric
titration in acid-base systems. Talanta 39: 1127-1137.

19. Michatowski T, Gibas E (1994) Applicability of new algorithms for determination
of acids, bases, salts and their mixtures. Talanta 41: 1311-1317.

20. Michatowski T, Stepak R (1985) Evaluation of the equivalence point in
potentiometric titrations with application to traces of chloride. Anal Chim Acta
172: 207-214.

e Page 4 of 5e


https://www.iupac.org/publications/pac/70/4/0993/index.html
https://www.iupac.org/publications/pac/70/4/0993/index.html
https://www.iupac.org/publications/pac/70/4/0993/index.html
http://www.sciencedirect.com/science/article/pii/S000326709900104X
http://www.sciencedirect.com/science/article/pii/S000326709900104X
http://www.sciencedirect.com/science/article/pii/S000326709900104X
http://clinchem.aaccjnls.org/content/clinchem/46/12/1907.full.pdf
http://clinchem.aaccjnls.org/content/clinchem/46/12/1907.full.pdf
https://www.nist.gov/sites/default/files/documents/srm/SP260-136.PDF
https://www.nist.gov/sites/default/files/documents/srm/SP260-136.PDF
https://www.nist.gov/sites/default/files/documents/srm/SP260-136.PDF
https://www.nist.gov/sites/default/files/documents/srm/SP260-136.PDF
http://www.sciencedirect.com/science/article/pii/S0165993600000935
http://www.sciencedirect.com/science/article/pii/S0165993600000935
http://www.sciencedirect.com/science/article/pii/S0165993600000935
https://link.springer.com/article/10.1007/s00769-005-0004-9#citeas
https://link.springer.com/article/10.1007/s00769-005-0004-9#citeas
http://www.tandfonline.com/doi/abs/10.1081/AL-200043431
http://www.tandfonline.com/doi/abs/10.1081/AL-200043431
http://www.springer.com/us/book/9783642166402
http://www.springer.com/us/book/9783642166402
http://www.sciencedirect.com/science/article/pii/S0039914013006590
http://www.sciencedirect.com/science/article/pii/S0039914013006590
http://www.sciencedirect.com/science/article/pii/S0039914013006590
http://www.sciencedirect.com/science/article/pii/S0039914014001258
http://www.sciencedirect.com/science/article/pii/S0039914014001258
http://www.sciencedirect.com/science/article/pii/S0039914014001258
http://pubs.rsc.org/en/content/articlelanding/1987/an/an9871201739#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1987/an/an9871201739#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1988/an/an9881300833#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1988/an/an9881300833#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1988/an/an9881300833#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/1988/AN/AN9881300969#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/1988/AN/AN9881300969#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/1988/AN/AN9881300969#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1989/an/an9891401689#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1989/an/an9891401689#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1989/an/an9891401689#!divAbstract
https://link.springer.com/article/10.1007/s10953-015-0430-1
https://link.springer.com/article/10.1007/s10953-015-0430-1
https://link.springer.com/article/10.1007/s10953-015-0430-1
http://www.sciencedirect.com/science/article/pii/S0039914014003452
http://www.sciencedirect.com/science/article/pii/S0039914014003452
http://www.sciencedirect.com/science/article/pii/S0039914014003452
http://www.sciencedirect.com/science/article/pii/S0039914010009471
http://www.sciencedirect.com/science/article/pii/S0039914010009471
http://www.sciencedirect.com/science/article/pii/S0039914010009471
http://www.sciencedirect.com/science/article/pii/003991409280211U
http://www.sciencedirect.com/science/article/pii/003991409280211U
http://www.sciencedirect.com/science/article/pii/0039914094800197
http://www.sciencedirect.com/science/article/pii/0039914094800197
http://www.sciencedirect.com/science/article/pii/S0003267000826082
http://www.sciencedirect.com/science/article/pii/S0003267000826082
http://www.sciencedirect.com/science/article/pii/S0003267000826082

Citation: Michatowska-Kaczmarczyk AM, Sporna-Kucab A, Michatowski T (2017) A Uniform Nonlinearity Criterion Resulting from Normalization of
Nonlinear Models Applied for Calibration Curve and Standard Addition Methods. J Chem Appl Chem Eng 1:2.

21.

22.

23.

24.

25.

26

Volume 1 ¢« Issue 2 « 1000108

Michatowski T, Baterowicz A, Madej A, Kochana J (2001) Extended Gran
method and its applicability for simultaneous determination of Fe(ll) and
Fe(lll). Anal Chim Acta 442: 287-293.

Michatowski T, Toporek M, Rymanowski M (2005) Overview on the Gran and
other linearization methods applied in titrimetric analyses. Talanta 65: 1241-
1253.

Michatowski T, Kupiec K, Rymanowski M (2008) Numerical analysis of the
Gran methods. A comparative study. Anal Chim Acta 606: 172-183.

Ponikvar M, Michatowski T, Kupiec K, Wybraniec S, Rymanowski M (2008)
Experimental verification of the modified Gran methods applicable to redox
systems. Anal Chim Acta 628: 181-189.

Homotopy groups of spheres.

. Pitat B, Wasilewski MJ (1985) Tables of integrals (in Polish), WNT Warsaw, 28.
27.

Table of Basic Integrals.

28.

29.

30.

31.

32.

33.

doi: 10.4172/2576-3954.1000108

Meloun M, Militky J, Kupka K, Brereton RG (2002) The effect of influential
data, model and method on the precision of univariate calibration. Talanta
57: 721-740.

Brauner N, Shacham M (1998) Identifying and removing sources of
imprecision in polynomial regression. Math Comput Simul 48: 75-91.

Booksh KS, Kowalski BS (1997) Calibration method choice by comparison of
model basis functions to the theoretical in-strument response function. Anal
Chim Acta 348: 1-9.

Bouveresse E, Massart DL (1996) Standardization of near-infrared
spectrometric instruments : a review. Vib Spectrosc 11: 3-15.

Fagelj A, Parkany M (eds) (1999) The use of matrix reference materials
in environmental analytical processes, The Royal Society of Chemistry,
Cambridge, UK.

De Noord OE (1994) Multivariate calibration standardization. Chemometr
Intell Lab Syst 25: 85-97.

Author Affiliation Top
"Department of Oncology, The University Hospital in Cracow, 31-501 Cracow,
Poland

2Department of Analytical Chemistry, Technical University of Cracow, 31-155
Cracow, Poland

Submit your next manuscript and get advantages of SciTechnol
submissions

80 Journals

« 21 Day rapid review process
“ 3000 Editorial team

% 5 Million readers

“*  More than 5000
% Quality and quick review processing through Editorial Manager System

Submit your next manuscript at e www.scitechnol.com/submission

e Page50f5e


http://www.sciencedirect.com/science/article/pii/S0003267001011722
http://www.sciencedirect.com/science/article/pii/S0003267001011722
http://www.sciencedirect.com/science/article/pii/S0003267001011722
http://www.sciencedirect.com/science/article/pii/S0039914004005363?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0039914004005363?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0039914004005363?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0003267007018673
http://www.sciencedirect.com/science/article/pii/S0003267007018673
http://www.sciencedirect.com/science/article/pii/S0003267008015985?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0003267008015985?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0003267008015985?via%3Dihub
https://en.wikipedia.org/wiki/Homotopy_groups_of_spheres
http://integral-table.com/downloads/integral-table.pdf
http://www.sciencedirect.com/science/article/pii/S0039914002000954
http://www.sciencedirect.com/science/article/pii/S0039914002000954
http://www.sciencedirect.com/science/article/pii/S0039914002000954
http://www.sciencedirect.com/science/article/pii/S0378475498001463
http://www.sciencedirect.com/science/article/pii/S0378475498001463
http://www.sciencedirect.com/science/article/pii/0924203195000550
http://www.sciencedirect.com/science/article/pii/0924203195000550
https://books.google.com.tn/books/about/The_Use_of_Matrix_Reference_Materials_in.html?id=d2CSjgEACAAJ
https://books.google.com.tn/books/about/The_Use_of_Matrix_Reference_Materials_in.html?id=d2CSjgEACAAJ
https://books.google.com.tn/books/about/The_Use_of_Matrix_Reference_Materials_in.html?id=d2CSjgEACAAJ
http://www.sciencedirect.com/science/article/pii/0169743994850372
http://www.sciencedirect.com/science/article/pii/0169743994850372

	Title
	Corresponding author
	Abstract
	Abbreviations
	Introduction
	Standard addition method (SAM) 
	Uniformity of Non-Linear Models 
	CCM
	SAM
	Some remarks 
	A nonlinearity criterion of the model  

	Final Comments 
	Figure 1
	Table 1
	References

