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Abstract: This paper presents an evaluation of measurement uncertainty regarding the results of anion
(nitrate and sulphate) concentrations in wastewater. Anions were determined by ion chromatography
(EN ISO 10304-2, 1996). The major sources of uncertainty regarding the measurements’ results were
identified as contributions to linear least - square or weighted regression lines, precision, trueness, storage
conditions, and sampling. Determination of anions in wastewater is very important for the purification
procedure, especially the amount of nitrate in waste and potable waters.

The determined expanded uncertainty was 6.1 % for nitrate anions and 8.3 % for sulphate anions. The
difference between measurement uncertainties determined by the two methods, the weighted and linear
least - square methods, is negligible.
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1 Introduction

The determination of nitrate and sulphate anions by ion chromatography plays a key role
in assigning value to the purification process regarding wastewater. The non-linearity of
the calibration curves could be an important source of error [1]. This paper demonstrates,
that there is a very small difference between the measurement uncertainties determined
by linear least - square and weighted regression, respectively.

The determination of nitrate and sulphate anions’ content plays a key role in assigning
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value to the purification process of wastewater or potable water. The purpose of this paper
is to introduce a procedure for evaluating any uncertainty regarding the results for nitrate
and sulphate concentration obtained by ion chromatography and to identify the steps in
the analytical procedure which could be improved, the goal of which is the reduction of
the overall measurement uncertainty:.

The process to evaluate the uncertainty during the nitrate and sulphate anions deter-
mination is divided into the following components: description of the method, identifica-
tion of uncertainty sources, quantification of uncertainty components, and calculation of
combined and expanded uncertainty.

2 Experimentation

International Standard Water quality - Determination of dissolved anions by liquid chro-
matography of ions-Part 2 [2] provides guidance for the determination of nitrate and
sulphate in wastewater samples. This standard applies to those water samples contain-
ing nitrate content ranging from 0.1 to 50 mg/L and sulphate from 0.1 to 100 mg/L,
respectively.

In our experiments, the limits of detection (LOD) for nitrate and sulphate were deter-
mined at 1.2 mg/L. LOD was determined by means of standard addition (10 replicates
were made for each solution).

The limits of quantification (LOQ) regarding nitrate and sulphate were determined
at 1.7 mg/L. LOQ was calculated from 10 replicates made for a series of 5 different
concentrations. Relative standard deviation (RSD) was determined to be 3 % for nitrate
and 5% for sulphate ions. A range between 1.7 and 50 mg/L was applied for both anions
due to the old type of IC and its poorer performance at lower concentrations. Higher
concentration of nitrate (or sulphate) can be determined by appropriate dilution.

Selectivity was determined by the standard addition method. Certain concentrations
of standard solutions of nitrate and sulphate were added to the distilled water. The
recovery was between 93 and 105% for the determination of nitrate and between 102 and
108% for the sulphate determination.

Liquid chromatographic separation of ions was performed by means of a separating
column instrument for ion chromatography (Dionex DX-100). Samples were cooled down
to 2 - 5 °C and analyzed within 48 hours after sampling. Samples were filtered using
black filter papers from Sartorius, Germany (pore size 0.45 pum) to prevent adsorption
of the anions onto particulate matter or the conversion of anions by bacterial growth.
Samples were then injected by syringe with cellulose acetate filter (pore size 0.2 um) into
the guard columns (IonPac AG12A, 4 x 50 mm, Dionex and IonPac AS12A, 4 x 200 mm,
Dionex). A conductivity detector cell was used [3]. A solution of Nap,COj3 (¢ = 0.0027
mol/L) and NaHCOj3 (¢ = 0.0003 mol/L) was used as eluent.

The nitrate and sulphate certified reference solutions (Cory—nos, Cornv—so,) were
purchased from Merck, Germany with the following concentrations (Egs. 1 and 2):

CYCRM,NO3 = <0997 + 0005) g/L (1)
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CC’RM—SO4 = (1.000 + 0.002) g/L (2)

Working reference solutions (Cyo,-so,);_; were prepared by dilution of the certified
reference solution to 80 mg/L, 50 mg/L and 36 mg/L, respectively. By further dilution
of the working reference solution of v = 80 mg/L, working solutions (Cno,—so0,), ; Were
prepared with mass concentrations of 2 mg/L, 4 mg/L, 8 mg/L, 16 mg/L and 24 mg/L
(the same for both anions).

Adequate concentrations (C;) for working reference solutions (Cno,-s0,);_; and work-
ing solutions (Cno,-s0,)s_; Were determined by (Eq. 3).

o - Corm _ Corm Vpipette )
Jai Vioo
Corv  — g/L
Vioo — volume of one mark volumetric flask, L
Vpipette —  volumes of pipettes, L
Ja—i — dilution factor.

Thus, the calibration curve was established by measuring a series of nitrate and sul-
phate solutions mixed together, ranging from 2 mg/L to 50 mg/L (see above) of nitrate
and sulphate ions, respectively.

The concentrations of each working reference solution and working solution were mea-
sured in three replicates. A new calibration curve was established every time new batches
of reagents or columns were used. The solution with the same concentration of the nitrate
and sulphate anions was always poured into the same lab-calibrated flask.

Control charts were created from the results obtained during the analysis of labora-
tory working reference standards. The laboratory participated in proficiency tests (Aqua
check, UK) and a good performance for determination was obtained.

2.1 Identification of the uncertainty sources

Sources of uncertainty are:
e uncertainty of concentration of working reference solutions (Cno,—s0.);_;
e uncertainty of concentration of working solutions (Cno,—s0.)s_;
e measurement uncertainty of area counts (4;) from conductivity detector:
- flow of the effluent
- volume of the sample
- conductivity of the mobile phase
- pressure
- ambient and column temperature
e uncertainty of weighted or linear least - square regression (b, a.,, Bi, Bp)
- effluent preparation
- intercept of the calibration curve
- slope of the calibration curve
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measurement uncertainty of area counts (A) in sample
dilution of the sample (Fy)

repeatability (F})

recovery (Fj.)

storage conditions (F},)

sampling procedure (Fy)
The sources of uncertainty in nitrogen and sulphate ion determination are schemati-
cally presented in Figure 1.

Ci Ai C sample
dilution 1
ﬁ' volume
temperature volume CRM o
conductivity rea counts
o flow
dilution 2 — dituti
pressure P ilution
; ; temperature N ¢
temperature volume P — \ \ \
weighted regression » temperature volume
or linear least square
resression
repeatability storage recovery sampling
(precision study) (trueness study)

Fig. 1 Cause and effects diagram for the determination of nitrate and sulphate, using
the ion chromatography method.

2.2 Quantification of components’ uncertainty

The uncertainty associated with the volumetric flask’s volume depends on the uncertainty
regarding the volume of the volumetric flask itself, on the uncertainty associated with the
use of volumetric equipment at a temperature different from that of calibration, and
on the repeatability of volume delivery when preparing the working solutions (C;).The
accuracy limit of the volumetric flask’s volume was indicated as type B uncertainty by the
manufacturer, with no distribution data. Triangular distribution was assumed, therefore,
the corresponding values were divided byv/6. The uncertainty of the temperature effect
was calculated using an estimate of the temperature range and the volume expansion
coefficient. A temperature variation of £ 5 °C was taken as a reasonable estimate with
95% confidence. The volumetric expansion coefficient of the water was 2.1 - 107* °C~L,
The repeatability of volume delivery during preparation of the stock reference solution
was determined experimentally by a series of fill and weight experiments on a volumetric
flask. All uncertainty contributions were then combined to obtain the volume uncertainty
of the volumetric flask u(Vig).

The uncertainty sources for delivered volume from the pipettes are: the repeatability
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of the delivered volume, the uncertainty of the calibration of that volume and the uncer-
tainty resulting from the difference between the temperature in the laboratory and that
of the calibration of the pipettes. Glass pipettes, class A were used.

The slope of the weighted regression line b,, and intercept a,, was calculated using the
equations from 4 to 8. Data for nitrate and sulphate anions were determined to be het-
eroscedastic. The weighted regression line had to be calculated to give additional weight
to those points where the error bars were the smallest: it is more important for the calcu-
lated line to approximate such points than to approximate the points representing higher
concentrations with larger errors. This result is achieved by giving each point a weighting
inversely proportional to the corresponding variance (s?). Thus, if the individual points
are denoted by (z1,y1), (22, y2)etc., then the individual weights,wy, ws, etc., are given by
Eq. 4 [4].

572

R W

7

2 WikiYi — Ny Yy
(]

by = 5
v S wx? — nI2 (5)
i
aw:ﬂw—wafw (6)
w; — weights
s? — variance
b, — weighted slope of calibration curve
a, — weighted intercept of calibration curve
n  — number of calibration points

Z, and g, represent the co-ordinates of the weighted centroid through which the
weighted regression line must pass. These coordinates are given by Eqgs. 7 and 8. The
weighted centroid is much closer to the origin of the graph than the unweighted centroid,
and the weighting given to the points nearer the origin ensures that the weighted regres-
sion line has an intercept very close to this point. Because of this, the weighted regression
method provides more realistic results for error estimation, in theory. So we decided to
determine the practical results.

Z W;T;
Ty = — 7
; @
> Wiy,
Uy = — 8
y - (8)
ZTw,Yw — co-ordinates of the weighted centroid
n — number of calibration point

The slope of the linear least - square calibration curve B; and calculated blank B
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were calculated using Eqgs. 9 to 12.

By =~ _ 9
S (e A )
By=A— B, xC (10)
— 1
A== A (11)
ne
— 1
Ci=-Y 0 (12)
n <
C; — concentration of individual points
C — concentration of sample
A; — area counts of individual points
A — area counts of the sample
n  — number of calibration point

The concentration of nitrate or sulphate (Cyo,-_s0,) was calculated from Eq. 13 for
weighted regression and from Eq. 14 for linear least - square regression.

A — ay
CNOg—SO4 = b X Fd X Fr X Fre X Fh X FS (13)
A-B
CNos—50, = 5 0« Fy;x F,. x F,, x F, x F, (14)
1
By — slope of calibration curve
By — intercept of calibration curve
F; — dilution factor of sample
F, — repeatability factor (precision study)
Fy, — storage factor
F,. — recovery factor (trueness study)
F, — factor for sampling procedure

3 Results and discussion

3.1 Quantification of the components’ uncertainty

Concentration uncertainty of working reference solutions (Cnyo,-s0,);_;

The concentrations of nitrate and sulphate ions for working reference solutions were
calculated using Eqs. 1 to 3. The values were as follows: 0.0798 g/L, 0.0499 g/L and
0.0359 g/L for nitrate and 0.0800 g/L, 0.0500 g/L and 0.0360 g/L for sulphate, respec-
tively. The concentration uncertainty of the working reference solution is associated with
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the uncertainty of the certified reference solution, the volume of the volumetric flask for
the preparation of the working reference solution, and the volumes of pipettes (3.6 mL,
5 mL and 8 mL). The rectangular distribution was assumed for the certified reference
solution. For calculating the concentration uncertainty of the working reference solutions,
the data presented in Table 1 for nitrate were used, plus those presented in Table 2 for
sulphate.

Table 1 Uncertainty components and their relative standard uncertainty of nitrate work-
ing reference solutions.

Unit  Value Uncertainty u Uncertainty
(RSD=u/Value)
Cnos | g/L 0.997 0.002890 0.002899
Vs L 0.008 0.000005 0.000640
Vs L 0.005 0.000003 0.000655
Vi L 0.0036 0.000003 0.000696
Vioo L 0.1 0.000061 0.000609

Table 2 Uncertainty components and their relative standard uncertainty of sulphate
working reference solutions.

Unit  Value Uncertainty u Uncertainty
(RSD=u/Value)

Csos | g/L 1 0.001160 0.001160
Vs L 0.008 0.000005 0.000640
Vs L 0.005 0.000003 0.000655
Va6 L 0.0036 0.000003 0.000696
Vioo L 0.1 0.000061 0.000609

The concentration uncertainty of working reference solutions (Cnyo,-so,);_;were cal-
culated using Eq. 15 and were determined to be 0.000242 g/L for Cno,-so, 0.000151
g/L for Cno,—50, 0.000109 g/L for Cno,_36, 0.000117 g/L for Cso,_so, 0.000073 g/L for
Cs0,-50 and 0.000053 g/L for Cso, 36

U(Cnoy—504)1-i = (CNOy-504)1-i X J u<ggoRMNOS’ ORM—50,)" + u<“;’;p6tt6>2 + u<“//—1200>2
CRM—NO3z, CRM~S04 pipette 100
(15)

Concentration of working solutions(Cno,—s0,)s_;

The calculated values obtained from Eq. 3 were 1.99 mg/L, 3.99 mg/L, 7.98 mg/L,
15.95 mg/L and 23.93 mg/L for nitrate, and 2 mg/L, 4 mg/L, 8 mg/L, 16 mg/L and 24
mg/L for sulphate, respectively. The uncertainties of the concentrations of the working
calibration solutions for curves were associated with the uncertainty of the concentration
of working reference solutions of nitrate or sulphate (80 mg/L), the volume of pipette
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(2.5 mL, 5 mL, 10 mL, 20 mL or 30 mL) and volume of the 100 mL volumetric flask for
preparation of working solutions (see Tables 3, 4).

Table 3 Uncertainty components and their relative standard uncertainty of nitrate work-
ing solution.

Unit  Value  Uncertainty u Uncertainty
(RSD=u/Value)
Va L 0.00199 0.000002 0.000978
V4 L 0.00399 0.000003 0.000820
Vs L 0.00798 0.000006 0.000787
Vig L 0.01595 0.000012 0.000777
Vay L 0.02393 0.000018 0.000771
Cnos-so | g/L  0.07976 0.000242 0.003034
Viiask100 L 0.1 0.000061 0.000607

The concentration uncertainties of the working reference solutions were calculated
using Eq. 16. They were 0.000006 g/L forCyo,_2, 0.000013 g/L forCno,—4, 0.000067 g/L
fOI'CNog_S, 0.000051 g/L for CNOg—lG and 0.000076 g/L fOI'CNO3_24.

U(Cnoa _q0)2  uw(V, 2 w(Vigo)?
W(Cnos—504)2—i = (CNOs—504)2—i X ( ;VOS 80, 504-80) + ( Z;Zpette) + ( 1200)
C’N03—807 S0O4—80 ‘/pipette ‘/100

(16)

Table 4 Uncertainty components and their relative standard uncertainty of sulphate
working solution.

Unit  Value  Uncertainty u Uncertainty
(RSD=u/Value)
Vs L 0.00199 0.000002 0.000978
Vv L  0.00399 0.000003 0.000820
Vs L 0.00798 0.000006 0.000787
Vie L  0.01595 0.000012 0.000777
Vo L 0.02393 0.000018 0.000771
Csos—s0 | g/L 0.07976 0.000117 0.001467
Vilask100 L 0.1 0.000061 0.000607

The concentration uncertainties of the working reference solutions were calculated
using Eq. 16 and were 0.000004 g/L for Cso,_2, 0.000007 g/L for Cso,_4, 0.000014 g/L
for Cs0,_s, 0.000028 g/L for Csp,_16and 0.000042 g/L for Csp, 24

The measurement uncertainty of area counts (A;,A) from conductivity detector:

The standard measurement uncertainty of area count from the conductivity detector
of solutions (A;) and of the sample (A) were estimated as the standard deviations of the
mean of four replicate determinations of each conductivity measurement, and contributed
to the combined and expanded uncertainties in Tables 5 and 6.
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The measurement uncertainty due to the dilution of the sample

The standard uncertainty of the sample dilution factor (Fy;) was estimated from the uncer-
tainty of the volumetric equipment and the uncertainty associated with the temperatures
different from those for calibration, similar to those described above, and contributed to
the combined and expanded uncertainties in Tables 5 and 6.

3.1.1 Precision study

The precision was investigated at concentrations covering the full range specified in the
method range [5]. Four concentrations were chosen for investigation (0.90 mg/L, 3.06
mg/L, 15.10 mg/L and 40.50 mg/L for NO3 , but 1.05 mg/L, 2.68 mg/L, 34.70 mg/L
and 50.10 mg/L for SOF ™) with 6 replicates at each concentration level (relative standard
deviations (RS D) were 0.023, 0.013, 0.016, 0.016 for nitrate and 0.030, 0.037, 0.012, 0.011
for sulphate, respectively). It was found that there is no significant difference between
the relative standard deviations for each sample. This indicates that the precision is
proportional to the analyte concentration. The relative standard deviations were pooled
to give a single estimate which can be applied to the concentration range covered by the
precision study (Eq. 17).

(ny —1).RSD? + (ny — 1) .RSD3 + ...
(np—1)+na—1)+ ...

RS Dpool-NOs—50, = \l (17)
It was discovered, that the RSD,,, for nitrate is 1.73% and for sulphate 2.52%. 1,
2... RSD are relatively standard deviations calculated for a sample at concentration level
1,2, ..., and 1, 2...n are the number of replicates for these samples.
The results calculated with the linear least - square and with weighted regression were
combined into one calculation because four determinations in the precision study were
not enough to calculate the uncertainty measurement of each anion, separately.

3.1.2  Trueness study

Trueness is estimated in terms of overall recovery [6, 7], i.e., the ratio of the observed
value to the expected value. Recovery can be evaluated in a number of ways, in our case
from the results of interlaboratory tests (Eqs. 18, 19 and 20).

y )2
RM Syiqs = M (18)
_ Sr
u(Crep) = 2 (19)
u(bifw) = \/RMSl?ias + u<Cref>2 (20)

bias; — the sum of the squares for all biases between the referenced and analyzed samples
during interlaboratory tests,
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n — average number of participated laboratories, and
Sk — interlaboratory standard deviation.

An uncertainty of 1.97% was determined for nitrate and 3.23% for sulphate over nine
interlaboratory tests (nine different samples, each with three replicates - Eq. 20).

3.1.3  Uncertainty associated with storage conditions

The standard uncertainty associated with the effect of storage conditions on the results
was determined experimentally. The samples which were analyzed within a two-week
time period, were filtered and stored in the dark at temperatures between 2 °C and 5
°C. It was discovered, that the uncertainty for nitrate was 1.24% and for sulphate, 0.55%
(samples were analyzed in ten replicates each week).

3.1.4  Uncertainty due to sampling

The variance [8, 9] (replicate analyses of the same sample prepared in laboratory), sub
- sampling transport variance (analyses of replicate samples taken in the field from the
bulk sample) and total sampling variance (analysis of bulk samples obtained by separate
application of the sampling procedure) was determined. The comparison between the
different estimates of variance described above can be used to identify the most important
sources of measurement uncertainty. After combining all contributions, the determined
uncertainties were 0.61% for nitrate anions and 0.19% for sulphate anions..

3.2 Calculation of combined and expanded uncertainty

The standard uncertainty of input parameters for different anions is presented in Tables
5 and 6.

The uncertainty of nitrate and sulphate were determined by combining the standard
uncertainties ofA;, C;, Fy, F,, F,., F},, F,. Uncertainties were combined by using the rule
of error propagation. To calculate the expanded uncertainty of measurement results at
the 95% confidence level, the result for the combined uncertainty (U) was multiplied by
a coverage factor k of 2.

Generally, the measurement result is determined from other quantities, and the rela-
tionship between result y and the values of the input parameters can be expressed by a
model of Eq. 21, where z represents model input parameters (A;, C;, Fy, F,., F,o, F, Fy).
The uncertainty of the result u(y) depends on the uncertainty of the input parameters
(x;) and is described by Eq. 22 (variables are independent). dy/0x; is a sensitivity coef-
ficient; the partial differential of y with respect to x; and u(x;) denotes the uncertainty in
y arising from the uncertainty in x;. These sensitivity coefficients describe how the value
of y varies with changes of the parameter z;.

y=f(z1,.n.. Tp) (21)

u(y) = JZ ( gy) < () (22
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Table 5 Uncertainty components and their relative standard uncertainty regarding ni-
trate anion.

Unit Value Uncertainty u Uncertainty
(RSD=u/Value)
A no unit 4.99E408 3.21E+06 6.43E-03
Ay | no unit 3.77TE4+07 8.06E+05 2.14E-02
Ay | nounit 7.24E+07 7.92E+05 1.09E-02
Ag | no unit 1.46E+08 2.20E+406 1.51E-02
Aig | no unit 3.04E+08 1.64E+06 5.39E-03
Aoy | no unit  4.68E+408 3.20E+06 6.84E-03
Asg | no unit  7.22E+08 1.81E+06 2.51E-03
Asp | no unit  1.04E+09 6.25E+06 6.01E-03
Co g/L 1.99E-03 6.00E-06 3.01E-03
Cy g/L 3.99E-03 1.30E-04 3.26E-02
Cs g/L 7.98E-03 6.70E-05 8.40E-03
Cie g/L 1.60E-02 5.10E-05 3.20E-03
Coy g/L 2.39E-02 7.60E-05 3.18E-03
Csg g/L 3.59E-02 1.09E-04 3.04E-03
Cxo g/L 4.99E-02 1.51E-04 3.03E-03
Fy | no unit 1 6.10E-05 6.10E-05
F, no unit 1 1.97E-02 1.97E-02
Fre | no unit 1 1.73E-02 1.73E-02
Fp | no unit 1 1.24E-02 1.24E-02
Fs | no unit 1 6.10E-03 6.10E-03

3.3 Expanded measurement uncertainty of nitrate

The evaluation of measurement uncertainty is one of the requirements of the standard EN
ISO/IEC 17025 [10] which must be completed by laboratories to obtain accreditation.

The result of the measurement was 25.1 mg/L for the nitrate and the evaluated
combined uncertainty was 0.75 mg/L. To obtain an expanded uncertainty at the 95%
confidence level, the combined uncertainty was multiplied by the coverage factor k of 2.
Therefore, the expanded measurement uncertainty of nitrate ions was 25.1 + 1.5 mg/L
(5.95%) when applying weighted regression, and 24.7 4+ 1.5 mg/L (6.09%) when applying
the linear least - square regression.

3.4 Expanded measurement uncertainty of sulphate

The result of the measurement was 25.1 mg/L for sulphate and the evaluated combined
uncertainty was 1.0387 mg/L. To obtain an expanded uncertainty at the 95% confidence
level, the combined uncertainty was multiplied by the coverage factor k of 2. Therefore,
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Table 6 Uncertainty components and their relative standard uncertainty regarding sul-
phate anion.

Unit Value Uncertainty u Uncertainty
(RSD=u/Value)
A no unit  6.69E+08 2.57TE4-06 3.84E-03
Ay | no unit 5.33E4+07 1.64E+06 3.08E-02
Ay | nounit  9.87E+07 1.15E+06 1.17E-02
Ag | no unit 1.96E+08 1.58E4-06 8.06E-03
A1 | no unit  4.03E+408 2.08E+-06 5.16E-03
Aoy | no unit  6.21E+08 2.70E+06 4.35E-03
Asg | no unit 9.76E+08 2.20E+06 2.25E-03
Aso | no unit  1.38E+09 9.57TE+06 6.93E-03
Co g/L 2.00E-03 4.00E-06 2.00E-03
Cy g/L 4.00E-03 7.00E-06 1.75E-03
Cs g/L 8.00E-03 1.40E-05 1.75E-03
Cie g/L 1.60E-02 2.80E-05 1.75E-03
Coy g/L 2.40E-02 4.20E-05 1.75E-03
Csg g/L 3.60E-02 5.30E-05 1.47E-03
Cxo g/L 5.00E-02 7.30E-05 1.46E-03
F; | no unit 1 6.10E-05 6.10E-05
F,. | no unit 1 3.23E-02 3.23E-02
F,e | no unit 1 2.52E-02 2.52E-02
Fj, | no unit 1 5.50E-03 5.50E-03
F no unit 1 1.90E-03 1.90E-03

the expanded measurement uncertainty of sulphate ions was 25.1 + 2.1 mg/L (8.29%)
when applying the weighted regression method, and 24.9 + 2.1 mg/L (8.34%) when
applying linear least - square regression method.

The following data contribute to the uncertainty: precision, trueness, storage condi-
tions, sampling data, concentration data, and area counts. The equations for calculating
curves were different (weighted and linear least - square). The results for measurement
uncertainties differ very little in both cases, so we can conclude, that the measurement
uncertainties of nitrate and sulphate by ion chromatography can be very well determined
by applying the linear least - square method, which is less complicated compared to
weighted regression. The largest contribution to measurement uncertainty was precision
and trueness for both anions.

4 Conclusions

Measurement uncertainties for nitrate and sulphate anions were estimated. Two differ-
ent statistical methods, the weighted and the linear least - square method, were applied
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to calculate the measurement uncertainties. Combined and expanded uncertainties were
determined. The largest contribution regarding the measurement uncertainty was pre-
cision and trueness regarding both anions. The expanded uncertainty for nitrate anion
measurements was determined to be approximately 6.1% and apprixomiately 8.3% for
sulphate anions. It was established that the difference between measurement uncertain-
ties determined by two applied statistical methods (the weighted and linear least - square
method), is negligible.
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