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METHOD OF ELEMENTS IDENTIFICATION IN
THE MULTICOMPONENT SIGNAL

To measure concentrations of toxic elements in analytical systems of ecological monitoring, a generative model of a multicompo-
nent differential signal of stripping chronopotentiometry is used in the coordinates of potentials in time (e, dt/de) in the form of a
model of the capacitive background discharge of electrodes (base curve) and the sum of the models of the stripping components of
chemical elements, given by asymmetric normal distribution functions. Identification of elements with slight overlapping of com-

ponent signals is carried out based on the maximum value and range in which potentials change.

Keywords: identification, generative model, multicomponent signal, normal distribution, base curve, least squares method.

Introduction

When measuring ultra-low concentrations of toxic
elements during ecological monitoring of the en-
vironment very sensitive electrochemical methods
of stripping chronopotentiometry (SCP) are often
applied. For this method of analysis, the identifica-
tion and determination of the stripping time of a
chemical element in a multicomponent differential
stripping signal (intensity signal) is essential, where
time is an analytical characteristic of concentra-
tion.

Physically, the intensity signal is the sum of two
chemical processes in time — the capacitive back-
ground discharge of the electrodes (base curve) and
the sum of the stripping components (chemical el-
ements), which may partially overlap. The applica-

tion of the intensity signal model, which takes into
account all chemical processes, contributes to a
more accurate and stable measurement of the con-
centrations of elements due to the identification
and standardization of the stripping time determi-
nation, which will not depend on the human fac-
tors of determination of the ranges of each element
stripping potentials by analytical chemist.

Determination of Chemical Elements
Concentrations by the SCP Method

According to the method of stripping chronopo-
tentiometry, the process of determining the con-
centration consists in the electrochemical concen-
tration of chemical elements ions on the measuring
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electrode and their subsequent electrolysis in the
stripping mode. The main analytical functions of
the SCP method are the stripping time of the el-
ement, which under standardized conditions of
concentration and measurement is directly pro-
portional to the concentration of ions in the solu-
tion, as well as to the peaks and range of stripping
potentials — a qualitative characteristic of the ele-
ment [1-3].

The stripping signal is the integral sum of the
stripping measurement of individual chemical el-
ements. The process of each element stripping is
performed sequentially, in its own range of po-
tentials, according to the increasing value of the
standard electrode potential in the activity range
of metals. The actual values of peak potentials and
element stripping ranges depend on the concentra-
tion, chemical composition of the background so-
lution, and the material of the measuring electrode
(mercury, gold, platinum) [6].

The concentration of elements is determined by
the method of addition. First, a background solu-
tion or a blank sample is analyzed, then a sample
solution is analyzed, prepared according to the
method of measuring an environmental object,
then an additive (one or more additives) of a stan-
dard solution of element ions is added to the sam-
ple [7-8].

During the digital analysis of the stripping sig-
nals e(t), the following operations are successively
performed: high-frequency filtering e(7), transfor-
mation of the signal e(?) into #(e), differentiation
dt/de, smoothing dt/de. In the received intensity
signals 7(e) = dt(e)/de, which represent a multi-
component sum, the chemical element is iden-
tified and its stripping time is determined. Based
on the obtained background stripping time values,
samples, additives the concentration of element
ions in the object is determined [9].

Since the identification and concentration of
chemical elements from the intensity signal largely
depends on the chemist's ability to determine the
peaks and ranges of the stripping potentials, let’s
consider the construction of the intensity signal
model, which is performed quite quickly and can
help automate the process of concentrations mea-
suring.

Generative Model of Multicomponent
Signal

The analysis of possible methods of modeling mul-
ticomponent stripping signals showed that during
the processing of real analytical signals it is desir-
able to present the structure of models in the form
of simple, predefined dependencies, in which the
determination of model parameters is reduced to
the tasks of parametric identification.

Direct construction of a general mathematical
model of the intensity signal based on the models
of individual components and a base curve with
many unknown parameters is a rather long-term
and complex problem, so let's build a generative
model of a multicomponent signal that will sim-
plify this process.

It is assumed that the baseline and each inde-
pendent model of the kK component can be repre-
sented as a product of the height parameter H, and
the normalized model g, (e), with other parameters
determined by the intensity signal 7(e) unchanged.
The base curve model is denoted as g (e).

Under such assumptions, the generative model
of the intensity signal for m components with a
small mutual overlap of signals is as follows:

T(e):in-gj(e)+H0-g0(e) (N

The proposed model belongs to the class of one-
dimensional regression models as a task of para-
metric identification, which is solved by determin-
ing the optimal values of the parameter vector H, by
the least squares method.

Let's consider the construction of the model of
the base curve of the intensity signal in more detail.

Base Curve Model

The optimal view of the functional dependence of
the model of the base curve g (e) significantly de-
pends on the chemical composition of the back-
ground solution and the material of the measuring
electrode and is determined by a separate proce-
dure before the start of operation of the concentra-
tion measurement system.

According to the performed studies, the base
curve model g (e) for a silver measuring electrode
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coated with mercury amalgam, the base curve
model looks like this

&(©)= [expz b, J o)

The unknown coefficients of the vector B are de-
termined by the method of least squares from a set
of selected points that characterize the construc-
tion of a piecewise linear base curve in logarithmic
coordinates [9].

Consider the method of mode-ling individual
components in the intensity signal.

Models of Chemical Elements
Components

The conducted experiments showed that it is legiti-
mate to model the components of g, (e) in the form
of normal distribution functions, similar to mode-
ling approaches in chromatography and mass spec-
trometry. The normal distribution function for half
of the component has the form:

Y
g.(e)=H, -0(e,e,,0)=H, -exp {%} (3)

where ¢ is the peak potential of the component sig-
nal, ¢ is the variance.

The model of the individual component g (e) in
the form of an asymmetric Gaussian function with
left o, and right o, variances and peak potential e,

has the form:
_ Hk '¢(eseo,01),

gi(e)=
Hk '4)(6960562)7

Thus, to build a component model, it is neces-
sary to determine the values of four parameters: H, ,
e, , 01, 0, . The complexity of the problem is de-
termined by the discreteness of the intensity signal
with the potential step Ae. In practice, many ap-
proaches to its solution are used, let's consider the
option proposed in [9].

Take logarithm of the function gk(e)

ese,

C))

€>€0.

In(g, () = {m(Hk) - 067} +

BRI
¢’ 26’ ' ®)

Present (5) in the form of a polynomial

A+ B-e+C-¢e’. Determine the coefficients A, B,
C by the method of least squares and calculate the
parameters of the model o, Hk, e, separately for the
left and right halves of the model by the coordinates
of points with discrete values of the intensity signal
(e, InT), where i =1, ..., N, is the number of con-
sidered points of the k component that are included
in the approximation (5—10 points near the peak)

eZ

o’ =ﬁ, H, :exp{Aan'—gz},eo =B-c".(6)

The values of the model parameters of the com-
ponent H_and e, are determined as the average
values of the obtained corresponding parameters of
the left and right halves of the model, in addition
the models height values H, will be refined at the
stage of building the generative model of the inten-
sity signal 7{(e) according to function (1).

Intensity Signal Model

Let's consider the algorithm for building a math-
ematical model of a multicomponent intensity
signal using the example of measuring a standard
solution of the element Cu (copper) with a concen-
tration of 0,1 mg/dm? (0,1 pg/cm?) in the presence
of Pb (lead) ions.

Parallel measurements of the background solu-
tion stripping ("background"), the sample solu-
tion — a standard Cu solution ("sample"), and the
sample solution with the addition of Cu ions ("ad-
ditive") were performed. The chemist manually set
the limits of the stripping ranges of the Cu compo-
nent (dashed vertical lines) (Fig. 1). Based on the
values of the background stripping time, sample,
and additive, the mass concentration of Cu in the
standard solution with the value of C, =0,1189 ug/
cm?® was calculated [9] with a relative error of 18,9%.

The sequence of building a multicomponent in-
tensity signal model is as follows:

Step 1. We define the model of the base curve
g,(e) according to dependence (2) for a silver mea-
suring electrode covered with mercury amalgam.

Step 2. Subtract the amplitudes of the base
curve model g0 from the intensity signal 7(e) and
obtain the spectrogram G(e) = T(e) — g (e).
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Fig. 1. Signals of the background intensity, sample, additives
of Cu concentration measurement
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Fig. 2. Additive intensity signal and base curve of Cu mea-
surement
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Fig. 3. Spectrogram of the intensity signal
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Fig. 4. Additive intensity signal and base curve of Cu mea-
surement
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Step 3. Analyze the spectrogram G(e), find the
abscissa of the extremum point with the maximum
amplitude e, and determine the model of the com-
ponent g (e) (Fig. 4).

Step 4. From the amplitudes of the spectro-
gram G(e), subtract the calculated amplitudes of
the model: G(e) = G(e) — g,(e) and repeat steps 3
and 4 of the algorithm, checking the significance
of the component amplitudes. The component is
considered significant if the stripping time (the
area of the component in the spectrogram G(e))
or the number of points of amplitudes N, is greater
than the minimum specified values, otherwise fur-
ther identification of elements in the intensity sig-
nal is stopped.

Step 5. After determining the models of all
components, solve the problem of parametric iden-
tification (1) by the method of least squares and find
the optimal values of the parameter vector H_using
the amplitudes of the entire intensity signal 7{(e).

When determining the concentrations of a
chemical element, the construction of a math-
ematical model of a multicomponent intensity sig-
nal is applied to all parallel stripping signals of the
measurement of the background, sample, and ad-
ditive. For the considered example of Cu concen-
tration measurement (Fig. 1), the spectrogram of
the model signals of the components looks like this:

The concentration of Cu ions in the standard
solution, calculated from the values of background
stripping time, sample, additive of spectrograms
model signals, was C,, = 0,1015 ug/cm’, with a rela-
tive error of 1,5%, which is less than 18,9%. That is,
the application of the described method of identi-
fication of chemical elements helps to obtain more
reliable results of concentrations measurement.

Let's consider another example of building
mathematical models of multicomponent intensity
signals.

Analysis of the Results Repeatabi-
lity of the Chemical Elements
Identification

Let’s measure the concentration of the chemical
element Zn in a standard solution with the pres-
ence of Cd, Pb, and Cu ions, with a concentration
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of CZn = 0,1 pg/cm3. The measured value of Zn
concentration in the standard solution was CZn =
=0,1027 pg/cm3 with a relative error of 2,7%.

Fix the defined parameters of all components
(H, e, 0y, 0,) and the function of the base curve
model g (e) in the background, sample, additive
stripping signals during simulation. Calculate the
input model signals of the intensity of the back-
ground, sample, and additive according to the
rounded values of the obtained parameters and
perform the identification of the Zn element again.
Perform an analysis of the comparison of the re-
ceived parameters of the background, sample, ad-
ditive signal components with the known input
model values of these parameters.

Graphical results of comparing the spectrograms
of the input model signals of the background inten-
sity, sample, additive of the Zn component shown
in Fig. 6, argue the complete identity of the input
and received signals and models.

Zn concentration value, calculated from the val-
ues of the background stripping time, sample, and
spectrogram additive, equated to C,, = 0,1051 g/
cm?® with a relative error of 5,1%, which is greater
than the previous concentration value of the input
model but less than the normalized value of 20%.

The comparison results of the digital values of
the parameters H, e, c;, o, of the spectrogram
components for the input (“In”) and output
(“Out”) signal models of the background intensity,
sample, and additive are shown in Table 1. Since
the analytical factor for calculating the concentra-
tion is the stripping time 7 of the Zn element, the
values and the relative error of their comparison is
given in percents

SZIOOQ. (7
T,

in
Conclusions

The paper demonstrates the analysis of the applica-
tion of chemical elements identification on various
test examples when determining the concentra-
tions of chemical elements with the help of strip-
ping chronopotentiometry methods by building a
mathematical model of a multicomponent inten-
sity signal, which is a differential stripping signal.

dilde

/\
n J\/ \J

-1000 800

lower — background, middle — sample, upper — additive

Fig. 5. Model signals of the background spectrograms,
sample, additive for Cu concentration measurement

dilde

'
lower — background, middle — sample, upper — additive

Fig. 6. Spectrograms of input and model signals of the back-
ground intensity, sample and additive components of Zn el-
ement measurement

It was noted that the application of the intensity
signal model does not distort the integral charac-
teristics of the components of chemical elements,
which are the analytical characteristics of the
concentration measurement. The relative error
of determining the integral characteristics did not
exceed the value of 5%, which is permissible in en-
gineering calculations.

The use of the proposed approach to the identi-
fication of chemical elements with the modeling of
multicomponent signals allows you to fully automate
the process of measuring concentrations, which will
not depend on the analytical chemist's ability to
determine the potentials of the stripping ranges of
elements, thus increasing the accuracy, repeatability
and reliability of analytical research.
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Table 1. Spectogram components parameters of Zn concentration measurement

Signal Type H € m, c, o, T, Ms 5,%
in 0.4 831 85 63 74,2

Background out 0,411 831,7 88.3 61 76,9 3,64
in 2 893 3 89 3033

Sample 1,98
out 2,002 890.4 34,2 84.3 297.3

i in 3,5 896 4 78 526.4 08

" ,

e out 3,499 894.4 43.4 75.7 522.3

The automation of the identification process Cr, Se, I , Mn, Sn, Fe) in drinking water, food
made it possible to develop the analytical system  products, soils and environmental objects, with a
"ISP Analyzer", using methods of pulse strip-  sensitivity of up to 0,01 pg/dm3.
ping chronopotentiometry (PSCP) [10], as well The further research will be devoted to the de-
as methods of measuring the concentrations of 14  velopment technology for field measurements of
toxic elements (Pb, Cd, Cu, Zn, As, Hg, Ni, Co, toxic elements.
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METO/I ITIEHTU®IKALLIT EJIEMEHTIB Y BATATOKOMITOHEHTHOMY CUTHAJI

Beryn. [1pu BUMiproBaHHI HAIHU3bKUX KOHLIEHTPALlill TOKCUYHUX €JIEMEHTIB MPU 3[iiCHEHHI €KOJIOTIYHOTO MOHITOPUHTY
JTOBKIJIJIS 4aCTO 3aCTOCOBYIOTH Iy>KE€ Uy TJIMBI €JIEKTPOXiMiUHi MeTOIM iHBepciitHOi XxpoHOoToTeHITioMeTpii (IXIT). 1s iboro
METOJy aHaJli3y CyTTEBUM € ineHTM(iKallisl Ta BU3HAYEHHS Yacy iHBepcii XiMiuHOTro efieMeHTa B 06araTOKOMITOHEHTHOMY
nudepeHLiiHOMY 3BOPOTHOMY CMTHaJIi iHBepcii (CMrHaji iHTEHCHMBHOCTI), ¢ Yac € aHaJiTUYHOIO XapaKTepPUCTUKOIO
KOHIIEHTpallii.

®Di3uyHO cUTHAJ IHTEHCUBHOCTI € CyMOIO IBOX XiMiUHMX TTPOLIECIB Y Yaci — EMHICHOTO (hDOHOBOTO PO3PSILY SJIEKTPOIIB
(6azoBa KpuBa) Ta CyMHU iHBepCii KOMIIOHEHTIB (XiMiYHMX €JIEMEHTIB), $IKi MOXYTb 4YacCTKOBO I€PEKPUBATIUCS.
3acTocyBaHHS MOJIeJli CUTHAJTy iIHTEeHCUBHOCTI, sTKa BpaXx0OBY€ BCi XiMiuHi IpOILIeCH, CIIPUSIE OiTbIII TOUHOMY Ta CTa0LIBHOMY
BUMIpIOBaHHIO KOHIICHTpALIill €JIeMEeHTIB 32 paXyHOK imeHTudiKallil Ta craHaapTU3allii BU3HAYeHHsI Yacy iHBepCii, IKuit
He OyJe 3ajexxaTy Bifl JIIOAChKUX (haKTOPiB BUBHAUEHHS XiMiKOM-aHaJiTUKOM Jiala30HiB MOTEHLialiB iHBepCil KOXXHOI0
eJIEMEeHTa.
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Merta. Po3po6uTu Ta 3acTOCYBaTU reHEpaTUBHY MOJIeJIb 0araTOKOMIOHEHTHOTO IM(MEPEHIIiHHOTO CUTHATY iHBEepCiiiHOL
XPOHOIOTEHLIIOMETPil B KOOpAUHATAX MOTEHLIaiB y Yaci y BUIJISIAL MOJIeli EMHICHOTO (POHOBOTO pO3psly €JEeKTPOIiB
Ta CYyMM MojeJieli KOMITOHEHTIB iHBepcii XiMIYHUX eJIeMEHTIB, 3aJaHUX HECUMETPUIHUMU (PYHKIIISIMM HOPMAaJbHOTO
po3rnoiny.

Metonu. Bu3sHaueHHsI KOHLIEHTpaLlil 31ilICHIOETbCSI METOJOM iHBEpCiiiHOI XpoHomoTeHLioMmeTpii. [TapameTpuuHa
ineHTUiKaLisI 30iACHIOETHCS METOJOM HaliMEHIIIMX KBaIpaTiB.

Pesynsratu. Y po0oTi mpoaHai3oBaHO 3acTOCYyBaHHS ideHTUGiKalii XiMiYHMX €JIEeMEHTIB Ha Pi3HUX TECTOBUX
npuKIagax Mpu BU3HAYEHHI KOHLIEHTpaliil XiMiyHuX ejgeMmeHTiB MerogamMu IXII nuisixoM moOyaoBM MareMaTUYHOL
MojeJli 6araTOKOMITOHEHTHOTO CUTHAJTYy iHTEHCUBHOCTI, IKWI € MTU(epeHIIITHUM CUTHAJIOM iHBEepPCii.

3acTocyBaHHSI MOJEIi CUTHAY iHTEHCUBHOCTI HE CIIOTBOPIOE iHTETpajbHi XapaKTePUCTUKU KOMITOHEHTIB XiMiYHUX
€JIEMEHTIB, SIKi € aHaJiTUYHMMMU XapaKTepUCTUKAMU BUMIipIOBaHHSI KOHILIEHTpallii. BimHocHa moxubka BU3HAUYECHHSI
IHTeTpaJIbHUX XapaKTePUCTHUK He TTepeBUIILyBajia 3HaYeHHS 5%, 110 € MOIMyCTUMUM B iHXKEHEPHUX PO3paxyHKax.

BucHoBku. BukopuctaHHS 3amporoOHOBAHOIO MiAXOAY 10 ineHTUdiKallii XiMiYHUX €JIEMEHTIB 3 MOAETIOBAHHIM
0araTOKOMITOHEHTHUX CUTHAIB JO3BOJISIE TIOBHICTIO aBTOMATU3YyBaTH MPOLIEC BUMipIOBAaHHS KOHIICHTPALIill, SIKMil He
Oynme 3ajexaTd Bi yMiHHSI XiMiKa-aHaJliTMKa BU3HA4YaTW TIOTEHIliaJM Jiara3oHiB iHBepCii eJIEeMEHTIB, 110 30iLTbIINTh
TOYHICTb, TTOBTOPIOBAHICTh Ta HAMIMHICTh aHATITUYHUX TOCIiIXKEHb.

ABTOMaTH3allisl TIpoliecy imeHTUiKaLil [03BosMAa PO3POOUTU aHAMITUYHY cucTeMy <«AHaniizatop IXII», 3
BUKOPUCTAHHAM iMIyJabcHUX MeToniB IXII, Ta MeToauKu BUMiplOBaHHSI KOHUEHTpalill 14 TOKCUYHUX eJeMeHTiB (Pb,
Cd. Cu, Zn, As, Hg. Ni, Co, Cr, Se, I, Mn, Sn, Fe) y TUTHiif BOZli, Xap4OBUX IMPOIYKTaX, TPYHTAxX Ta B 00’ €KTaxX JOBKIIIA, 3
gyymuBicTio 10 0,01 MKr/mm?3.

OCHOBHMMU HaIlpssMaMU TTOAAJIBIINX TOCTIIKEHb Oyae po3po0IeHHS TEXHOJIOTII eKCIpec aHai3y i 3MilCHEeHHS
MOJIBOBUX BUMIpPIOBaHb TOKCUYHUX €JIEMEHTIB.

Karouoei caosa: napamempuyna ioenmuikayis, eeHepamueHa mooens, 6aeamoKOMNOHeHMHULL CUeHAA, HOPMAAbHUL PO3nodin,
6a306a kpusa, nik cueHary, 102apu@miuHi Koopounamu, Memoo HallMeHuUxX Keadpamis.
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