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Abstract. Spatial distribution of arsenic, mercury, fluorine and beryllium in the ¢4 coal seam of «Blahodatna» mine
field are considered. This research associated with increasing requirements for environmental protection, which
necessitate the need for new scientifically based methods for predicting the content of toxic elements in rock mass that
extracting by mines and mining waste and coal enrichment.

The aim of the research is to establish features and regularities in the distribution of arsenic, mercury, fluorine and
beryllium in the coal seam ¢4 of Blahodatna mine of Pavlohrad-Petropavlivka geological and industrial area of Western
Donbas.

Maps of the isoconcentrate of arsenic, mercury, fluorine and beryllium and maps of the regional constituent of their
contents by the area of the mine field were constructed. Linear regression equations are calculated between their
concentrations and the main technological parameters of coal.

On the basis of the results of statistical processing of geochemical information and geological and structural
characteristics of the coal seam c1 of «Blahodatna» mine field allowed us to establish, that the beryllium is the only
element mainly associated with the organic constituent of the coal layer. Cumulation of its main part occurred in the
process of peat accumulation. Close correlation connection between mercury and arsenic with sulfur and the analysis of
the spatial location of the anomalies of these elements with the geological and structural features of the seam indicates
the accumulation of these elements at the post-sedimentation stage of the formation of coal deposits and their genetic
connection with the tectonic disturbance. Moreover, if large disturbances basically have a role of supply and transit
channels, then minor disturbance and make a controlling function. Close direct correlation relationship of fluorine with
coal ash and analysis of the constructed maps indicate that its predominant accumulation during the formation of a
paleo-turfary in the composition of layered aluminosilicates.

The main scientific importance of the results of the performed studies is the establishment of geochemical
associations and genetic causes that have a significant effect on the distribution of toxic elements in coal seam of c.

Keywords: arsenic, mercury, fluoring, beryllium, toxic elements, map of isoconcentrate, map of the regional
constituent of content, linear regression equation.

Introduction. Pavlohrad-Petropavlivka geological and industrial area of Western
Donbas administratively belongs to the Pavlohrad district of Dnipropetrovsk area.
The research of the features of the distribution of toxic elements in the coal of the
seams in this district is associated with increasing requirements for environmental
protection, which necessitate the need for new scientifically based methods for
predicting the content of toxic elements in rock mass that extracting by mines and
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mining waste and coal enrichment.

For an objective impact assessment of the coal-mining industry and heat power
engineering companies on the environmental situation and planning the most
effective measures aimed at improving it, it is necessary to have information about
distribution and concentration of toxic elements in coal and host rocks. The special
relevance of this problem is determined by the Law of Ukraine «About Subsoil», the
decrees of the Cabinet of Ministers of Ukraine No. 22 dated September 30, 1995 and
No. 688 dated June 28, 1997, as well as the normative documents of the State
Commission for Mineral Reserves [1].

Recent achievements. Previously together with A.l.  Chernobuk,
D.Ya. Mihalchonok, V.V. Dvoretskyi [2-3] the features of distribution of some toxic
elements in products and waste of enrichment of a number of coal preparatory
factories in the Donbas were investigated. V.V. Ishkov together with Ye.S. Kozii [4-
16] investigated the features of the distribution of some toxic elements in coal seams
of the Pavlohrad-Petropavlivka geological and industrial area of Western Donbas,
Krasnoarmiisk [17-19, 22] and Donetsk-Makiivka [20-21] geological and industrial
areas of the Donbas.

At the same time, wide consideration and analysis of the distribution of toxic
elements in coal seam c; of «Blahodatna» mine of the Pavlogradsko-Petropavlovskiy
geological and industrial area was not performed before.

The research aims to establish features and regularities in the distribution of
arsenic, mercury, fluorine and beryllium in the coal seam c¢i of «Blahodatna» mine
field of Western Donbas.

Method of research. Research and analysis of the spatial distribution of toxic
elements in geological objects of different nature and scale is necessary for the
establishment of the laws of their migration, concentration and dispersion. The
peculiarity of the performed research was in the impossibility of direct observation of
these processes. In this case, consideration of process dynamics is traditionally
performed by comparing statistical data and analysis of cartographic materials for the
distribution of chemical elements in the objects under consideration. Then the
obtained results are interpreted taking into account physico-chemical and geological
features. Thus, obtaining information about distribution of chemical elements in
geological objects is the first stage of the study, which proceeds from generalization
of the actual material, through its theoretical comprehension to verify the revealed
regularities by experimental way.

At the beginning of the research samples were taken from mine opening (reservoir
samples, selected by the trench method [23] and from duplicates of drill core
personally by authors with the participation of geological services of coal mining
enterprises and industrial exploration organizations in the period from 1981 to 2013.
The scope of the control test was 5% of the total volume of samples. All analytical
work was carried out in central certified laboratories of production geological
exploratory organizations. The mercury content was determined by atomic absorption
analysis, arsenic [24], fluorine and beryllium — by quantitative emissive spectrum
analysis [25].
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In quantity of 6% of duplicate samples are sent to the internal laboratory control.
10% of duplicate samples were subjected to external laboratory control. The tests
quality of the results (correctness and reproducibility) was evaluated as the
significance of the average systematic error checked by Student's criterion and the
significance of the average random error checked by Fisher's criterion. Whereas the
aforementioned errors with a significance level of 0,95 are not significant, the quality
of the analysis is considered satisfactory.

At the initial stage of the processing of primary geochemical information using
Excel 2020 and Statistica 11.0, the values of the main descriptive statistical indicators
(selective average arithmetic, its standard error, median, excess, mod, standard
deviation, sampling dispersion, minimum and maximum value of content, coefficient
of variation, asymmetry of the sample) were calculated, construction of frequency
histograms of the contents and the establishment of the law of distribution of toxic
elements were carried out.

With the aim of identify the composition of the geochemical associations,
correlation coefficients (r) were calculated between the content of the toxic elements.
In a single geochemical association united elements in which the relationship
between the content is described by the correlation coefficient that exceeds 0,5, with
a significance level of at least 95%.

In assessing the relationship of toxic and potentially toxic elements with the
organic or mineral part of the coal, the coefficients of affinity with the organic
substance Fo were used, which shows the ratio of the content of elements in coal with
a low (<1.6) and high density (> 1.7), coefficients of the given concentration F,
showing the ratio of the content of elements in the fraction 1 (Ci) to the content of the
initial coal, the correlation coefficients of the content of the studied elements and the
ash content of coal and the coefficients of given extraction of the element in a
fraction of different density.

During the construction of all maps, the Surfer 11 program was used. During the
construction of maps, charts and calculation of correlation coefficients, all values of
concentrations of TaPTE were normalized by the formula

XHOpM :()(1 - szn) / (Xmax - Xmin),

where, X; - is the result of a single determination of the concentration of the element,
Xomax - 18 the result of the maximum determination of the concentration of the element;
Xumin - 18 the result of the minimum determination of the concentration of the element;
Rationing was carried out to bring the samples to one scale.

Regularities of changes in arsenic content. Concentration of arsenic in the coal
seam (Fig. 1a) varies in a significant range from 10,43 g/t to 78,61 g/t and is not
related with the direction of fall, depth, thickness of a coal seam and ash content.
Average content of arsenic on the mine field is 35,15 g/t. The largest location of
arsenic is located in the north of the mine field. It is spatially connected with the well
bore Ne8410. The map of the change of the regional component of the concentration
of arsenic represented on (Fig. 1b) shows an increase in its content in the coal seam ci
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in the north direction. Arsenic forms the geochemical association with mercury
(r=0,90) and is related to the total sulfur content in the coal (» = 0,92). Linear
regression equations

As = 0,0957+0,9414 < Hg; As = 0,1369+1,0221 x S,
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Figure 1: a - Map of isoconcentrate of normalized content of arsenic in the coal seam ci;
b - Map of the regional constituent of normalized contents of arsenic in coal seam ci
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Regularities of changes in mercury content. The content of mercury varies from
0,03 g/t to 0,71 g/t (Fig. 2a). The average content of mercury in the coal seam is
0,23 g/t. The largest location of this element is located in the northwestern part of the
mine field near the well bore NeH32233. Concentration of mercury does not depend
from the depth, thickness of the coal seam and content of ash in the coal. The regional
component of mercury content increases in the northeastern direction (Fig. 2b).
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Figure 2: a - Map of isoconcentrate of normalized content of mercury in the coal seam ci;
b - Map of the regional constituent of normalized contents of mercury in coal seam ci
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A close direct relationship was found between the content of mercury and content
of total sulfur of the coal seam (» = 0,98), and with the concentration of arsenic
(r = 0,90). Linear regression equations

Hg = 0,0502+1,0568 x S, Hg =-0,0308+0,867 x As.

Regularities of changes in fluorine content. The content of fluorine within the
coal seam varies from 16,94 g/t to 91,85 g/t (Fig. 3a). The average content of fluorine
in the coal seam is 49,57 g/t. The largest location is set in the center of the mine field
near the well bore Ne7783. Cumulation of fluorine does not depend from the depth,
content of total sulfur and thickness of the coal layer. The regional component of
fluorine content increases in the northwestern direction (Fig. 3b).

A close direct relationship of fluorine concentration with the content of ash was
established (» = 0,93), close inverse relationship with beryllium cumulation (r=-0,74).
Linear regression equation

F=0,0923+1,0182 x A% F=10356-0,8631 x Be.
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Figure 3: a - Map of isoconcentrate of normalized content of fluorine in the coal seam ci;
b - Map of the regional constituent of normalized contents of fluorine in coal seam ci

Regularities of changes in beryllium content. The content of beryllium in coal
seam varies from 1,02 g/t to 3,47 g/t (Fig. 4a), with an average content of 2,72 g/t.
The largest location of beryllium is located in the southern part of the mine field near
the well bore NeH32058. The content of Be does not depend from the depth,
thickness of a coal seam and total sulfur content in the coal. The regional component
of its content increases in the southeastern direction (Fig. 4b).

There is a close inverse statistical relationship between the content of beryllium
and ash (» = -0,77), fluorine (» = -0,74). Linear regression equations:
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Be = 0,9384-0,7214% A% Be =0,973-0,6377 x F.
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Figure 4: a - Map of isoconcentrate of normalized content of beryllium in the coal seam ci;
b - Map of the regional constituent of normalized contents of beryllium in coal seam ci
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Conclusions. On the basis of the obtained results of statistical processing of
geochemical information and analysis of the maps of isoconcentrate of arsenic,
mercury, fluorine, beryllium and maps of the regional constituent of their contents,
there may be such following conclusions:

- Beryllium is the only element mainly associated with the organic constituent of
the coal layer. Cumulation of its main part occurred in the process of peat
accumulation.

- Close correlation connection between mercury and arsenic with sulfur and the
analysis of the spatial location of the anomalies of these elements with the geological
and structural features of the seam indicates the accumulation of these elements at the
post-sedimentation stage of the formation of coal deposits and their genetic
connection with the tectonic disturbance. Moreover, if large disturbances basically
have a role of supply and transit channels, then minor disturbance and make a
controlling function.

- Close direct correlation relationship of fluorine with coal ash and analysis of the
constructed maps indicate that its predominant accumulation during the formation of
a paleo-turfary in the composition of layered aluminosilicates.

The scientific importance of the obtained results is the determination of the
geochemical associations of arsenic, mercury, fluorine and beryllium and the genetic
causes of their variability in the coal seam ci, as well as in the detection of polygenic
and polychronous nature of their accumulation.

The practical importance of the results obtained is the construction of maps of
isoconcentrate toxic elements in the coal seam c; and the calculation of regression
equations between arsenic, mercury, fluorine, beryllium and the main technological
parameters of coal.
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AHoTauifi. Po3rnsHyTo NpocTOpoBUiA PO3NOAIN MULL'AKY, pTyTi, pTopy Ta 6epurio y ByrinbHOMY nnacti ¢ nons
waxtn «bnarogatHa». [MpoBedeHi OOCHIDXEHHS MOB'A3aHi 3 MiABWLLEHHAM BUMOr [0 OXOPOHW HaBKOMMLLHBLOMO
CepenoBMLLa, WO 3yMOBIMIOE HEOOXIOHICTb B HOBMX HAYKOBO OOIPYHTOBAHMX METOAAX MPOTHO3yBAHHA KOHLEHTPaLin
TOKCU4HUX ENEMEHTIB Y ripCbKiit Maci, Ky BugobyBatoTh LWaxTy, Ta Bigxoaax BuaobyTky i ByrnesbaradeHHs.

MeTa JoCnigKeHHs — BCTAHOBMTW 0COBMMBOCTI Ta 3aKOHOMIPHOCTI po3noginy MuW'aKy, pTyTi, dpTopy Ta 6epunito y
BYrinbHOMY nnacTi ¢i waxtu bnarogatHa [laBnorpagcbko-NeTponasniBCLKOro  reofioro-npoMIUCIIOBOrO - paoHy
3axigHoro [loHbacy.

MMoBynoBaHoO KapTy i30KOHLEHTPAT MULL'SKY, pTYTi, hTOpy Ta Bepunitd Ta kapTu perioHanbHOI CKknagoBoi ix BMICTY
3a MMowWer LIaxTHOro nons. PospaxoBaHi MiHIAHI PIBHAHHA perpecii Mix iX KOHLUEHTpauissMu Ta OCHOBHWUMW
TEXHOMOMNYHUMM napameTpamm BYrinns.
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Ha ocHOBi pesynbTaTiB CTaTUCTUYHOI 06POOKM reoxiMiyHOI iH(hopMaLii Ta reonoro-CTPYKTYPHUX XapakTepUCTUK
BYFiIbHOTO MfacTa Cq nons Lwaxtu «bnarogatHa» BCTaHOBMEHO, WO Oepunii € €OWHUM €neMEHTOM, NepeBaxHO
MOB'A3aHMM 3 OPraHiYHOK CKMaZ0BOK BYINBHOTO MiacTta. HakomuyeHHs OCHOBHOI 0r0 YacTWHM Bigbynocs B Npouec
TOPHOHAKONNYEHHS. TICHWA KOpEnALiiHWiA 3B'A30K PTYTI | MULL'AKY 3 CIPKOKO Ta aHanis NpoCTOPOBOrO PO3TallyBaHHS
aHoMarii UMx eneMeHTIB 3 reofioro-CTPYKTYPHUMI OCOBNMBOCTAMM NacTa CBiAYUTL NPO HAKOMUYEHHS LIMX eEMEHTIB
Ha NocTceaMMEHTALIMHIA cTagii (hopMyBaHHS BYTiNbHUX BiAKNAAIB i iX TEHETUYHUIA 3B'A30K 3 TEKTOHIYHIM MOPYLUEHHSM.
Mpuyomy SIKLLO BENWKi pO3pUBHI MOPYLLEHHS BidirpaBany B OCHOBHOMY Pofib NiABIAHUX i TPAH3UTHUX KaHanis, TO ApiOHi
MOPYLUEHHS i 0COBNMBO 30HW TPILLWMHYBATOCTI, O ONEPSIHOTL iX, BUKOHYBaNM KOHTPOMOYY (OYHKLit0. TicHUIA npsmui
KopensuinHui 3B'A30K oTOpy i3 30MbHICTIO BYrinng i aHania nobydoBaHWX KapT CBiguMTb NP0 MO0 nepeBaxHe
HaKoMWUYeHHs y npoLeci hopMyBaHHS NaneoTopdy sHUKa y CKnagi LwapysaTux amloMoCunikaTis.

OCHOBHe HaykoBe 3HAYeHHs NpOBeAeHUX LOCMiMKEHb — BCTAHOBIEHHS FEOXIMIYHUX acoujauiit i reHeTUYHUX
MPUYKH, AKi CYTTEBO BNIUBAKOTL HA PO3MOAIN TOKCUYHWUX €NEMEHTIB Y BYriflbHOMY MNacTi C1.

KnioyoBi cnoBa: muw’sk, pTyTb, ¢hTop, Bepuniit, TOKCUYHI enemeHTH, BYFiNIbHWA NNacT, KapTa i30KOHLEHTpaT,
kapTa perioHanbHOT CkNafoBol, NiHiNHE PIBHAHHSA perpeci.

AHHOTauums. PacCcMOTPEHO NPOCTPaHCTBEHHOE pacnpeaeneHne Mbllwbska, pTyTh, dhTopa n 6epunnns B yrofbHOM
nnacre ¢4 nons waxtbl «bnarogatHasy. MpoBeaeHHbIe UCCNEeaoBaHMS CBA3aHbI C NOBbILIEHNEM TpeboBaHWI K OXpaHe
OKpyXXaloLeit cpedbl, YTO NPUBOAMT K HEOOXOAMMOCTM HOBLIX Hay4HO OBOCHOBAHHLIX METOLOB MPOrHO3WMPOBAHUS
KOHLEHTPALMIA TOKCUYHbIX 3/1EMEHTOB B TFOPHOM Macce, KOTOpylo [0ObIBaKOT LaxThl, M OTXogax A00bluM K
yrneoboraLeHus.

Llenb nccnepoBaHms — ycTaHOBUTb OCOGEHHOCTW 1 3aKOHOMEPHOCTW pacnpefeneHnst Mbllbsika, pTyTh, dtopa 1
Bepunnua B yronbHOM nnacte waxtel bnarogatHas [laBnorpagcko-MeTponaBnoBCKkOro reonoro-npoMbILLIEHHOrO
paiioHa 3anagHoro [Jonbacca.

MocTpoeHb! KapTbl M3OKOHLEHTPAT Mbllbsika, PTyTH, dhTopa 1 6epunnus u KapTbl PErMoHanbHON COCTaBNSIOLLEN
WX COAepXKaHWs Mo nrowagn LaxTHOrO nonsi. PaccuuTaHbl NWHENHbIe YPaBHEHUS PErpeccun Mexay WX
KOHLIEHTPALMSMU M OCHOBHBIMM TEXHOMOTMYECKUMI NapamMeTpami yris.

Ha ocHOBe pe3ynbTaToB CTATUCTMYECKOM 0OPabOTKM reOXMMMYECKOM WHGOPMaLMM W TeonoroCTPYKTYPHbIX
XapaKkTepuCTUK YronbHOrO nnacta ¢y nons lwaxtel «bnarogatHas» ycTaHoBneHo, 4to Gepunnuit  sBnsieTcs
€OMNHCTBEHHbIM 3NEMEHTOM, MPEUMYLLECTBEHHO CBSI3aHHBIM C OPraHW4YecKod COCTaBNSIOLIEN YronbHOro nnacta.
HakonneHne 0CHOBHOW ero 4acTu NPOM30LLIIO B NpoLecce TopdoHakonneHus. TecHas KoppenaumuoHHas CBA3b PTyTH U
MbILUbSIKA C CEPON W aHanWU3 NPOCTPAHCTBEHHOMO PacnoNOXeHUs aHOManMn 3TUX 3MEMEHTOB C reonoro-CTPYKTYPHLIMM
0COBEHHOCTAMM Nnacta CBUAETENbCTBYIOT O HAKOMMEHUM 3TUX SMIEMEHTOB Ha MOCTCEAMMEHTALMOHHOM CTaguu
(hOPMMPOBAHMS YTOMBHBIX OTMOXEHUIA N UX TEHETUYECKON CBSA3M C TEKTOHUMYECKUM HapyLeHneM. puiem ecnm KpynHble
pa3pblBHbIE HApYLIEHUS Wrpanu B OCHOBHOM POfib MOABOAHBIX M TPAH3UTHbIX KaHanoB, TO MENKWe HapyLIeHWs K
0COBEHHO OnepsioLLMe WX 30HbI TPELLMHOBATOCTU BBIMOMHANM KOHTPONMPYIOLYK (YHKUMO. TecHas npsmas
KOppensUMoHHas CBa3b (hTopa C 30MbHOCTBIO YIAS UM aHanu3 NOCTPOEHHBIX KapT CBMAETENLCTBYET O €ro
NpeuMyLLEeCTBEHHOM  HaKOMneHuu B npouecce  (POPMUPOBAHWA  naneoTtopsiHika B COCTaBe  CHIOUCTbIX
antoMOCHInKaToB.

OCHOBHOE HayyHOEe 3HayeHue MPOBEAEHHbIX WCCMEeJOBaHWA — YCTAHOBIEHWE FEOXMMWUYECKMX accoumauni u
FEHETNYECKMX MPUYMH, CYLLECTBEHHO BAMSIIOLMX HA pacnpeaeneHne TOKCUYHbIX 31IEMEHTOB B YrOMbHOM MacTe C1.

KnioueBble cnoBa: MbilwbsK, pTyTb, (PTOP, OEPUNNWIA, TOKCUYHbIE SNEMEHTbI, YrofbHbIA NNacT, kapTa
W30KOHLIEHTPAT, KapTa PerMoHanbHOM COCTaBNSIOWEN, IMHENHOE YpaBHEHWE PErPECCUM.

The manuscript was submitted 21.09.2021
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