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CaxeTak: TepMo eHepreTCk/ KanaunTeTun EnekTponpuspese Cpouje (EMC) 3acHUBajy ce Ha NLLIHUTMMa, Koju
CY CKOHLeHT pucaHuny fBa BenvkaylmeHa/pypapcka 6aceHa. Mpeuje KocTonauko-KoBUHCKM 6aceH ca yKyMmHOM
NoBPLUMHOM 04 0KO 320 km2u nma 0ko 5,7 Munujapam t reonowikmxpecypca npesepsu nnTuTa. EkcnnoaTauuja
yma ofBuja cegyxe of 150 ioguna. Takohe, kaogpyiuje Konybapcku 6aceHje ca ekcrnioaTabuaHOM NOBPLLUVHOM
04 oko 200 km2 1 ca yKynHo oko 4,1 munujapam t reosollknMx pecypca v pesepsu nuwnTa. EkcnnoaTaymnja
yma ce ofsuja gyxe o4 130 rogmHa. YKynHo, npe oTkonsawa, EMNC je pacnonarao ca ckopo 10 munujapam t
reonoLKMXpecypca 1 pesepsu IMTUTA Yy o0b6a yribapcka nogpydja. Of Tora, fob6ap feo 0f oko 1,9 munujapam t
Behje owkonaH. M Hafame, npeocTane Cy oipouue KoAM4YMHE yma 3a 0T KoraBsatbe.

OBVMpasoM 6aBMMO Ce TEOXEMUjCKUM KapaK TepucT MKamayr/beHMX cNojeBay 06ayrbeHa 6aceHa MBpULLMO
ynopeaHy aHanusy ca ogabpaHUM apXeonoWKUM, CTTPOM/IOWKUM M OCTaluUM CaBpeMeHUM MprMepuma U3
Cp6uje, Eepone n CeeTa. OHO WITO ayTOpa U YATaoLe HajBuULLe 3aHUMajecT e - fa M TEWKN MeTanm u3
yr/ba 0CTaB/bajy XeMUjCKM 0T UCAKy BPEMeHY. Y HapegHWM MorfiaBbrMa o6paguhemMo 0By Npo6ieMaTuKy.

Kl'byl—IHe peyn: NNTHUT, T/1I0, ceaMEeHTU, XeMUNJjCKMN OoTUcak, Tpar

Abstract: The thermal energy capacities of the Electric Power Industry of Serbia (EPS) are based on lignite, which
is concentrated in two large coal/mining basins. Thefirst one is the Kostolac-Kovin Coal Basin with a total area
ofabout 320 km2and has about 5.7 billion tons ofgeological resources and lignite reserves. Coal mining has been
going onfor more than 150 years. Also, the second one is Kolubara Coal Basin. It has an exploitable area of about
200 km2and a total ofabout 4.1 billion tons ofgeological resources and lignite reserves. Coal mining has been going
onfor more than 130 years. In total, in the previous years, EPS had almost 10 billion t ofgeological resources and
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lignite reserves in both coal mining areas. Out of this, agood part ofabout 1.9 billion thas already been mined. And

furthermore, there are huge amounts of coal left to be mined.

In this paper, we deal with the geochemical characteristics of coal seams in both coal basins and perform a
comparative analysis with selected anthropological, archeological and contemporary construction materials based
on examplesfrom Serbia, Europe and worldwide. The author and readers are most interested in whether heavy
metalsfrom coal cause a chemicalfootprint in time. We will deal with this issue in thefollowing chapters.

Keywords: LIGNITE, SOIL, SEDIMENTS, CHEMICAL FOOTPRINT, TIME FOOTPRINT

OMNMWTE MHPOPMALWMIE O YE/bY

NMNEHWNTCKW BACEH
KOCTONAL-KOBUH (MCTOYHA CPBUNIA)

EeHepanHO, NUTHNTCKN 6aceH ce Hanasn y uc-
TOYHOj Cpbunjun, Ha 50 km ygameHoCcTn, UCTOY-
HO of beorpaga. Hanasu ce y anysujaiHuUM
nnatonma peka Benuke Mopase n Mnase, Koje
ce o6e ynueajy y peky LyHaB (cnuka 1). Peka
[AyHaB ra genv Ha ABa fena - jy>xHo oj [lyHaBa
Hanasu ce Koctonaykn yribeHun 6aceH, a cesep-
Ho of AyHaBa KoBMHCKU yribeHu 6aceH. |lpe
caBpeMeHe reosormje, nofjsemMHa ekcnnoaTta-
unja novymwe cpegmMHom u Kpajem XIX Beka,
ann y manom o6umy. CaBpemMeHa reosolka
uctpaxwueawa noyena cy 1941. roamHe n
HacTaB/bajy ce Ao gaHac. lMeT cnojesa NUrHUTaA
YrnaBHOM HUCY [AeMUHUTUBHO OKOHTYpeHu
HW naTtepasHO HUTWU NO AY6WHM, Na MNOCTOjn
noTeHLUMjan 3a HWUXOBO Ja/be UCTPaxXuBake
BaH noctojehmux nctpaxHux nosa. NpopayvyH
pecypca/pesepBn 3a CBUX 5 cnojeBa NUTHUTA
[ao je 0Ko 5,7 munmnjapan ToHa.

KONYBAPCKWN NMEHUTCKWN BACEH
(BAMAHA CPBUIA)

JNINTHUTCKN 6aceH ce Hanasu y 3anagHoj Cp-
6ujn, 50 km jyrosanagHo oa beorpaga, y
anysujanHom cnmBy peke Kony6apa, Koja ce
Hagabe ynuea y peky Casy (cnuka 1). Mpe
caBpeMeHe reosnormje, nofjsemMHa ekcnnoaTta-
unja je noyena kpajem XIX Beka, y mManom
obumy. MNMeproa recnoWKUX NCTpaxuneamwa o4
1936. go 2025. roguHe, y reo/IOLIKOM U pyaap-
CKOM acnekTyje BeomaycnewaH. Kao pesynrtart
Tora, UCTpaXeHo je oko 4,1 mununjapge ToHa
reoOWKMX pe3epBnM U pecypca JINTHUTA, Kao
M AOAaTHUX HEKOSIMKO CTOTUHA MUNMOHA KY6-
HUX MeTapa pecypca HEMeTalHUX MUHEPATHUNX
cnposuHa. UcTpaxmBawe W ekcnaoatauwuja
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GENERAL INFORMATION ABOUT COAL

LIGNITE BASIN
KOSTOLAC-KOVIN (EAST SERBIA)

Generally, the lignite basin is located in eastern
Serbia, at a distance of 50 km east of Belgrade. It
liesin the alluvial plates of the rivers Velika Morava
and Mlavarivers, which both flow into the Danube
river (figure 1). It is divided into two parts by the
Danube river - to the south of Danube lies the Ko-
stolac Coal Basin, and to the north of the Danube
lies the Kovin Coal Basin. Before contemporary
geology, underground mining activities started in
mid and late XIX century, on a small scale. Con-
temporary geological explorations began in 1941
and have continued to this day. In total, 3,900 bore-
holes were drilled in the last 80 years, i.e. 305,000
m of drilling. The 5 lignite layers are generally not
definitively contoured either laterally or in depth,
but there is a potential for their further research
outside the existing exploration fields. The gener-
al calculation of lignite resources for all 5 lignite
seamsyielded about 5,7 B t of lignite.

LIGNITE BASIN KOLUBARA
(WEST SERBIA)

The lignite basin is located in western Serbia,
50 km southwest of Belgrade, in the Kolubara
alluvial river basin, which further flow into
the Savariver (figure 1). Before contemporary
geology, underground mining started in the
late X I1X century, on a small scale. The period
of geological surveys from 1936 up to 2025 in
the geological and mining aspects is very suc-
cessful. As aresult, about 4,1 B t of geological
lignite reserves and resources were explored,
as well as additional few hundred million m3
resources of non-metallic mineral raw ma-
terials. Lignite exploration and exploitation
began in the eastern part of the basin, where
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NNTHUTano4venajeyncTouyHoM aeny 6aceHa,rge
je n pasbe 'y TOKY, anun ce Nosako cenn 'y 3anagHu
neo 6aceHa, rge nocTaje cBe 3Ha4yajHUja.
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it is still ongoing, but is slowly moving to the
western part of the basin, where itisbecoming
more important.

Kovhl
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Google Earth Pro
Geographic position,

Google Earth Pro

Cnwuka 1, Memepanumn npukas reorpadyckor nonoxaja Konybapckor n KocTonaukor
yribenor 6aceHa; KocTonauko-Koenunckn bacenje Ha 50 hn mcTounmo,
nokje Konybapcku 6acen Ha 50 hn 3anagHo og Beorpaga
Figure 1, General geographical position ofthe Kostolac-Kovin and Kolubara Lignite Basins;
Kostolac-Kovin Coal area is 50 km east, and Kolubara Coal Area is 50 km west o fBelgrade

PYOAPCKA JOCTUTHYRA

Y obanoapydja ogsuja ce Beoma 06MMHa pyaap-
CKa ekcnnoaTayunja Ha noBPLUMHCKMM KONMOBMMA.
OBoO cy Hajgehun KonoBu yribay Cpbuju, anm n Ha
BankaHy. O6a pygapcka nogpyuja onuvcaHa cy y
HEKO/IMKO peyeHnUa 1 gujarpama (cnmke 2 n 3).

KOCTOJTAUHKO-KOBMNHCKW BACEH

Cajalirwa rognwiwa NponsBoaka NNrHUTa ca
NoBPLIMHCKOr Kona JpMHO n3Hocu oko 8 M t/
god. n y nnaHy je noseharwe TUX KanayuTeTa.
Ca cnnke 2 youyasa Cce faje OTKOMNaHO BULlEe 0f
750 M m3janoBmHe U 0KO 220 M t NNTHUTAa,
NPBEHCTBEHO Ha MNOBPLWIWMHCKMM KOMOBUMA
(Tpn noBpWwMUHCKaA Kona), 3ak/by4yHo ca 2017.
rooMHoM. Ypaeo jamcke ekcnnoaTayuje (Tpwu
cTapejame) je MMHOpaH. Y okBupy ElMC-a, oBaj
pPYAHUK 06e36efyje 0ko 25% roanwbunx Konm-
YMHa yr/mba. 3a oTKonasakwe Ha NOBPLUMHCKUM
KOMOBUMaA Yy HapefHOM MNepuoay npeocTano je
jow oko 550 M t nurHuTa.

MINING ACHIEVEMENTS

In both areas, extensive mining operations are
carried out in open-pit mines. These are the
largest coal mines in Serbia, but also in the
Balkans. For both mining areas are described
in a few sentences and diagrams (figures
2 and 3).

KOSTOLAC-KOVIN MINING AREA

The current annual production of lignite from
the Drmno surface mine is about 8 M t/year.
and the plan is to increase those capacities. In
Figure 2, it can be seen that more than 750 M
m3of overburden and about 220 M t of lignite
were excavated, primarily in open pits (three
open pits), up to 2017. The share of under-
ground exploitation (three old pits) is minor.
W ithin EPS, this mine provides about 25% of
annual coal volumes. About 550 M t of lignite
remains to be excavated in surface mines in the
following period.
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*1%4.

MpomBBOAH @ YrI/ba
y TE KO KocTtonauy

75D Mm1OnCpHBK,
22D Mt ¥Yrma,
550 Mt Yr/ba jja oTkonaBawa

Kostolac Mine Coal and
Overburden Production

IALOVINA

Cnuka 2, leHepanHM NpuKas 0CT BapeHMxXpe3ynTaTa pyaapcke NPon3BOAtbe
y TE—KO KocTonay (nakon Byukosuh, 40-47)
Figure 2, General Mining Achievements of the Kostolac Coal Mine (after Vuckovic, 40-47)

KONYBAPCKW BACEH

Eoauwma npousBoftwa nuramta Ha NOBPLUUNH-
CKMM Konosuma (10 NMOBPLUMHCKUX KOMOBa, O
KOjux cy 4eTupwu Beh 3aTtBopeHa) go 2022. ro-
OnHe nsHocmunaje n go 30 M t/god. Mo 3axTeBnma
EMC-a y nnaHy je nponssoata AUrHUTa 0f, OKO
22-23M t/god. Ca cnuke 3, yo4yaBa ce fga je OT-
Kouaito Bnwe og 1,35 Mird t nurHmnta, NpeeH-
CTBEHO Ha MOBPLUMHCKNUM KOMOBMMA, 3aK/bYUYHO
ca 2024. roguHOM. 3a UCTU nepuon OTKOMaHe
KONM4YMHe janoBnHe nsHoce oko 3 Mlrd m3 Ygeo
jamcke ekcnnoatayuje (12 jama, HakoH 1973. cBe
Cy 3aTBOpeHe) je MMHOpaH. Y okBupy EIMC-a,
0Baj pyaHUK 06e36ehyje oko 75% roguikbnx Ko-
NnYnHa yrba. 3a 0TKonaBake Ha MOBPLUMHCKUM
KOMOBMMa Yy HapegHOM nepuofy MNpeoctano je
jow oko 1,5 Mlrd t nurHuTa.

KOLUBARA MINING AREA

The annual production of lignite at surface
mines (10 open pits, four of which are already
closed) until 2022 was up to 30M t/year. Ac-
cording to the requirements of EPS, the pro-
duction of lignite of about 22-23 M t/year is
planned. From Figure 3, it can be seen that
more than 1.35 billion t of lignite was mined,
primarily in surface mines, by the end of 2024.
For the same period, the amount of overbur-
den excavated is about 3 billion m3. The share
of pitexploitation (12 pits, all closed after 1973)
isminor. Within EPS, this mine provides about
75% of annual coal volumes. About 1.5 billion t
of lignite remains to be mined in surface mines
in the following period.

3nBB/Ane proiivodne godine

Significant Production Yean

Godlinja pialined nja(igljj na Itapcwlma, is period 1454). - 343j! godlup

Annual real open phi production, period 195a -2024.

t KotufeanOfWi P?u|Uinft#Freduction, M rw]

Cnuka 3, l'eHepanHM npurkKas ocLLBapeHmMxpesy ilalla pygapcke npounssogwey Pb Kony6apa (Byukosuh, 2024.)
Figure 3, General Mining Achievements of the Kolubara Coal Mine (after Vuckovic, 2024)
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OMWTE MHPOPMALWMIE O
EEOXEMWMICKOM Y30PKOBAHKY

Y KocTonayko-KoBMHCKOM ©n Konyb6apckom
NINTHNTCKOM 6aceHy cnpoBegeHe Ccy O6pojHe
nabopatopujcke aHanmse 3a ogpehuBare KBa-
nuTeTa NUTHUTA, Kao 1 6pojHe apyre 3a reoTex-
HUYKE U XMAPOreonowke cBpxe. YTrnaBHOM Yy
nocneawunx feceT rogmHa, nocebHa naxwa je
nocseheHa M eKONOWKNUM KapakKTepucTukama
NNTrHNTa, a ogpefunBeaH je ykynaH cagpxaj 20 TM
(Tewkn metanu). lMopen nurHuTa, ysopuun cy
y3eTU U N3 CBUX CefUMeHaTa y XOPM30HTaHOM
N BEPTUKANHOM NPOduUNy; Kao U U3 MNOBPLUNH-
CKOT C/0ja 3eM/buLLITa N3HAA Nexunwta JpMHO 1
M3 WbyHKa N3 Wwunper nogpyyja. Y Konybapckum
AUTHUTCKUM PYAHULMMA NOCTOje eKONOLKa UC-
TpaxuBaway MakeM 06mmy.

TOKCNYHW TEWWKW METANTN Y
NMNEHWUTY - OHEKNBAHKBL A JABHOCTU
N CTPYUH AKA O BAEABEHDL Y EKOJTOEUMIE

I lapaiino, oBa Tema je W3y3eTHO aKTye/llHa U
npucyTHaje y cBUM MOryhum BnafuHuUM meau-
juma, yHuUBep3nTeTUMa, UHCTUTYTUMa, 6Gupo-
MMa, KaHuenapujama, 3aTUM HeBnagWHUM Op-
raHusaymjama n Tako gamse. CBU ovekyjy aa he
ekcnaoartaumuja n caropeBake IMTHUTHUX Maca
M3y3eTHO 3araguTu XUWUBOTHY cpeaunHy. To nae
TONNKO faneko aa je Beh nmocTano Heka BpcTa
MaHTpe. CMaTpa ce Ja TePMOEHEPTeTCKU CEeKTOp
Cpbuje y Bennukoj mepu 3arafyje XXMBOTHY cpe-
AVIHY 1 fa ce ogrosapajyhe mepe 3alwitute nnum
caHaumje mopajy npeayseTun WTO je npe moryhe.

MeRhyTum, 6pojHn nogaun mepewa TM (arn-
ica 4) M3 NOBPLWMWUHCKUX PpYyAHUKA NUTHUTA
y Koctonuy m Konyb6apu, kao u nogaum o
nerneny uU3 MnoBe3aHUX TepMOeneKTpaHa, He
yKasyjy Ha To. Y nocnefwbWnX HEKONUKO ro-
OWHaA OBa TeMa je nNpeacTaB/beHa U 06jaB/beHa
y HeKonuko pagoBa y Cp6buju m nmHoCTpaH-
cTBy. Kao maTtpuua je kopuwheH yBeK uUCTU
yramn Konyb6apa/ZKoctonay, Koju je ynopeheH
ca MHOTMM pasnuuntum npumepuma (ypbaHo
3EM/BULLTE, rpa,EI,CKI/I napKosun, MNOBPLUNHCKN
CI'IOj 3eM/bMLITAa, PEYHN CEANMMEHT MU, OPLLUHCKE
MaTepuje, opLLlHCKa TKuBa, WHAYCTPUjCKO
N pyjapcko 3emMpUWLITENTS.). Buno je wus-
y3eTHO MHOro npumepa 3arafjewa y HeKuUM

GENERAL INFORMATION ABOUT
HM GEOCHEMICAL CYCLE

At the Kostolac-Kovin and Kolubara Lignite
Basins numerous laboratory analyses were
performed to determine the quality of lignite,
as well as numerous others for geotechnical
and hydrogeological purposes. Mostly in the
last ten years, special attention has been paid
to the ecological characteristics of lignite, and
the total contents of 20 HM 1 have also been
determined. Apart from lignite, samples were
also taken from all sediments in the horizon-
tal and vertical profile of the deposit; as well
as from the top soil above the Drmno deposit
and from gravel from the wider area. In Kol-
ubara Lignite Mines there are ecology explo-
rations on a smaller scale. In this paper we
deal with the total amounts of specific HM.

TOXIC HEAVY METALS IN
LIGNITE - PUBLIC AND EXPERT
EXPECTATION OF ECOLOGY POLLUTION

Of course, this topic is extremely hot and is
present in all possible governmental media,
universities, institutes, bureaus, offices, NGOs
and so on. Everyone’s expectations are that the
exploitation and combustion of lignite masses
will extremely pollute the environment. This
goes so far, that it has already become a kind
of mantra. It is considered that the thermal
energy sector of Serbia has been polluting the
environment to a great extent and that appro-
priate protection or remedial measures must be
urgently taken.

However, numerous HM (figure 4) measured
data from surface lignite mines in Kostolac
and Kolubara, as well as data on ash from re-
lated thermal power plants, do not indicate
this. At last few years this topic was present-
ed and published in several papers in Serbia
and abroad. The same Kolubara/Kostolac
Coal was used as a matrix and compared
with a lot of different examples (urban soils,
city parks, top soils, river sediments, organic
matters, organic tissues, industrial and min-
ing grounds, banking value, etc.) There were
many examples of pollution in some matters
throughout Serbia, the Region, Europe and

in
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MaTepujama wmnpom Cpbuje, permoHa, EBpone the World, that appear to be unexpected (see
M CBeTa, Koje HUCY Y HMKaKBOj Be3U ca NINTHU- the authors ofprevious papers) [40-47].

TUMa, WTO Aenyje Kpajiwbe HeouyekmBaHo (BU-
neTn npeTxoaHe pagose ayTopa) [40-47].

Cnuka 4, Nnucwa nabopawwopnjckn aHanusmpaHux TMy numuwnma Kony6ape n Kocwonua (Byukosuh, 2024.)
Figure 4, List of Heavy Metals assayed in the Kolubara and Kostolac Coal Mines (after Vuckovi¢, 2024)

rae cCYy AHAC NMPUCYTHW TM? NOWDAYES, WHERE ARE HM PRESENT?
Ida ocHOBY cBenpucyTHOr cTpaxa og TM, ga Given the extended fear of HM, do we know, at
nn 3HaMo, 6apeM MH(OPMATUBHO, FAe MOXEMO least informatively, where we can find HM in
npoHahu TM y Hawlem Haj6/INXEM OKPYXehYy our nearest neighbourhood (figures 5, 6). An-
(cnuke 5, 6). Y cBakoM cnyuajy, Te ,,.cTBapu® cy yway, those "things” are always present in our
YBEK MPUCYTHEe Yy HallleM XMWBOTY M nocTtane cy life and they became our lifelong companion
Hawmn JOXXWBOTHU NpaTnoLLM Npe MHOTOo roagnHa. long ago.

Cnuka 5, CBaKOAHEBHW BU0BM M3BOpA LUELWIKMUX Mewana (Hup. 6allepuje, KyXuweko nocyhe)
Figure 5, Some Heavy Metals Everyday Sources (e.g. batteries, kitchenware)

Cnuka 6, CBaKOfHEBHW BNJ0BM M3BOpa TELKMNX MeT ana
(Hnp. nacTe 3a 3ybe, MeANLMHCKN CynieMeHT W, MOOBUIHN TenedoHm)
Figure 6, Some Heavy Metals Everyday Sources (e.g. tooth paste, medical supplements, cellular phones)
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Kao WwWTo BMAMMO, NMOCTOje CByAa NO HalluM
[AOMOBMMaA U TO je LeHa CaBpPeEMeHOr XWBOTa.
Anwn, fanu cy onacHW Uam TOKCMYHN? HapasHO
Ja Hucy, jep ce T TM Hanase y Beoma CTa-
GUMHNUM MUHepanHUM obnnyuma/nerypama y
TUM CBaKOAHEBHUM npeameTuma. He nocrtoju
MOTYhHOCT fga ce akTUBUpajy U mobumnuuy,
nponssohaym ce 6pUHY 0 TOMe.

KAOA JE MOYENO 3AEAT>EHE TM?

[akne, cBeNpUCYLWO ONWTeHapoOAHO, CTPYYHO "
Hay4HO pasMulL/bake cMaTpa Aa je 0BO MpuUcy-
cTBO TM y HalleM CBaKOAHEBHOM XMUBOTY N0Yeo
ofMax HakoH [pBe MHAYCTpUjcKe peBonyuuje,
Koja je nouena (1780. roguHe y Benukoj bpuTa-
huju; nocne 1830-1840. wwmpom cBeTa). Benuka
MHAYCTPpUjcKa U pyfapcka Npon3BoAHa yTuLanm
CYy Ha)XXMBOLWY CPeuHY M jaBHO 34paB/be. EognHe
(1 XX1BOTHa cpeguHa) Npe Tor nepmnoga 6une cy
nannuuHe, 6e3 MKakBUx Tparosa 3arahewa TM.
Jannje oBo TauHO cxBaheHo? [1-49]

BPEMEHCKA CKANTA XEMWICKOE
OTUCKA

Y oBOM pafy rnegamo MHOro rogmHa yHasag,
noyesBlW N O pPaHOr HacTaHKa J/byfcke BpcCTe
(ctapoctm 1,4 M roamHa) na cBe A0 Mo4yeTka
XX1 Beka. bpojHn o06jaB/beHN Hay4YHWU pagoBuU
6aBe ce 0BUM nNuTawem [1-40]. MocebHY Naxhy
obpahajy Ha yKkynaH cagpxaj TM y ysopuymma
nehMHCKOr cegMMeHTa, MOBPLUMHCKOr cnoja
3eM/be M3 TafjallkWUX Hace/ba, pparmeHara rp-
HYapuje, XXUBOTUHCKUX N JbYACKUX KOCTU]Y N3
pPasINnUYNTUX BPEMEHCKNX nepuoga n rpahesBuH-
CKOr maTepwujana 3a nsrpagmwy ctamb6eHux n sep-
cknx objekaTa. Maxka je nocseheHa ysopumma
paHuXx /bYACKUX BpcTa Koju patupajy 1,4 mu-
NMoHa rognHa npe HoBe epe, 3aTUM 3y6y mamyTa
catpoctmn 130.000 roauHa, ceguMeHTUMa HeaH-
nepTanckmx nehmnHa ctapoctm 50.000 go 25.000
rogMHa M @QparMeHTUMa rpH4Yapuje mbyaum u3
KaMeHOr HeonuTcKor goba. Takohe, obyxBaheHe
cy npee XeTuTcke U Ermnarcke myfAcke LUBU-
nnsaumnje, 3atTmm 6akapHo, 6pPOH3aHO U rBO3AEHO
foba, cTapu XeneHCKM W PUMCKU nepuog,
paHun BU3aHTUJCKN U NCNAMCKW nepuog, 3aTum
CpeAH0BEKOBHM NepUOL; KOjU Ce NPOTeXe KPo3
XV I1I-XIX Bek, na cee o XX BeKa M KOHa4YHO [0
noyetka X X | Beka (cnmka 7).

As we can see, they exist all everywhere in our
homes and that is the price of contemporary
life. But, are they dangerous or toxic. Of
course not, because that HM stay in very
stabile mineral forms/alloyes in that everyday
items. There is no possibility to activate and
mobilize them, the producers take care about
that.

WHEN DID HM POLLUTION START?

Thus, the ubiquitous popular, professional and
scientific thinking holds that this presence of
HM in our daily lives began immediately after
the First Industrial Revolution, (which began
in the 1780s in Great Britain; after 1830-1840s
worldwide). Large-scale industrial and mining
production has affected the environment and
public health. The years (and the environment)
before that period were idyllic, without any
traces of HM pollution. Is this understood cor-
rectly? [1-49]

CHEMICAL FOOTPRINT
TIME SCALE

In this paper we have looked back to see what
it was like many years ago, starting from the
origin of early human species (1,400,000 years
ago) up to early XXI century. Numerous pub-
lished scientific papers deal with this issue.
They pay special attention to the total content
of HM in samples of cave sediment, top soil
from settlements, pottery fragments, animal
and human bones from different time periods,
and building materials for the construction of
residential and religious buildings. Attention is
paid to samples of early Human Species dating
1,4 My BP, and a Mammoth tooth dating back
130,000 years, Neanderthal cave sediments
dating back 50,000 to 25,000 years, and frag-
ments of pottery from Stone Age people. Also,
the first Parthian and Egyptian human civili-
zations, Copper, Bronze and Iron Age, the old
Hellenic and Roman periods, the early Byzan-
tine and Islamic periods, then the Medieval
period; going through the XV II-XIX centuries,
up to the XX century and finally into the early
XX century (figure 7).
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Cnuka 7, BpeMeHCKa CKana; Ha AHY CBELU/IO CUeo - loguuey KojuMeje BPLLEHO Y30PKOBatbe
Kony6apckux n KocTonaukux nwHuUTa (Byukosuh, 2025.)

Figure 7, Time Scale Footprint; at bottom tightgray - Kolubara and Kostolac Lignite samplingyears (after Vugkovic, 2025)

Kao wWwTo BUANMO, BPEMEHCKW pPAacroH je npuaun-
YHO wwupok. Mpe novetka | NHAycTpujcke Pe-
Boslyuuje y CeeTy (1780. roguHe) 1 npe Hawwmx
CBETN0 CUBUX rogmHa (MCKOoNaBake 1N caropesa-
He ninrHntay Pb Kony6apaun TE-KO KocTtonau),
cBe 6y Tpebano ga 6yae anconyTHO YMcTo og TM.
Cnepehnx Hekonuko gujarpama he npukasatu
n3MepeHe (nojaunm M3 CBETCKe nuTepaType u
Halle MepeHe BPeAHOCTN) KOHLUeHTpayunje TM u
HbUXO0BO ynopehewe ca IUTHUTOM (cnmke 8-13).
HanomeHa, Ha gnjarpammnmMaje BpX Ha fHy.

As we can see, quite a wide range, lasting more
than 1,400,000 years. Before light gray years
(lignite excavation and combustion) at the very
bottom of list, everything should be absolutely
clean of HM. The next few diagrams show the
specific HM measured total amountconcentra-
tions and its comparation with lignite’s (figures
8-13). Note, on diagrams top is on bottom.

Time Footprint

Cnuka 8, Zn BpemeHCKM 0T UCaK; CBET /10 cuee KOMoHe - cagpxaju TMy ogpeheHum ysopuuma,
LipHe KOMOHe - HajBMLLIE KOHLEHTpaunje TMy y3opumma, cuee KonoHe - cagpxaj TMy y3opuymma
Kony6apckux n KocTonauknx nurinTa (Byukosuh, 2025.)
Figure 8, Zn Time Footprint; lightgray bars - assayed HM concentration at specific items, black bars - extremely
high levels ofHM, gray bars - Kolubara and Kostolac Lignite HM levels (Vuckovic, 2025)
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Time Footprint
Pb (ppm) - Kostolac & Kolubara Lignites VS. Archeological Sites Worldwide,

year early 2025
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Cnuka 9, Pb BpemMeHCKM 0T u1CaK; CBET/I0 CUee KOMOHe - cagpxaju TMy ogpefjeHUM y30pLmMMa, LpHEe KOMoHe -
HajBuLLEe KOHUeHTpaynje TMYy y3opumnma, cree KonoHe - cagpxaj TMy ysopumma Kony6apckux
n KocTonauknx nurinTa (Byukosuh, 2025.)
Figure 9, Pb Time Footprint; lightgray bars - assayed HM concentration at specific items, black bars - extremely
high levels ofHM, gray bars - Kolubara and Kostolac Lignite HM levels (Vuckovic, 2025)
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Cnuka 10, Mn BpemeHCKM 0T UCaK; CBET /IO cuee KOoHe - cagpxaju TMy ogpeheHnm y3opLuma,
LipHe KO/MOHe - HajeuLle KOHUeHTpauunje TMy y3opunma, cree KonoHe - cagpxaj TM
y y3opumnma Konybapckux n KocTonadukux nurinra (Byukoenh, 2025.)
Figure 10, Mn Time Footprint; lightgray bars - assayed HM concentration at specific items,
black bars - extremely high levels ofHM, gray bars - Kolubara and Kostolac Lignite HM levels
(Vuckovic, 2025)
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Cnuka 11, Cd BpemeHCKM 0T UCaK; CBET/I0 CUee KONOHe - cagpxaju TMy ofpeheHUM y3opunma,
LipHe KOMOHE - HajBuLLe KOHUeHTpauunje TMy y3opumma, cuee KonoHe - cagpxaj TM
y y3opunma Konybapckux n KocTonaukux nurinTa (Byukosuh, 2025.)
Figure 11, Cd Time Footprint; lightgray bars - assayed HM concentration at specific items,
black bars - extremely high levels ofHM, gray bars - Kolubara and Kostolac Lignite HM levels
(Vuikovic, 2025)

Kao wTo MoXeMo BNAETU HaTropwb M C/IMKaMa
(cnnke 8-11), yBeK MOCTOju TeHAeHUW]ja Aa
cuBe (Haw NNTHUT) KONyMHe 6yay Ha AHY Anja-
rpama. HOHeKa,q, HeKe nsmepeHe cteapun cKkode
Ha M3y3eTHO Bucoke Hueoe (HNp. cagpxaj Cd
je 500 x Behu y ElunaTCcKoj rpHYapuju of npe
3.300 iogima neio y Hawem nuLLInTy; cagpxaj
Mn je 300 x eehu y CTapoenTaTCKoj ip-
HYapwuju, annm n'y caBpeMeHoOM HemMauykoM WH-
LYCTPUjCKOM LeMeHTY M3 XX Beka; cafpxaj
Pbje 275 x eehu y upkseHom manTepy ns XVIl
BeKa, aNiv Uy CpeftOBEKOBHOj Mcnamckoj ip-
HYapujn; cagp>xaj Zn je 85 x eehu y upkBeHOM
ManTepy n3 XVII Beka, 3aTumm y Heonn-
cKoj MpHavapuju n3 Pycuje cTapoj oko 10.000
logima nnny cegumeHTUMa HeaHgepTanckmx
nehnHay LnaHnju cTapum oko 50.000 MoguHa,
nTa.).

ii6

As we can see from the above few pictures (fig-
ures 8-11), there is always a trend for gray (our
lignite) bars to be at the bottom ofscale. Some-
times, some measured thingsjump to extremely
high levels, (e.g. Cd is more than 500 x higher in
Egyptian Empire Pottery 3,300 years ago than in
our lignite; Mn is 300 x higher in old Egyptpot-
tery and in German contemporary cement; Pb is
275 x higher in XV1I century church mortar and
medieval Islamic pottery; Zn is more than 85 x
higher in XV 11 century mortar, Russian Neolithic
pottery 10,000years old, or in Neanderthal Cave
Sediments 50,000years ago, etc.).
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Cnuka 12, Co BpeMeHCKM 0T M1CaK; CBET 10 CUee KOJIOHE - cagpxaju TMy oapeheHnM y3opumma,
LipHe KOMOHe - HajBMLLIEe KOHLEHTpaunje TMy y3opumma, cuee KonoHe - cagpxaj TMy ysopunma
Kony6apckunx n KocTonaukmx nwHuTa (By4dkosuh, 2025.)

Figure 12, Co Time Footprint; lightgray bars - assayed HM concentration
at specific items, black bars - extremely high levels ofHM, gray
bars - Kolubara and Kostolac Lignite HM levels (Vuckovi¢, 2025)

Time Footprint

Cu (ppm) - Kostolac & Kolubara Lignites VS. Archeological Sites Worldwide,
year early 2025
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Cnuka 13, Cu BpeMeuncku oTucak; CBeT/0 cuee Konoue - cagpxaju TMy ogpefenum ysopLuma,
LipHe KoJ/lOMe - HajenLle KouuenTpauuje TMy y3opunma, cuee Konoue - cagpxxaj TMy ysopuuma
Kony6apckux v KocTonaukmx nurHnTa (Byukosuh, 2025.)

Figure 13, Cu Time Footprint; lightgray bars - assayed HM concentration
at specific items, black bars - extremely high levels of HM, gray
bars - Kolubara and Kostolac Lignite HM levels (Vuckovic, 2025)
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Kao WwTto MoXemMo BUAETU Ha ropke ABe ClInKe
(cnnke 12,13),N0CTOjUTPEHA Aa CUBE KONTYMHe
6yay Ha cpeguHKN ckane. Heke mepeHe cTBapu
cKauyy [0 U3y3eTHO BUCOKUX HUBoa (HMp. Co je
BuLle o 50 x eehu y manTepy XepkynaHeyma
13 CTapopuMCKor 406a Nneioy Hallem NWHUTE,
ann ny CTapoewnaTcKoj yBO3HOj XeneHcko/
Pumckoj pHayapuju; Cu je 15-20 x eehu y
lyaHo y3opuuma 13 nehuHe ca paHUM /by 4CKUM
BpcTama cTapum oko 450.000 MoguHa, ann ny
cefumeHTUMa HeaHgepTancke nehuHeylll na-
HWMju cTapoj oko 50.000 MNoguHa).

Tako fa Ha OCHOBY HEKOJIMKO MpPeTXoAHUuX
Awnjarpama n Kpajibe nojeAHOCTaB/beHUX MOja-
WHeHa, MOXeMO 3aK/by4ynUTU fAa cy cagpxaju
HaBeAEHUX W aHanusmpaHmx/ynopehuneaHux
TeWKUX MeTana pefoBHO 3HayajHo Behwn of
OHWX KOje caBpemMeHUM nabopaTopujcKUM
UcnMTUBakbMMa PerucTpyjeMo y AUrHUTUMA.
N3 Tora npo3vmnasm M 3ak/byyaK CKPOMHOT
reonora (aytopa paga) Koju ce 6aBWU 0OBOM
npo6nematukom Beh paBageceT rogmHa, fa cy
cagpxajun TeWwKNxX metanay 611MXoj nnn gasmnoj
npownocTn 6unn faneko sehun of caBpeMeHUX
y TUTHUTMMAa Koje OoTKOonmaBaMo. Hawu npeun
HaXaNoCcT HUCY HU GUIN CBECHWU Tora wwiTa ux
OKPYXYje Y bhMX0OBOM CBaKOAHEBHOM XXUBOTY.
Y cBakOM cnyu4ajy 6Unm cy XXUBU U 34paBu.

HaxanocT, jegaH of orpaHuyasajyhux dak-
Topa 3a pama nopehewa jecTe To WTO cy
nabopatopujcka ogpefhmnBaa Ha NMOMEHYTUM
nokaunjama/Zysopumma BplieHay Makem o6u-
MYy (TEK N0 HEKONUKO TM), WITO je reHepanHo
MHOro Mmawun 06UM ogpehuBara 0f OHOTN KOju
EMC npaktukyje. Mu cmo ogpehuBanu no
20 xemwujckux enemeHata (TM) y ysopymma
nurHnTta y nabopatopuju, anuM cy CTPYYHMU
TUMOBM ca O6pPOjHUX NoKauymja WKNPOM CcBeTa
ofapehmBanu Tek No oko 4-5 enemeHara, a caMo
HEKONIMKO MyTa M BULLEe Of TOra, OHaKo Kako je
o6jaB/mbeEHO.

3AK/bYYAK

NinrinTtn Koctonauko-KoBunHckor n Konyb6ap-
CKOI JINTHUTCKOT 6aceHa reHepanHo wuMajy
HUCKE KOHUEeHTpauuje TewKux meTana, y
nopehenwy caogabpaHum Cprncknum, permoHan-
HUM, EBponckumMm m CBeTCKMM apXxeonowwKUm
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As we can see from above two pictures (figures
12,13), there is trend for yellow bars to be at the
middle of scale. Some measured things jump to
extremely high levels, (e.g. Co is more than 50
x higher in Herculaneum mortar from Old Ro-
man Age than in our lignite, or in old Egyptian
Hellenic/Roman imported pottery; Cu is 15-20
X higher than in 450,000 years old Early Homo
species cave Guano samples; or in Neanderthal
Cave Sediments old 50,000 years ago).

So, based on several previous diagrams and
extremely simplified explanations, we can con-
clude that the contents of the mentioned and
analyzed/compared heavy metals are regularly
significantly higher than those that we register
in lignites with modern laboratory tests. From
this, the conclusion of a modest geologist (the
author ofthe paper) who has been dealing with
this problem for twenty years, that the con-
tents of heavy metals in the recent or distant
past were far higher than the current ones in
the lignites we are excavating. Unfortunately,
our ancestors were not even aware of what was
surrounding them in their everyday life. They
were alive and well anyway.

Unfortunately, one of the limiting factors for
further comparisons is that the laboratory de-
terminations at the mentioned locations/sam-
ples were performed on a smaller scale (only
a few TM), which is generally a much smaller
scale of determination than ours. We deter-
mined 20 chemical elements (E1IM) in lignite
samples in the laboratory; but expert teams
from numerous locations worldwide deter-
mined about 4-5 elements, only a few times
even more than that. At least that’s how it'sbeen
published. The conclusions are up to you.

CONCLUSION

The lignite’s of the Kostolac-Kovin and Kol-
ubara Lignite Basins generally has low total
amounts of concentrations of heavy metals,
compared to selected Serbian, regional, Euro-
pean and Worldwide archeological, anthropo-
logical samples, as well as ancient settlements
constructions and sediments or top soils. In
this work, special attention is paid to the total
content of ITM as pollutants in Time Footprint
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M aHTPOMONOWKNM y30pymMma, anm u ca ysop-
umma rpaheBMHCKUX amTepujana cegnmeHarta
M Tna u3 Hace/mba nam nehnHa ctTapux BpeMeHa.
Y oBoM paagy, nocebHa naxha je nocseheHa
YKYNHOM cajp)Xajy TewKux MeTasna Kao 3a-
rahuBaya Ha CKanum BpPeMeHCKOr oTucka. Ha
OCHOBY TOra, MOXKe Ce 3aK/by4YUTN fa cy yKyn-
He KonuenTpayule HEKONUKO opgabpaHux u
aHanusnpaHux Tewknx metana (Mn, Zn, Pb,
Cu, Hg, Cd, Ni, As) 3HauyajHo Behe y cTapum,
rna 4ak M npactapum, y3opumma npukKaszaHuUM
Ha CKannm BPEMEHCKOr OTMCKa Hero wTo cy y
CaBpeMEHOM CPMCKOM INTHUTY.
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