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Abstract. Metallurgical productions are a potential source of environmental pollution, including groundwater. For
the preservation of groundwater resources, the proper organization of a network of observation wells to monitor the
quantity and quality of groundwater in the territory affected by the production is of a great importance. The object
of the present study is the groundwater in the area of the Aurubis Bulgaria plant. The development of the largest
own monitoring system in the country has been tracked, with a view to obtain a real picture of the ecological state of

groundwater and its changes over time.
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BnBenenne

MeTtanmypruaHUTE TPOU3BOJICTBA Ca MOTEHITHAIICH
W3TOYHWK Ha 3aMbpCsBaHe Ha OKOJIHATA Cpena,
BKJTFOUHMTEITHO W Ha Tom3eMHuTe Boau (Gerginov,
Krastanov, 2007; Sandru, Elena, 2017). Enun ot
BAXHUTE €JIEMEHTH, C OTJIe/ 3arma3BaHeTo Ha BO-
JTHUTE PECcypcH, € TMPAaBWIHOTO OpraHW3UpaHe Ha
MOHHTOPWHTOBA MpeXa 3a IMpOCieasiBaHe Ha KO-
JUYECTBEHUTE M KadeCTBEHH IOKa3aTeNd Ha TIOA-
3eMHHTE BOJM Ha TEPUTOPHATA, 3aCETHATA OT TPO-
m3BonctBoTO (Everett, 1984; Albert et al., 2004).
OOeKT Ha HACTOSAIIOTO U3CJICIBAHE Ca TIOI3EMHUTE
BOJH B paiioHa Ha MEI0TOOMBHUS 3aBOT ,,AypyOwnc
boirapus®, a nenra e na ce npociaeau pa3BUTHETO
Ha MOHUTOPHWHTOBATa MPEXa, C OTJIe]] ITOJTydaBaHe
peasiHa MpeicTaBa 3a eKOJIOTHYHOTO ChCTOSHUE Ha
MOJI3EMHUTE BOJAW B pallOHA Ha 3aBOJIA U HETOBH-
T€ POMEHU BHB BPEMETO, KaKTO U Jla ce 3allo3Hae

© Bbbarapcko reosoruuecko ApyxecTBo U bbiarapcka akagemus Ha HaykuTe, 2023

https://doi.org/10.52215/rev.bgs.2023.84.3.291

O6III€CTBOTO ¢ Hal-rojsMaTa CHCTEMA 3a COOCTBEH
MOHUTOPHUHI B CTpaHara.

XapaKTepucTnKa Ha U3CJIeABaHUuA 00eKT

3aBoabT ,,Aypyouc brirapus™ A/l e pasmnonoxeH B
3natuiko-IIupaonckara KOTIOBUHA, B TOAHOXKHE-
TO Ha IOKHUS CKJIOH Ha 3JIaTUIIKO-|eTeBEeHCKHUs
nan ot Llenrpanna Crapa nianuHa. M3rpanen e
npe3 nepuoaa 1955-1958 r. u 3anmouBa ma QyHK-
uunonupa noxn umero MK ,.I'. Jamsnos®. Ilpe3s
1997 1. Toii € mpUBaTU3UPaAH OT OeNTrHiCKaTa KOM-
naunus ,,}JOnnon Munuep®. Ilpes 2005 r. menHoTo
NPOM3BOACTBO ce 000c00siBa B CaMOCTOSITEIHATA
KoMIaHus ,,Kymepno®, a 3aBoIbT MoJly4aBa UMETO
»Kymepno Men®. Ilpe3 2008 r. HemckaTta Komma-
Hust ,,Hopanoiiue Adunepu u Oenruiickata ,,Ky-
MepHo‘“ ce obemuHsBaT, Kato npe3 2009 r. ,,Hopx-
noiiue Acdunepn mpuema umero ,,Aypyouc”, a
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3aBOIBT cTaBa “‘Aypybuc bemrapus”. CwrcTom ce
OT HAKOJKO OCHOBHHM NPOMU3BOACTBCHU CAWHUIIN:
METAIIYPrUYHO IIPOU3BOACTBO, BKIIFOYBAILO CHOPH-
’KCHHUE 3a TPOU3BOJICTBO HA CSIpHA KUCEITUHA, KaTo
OCHOBHO OYHMCTHO CHOPBIKECHUE KbM METAITYyPrudHO
MIPOM3BOCTBO, papuHEpHs 3a KaTOAHA Mell U 000-
ratutenHa padpruka. OCHOBHATA IEWHOCT MIpeaCcTa-
BJIsIBa MbPBUYHO MCTAJTYPrudHO ITPOU3BOJICTBO Ha
aHoaHa MEJ] OT MECAHU KOHUCHTPATH U HAa KaTOAHa
Men (dpe3 elIeKTPOIUTHO padWHUpaHe HA aHOIHA
Mef), KaTo CTpaHW4YeH MPOIYKT OT JABETE MPOU3-
BOJICTBA C€ IOJTyYaBaT ChOTBETHO CSIpHA KHCEITNHA
U [IUIaMOBE.

OOmara TwIoNT Ha MPOW3BOACTBEHATA TUIOIIA/-
Ka C HEOOXOIUMHTE 3a JICTIOHUPAHE Ha OTHAIBIIUTE
oty ooxBarmra okoyio 400 xekrapa. Ha moman-
KaTa Ha MPENPHITAETO Ca PA3MOI0KEHH CICIHNTE
TMMOTCHUIHAIIHU U3TOYHUIIU Ha 3aMBbpPCABAHC C OIlac-
HU BEIECTBA Ha IMOJ3EMHHUTE BOJU: KallCyJIHPaHO
A PEKYITUBUPAHO YTAWUTEIHO MIIAMOXPAHUIIUILE
(“Cunsra maryna”); IeTo 3a ChXpaHEHHUE Ha OITaceH
OTHAaABK OT MPEUNCTBATCIIHA CTAHIUA 3a IMTPOMMUII-
JICHU OTIIaJHW BOJU, PCKYJITUBHPAH IIJIAKOB OTBAJI
3a CbXpPaHCHUC Ha OTBaJIHKM MCIHHW NILIaKKW; HOBO
XBOCTOXPAHWJIMIIC U PEKYJITUBUPAHO XBOCTOXpa-
HWIUINE 32 ChbXpaHEHHWE Ha OTHaJbueH (asIuTOB
IMPOAYKT. Karo m3tounmnk Ha CTapu 3aMbpPCIABaHUs,
UMall OCHOBHO 3HaYCHHUE 3a TIOJ3EMHHUTE BOJH, CE
cunuTa OCTaTb4YHOTO 3aMBbpPCABAHE HA ITOYBUTE. Or-
JIEITHUTE TUIONIAJIKK B 3aBOJIa ca TMOTCHIIUATHHA W3-
TOYHHUIM HA pas3INYHA 3aMBbPCUTCIIU, HO B ITIOBCYECTO
CJIydad Te MOTarT Jia MpeIM3BUKBAT MpoMsiHa Ha pH,
€JIEKTPOTIPOBOIMMOCT M ChIIbpKaHUE Ha CyN(aTH.

I"e0J10:KKH U XHIPOT€0JI0KKH YCIOBUS

OcHOBHATa TEKTOHCKA CTPYKTypa B H3CIICIBaHUSI
paiion e ITupnonckust rpaden (Cheshitev et al.,
1995). Toii e eaHOCTpaHEeH, OTPaHUYEH Ha CEBEP
or 3aa0aKaHCKUS Pa3liOM, KaTo TEPUTOPHUATHO
BKItouBa [Iupnornckoro u 3natumkoro nojie. ['pa-
OCHBT € 3aITbJIHEH C KBATEPHEPHH MPOTYBUAITHH OT-
noxenus ¢ aedenuna 1o 100 m, KoUTo 3ansaraT Bbp-
Xy CKaJIHa MOJUIOKKa OT MeTaMOp(HU CKaJn — Ou-
OTHUTOBHU U MYCKOBHUTOBH JIBYCJTFOJICHH THAICH, HO €
BB3MOXKHO T€ JIa JISKAT U BbPXY TUIMOLIEHCKH OTJII0-
skenust. [TopoiiHuTe KOHYCH 00pa3yBar 001l IPOJTy-
BUAJICH NIIeH (] M n3rpakatT Hal-ropHUTE YacTH OT
TeoJIOKKUS pa3pe3. Te ca mpejcTaBeHn OT YaKbIIH
(empu, cpenHu M ApeOHHU), YAKBIECTO-TIECHUIHBH
riuHYU 1 nechuinBy riinHU (Cheshitev et al., 1995).
CpaBHUTEITHO TIO-PSIKO CE CpellaT TIIMHECTH Iisi-
ChbIM. Pa3nuyHuTE JIMTONOXKHA Pa3HOBUIHOCTH CE
NPEIUINTAT CIOKHO M He3akoHOMepHo. CkanHaTa
MOJITOkKA 3aThBa B OOII IIaH HaA for. CkanuTe ¥
M3rpaKJaT ChII0 CeBepHHUs CKIIOH Ha CpeHa ropa,
10kHO oT [Tupaon m 3matuia, a ChIIO Taka MajKH

292

y4acTBIM OT 10KHUS ckiIoH Ha Crapa [lnannna, 3a-
MaJHO OT T'p. 3NMaTHIla ¥ U3TOYHO oT Tp. [Impmom.

B paiiona Ha 3aBox ,,Aypyouc beiarapus pas-
MIPOCTpaHeHNe NMaT MMOPOBUTE BOAH, (POPMUPAHHU B
YaKBJIUTE ¥ MSCHIUTE C alTlyBUAJICH U MTPOITYBHAICH
nmpousxo/. BomochabpxamuTe Tena ca IJIacToBe
W JICIIH, YeCTO HECBBP3aHH MOMEXIY CH, MPOCIO-
€HHU OT BOAOYTIOPHU MECHUWINBH TJIMHUA U TIIMHU C
gakbiau. [lebenmnuara um ¢ 1040 m, xaTo Ha fOT
M3KIMHBAT. Hali-4yecTo Ha MOBBPXHOCTTA 3aidrar
TJIMHECTH OTJIOKEHUS, KOUTO HE MOTaT Jia ce IpH-
emarT 3a ChBBpIIeH n3onuparl miact. DopMupanu-
AT TIOJI3€MEH MOTOK € C ITOCOKa Ha IBUKEHHE OT Ce-
BEp Ha IOT C JIOKAJTHU U3MEHEHHS OKOJIO TOJIEMUTE
pexu (Antonov, Danchev, 1980). Ipn6ounnaTa Ha
BOJIHOTO HMBO B ceBepHaTa nepudepus Ha [Tupgomn-
ckus rpaden e 30—40 m, B nieHTpaNHaTa 4acT € OT
2 mo 7 m, a B I’KHATa € OJIN30 JIO0 MMOBHPXHOCTTA.
B TakuBa ywactweim ce (opmupar 3abiaTsBaHUS
WJIM 30HM C TUTUTKO BOJHO HWBO. BomooOmiHocTTa
€ pa3NuYHa B PA3INYHATE YUaCTHITH.

MoOHMTOPHHIOBA CHCTEMA

OCHOBEH WHCTPYMEHT 32 OIICHKa W KOHTPOJ IO
ora3BaHe Ha OKOJIHATA Cpe/ia € MPOBEkKIaHETO Ha
MOHHMTOPHUHT Ha Bb3/yX, MouBM U Bojau. IIpe3 1999
T. 3aIl0YBa M3TPaKIaHETO HA MOHUTOPHHIOBA Mpe-
’Ka 3a HaOJIOJICHHE KOJIMYecTBaTa W KauecTBaTta
Ha TO/I3EMHUTE BOJU B PA3MIICKIAHHS PaOH IO
YTBBpJICHA MpOTpaMa, ONpejeisiia ITyHKTOBETE,
MOKa3aTeNInTe, YecToTaTa, MPOABIKUTEIHOCTTA,
KaKTO M OTYUTaHeTo Ha pesynrtature (Hristov et al.,
2017). Llenta Ha MOHUTOPHUHTA € Aa C€ MPOCICHSIT
WU3MEHEHUSTA B XHJPOJAWHAMHUYHATA M XHJPOXH-
MHUYHa 00CTaHOBKA Ha MMOJI3EMHHUTE BOJHM B 00XBaTa
Ha 3acerHaraTa TepUTOPHS OT JICHHOCTTa Ha 3aBO/IA.

[TbpBOHAYATHO ca M3TPaJIeHN 26 HAOIIOIaTEITHH
COHJIaXKa, YUUTO OpOH ce yBenryaBa npe3 roJHMHHU-
te u goctura 10 70 Opost B Momenra (¢ur. 1). Te
ca pasIoNIOKCHW B HEPaBHOMEPHA MpeXka, KaKTO
Ha TEPHUTOPHSTAa Ha TPOU3BOJICTBEHATA TLIOLIA[-
Ka Ha 3aBOJIa, TaKa W B MPUJICKAIIN HA Hes TepH-
topun (Mihaylova et al., 2019). Bceku conmax e
3allIUTEH CpPeIly BHHIIHH Bb3/ICHCTBUS H € HOMEPH-
pa (¢wur. 1). BbB Bcekn MOHUTOPHHTOB COHJIaXK 4
II'BTH TOJTUIIHO (CE30HHO) C€ M3MepBa BOJIHO HMBO,
Ha MSICTO C€ OIpEJeNsiT TeMIleparypa Ha BOjara,
pH, enexTponpoBoIHOCT U ce B3UMa BOJHA Tpoda
3a ompenessiHe Ha chabpkanusita Ha As, Cd, Cr,
Cu, Fe, Hg, Mn, Ni, Pb, SO,, Zn. Bcsika MoHuTO-
PHHIOBA CECHs € ChC CBOM IOpeeH HOMEp, Karo
OT MOMEHTa Ha 3aloyBaHe Ha MOHHUTOPHHIOBATA
nporpama jocera ca nposeneru 96 cecun. [Ipo6o-
B3EMaHETO U M3MEPBAHETO CE U3BBPIIBAT CHITIACHO
W3UCKBAHMATA HA OBITapCKA U EBPOICHCKH HOp-
MaTHBHU JIOKYMEHTH, & XUMUYHHUSAT aHAIHU3 Ha B3e-
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Fopuna

®@ur. 1. MoHnuTOpHHroBa cCUCTEMa 3a TI0J[3¢MHH BOJM Ha 3aBOJ ,,Aypy6uc buarapus® AJl, rp. [lupaon

TUTE BOJIHH NMPOOH CE M3BBPIIBA OT aKpeIUTHPaHA
nmabopaTopusl.

Jduckycust

Cb00pa3HO TAXHOTO MECTOIOJIOKEHHE U OCHOBHH-
TC€ MU3TOUYHHMIHN Ha CTapu W NMOTCHIMWAJIHW HOBU 3a-
MBpPCABAaHUA, MOHUTOPUHTOBUTC COHJAXHU Ca pas-
npeieTIeHd TEPUTOPUAITHO B 3 30HU — (DOHOBH, Ha
TEPUTOPHATA HA TMPOU3BOJICTBCHATA TUIOMIAJIKA H
HU3BBH HES 110 ITOCOKA Ha ABUXKCHHKEC HA ITOA3C€MHUTC
Bonu. DOHOBHUTE COHJAKHU ca M3TPaJicHH B 30Ha-
Ta, OTKBACTO IMOCTBIBAT HE3AMBPCCHU INOA3EMHU
BOJIM Ha TEPUTOPHATA Ha TUIOMIaaKaTa. B Hawaio-
TO, B Ta3W 30HA € UMaJo caMo | COHJax, KaTo mpe3
2009 r. OposiT uM goctura 1o S5, a kbM 2023 1. ca 4
Opos. OCHOBHO BHHMaHHE € 00BbPHATO HA TUIOMIA/I-
KaTa Ha 3aBOja, KaTo B HEs ca M3rpajieHu 59 Opos
MOHHUTOPHUHTOBH COHaXa. MeCTONOI0KEHHUETO UM
e m30paHo Taka, ue Jia ce MoJlydyd WHpOopMaIus 3a
BCPOATHUTEC MPOMEHU HA XHUJAPOXUMHUYHUTC IIOKaA-
3aTeNld Ha TOJI3EMHUTE BOJIM, BCICACTBUE Ha pas-
JUYHHUTE TIPOU3BOJICTBEHH AelHOCTH B 3aBoja. C
OrJIe]l yCTaHOBSBaHE MMa JIM paslpoCcTpaHeHHE Ha

3aMbpCsBaHE M3BBH IUIONIAIKaTa Ha 3aBOJIa, Ca U3-
rpajieHu 7 Oposi COHIAXKHU IO ITOCOKA Ha JIBUKECHUE
Ha TIo13eMHUTE BoIH (ur. 1).

CemectByBamara ot 1999 r. mocera MOHHUTO-
PHHIOBA CHCTEMa ITO3BOJIH JIa Ce OIIeHU U e(heKTHB-
HOCTTa Ha TIPOBEJICHUTE MEPKH 3a 1Mojo0psBaHe Ha
CHhCTOSIHUETO HAa OKOJIHATA CPefia CIie/l MPUBATHU3H-
paneTo Ha 3aBoja. KaTo mpumep Moxe Ja ce 1moco-
YK pSI3KOTO HAMaJlsiBaHE Ha CPEJIHUTE CTOMHOCTH Ha
CHIIBPKAHUETO HA CYI(PAaTH B IOJA3EMHUTE BOJH OT
Hazx 1500 g/l mpe3 1999 1. mo 900 mg/l mpe3 2010 1.
u 10 400 mg/l mpe3 2023 T.

3akaroueHue

MoHHTOpHHTOBaTa MpeXa € MOAXO/AIIO0 Pa3Ioiio-
JK€Ha W TO0Ka3Ba BB3CHCTBUETO HAa BCEKU MOTEH-
[IHATHO PUCKOB Y4acThK OT 3aBoja. Jlocerammuunre
HaAOJIO/ICHNsT TTOKa3BaT, 4e MOXe Jla Ce OLEHHU pe-
AITHOTO CHCTOSTHUE Ha MOJI3EMHUTE BOJU BHB BCEKH
€JIMH y4acThK OT 3aBOJIa U MO3BOJISIBAT Jla Ce ycTa-
HOBSIT €BEHTYAIHN OBJACUIN aBapUWHU U3ITyCKaHUSI
Ha TOYKOBH 3aMbPCHUTENH U B3UMAaHE Ha aJIeKBaTHU
MEpKH 32 JTUKBUIUPAHETO UM. B pernonasien mian
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MOHUTOPHUHI'OBAaTa CUCTEMA IMO3BOJIM 1a C€ yCTaHO-
BHU, Y€ BBIIPEKHU ABJITOTOAUINHOTO CHHICCTBYBAHC
Ha 3aBOJia, HsAMa ChIICCTBCHO NPUJBUXBAHC HA 3a-
MBPCUTEIIN 110 ITOCOKa Ha IMOTOKAa Ha MOJA3CMHUTE
BOAU 1 HiAMa YCTAHOBCHO 3aMbpPCABAaHC HA MMOA3EM-
HHUTEC BOJH U3BBH 3aBOJA.
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