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Introduction

Mine waters are rich source of heavy metals and
metalloids in dissolved state with potential toxicity
to the environment, especially when they unrestrained
discharge in streams and rivers. Although their con-
centrations decrease, due to dilution by surface wa-
ters, or as a result of absorption by channel sedi-
ments, for some mobile elements, such as arsenic,
they remain much higher compared to the maximum
permissible concentration for surface waters. The
monitoring of the seasonal dynamics and contents
of the potential pollutants in mine waters will help
in prediction and prevention of possible surface and
drinking water contamination in concentrations
above the guideline values. In Chiprovtsi and Marti-
novo mines vicinity is observed a typical case of mine
waters discharging into small streams, which in turn
flow into the Chiprovska Ogosta river. This addi-
tionally contributes in Chiprovska Ogosta river pol-
lution.

Geology and mining history
of the Martinovo iron and Chiprovtsi
silver-lead deposits

The Martinovo iron and Chiprovtsi silver-lead de-
posits are hosted in the low-grade metamorphic rocks
(marbles and schists) of the Diabase Phyllitoid Com-
plex (Precambrian — Early Ordovician age) (Kal-
vacheva, 1986; Carrigan et al., 2003)), intruded by
Sveti Nikola granite of 313.8+3.5 Ma age (Carrigan
et al., 2005). The mineralizations in both deposits
comprise of Mo-W (molybdenite-scheelite), Fe (mag-
netite-pyrrhotite-arsenopyrite-loellingite-pyrite-sider-
ite), Ag-Pb (galena-tetrahedrite-Ag-Sb sulphosalts)
and fluorite-calcite (with minor constituent of cin-
nabar) (Atanassov, Pavlov, 1983). Chiprovtsi and
Martinovo mines are known to be exploited from
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Roman times, through Middle Ages, most intensive-
ly from 1950 to 1999, when both mines are closed.
Remediations activities have been carried out in the
region since 2000 year, which covered not only the
three tailing impoundments, but the numerous mine
spoil heaps too. At present all mine spoil heaps are
partially or completely remediated, except those in
Rupski Dol, Lukina Padina and Dolich mine sec-
tions.

Materials and methods

Sampling took place during both dry (September
2005) and wet seasons (May 2006) in all mine sec-
tions in the Martinovo and Chiprovtsi mines. Sam-
ples were collected from mine waters discharging
from the main adits in the Perchinki, Mali Dol,
Zhazhkov Dol, Gnili Dol, Velin Dol, Lukina Padi-
na and Dolich mine sections and from stream wa-
ters in the Yavorov Dol and Rupski Dol mine sec-
tions. One sample of drinking water was collected
from public fountain in the village of Zhelezna, locat-
ed near Dolich mine section. Sample locations were
recorded with a handheld Garmin-GPS device. Phys-
ico-chemical parameters of waters (pH, Eh, T and
EC) were measured in situ with Ludwig Seibold por-
table equipment (pH-meter and conductivity meter).
All water samples were collected according to the
international water sampling guidelines (WHO,
1996). Each 100 ml water sample was collected in
polyethylene bottle with 50 ml syringe; in situ filtrat-
ed through 0.45 um pore diameter membrane filters,
and acidified separately with supra pure acids: 5 ml
HCl (for As and Sb), and 1 ml HNO, (for Pb, Cu, Zn
and Cd). The contents of As, Sb, Pb, Cu, Zn and Cd
in the samples were determined by inductively cou-
pled plasma atomic emission spectroscopy using HR-
ICP-AES Jobin Yvon Ultima 2 in agreement with
ISO 11885:1996(E) at the Geological Institute, BAS.



Results and Discussion

The measured in situ physico-chemical parameters
of mine waters slightly differ during September 2005
and May 2006, but distinct increase of the measured
temperature and Eh and decrease of conductivity is
observed during wet season for all sampled waters.
This is not valid for pH, which ranges from 6.90
(drinking water) up to 8.54 (Zhazhkov Dol, May
2006), but remains almost equal to neutral-circum-
neutral pH, due to the carbonate-buffering by the
host rocks (siderite marbles). This also prevents acid
mine drainage (AMD) generation discharge from
the mines and retains the sulphides dissolution abil-
ity low. The estimated total concentrations of heavy
metals and metalloids in the waters collected in May
2006 are insignificantly higher than those collected
in September 2005, except for the lead contents, which
are several times higher than September contents (ta-
ble 1, fig. 1).

The observed concentrations of each element
show apparent correlation with the particular min-
eralization in each mine section. The highest arsenic
concentrations are determined in the mine waters
from Perchinki, Mali Dol and Zhazhkov Dol mine
sections, where the ore is strongly enriched with ar-
senopyrite and loellingite. Similarly to this, the high-

est lead and antimony concentrations determined
in waters from Sinya Voda, Gnili Dol, Lukina Padi-
na and Dolich mine sections are related to the gale-
na-tetrahedrite containing ore in Chiprovtsi mine.

Previous mine waters investigation carried out by
Kotsev (2001, 2003) compared to this study shows
considerable decrease in the lead, zinc, copper, cad-
mium and arsenic contents in mine waters at present,
probably resulting from the mining activity end.
However, the lack of data about antimony concen-
tration in mine waters, especially from Lukina Padi-
na and Dolich mine sections, did not allow us to
correlate the obtained data in this study to previous
investigations. Antimony was not examined in mine
waters in Bulgaria so far, because of its insignificant
quantity in the processed ores. Taking into account
its presence in the mined ores from Chiprovtsi mine
and its behavior and toxicity to the environment, we
decided to examine its concentration in mine waters
and explore whether it could be, or is a potential
pollutant of the waters in the study area. The deter-
mined total antimony concentration in 5 from 15
water samples does not exceed 25 pg/l, which is slight-
ly above the maximum permissible limits (MOEW,
2001) and WHO guideline values (WHO, 2004), but
antimony was not found in surface and drinking
water (table 1, 2).

Table 1. Physico-chemical parameters of waters and total Cu, Cd, Zn, Pb, As
and Sb concentrations (in pg/l) in mine, surface and drinking waters in the
region measured in September 2005 and May 2006

Tabauya 1. DU3uKoOXuUMUUHU NAPAMEMPU HA 800UME U 00U U KOHYEHMPA-
yuu Ha Cu, Cd, Zn, Pb, As u Sb (¢ ug/l) 8 pyOrHuuHU, NOBBPXHOCMHU MeYda-
WU U nUMetHu 800U 8 paiiona usmepenu npes cenmemspu 2005 u maii 2006

Ne Sampling place (mine section| Sampling ‘ Eh | T EC Cu | Zn | Cd ‘ Pb | As | Sb
_ and level) season (mV)|CO)|(uSem™) | (ug/D) | (ng/D| (ug/D) | (ug/D| (ue/D)| (ug/D
P . September 2005 - - - - - - - N
1. Perchinki, 940, adit 7.75157.2 9.7 387 14 08 275 119

May 2006
2. Perchinki, 900, adit “

: . 8161840100 403 1 1 26 162

3. Mali Dol, 810, adit 7502382 84 420 156 332 - 114
_ . 7911819 9.6 397 - - -

4. Mali Dol, 850, adit 7332530 9.0 375 68 12 34 140

. 8361690 86 681 - 2 28 105

5. Zhazhkov Dol, 760, adit 8432480 80 583 36 13 484 121
Zhazhkov Dol, 740, drainage 7.98 202.013.2 131 - 1 66 12

water

7. Yavorov Dol, stream

8.42 169.0 10.2 746 - 18
8.54238.0 8.9 649 27

8. Sinya Voda, 620, adit

9. Rupski Dol, stream

Gnili Dol, 570, lake in front
the adit

11. Velin Dol, 545, adit

10.

12. Lukina Padina, 495, adit
13. Dolich, 415, adit

14. Dolich, 395, drainage water

Zhelezna village, drinking

15. water

7541893 7.8 382 11 9

7.69 239.0 16.1 200 - -
8.05181.014.2 211 1 -

8.15 150.0 15.8
8.20 179.0 15.2 344 -
8.35217.0 148 391 17
8.18 150.519.3 527 -
8.10 259.0 13.1 506 14
7.90 154.011.9 776 3
8.23 266.2 9.4

7.50 260.511.7 596 11
7.86 225.0 155 599

6.90 180.0 16.9 390 2
7.16 285.0 12.4 288 4
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Fig. 1. Comparison between heavy metals and metalloids total concentrations
determined in mine, surface and drinking waters collected in September 2005 and
May 2006: a) Cu, Cd, Zn and Pb; b) As and Sb

®ur. 1. CpaBHeHNE MEXOY CHIBPXKAHUETO HA TEXKHA METAJIW U METAJOUIN B
PYIHUYHUTE, IOBBPXHOCTHUTE U NUTEiHN Bonu npe3 centemspu 2005 u mait 2006:

a) Cu, Cd, Zn u Pb; b) As u Sb

Table 2. WHO (World Health Organization) guideline values and MOEW (Ministry of
Environment and Water) maximum permissible limit (MPL) values of Cu, Cd, Zn, Pb, As

and Sb for drinking and surface water

Tabauya 2. Ilpedeano donycmumu u npenopsuumeanu Konyenmpayuu na Cu, Cd, Zn, Pb,
As u Sb es3npuemu om Mexcoynapoonama 30paena opearnuszayus u Munucmepcmeomo

Ha oxoaHama cpeda u sooume

Organization, guideline values pH T EC Cu | Zn | Cd | Pb | As | Sb

’ (C)|(uSem™) | (ng/D)|(ng/)| (ng/D)|(ng/M)| (ng/D)|(ng/)
MOEW (1986), MPL, surface water, 2™ category 6.0-8.5 20.0 1300 100 5000 100 50 50 -
MOEW (2001), MPL, drinking water 6.5-9.520.0 2000 2000 5000 5 10 10 5
WHO (2004), guideline values, drinking water <80 - - 2000 3000 3 10 10 20

Although some authors consider arsenopyrite as
relatively stable mineral under oxidizing conditions,
circumneutral pH and comparatively high Eh (Jam-
bor, 1994), it still dissolves in water and its concen-
tration reaches up to 200—300 pg/l. Arsenopyrite de-
composes following the reaction: FeAsS + 7H,0 =
Fe?*(aq) + H,AsO4(aq) + 11H* + 11e= + SO,*~. As
far as solubility is a function of the temperature,
substance chemistry, pH and Eh, could be assumed,
that at 8—10°C and pH — 7—8 of the water in the
underground workings, the arsenopyrite solubility
would be lower than that calculated for 25°C by Craw
et al. (2003), but well enough to produce about 100-
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150 pg/l dissolved As**(aq) + As>*(aq) in the waters,
as it was determined in mine waters from Perchinki,
Mali Dol and Zhazhkov Dol mine sections.

The higher lead contents in mine waters deter-
mined during wet season probably result from es-
sential variation in the mine water ionic composi-
tion, especially SO,>~ and HCO,~ concentrations,
which control in turn the lead content in mine wa-
ters (Blowes, Ptacek, 1994).
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OneHka Ha CbABP:KAHUETO HA TEKKU METAJIN U METAJIOUAN
B PyAHUYHHTE BOAU OT pyaHuuure Maprunoso u Uunposuu,

CeBepo3zanaana boarapus

Jumumpuna Jumumpoea', Huxoaaa Beauuxosa', Ileeman Koyee?, Jumumsp Aumonos’,

3opuuya Yoaarkosa’

Pe3rome. Pyguuniure MaptunoBo u Hunposuu B
Ceseposzanagna beiarapus ca akTUBHO €KCILIOATH-
panu B nepuoga ot 1950 go 1999 r. Ot 1999 r. e
ca B MPOIIEC HA JIMKBUAIUS U KOHCEPBAIHs, KATO
JI0 MOMEHTA Ca PEKYJITUBHPAHU KaKTO TPUTE 00-
CITy>KBAIllA XBOCTOXPAHWIMIIA, TaKa U MO-TOJIIMa-
Ta 4YacT OT HACHWIIMTE B OTICITHUTE Y4acCTBIH Ha
pyasunute. PynHUYHUTE BOAM OT OCHOBHUTE W3-
BO3HU T'aJIEPUU B IIOBEYETO YUACThIU, 00aue U3TH-
yaT HaBbH U C€ BJIMBAT B IMPUTONUTE HA p. YUun-
poBcka Orocta. I3BBpIIIEHUTE CE30HHU U3CTIeBA-
HUS Ha ChIIbPKAHMETO Ha TEKKU MeTaJIH (Me]I, Ka-
MUH, IUHK, OJIOBO) M MeTaJiouu (apCeH U aHTH-
MOH) B pyTHUYHHUTE BOJU U B HIKOU IPUTOIIH HA P.

1

Yunposcka Orocra noka3BaT HE3HAYUTEHO CE30H-
HO KOJieOaHWE ¥ BUCOKU ChIbPIKAHHS Ha TE3M eJie-
menTH (10 Hakosko meru Hag [TJK mo B/C), oco-
0O€eHO Ha apCeHa 1 0JIOBOTO, KOMTO Ca OCHOBHHM 3aMb-
pCUTENIX Ha BOJUTE U IOYBUTE B palioHa, KOETO OT
CBOSI CTpaHa Moa4YepTaBa MOTEHIIMATHATA TOKCHUY-
HOCT Ha pyJTHUYHUTE BOJIM BbPXY OKOJIHATA Cpea B
HemocpeacTBeHa 6au3ocT. V3kiIroueHne mpaBsT
ChIIbPKaHUSITA HA PA3TBOPEHO OJIOBO, KOUTO IMOKAa3-
BaT 3HAUMTEIHA CE30HHA Bapuanus. B yuacTbuure
Jlykuna naguna u Joaud ce oTOens13Ba ¥ 32 10BOJIH-
TEJTHO TIOCTOSIHHO ChII'bpXKaHWE HAa pa3TBOPEH aH-
TUMOH (10 25 pg/l) B M3TUYAIIUTE PYIHUYHA BOIH.
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