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Introduction

Mine waste containing heavy metals and metalloids
is one of the main sources of environmental pollu-
tion. Soils are known to accumulate heavy metals
and metalloids transferring them further into the
grasses and through the livestock into the people.
The aim of this study is to provide data concerning
the contamination with As and heavy metals of soils,
grasses and some components of the food chain in
the surroundings of the Golyam Bukovets tailings
pond from the Chprovtsi mining region.

Site description

Mining activity in the Chiprovtsi region from 1951
to 1999 left waste rock dumps and 3.5 Mt of waste
stored in 3 tailings ponds. The Golyam Bukovets tail-
ings pond is the largest one. It is the main site for
waste storage from the ore processing of 3 types of
deposits: Pb-Zn-Ag, Fe-As and Fe. 1t is situated at
an altitude of 500 m between Chiprovtsi and Zhelezna
and located in a natural negative relief. Its area oc-
cupies approximately 0.6 km? and the total amount
of waste is about 30 Mt. In 2001 the Golyam Buko-
vets tailings pond was covered with a coating of an
insoluble, non-reactive synthetic precipitate and
about 30 cm of uncontaminated soil and Dutch clo-
ver was plant.

Sampling and analytical methods
Sampling and description of soil profiles

The dust emissions from the Golyam Bukovets tail-
ings pond, containing high concentrations of phas-
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es enriched in As and heavy metals, have impacted
agricultural areas and meadows used for farming
and livestock breeding, waters and river sediments.
Soils and grasses from the background and contam-
inated areas in the surroundings of the tailings pond
were sampled for the aims of the present study.

Three soil profiles differing in their position and
therefore metal concentration were sampled.

The first profile (1) is located in a meadow be-
tween agricultural fields at around 500 m SW from
the tailings pond and is considered to be unpollut-
ed background reference. It was sampled to a depth
of 30 cm from three soil horizons.

The second profile (2) is located at the water shed
between two neighbor hills 100 m NE from the tail-
ings pond. It is situated on the main wind directions
and has been affected by dust pollution during the
last 20 years. The sampling was performed to a depth
of 30 cm from four soil horizons in the meadow which
has not been tilled more than 40 years.

The third profile (3) refers to an alluvial terrace
on the right bank and 100 m far from Ogosta River.
It is located in a fruit-tree garden 800 m NE from
the tailings pond and is supposed to be polluted by
dust emissions and impure river waters especially in
the period before 1979 when the tailings pond had
not been constructed yet. The profile was sampled
to a depth of 40 cm from three soil horizons.

The forth sample (4) is from the soil cover of the
tailings pond and is considered to be unpolluted.
Being a growth environment of the grasses, it is im-
portant as reference for the present study.

The bulk soil samples were dried naturally, ho-
mogenized and dry sieved at 2 mm and 63 um mesh



sizes in order to be separated two soil fractions —
less than 2 mm and less than 63 pm. The first frac-
tion will be referred as a bulk sample and the sec-
ond one — as a fine fraction.

Heterogeneous grasses from the four points of
soil sampling as well as Dutch clover from the beach
of the tailings pond were collected. In order to fol-
low the contamination of the food chain, livestock’s
milk and excrements from the polluted areas were
collected.

Analytical methods

The mineralogical compositions of the selected soil
samples were determined by a powder X-ray diffrac-
tion. Chemical analyses of the both fractions from
the four profiles were determined by X-ray fluores-
cence spectroscopy (XRF). Heavy metals and met-
alloids in soils and milks were analyzed additional-
ly by ICP-AES and AAS.

Results and discussion
Soils

The soils from the region are characterized by high
As, Pb and Zn background contents due to the ad-
jacent rocks and ore deposits. The contents of these
elements in the background profile (1) are higher
than the maximum accepted concentrations (MAC)
for soils with pH 6.2-7.0 by the Bulgarian legislation
(MAC in mg/kg: As-25; Pb-80; Cu-255; Zn-330) (In-
struction No 3, 2002) (fig. 1A).

As in the two contaminated profiles and in the
beach sample exceeds the MAC. In profile 2 it var-
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ies between 515 and 65 ppm, in the bulk sample,
and between 460 and less than 30, in the fine frac-
tion. In profile 3 the As content in the bulk sample is
between 335 and less than 40 ppm, and in the fine
fraction — between 295 and 85 ppm.

Cu is below the MAC values for Bulgaria in both
the fractions from the two profiles and in the beach
sample. Its concentrations vary between 101 and 58
ppm, for profile 3, and between 92 and 69 ppm, for
both fractions of profile 2.

Pb in both fractions of profile 2 is below and
around the MAC (from 117 to 42 ppm, in the bulk
sample, and 88-39 ppm, in the fine fraction, respec-
tively). The concentrations in profile 3 are higher
and exceed the MAC values (445-129 ppm, for the
bulk sample, and 430-145 ppm, for the fine frac-
tion).

Zn in both the fractions of profile 2 is below the
MAC (146-126 ppm, for the bulk sample, and 135-
109 ppm, in the fine fraction). In profile 3 the Zn
contents vary from 619 to 160 ppm (bulk sample)
and from 585 to 153 (fine fraction).

The two contaminated profiles showed enrich-
ment of As and heavy metals in the upper layers (fig.
1B, C). In profile 2 high concentrations were found
in the upper 5 cm because of dust contamination
and absence of cultivation of the meadow during
the last 40 years. In the alluvial terrace (profile 3)
high concentrations were established at a deeper level
(up to 15-20 cm) probably because of tilling or flood-
ing by the contaminated Ogosta River. At a depth of
40 cm the concentrations of the elements in profile 2
are almost constant and close to the background
values, while in profile 3 they are higher in depth.
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Fig. 1. As and heavy metals distributions in: A) — profile I (background); B) — profile 2 (meadow at the water
shed, 100 m NE from the tailings pond); C) — profile 3 (fruit-tree garden, 800 m NE from the tailings pond)
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Table 1. Elemental ratios in the studied samples from the region of the Golyam Bukovets

tailings pond
Ratio Fraction As Cu Pb /n Cd
CaiCs bulk 0.02 0.05 0.006 0.05 nd.
fine 0.03 0.06 0.006 0.06 nd.
bulk 0.01 0.06 0.02 0.08 nd.
Cde/Cs fine 0.01 0.07 0.02 0.09 nd.
Cos/Ce bulk 0.07 0.19 0.063 037 nd.
fine 0.09 023 0.06 0.43 nd.
Coc/Cs bulk 0.05 022 0.06 028 nd.
fine 0.05 0.26 0.06 032 nd.
Ces/Cg 347 3.92 9.8 6.86 1
Ces/Cdc 7.76 334 3.5 4.54 1
Cec/Cg 2.13 435 9.2 511 1
Cec/Cdc 476 3.70 3.29 3.38 1
bulk 0.020 2.67 0.1 4.11 nd.
Cm/Cs (x100) fine 0.024 313 0.09 4.72 nd.
Cm/Cg(x100) - 0.97 529 15.4 75.1 10
Cm/Cdc(x100) : 218 45 55 497 10

Abbreviations: s — soil; es — sheep’s excrements; ec — cow’s excrements; g — grasses; m — milk;

dc — Dutch clover; n.d. — not detected

The main minerals are quartz, K-feldspar, pla-
gioclase and micas; montmorillonite and chlorite are
less abundant. Organic matter occurs in all samples.

A number of secondary As- and heavy metals-
bearing minerals have been established. As in small
amounts has been determined also in iron-oxide
minerals.

Grasses, milk, excrements

As and heavy metals can be involved in the food
chain through the plants. Their concentrations in
the grass from the background area (profile 1) are,
as follows (mg/kg): As — 0.6, Cd — 0.17, Cu — 4.64,
Zn — 17.33, Pb — 0.6. The values in the heteroge-
neous pasture grass from the surroundings of the
contaminated profiles are (mg/kg): 4s — 7.0, in pro-
file 2; 16.2, in profile 3; 3.8, in sample 4; Cu — 6.31,
in profile 2; 14.64, in profile 3; 5.2, in sample 4; Pb
— 1.2, in profile 2; less than 0.5, in profile 3; 0.5, in
sample 4; Zn — 27.6, in profile 2; 52.5, in profile 3;
8.99, in sample 4; Cd content in all profiles is lower
than the detection limit of 0.05 mg/kg. The Dutch
clover from the reclamed beach of the tailings pond
contains As —1.7,Cu —6.11,Pb —1.4,Zn — 13.58,
and Cd — less than 0.05. These concentrations are
higher than in the Dutch clover from the Zlatitsa—
Pirdop region (4s - 0.08, Cu — 2.14, Pb — 0.41, Zn
—6.96, Cd — 0.02) (Stojanov, 1999).

As a link from the soil to the man, a sheep’s milk
from a herd of 200 sheep has been analyzed. The
concentrations (in mg/kg) of Zn (6.75+0.11) and Cu
(2.75£0.08) are higher than the MAC (Zn — 5.0; Cu
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— 0.4). A5 (0.037£0.005), Pb (0.077£0.008) and Cd
(0.005%0.001) are lower than MAC (4s — 0.05; Pb
—0.1;Cd — 0.01).

The excrements are an integral part of the bio-
circle. The concentrations of the studied elements
in the sheep’s excrements, the milk of which was
analyzed, are (in mg/kg): As — 13.2+0.8; Zn —
61.710.59; Cu—20.41+1.90; Pb — 4.9+0.3;.5b (0.5)
and Cd (0.05) — under the detection limit. The con-
centrations of the elements in the cow’s excrements,
collected from the reclamed beach, are, as follows:
As —8.1%0.5; Zn — 45.94+0.41; Cu— 22.61+2.05;
Pb —4.6+0.3;Sh and Cd — under the detection lim-
it. The metal concentrations in both cow’s and sheep’s
excrements are lower than the MAC values for soils
and much lower than the local background, so it
seems to be not dangerous for a secondary soil con-
tamination if used as an organic fertilizer.

The real risk for men’s health is related to the
plants capability to extract elements from the con-
taminated soil and to transport them into the milk.
The calculated relations are given in Table 1. They
show that As is absorbed with a low intensity from
the grass which restricts its transfer to the next ele-
ment of the food chain. The grasses and the Dutch
clover extracted most intensively Zn, Cu and Pb, and
the Cs/Cg and Cs/Cdc ratios give idea for their bio-
absorption capability. The adsorption capability of
grasses in the background part and the Dutch clo-
ver from the beach decrease, as follows: Zn>Cu>
Pb>As. For the grasses from the pasture-grounds of
the contaminated parts and the beach the relation
is: Zn>Cu> As>Pb.



According to Sirotkin et al. (2000) the Cm/Cs(Cg,
Cdc) ratios indicate the transfer rate of As and heavy
metals from soil and grasses to the milk. The calcu-

lated transfer capability in this study decreases, as
follows: Zn>Cu> Pb>Cd> As.

Conclusions

During its 20 years existence, the Golyam Bukovets
tailings pond has affected all elements of its sur-
roundings. As a result, elevated concentrations of
As and heavy metals in the upper soil layers and in
grasses are established.

The low distribution of As and heavy metals in
depth allows to assume their low mobility, thus re-
stricting their unfavorable environmental impact.
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EKO0JIOTMYHO BJIMSIHUE BbPXY NOYBHUTE, PACTEHUSITA U HAKOU
eJIEMEeHTH OT XPaHUTEJIHATA BEPUra Ha XBOCTOXPAHWIHIIIE
T'onissm bykoBen, YUnnposcku mutneH paiion, C3 boarapus

Bacuaxa Maadenosa, I[éeman Koyes, 3opnuya Yoaaxoea, Paargi-Tomac Hlmum,

Hpena Heanosa

Pe3rome. AHanusupaHu ca reOCKOJOTUYHHUTE IO-
CJIENCTBUSA OT BB3JIEHCTBUETO HA XBOCTOXPAHUIIM-
e ['onsm bykosen BbpXy npuiiexaiiure My JaHi-
madTu ¥ epekTa OT U3BbPIINCHATA PEKYJITHBAIIUS.
N3cienBaHo € 3aMbPCSBAHETO HA TIOYBU U PaCTH-
TEJIHOCT B 4 myHKTa (eauH (OHOB, 2 ChC 3aMbPCH-
BaHE W €IMH OT IUIaXa Ha XBOCTOXPAHWJIUILIETO),
KaKTO ¥ Ha MJISIKO U €KCKPEMEHTH OT OBIIE U KPaBU
Ha Maiia B paioHa.

AHaJIM3MpaHy Ca KOHIICHTPALUUTE HA eJIEMEH-
TH B [Be paKIM{ Ha MOYBUTE: BajoBa mpoba (mo
2 mm) u ¢puna ppakuus (mox 63 pm). CbabpKaHu-
siTa Ha AS B IBaTa NpoQuiia CbC 3aMbPCSIBaHE U B
IJIaXa ca HaJl MAKCUMAJTHO JTOMYCTUMHUTE KOHIIEH-
tpanuu (ITIK). Cu e nox ITAK, Pb e moa u Majiko
Han I[TJIK, Zn B npodui 2 e mox ITAK, a B mpodur
3 chabpXKAHUITA BAPUPAT U JOCTUTAT CTOMHOCTH
Hana ITJIK. B ycinoBusiTa Ha 3aMbpcsiBaHe Ha XBOC-
TOXPAHWIHUIIETO 110 Bb3AyXa MaKCUMAaJIHU KOHI[EH-
Tpaluy HA €JIEMEHTHUTE Ca HAJIWIE B IbPBUTE Hsl-
KOJIKO CaHTUMETpPA Ha MOYBEHHS MPOQWI U HE €
YCTaHOBEHO NMPUABIKBAHETO UM B Jbji00ouunHa. [Ton
BB3ACHCTBUETO HA MPAXOBOTO 3aMbPCSIBaHE U 3a-
JINBAHETO WJIH MOJIMBAHETO ChC 3aMbPCEHU PEUHU

BOIM B IIpodrIa OT 3ajuBHATA Tepaca Ha p. Oroc-
Ta (mpodui 3) ce HAGMIOgABaT BUCOKU ChIbpiKa-
HUS ¥ Ha MO-TOJIIMa IbJIOOYMHA MPH PSI3KO OHU-
xenue mox 15—20 cm, koeTo e mpu3HaKk 3a cjiaba
MOJIBUKHOCT HAa BPEIHUTE KOMIIOHEHTH U B peYHa-
Ta Tepaca.

B oBueto misiko koHeHTpanunTe Ha Zn u Cu ca
Han IIK, a va As, Pb u Cd — non ITJIK.

OmacHOCTTa 32 YOBEIIKOTO 3/I[paBe € CBbhp3aHa
ChC CIIOCOOHOCTTA HA PACTCHMSATA A U3BJIMYAT eJie-
MEHTH OT 3aMbpPCEHATa MOYBA U 1O TO3M HAYMH /2
I BKJIFOYBAT B XpaHUTeJIHaTa Bepura. Koedumm-
E€HT'BT Ha OMOJIOrMYHO NMOMTBIIaHE IOKA3Ba cJ1abo 10
MHOTO ¢J1a00 3axXBalllaHe Ha U3CJICIBAHUTE €JIEMEH-
TH OT TPEBHATA PACTUTEIHOCT. Pea BT HAa OHOIOrnY-
HO TMOTJTBIIAHE 332 TPEBHUTE OT (OHOBUSA YYaCTHK U
OsJ1aTa AETEJMHA OT IUIaXa € C IMOCJIEL0BATEIHOCT
Zn>Cu>Pb>As, a Ha UHTErpajHaTa TPEBHA pac-
TUTEJIHOCT OT 3aMbPCEHHUTE YUYaCThIM U OT ILIaXa
—Zn>Cu>As>Pb.

CrenenTa Ha penaBaHe HA AS U TEXKH METaJu
OT TOYBaTa KbM TPEBUTE U MJISKOTO HaMaJisiBa B
pena Zn>Cu>Pb>Cd> As.

295



