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F.4 - FIELD INVESTIGATION OF WATER QUALITY, RIVER SEDMENTS AND
' ' SOIL AT SITES IN THE LOWER PART OF THE HRON RIVER BASIN.

1. BACKGROUND AND OBJECTIVES OF THE STUDY

Currcntly, only a surface water quahty monrtonng programeme is carried out in the lower part of

. the Hron ijer Basin by SHMU In this study a thrce pronged approach was used:

e chemical analysis
. bioassays
. macrozoobenthos analysrs

T he set of parameters measured in this study were also more cornprehenswe than that used in the

i surface water quahty momtormg programme carrled out by SHMU

' It was re'cognjsed that 'additionai-surveys were'required in the lower part of the Hron River Basin
' due to the lack of water: and soil quahty data from momtormg progra:mnes and research studles_ .'
'there The groundwater boreholes that were used in thls study to look at groundwater quahty

- were prevrously only used to momtor groundwater levels, except for the site at Bma which was

mcIuded m the groundwater quahty momtormg prograrnme for the ﬁrst time m 1999 by SHMU

-The lower part of the Hron RJver Basm was aiso selected for this field study for the followmg

L ‘reasons

'.Maps Were produced by the JICA team showmg pattems of pollutlon (eg hlgh nitrate levels) and
: hotspots of pollutlon by some heavy metals (eg arsenic, copper lead) in the Hron River basin

. using data from groundwater samphng carrled out by GSSR (Geologtcal Survey of the Slovak _.
: Repubhc) in 1993/94. This hlghhghted some areas of hlgh pollutzon in the lower part of the Hron

n R1ver Basm

: Furthermore the lower part of the Hron Rlver Basm is of great 1mportance from the point of |
' _ v1ew of soﬂ and water management In the lower part of the basin, the vast majority of drmkmg
-water and water for 1rr1gat10n of crops comes from groundwater supphes There is stlll a
o '31gnlﬁcant percentage of people who are not connected toa pubhc water supply and whose water
comes from prwate wells stralght from the groundwater resource (see Interim Report for detalls
_ 'table 5 2-4) The srtuation for the percentage of the populatlon connected to the pubhc water .
B "supply rnay have unproved since the 1997 data used for the. ultenm report but the REMP team

- were not able to gam ACCESS to thts mfonnatlon pnor to this annex of the’ Report belng completed.
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' The combined information frorn the surface water, sediment, soil and groundwater analyses helps
1o give a clearer plcture of the quahty of the lower Hron River Basin and rdentrfy pattérns of

" contamination in this area. Informatlon on groundwater and soil quahty may be helpful to assess

the overall state of groundwater quahty and hlghhght the potentlal causes of future or present

groundwater pollutlon The mformatlon frorn this ﬁeld study will be useful to the REMP team to

be fed into their recommendauons as part of the final report. It will also be useful for SHMU,

and other institutions responsible for water and/or soil quality monitorirrg, as it could be used to

re-orgamse thelr momtormg programme rn this area, both in terms of the location of samplmg

. srtes and in térms of the parameters monitored. See Figure F.1 - 1 for locatron of samplmg srtes
- for soil, groundwater surface water and sedrments :
| 2 E DESCRIPTION OF PROGRAMME OF FIELD MEASUREMENTS

o _ All sarnphng and subsequent analyses were carned out in accordance w1th Natronal or

' _Intematlonal Standards (STN EN Slovak Republic Natlonal Standard OECD .- Organrsatron

for Economic: Co-operatron and Development ISO - Intematronal Orgamsatron for

"Standardrsatron ASTM Amerrcan Soerety for Testmg “and Matenals or USEPA Umted _'

E-States Envrronmental Protectron Act)
L St
‘Sampling of ri\'fer water, including= sednnents" was .carried out in accotdance with eurrently' valid -~
E mternatxonal standards ISO 5667 1 and 13 Samplmg contamers and sample preservatwes
- _-.(where needed) were prepared by the labcratones responsrble for the subsequent analys1s (both
. _chemrcal and bloassays) Samples were stored ina refrldgerator and coolmg boxes 1mmed1ately _

after the samplmg sess1on durmg transport to the laboratones Dunng sampllng, current

' condmons of the nnmedrate samplmg area were recorded (see samphng report’ Appendnx FI)

Two surface water sarnples were taken from two places Kalna nad Hronom and Kamenm wrth

'.a two week gap 1n between sample takmg

. The deterrmnants analysed were bas1c chemrstry pH 0, content conductlvrty, redox potentral
. :.temperature n1trates ammomum and phosphates and heavy metals As, Cd Cr, Cu, Hg, Ni, Pb
and Zn



Temperature, pH 0, content redox potentlal and eonductrvrty for surface waters were measured

- in situ, The equrpment to measure these parameters was cahbrated pnor to use.

22 Sedrments :

Sedmrent samplmcr was carned out'in accordance with ISO/DIS 5667 12 ‘Gurdance on the '
'samplmg of bottom sedlments Sedlment samples for chemlcal analyses and bloassays were _
' -r.taken wrth a core sampler (a plastrc tube wrth a drameter of SCm) The core samplrng techn:que

' 'was used since this techmque minimises. the drsturbance and subsequent physrco-ehemrcal '
- ehanges tc the sedlment sample compesrtron Multrple samples from the ﬁrst 0~ O Iy of” the
surface sedrments around a srngle pomt were taken to provrde a suﬁierent volume of sedrment for
the tests to be carrred out Samples of the Hron Rrver bed sedrments were taken twrce from
Kamemn (wrth a two week gap in between) usmg a core sampler and cbtammg samples of srlty '

' 'sedlment only

:Analyses carrred out on these samples were heavy metal analyses As Cd Cr Cu Hg, N1 Pb

and Zn. Specrﬁc orgamcs were analysed as well Polychlonnated Brphenols (PCBs) Polycyclre [

Aromatic Hydrocarbons (PAHs), Bromdrchlormethan ll-d1chlorethen Benzene Xerne:.
Sterene Toulene Ethylbenzene Benzo(a)pyrene Fluoranthen Antracen Fenantren'

Drchlorphenol Pheno] DDT Heptachlor Methoxychlor Endnn Aldnn Dreldnn Endosulfhan "

‘Chlordane Hexaehlorbenzene Lmdane Atrazme and Srmazme In addrtron macrozoobenthos

B and broassay analyses were. camed out for pore water from these sedlments

Kamemn was chosen as the site for samplmg for broassays and for macrozoobenthos for a few .

: reasons '

' Kamemn ocours. at a narrow part of the Hron basm that collects water from hlgher up the_ L
' catchment area of the Hron REMP study The Kamenm samplrng pornt alsc occurs near a

SHMU surfaee water quallty momtonng pornt Two years background data from thls monrtorrng,' k

in addmon to our own chemrcal analyses of surface water and sedlment at Kamemn wis

-_-avarlable Although chemrcal analyses have been carrred out for surface water before at

. Kamenin, sedlment broassays and macrozoobenthos analyses have not.



- (1) . Bioassays - '

Tt is likeiy that there will be a eomplex mixture of chemicals in thc Hron since it has a large
number of influences. The combination of ehemieai biological and bioassa):r analyses used for
thrs ﬁeld survey allows us to see whether the condrtrons deterrmned by chemical analysrs have

an actual effect on the blologrcal system

Broassays can be used to 1clent1fy the true prohlem for the brologrcal system in an arca and can be
used to help plnpomt a management strategy, whlch may help i 1mprove the srtuatron However in
a situation where the pollutron is not eommg from a single pomt source (as i is the case for the

Hron Rrver) there canl be some dlfﬁculty in pmporntmg the exact sources of pollutton

E For the- broassays pore water from the sedtment was obtarned by centrrfugmg the sedrment

3 sample from Karnenm Thrs pore water was then used to carry out the bioassays

Al -hioasséjrs us'ed were acute tests (ie short term) 'These were used to see whether the pore
- ;_-_rwater was toxic to-the orgamsms No estlmatron of the chromc (1 €. long-tenn) effect of the pore

:."water was camed out.
: 'Daphnfa magn'e .irrr_mobili_.sation fest j oE(;D 202‘, 150 6341.

'. Thrs test looks at the effect’ of the pore water on Daphma The aim of the test s to ﬁnd the
concentratron of pore water whlch m 24hrs 1mmobrlrses 50% of the exposed Daphma A range-
'ﬁnder test was carrred out fitst - with widely spaced percentages of pore water and a control.
_ _Thrs establrshed whether the pore water was toxic to these orgamsms and also determmed a
surtable range of concentrations which were used in the deﬁmtlve toxlcrty test, where between 3 -

_ _and 5 concentratrons plus a control ‘were uscd
Lemna mmor' _growth inhihition. Modiﬁer_:l_ Asrr__vr B 1415

s Thrs expenment rs desrgned to assess the toxrcrty of substances to freshwater Lemna mznor The
' ob]eetwe of the test is to quantrfy the effects of pore water from the sediment at Kamenm on
'vegetatrve growth over the test pcnod based on frond number A range of concentrations of pore

water plus a control were used

- Vr‘b‘ﬁoﬁsherr’ ;.MIC'Ro'Tox (tm) ISO/CD 11 348



This expcrirrrent uses the inhibition of the luminescerice of the maring bacterium Vibrio fisheri to
measure the toxncaty of a sample of pore water from the ‘;edrment A range of concentratrons of

pore water from the sedlment at Kamenm were used plus a control

- (ﬁ) ' -Macrozoobenthos'Analyses

Samples of the bottom sedrments for macrozoobentllos analysrs were taken usmg a core sampler
 for sedlments under a water depth greater than lm. After sampling the macrozoobenthos were
kept coel durmg transport and stored in the laboratory unt11 thelr 1dentrf1eatlon Ethanol 80% was

- usedasa preservatron medrum

_Maerozoobenthos ‘were 1dent1ﬁed usmg blnoeulars and a rmeroscope wrth keys to varrous
- freshwater orgamsms Identlﬁcanon of taxa dowrr to spemes level was camed out ift p0551ble o
Abundance of spet:les per m was calculated by extrapolatmg up from the core sample area and .

estlmatmg for the ‘handnet sample

) Tlte macrozoobenthOS'Were 'then analys'ed us'mg the. Sar)rObe Index. Thls method give's'a' certam g

i numeneal value to specnes of different types Aecordmg to the composrtron of the bentluc fauna LT

. an overall mdex number can be ass1gned based on the md1v1dual numerrcal vaIue of each speoles | o
- This mdex number can theti telI us somethmg about the qualrty ‘of the sedlment in- term.s of how o

' polluted itis because only certam specles can sumve ina more polluted envrronment

 The "foupwiﬁg-for'mula can b’e u‘sed to calcula'te"the_ 'saprbbic Indéx:

. ST ::Z(hi:* Sj.*‘ji')'jrzpdhj'i I, B
=

Chi= abundance of given organisms
- Ii = weight of s_peei_es Lin sample =
si = saprobic index of individval speciesi -~

n = mumber of individual taxones of organisms



' _ The fol]owmg formula can be used to express the rrchness of species in the bottom sedrment

samples (Shannon Blodrversrty Index)

= -Z Pi*1nPi

i=l ’
S = total species number (species richness)
- Pi = contribution of i species to the total blodiversity -

'_2. 3. Groundwater

'-Samples of groundwater were taken' from each srte (Sarovce Tura Zemlrare Brna Hron Bma -
' _"‘-Cata-vychod Nana Kamenny Most Zehezovce Sturovo) from exrstmg boreholes (See Map

F.ll- l for locatron of samplmg s:tes of ground water)

_ Each sample was analysed for basrc chemrstry pH 0, content conductrvrty, temperature

sulphates chlondes mtrates ammonium, and heavy metals As, Cd Cr, Cu, Hg, Ni, Pb and Zn.

'Redox potentral pH water temperature and 02 content were measured in situ usmg calrbrated _

'"_eqmpment Other measurements were carned out in the Iaboratory
'2':47 : -saii' co
o ..One ochctrve of the mvesngatron of sorls in the lower part of the basm was to look at patterns of

' =heav.ry metal pollutlon It rs pos51ble that heavy mctals could be transported by the Hron from the

: -mmlng areas ﬂthher up in the Hron RJver Basin.

' Soil samples were taken from the A honzon usmg a soil borer from the alluvral plam only ie

' those arcas that are affected by 1nundat10n from the Hron nver Sorl samples were taken from:

B Stara Kremmcka, Bzemca, Tekovska Brezmca, Kalna nad Hronom, Zehezovce and Kamenm.

_' _At Zehezovce the alluvral plam is very broad and the river terraces are not very drstmct (no sharp
:)contours) ThlS so1l type consists of a dark humic A horlzon and a gley B horrzon a reducmg
' enwronrnent wrth vems of rust red where ox1datlon of iron has occurred The presence “of iron
mdrcates that there may be other heavy metals present in the soil as well, but this does not

_ necessanly mean that these metals wrll be inan available form
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At Kamenin the alluvial. plain is much narrower than at Zeliezovce because of the mountaius
either side of the Hroh in this area. The alluvial'plaih urrdulates in this r'egio'n'ahcl the chemical _
 characteristics of the sorl are heterogeneous Also in Kamenin there is less prcelpltatton and more
evaporatron from the soil than there is in Zehezovoe Because of this hrgh evaporatlon rate, salt is
deposrted in the sorl Sallmsatron is the brggest probiem in tlus area. Metals may be depos:tcd in

the soil in this way also

The other soil sample srtes are taken from further up the Hron basm than Zelrezovce or Kamemn

and therefore may be ai’fected more by heavy rietals transported by the Hron

' The soil sa’mples Were-analysed for the folloWing soil characteristics pH earbonate"fﬁatusf' EC

_(Electncal Lonductlvrty) texture TOC (T, otal Orgamc Compounds) total and mobile. forms of

E heavy metals (As Cd Cr, Cu, Hg, N1 Pb Zn) Moblle forms of heavy metals wrll be extracted
usmg EDTA (Ethylene D1amme Tetra Acetlc acrd) and CaClg

| 3 | RESULTS S

' 3 SurfaceWater i

Ny See Table F. l 1 for results and perrmssrble water pollutron levels set by the Slovak Repubhc B

L Government in 1993 (Regulation 242/ 1993)

The measured results for the sample sites' in Kamenir} atid Kalna rlad Hronom did tiot differ
stgmﬁeantly from those parameters that were measured for surface water m tlus area as part of "
'“the routme morntormg programma for surfaee water earrred out by SHMU except that the )

measurecl oxygen concentratwn was qulte hlgh



Thrs water has a h1gh nutnent content (eutrophlc) and has the potentlal to tend towards

Table F.1-1. - Chemical analysis results for surface water at Kalna nad Hronom and-Kamenin
' ' . sampling sites. - :
Unit Pérmissible Kalna nad Hronom Kameninl
concentrations of - '
___substance
For water Other
management | surface
river water | S
Date o E 296|207 29.6.  {20.7.
L - V1999 . (1999 . 41999 .| 1999 .
Tinie o J10* 1% 128 12"
Cr ‘mg/lf- - “po004 o lo003  Jo0.002 [0.003
Hg mg/110.0001 00005 0.0004 - :10.0003. . |0.0004 |0.0003 ..
1Zn - -mg/1]0.05 10.1 -10.065  |0.039 0.45 -~ 1042
Cd S mgl]0.005 . [0.01 0.0005 [0.0004 [0.006 [0.0003
Cu o mgloos 101 fo.008  [0.003 - 0.005 [0.0003
Pb - omgl[0.02 1005 - Jo.0021  [0.0028 - [0.0026 | 0,003
{As - Cmglf0.02 005 0 100041 [0.0029 | 0.0041.]0.0031
ANI _mgnf0.05 01. ~ 10009 " 0.006 " §0.01 -[0.007
T °Cl- oo 20 180 - 1233 187
“{pH oo e e e )78 733 0 |7.69 |7:54
] mgd|Min6 o |Min5 f791 - 174 . 715 |7.69
- Conductmty-'r .mSh]- e 1017 1028 1023 1031
CINHY Lm0 s o fod o doa o 1oz
. :[NOy | mg/l]3.4 C 470 158 0 163 169 71
NGOy o mnt] 0005 0 {0020 - foil4 0.15 0.14 0.15
PO mg/l]- - 1023 0.24 027 1026

i Ell'eutrophlcatlon processes Due to the h.tgh NO_:; and NGz the surface water can be classified

L . (accordmg to the Slovak Classxﬁcatton System STN 75 7221) as class 1V for NO; and class III-
: IV for NO; Nltrate meets the permrssrble levels aeeordmg to those set for surface water for the
. Slovak Republrc (Regulatlon 242/ 1993) for other surface water’ but not for ‘water management
. “iver’. N:tnte levels do ot meet pemussxble levels for elther (sec table F.1 - 1) However
' ¥ Ammomum does not appear tor be a problem with 1ts concentrations falling mto the class I

'category for surface water and below the pemussxble concentranons -

o E:The eoncentratlons of all the heavy metals were measured as bemg relatlvely low in the surface
‘_-.'-waters Most metals were found to be in category lor II of the Slovak Classrﬁcatron System
(STN 75 722 1) The hlghest concentratlons of metals were found for ch at both Karnemn and
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Kalna nad Hronom. Mercury was also found to be higher at both.the sites. Mercury can be
 classified as class TH for both sites and Zine can be classified as class v for Kamenin (I or 1

for Kalna nad ‘Hronbm)'und‘er the Slovak 'ClaSSiﬁCation SyStem_for water quality. -

32 Sed;ments _

(i) * Chemical Analysns
' Slovakia doe's not have any sédiment QUality criterfa of its':'ovm so Dutch guidelities and their
' target concentratlons (1991) were used to assess the sedxment quahty ch was found at the'

h1ghest concentratlon out of all the metals but nome of the measured heavy metals at the s1te o o

E e‘{ceeded the target value for that element

TableF 1 2 Results of the chemlcal analysns of rlver bed sedlments from Kamemn :
HeavyMetaIs o e NI Orgamc nucrapol[utants '
s (mgkg DW.,) e Y mg kel DIW,)
targetvalue‘ 296 1999 207 1999 T 296 1999 207 1999
Cr | - 480 |- 1372 |. 323 'Pc‘Bs‘-'_;.-; I T T T
Hg:| -~ 05 - ;.;.0.24.11“-‘ o090 FPAHs: .o il <Gl ] o <01
CZn | 4800 ol o 46930 ] 24900 Bromdichlotme’than 3 0.1 E
Cd f ooy a3 b 08 [ dmnlorethen
Cu | - 35 . . 543.. 1" - 310 '|Benzene
Pb |- 530 . 7300 .| 280 {Xylene
As | 85 b.co36 .. 127+ |Styrene -
Ni |- 35 | 150 | - 310 |Toluene .
: — S [Eylbemene
. | Benizo(a)pyrene
-*.{Fluoranthen = .
Antracen -
C 'Fenantren
Dichlorphenol
Phenol -~ - .
A |DDT
. | Heptachlor .- .
o 'Mcthoxychlor
“[ Endrin--
Aldn'n;' S
| Dieldrin
| Endosulfhan ]
- { Hexachlorbenzene
. | Lindane x
| 'Atrazine” S,
|Simazine . [+ <01 ] <01




Most _of the organic substances were measured at _ve_ry..low concentration levels (fess than
0. lmg/kg) T\»\ro exceptions were from the second sampling scssion when the Polycyclic Aromatic
Hydrocarbons Antracen and Fenantrcn were detected at hrgher levels (l 12 mg/kg and 1.4
- mg/kg dry wclght respectwely) See Table F.1 - 2 for resu]ts N

N0}

B Broas_says.
None of the organisms showed'acu'te toxic effects ﬁ'orrr the sediment pore water For results sec

Tables F.1 - 3 (for ﬁrst sediment sample recerved 29 6. 99) and F 1 -4 (for the second sedlment B
Sample recewcd 2() 7. 99) - :

j __Table F_.l -3, Eeot_oxictJlogical test results for sediinents collected on 29.6.99 from Kamenin

| Effective concentration’

Effective concentration

. -Test System :
o ' " (pore water; ml/l) (recalculated to dry matter content,
Water.plant inhibition | - - T LT T
o test -7 day EC50=623.96| 7dayEcso=1747.09 '

- (Lemndi minor)

Daphni_a" lrnrﬁobil'ization
A (Daphﬁid magha) -

48 hrECS0=111846. |

. 48hrECS0=313169 -

- nght emission mhlbmon o

(Vrbrm ﬁschen)

o nondtoxic

nofistoxic

'Table-_ Fl —:.4 | .Ecotoxicologic_al test _reéul_tS for sediments collec_ted Oll 20.7.99 from Kamenin

'Test_ System - ,El_'fe"c'tive concentration Eﬁ'ectwe concentratlon '
IR R 1 (pore water, ml/l) (recalculated to dry matter content
Water plant inhibition. | 7 -
S test | 7 day EC50 =724.44 7 day ECSO = 1217. 06
_(Lemna minor) .~ | - R : :
‘Daphiia immobilization-| .+ - o] P T
' (Daphm’d mogna) o f“’-“’“‘-’x_l" L non- toxic :
‘ngh(tVe gﬂss?‘ﬂ l;:hlbmon o .non-‘toxic non-toxic
ihrio Scerr) i SR S
' (3_) N Macrozdobenthos

Based on the results obtamed from analys:s of macrozoobcnthos from the sedlment samples both

--the saprobrc am:l thc Shannon blodxvcrsrty mdlces wcre calculated It was calculated that the
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'Kamemn site could - be descrtbed as mesaprobrc (2 98-3 04) and the Shannon index was

'caloulated as low dlvermty (1.55-0. 58)
 See table F.l - 5 for maorozoobenthos abundanee'and'biologieal indices :‘

" Table F.1 —.5 Macrozoobenthos abundance and biological indices

: were evaluated in accordanoe wnth STN 75 lll ‘Drmkmg Water Thrs !

Class B Taxa - N Abundance | Species per m*
OLIGOCHAETA | Tubifex tubifex. = -~ . - = | . 364 | 25997
C o oo o] Limnodrilus hoffmeisterit - o S 909 e D 4636
Eiscniella tetraedra -~~~ - . - |. 1820 273
' o ... | Branchiura soveryi . - - : e T T
CHIRONOMIDAE Chironomus sk. Thummi =~ | © 78| S 364
oo .| Polypediumsk: Nubeculosum -} o .. 273 ] . o - 0 e
SIMULIDAE - 'Slmulmm (erhenua) hneatum R 91 Lo .
o *Tutal e a5l | T 31361
' Saprobrtylnde'x R T T R T
| Diversity . . | 155 ] . D548 |

3.‘_3_ = .Gr.oun'dwater :
These 'rn‘:'sul’(:sE |
: da deﬁnes the

© maximum- allowable conoentratrons of selected determmands in drmkmg water Where the

: Results from the chemlcal analysrs of the groundwater are shown in table F 17_‘ _ 2

measured value fora chermcal exceeds the maxrmum allowable concentratron thrs is mdrcated in -

the results table by hlghllghtmg the measured amount in bold IR

Nrtrates do not comply wrth the lrmrt value at three”snes Nana Zemlrare and Tura Nrtrrte levels
'_are also exceeded at Karnenny Most 2. Amrnomum is . exoeeded at Kamenny Most 1 and

Zelrezovce .

In Cata Bina 2, Kamenny Most 1, Nana Zehezovce and Kamenny Most 2 there were hrgh levels‘ _'

' of Sulphates - over the lumt values set by the Slovak Natronal Standards There were also hrgh; o

levels (exceedmg the standard) of Chlonde at Bma 1, Kamenny Most l Nana and Kamennyﬁ .

Most 2. Kamenny Most (l and 2) Bma 1 and Nana also show hrgh levels of Na* and K

Heavy metal content was also analysed The lmuts set. by Slovak standards were exceeded for g

: Arsemo at Cata Bma 2 and Kamenny Most They were exceeded for Nlckel at Tura
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34 Sail |

ables Fl - 8 through F1 - 12 show the results of the ehemtoal s01I texture and sonl |
_ charaetenstres analyses of the soil samples All soﬂs analysed in thls study showed a neutral to
alkalme pH For some elements A and B lmnts are reached (see table F 1- 7 for limit values set
by Mmesterstvo Podohospodarstva Slovenskej Repubhky MPSR) All the soils analysed are
: contammated by heavy metals to: a certam degree However the conoentratlons of heavy metals

present in the soﬂ vary dependmg on where the sample comes from

' _.Thc extractable rnetal content (by EDTA) measures the amount of the metals that are avarlable

_ for uptake eg, by plants Some of the metals are present 1n relatlvely hlgh levels m thls avatlable |

form.

~ The analysrs ‘of the sorls also mcluded CaClg extractlon Thrs weak neutral extract shows those '

) rnetals that would form exehangeable 1ons 1n s011 eollords As can be seen m table F. 1 9 most of
the metals are helow deteetton lnmts under these condtttons Arsemo bemg the exceptton bemg -
deteoted at low 1evels The hlghest amount (0 2 mg!kg) of extraetable Arsenlo was found An

Gleyic ﬂuvrsol at Zehezovee

. Taute'i?{1:-7'_nn§ut_valsé§ of Blements in Soils (mg/ke) (MPSR; 1994)

Limit Elements

Cateeoy Tas Jea o To e IN R [za o
Alimit - 174~ | 046 1'90:‘ 186 R 15 56 366._5:"1 -
Blmit |30 |5 [250 |00 . |T00 ~ [150 500

© A limit: the soﬂ is not oontammated if the concentratron of an element 1s below tlus lumt :
B limit: the soil eontammatlon as beén analytlcally proven L ‘ : - _
C limit: if the concentration of an element. reaches this value, 1t is necessary to: carry out

immediately definitive anaiytmal mappmg of the prob]em range at the site and to deelde on the )
' reqmred correctlve measures : . B
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35  Conclusions

(1)~ Siurfa.ce_Water

' _" The high measured oxygen concentratron may be due to the recent heavy rain and flood

: condmons resultmg in greater movement in the water It is also possrble that- due to the high

nutrlent levels prescnt in the water, coupled with the suniny condrtrons there may be large

atnounts of phytoplankton photosynthesrsrng and producrng oxygen

Surface water can be classrﬁed as eutrophrc It has partlcularly hrgh nrtrlte levels - probably

 from the nrtrrﬁcatlon of mtrate However, amrnoma levels are not high; this suggests that the

S possrble source of the. mtrrte is’ frofi | 1norganrc rather than from organrc sources. This suggésts

that maybe the- problem of eutrophrcatlon 1s due to exeess mtrate from a source ‘outside the

' natural system possrbly fertlhsers

_ Heavy metals were - generally not found in, concentratrons that are consrdered problematrc
' _However zing was found to fall into class v of the Slovak classrﬁcatron at Karnemn and

' mercury was found at class III levels in Kamemn and Kalna nad Hronom

(2)._ - Sedlments

-..'I’he low concentratrons of metals and orgaruc compounds measured at Kamenm may be
' ',: explarned by the dJlutron effects of | two. prewous ﬂoods However the sedrment takcn for testmg
_:';was the grey-black colour mdrcatrve of oIder sedrments therefore the low amount. of heavy
., ,metals and orgamc pollutants measured may be a true reﬂectron of the srtuatlon at least for the

' 'Kamemn river bed sedrments

Zinc metal \vas found in the hig‘hest amounts ln the sedlment but'-none of the heavy metal’s

. concentratrons measured exceeded the. target values (based on Dutch gurdelmes) for sediment

| quahty Most orgamc substances were rncasured at low levels except for on the second sampling -

. day when two drfferent Polycychc Aromatrc Hydrocarbons were detected at higher levels. The
g low levels of heavv metals and organrc substances measured in the chemical analyses correlates _

well wrth the fact that no acute toxrc effects were seen in the bloassays

o _Sedrrnent was found to be mesosaprobrc wrth a low drversrty mdex value whrch rndlcates hrgh

' _nutrrent levels present



(3) Groundwater

‘ieveral sites are above the limit values for mtrate Thls is probably from agneultural fertthser
- input, the map agncultural land use of the Study Area by cadasters’ shows that in the lower part
of the Hron Rrver Basm between 60- 100% of the land use is agrlcultural If we compare those
' r_results with the map produced from GSSR’s survey camed out in 1993/4 it can be seen
however that the nitrate level has reduced from the very hlgh lcvels seen then Thls is probably '

' due toa reductron in agncultural fertrllser use followmg changes in the Slovak economy

High sulphate levels are also seen in several places A possrble source of sulphate may be from -

. .fertrlrser mputs into the soil in. the t‘orm of ; ammomum sulphate The ammomum rs converted to

E _'mtrate Wthh can then be used by the crop plants tlus then leaves the sulphate The sulphate is '_ _' _

then leached out of the soil ( due to natural ramfall and due to. 1rr1gat1on) into the groundwater _
| Another possrhle exp]anatlon is that the sulphur may come from water drammg down from old - |
 mines. Tt is most hkely that several dlfferent sources w111 oontnbute to sulphate contammatlon of

N goundwater R
@ Soil
The concentrations of hea'vy metals'present 1n the 'soil“vary dependlng on Where tlte .sa.m'ple comes o
from. Thls pomts to a vanety of act1v1t1es aﬁ'ectlng the heavy netal concentratlons in the soils in -

thls area. It is most lrkely that a combmatron of mlmng, mdustnal and agncultural actlvrtles m

~ the basm are reﬂected in the pattems of heavy metal contammatlon seen’ 1n the soil. For example '

- 'copper concentratron mcreases ﬁrrther downstream thlS may be due to mcreased copper: e

fungtcrde appllcatron in the farmland and vmeyards of the lower basm

' -Kremnlca s mining arcas may be a source of As to the Hron Basm Stravmcke vrchy mountams
(Bzemca) may be the soutce of Pb Zn and Cd relatrng to the types of ores bemg mmed in these
areas (polymetalhe Pb Zn, Ag and Sb ores) ' S '

 The extractable metal content (by EDTA) measured the amount of the metals that are mohrle and _
avarlable for uptake for mstance by plants Some of the metals were present in relatlvely hrgh "
levels in this avallable form. The moblle forrns of these heavy metal contarmnants could enter the B

food eham and cause problems for humau health



'lhe transport of these metal'i fons to groundwater through the soil proﬁle is unlikely to happen
duc to soil depth, soll propertles humus content and the sorption capacity of the soils. The
redlstnbutron of these elements is more llkely to be due to the erosion of suspended partrcles and

run-off since d1ssolved specres in surface water can supply groundwater

' Colloidal particles could be a source of siruple and hydrated ions which migrate in surface and
groundwater Dependrng on- the hydrothermal regrme and geochemrcal barriers these can be
redlstrrbuted in the water basrn and result in heterogernc drspersal of sail heavy metal

cont_ammatron m alluvral soils. -

The hrghest arnount (0 2 mg/kg) of extractable Arsemc (detected by CaCl, extractron) was found
in G]eylc ﬂuvrsol at Zehezovce Gley $ typlcally have a hlgher Fe 0x1de content (due to oxrdo-'
- _reductron phenomena) Arsemc has a hrgher afﬁmty 10 secondary oxides and therefore the

'reglstered amount of Arsenrc seen 1n thrs analysrs could be due to the adsorptron of Arsemc onto
" ,amorphous Fe and Mn sequroxrdes Groundwater ﬂuctuatron in the unsaturated zone of the sorl
: qproﬁle may cause raprd changes m sorptron/desorptron processes resultrng m dlssoiutron and
.exchauge reactrons makmg the heavy metals more or less avarlable These dynamre processes_ |

. 'have not. as yet been stud1ed however

- 36 '_ Recommendatrons I

~ The above sectron hrghlrghted some conclusrons ThlS section outlmes further rccommendatrons '

__and grves suggestrons on who rmght be responsrble for these actrons in Slovakra o

( ' ') General

Instltutums w1th responsrbrhtles for momtormg should not sunply collect data wrthout checkrng
' _1ts valuefsrgmﬁcance There should be consrderatron of the potentlal problems hrghhghted by the
momtorlng data the causes of these problems and actlons that could potentrally solve these

i problems There should also be consuderatron of who should be responsrble for ensurmg that
o .:these actlons are carrled out and that morutormg contlnues to see whether the acttons are

‘effectwe in solvmg the problem Instltuuons that may be mvolved for ground and surface water

-and soil quahty issuies include: ZsVak (Western Slovak Water Supply and Sewerage Company) S

) . VUVH (Slovak Water Research Instltute), VUPOP (Sorl Serence and Conservatlon Research
: Instrtute), SAZP (Slovak Envtronrnental Agency) Statc Hcalth Instltute MZP (Mmrstry of



Envrronment) MP (Mimstry of Agrlculture) StVak (Central Slovak Water ‘iupply and Sewerage
Company) and PH (Povodre Hrona)
.(2) Surface Water and Sedrments

' Surface water quahty monltorlng is currently undertaken by SHMU in areas where potentral.

'problems are identified, sedlment chemrcal analyses and bloassays could be used as follow up

o tests, SHMU does not have thie capabrhty to do these tests but there are compames it Slovakra

(g ETC Ekotoxrkologrcke Centrum Bratlslava) who could be subcontracted by SHMU to
~ carry out this work SHMU could then take responsrblhty for the analyses of these’ results i,
- looking at whether the potentral problem hlghhghted by the surface water quahty momtormg 1s a '

L real problem for the blologreal system If it is found to cause a reai problem some actlon plans to | _' '

-ty and rmprove the, SItuatlon could be mtroduced Thls may mvolve consultatron wrth other

: orgamsatrons such as those Outlmed above in the ‘General’ sectlon

o _fror-ru‘raee witer arh‘e T ower Hron "Riarnaga* it would bea goodldea to dotinue o monitor
'. these places for heavy metal eoncentratrons partlcularly Zinc and Mercury, to check that levels
' 'of these metals do riot become unacceptable 1t may bé a good 1dea also to mvestlgate potentral B
'. sources of these metals in the areas around Kamemn and Kalna nad Hronom and see if anythmg o

can be done to hrmt further the mputs of these metals mto the nver system
; .':(3_) : -'i--Groundwater

It Would be good to extend the- current groundwater momtormg rnto the lower part of the Hron -
~ Basin, partlcularly lookmg at nitrate levels which have been 1dcnt1ﬁed as above the lrmlt value'

for Slovakra in thls arca. If the levels of mtrate measured do not dccrease cons1deratron could be' '

gwen to potentral solutlons For exa.mple by reducmg the amount of mtrate mput by l1mrtmg the

.....

_ problem wrth hrgh mtrate levels Th1s would have to be done wrth SHMU workmg wrth thc' |
Mrmstry of Agnculture and the Slovak Water Research Instrtute and possrbly the SOll Screnee

and Conservatlon Research Instltute o

Tt would be useful to 'COntlnueL moni_to'r_in'g the 'nltrate levels in areas where it:'is:::ab_oy,e the limit -

_yalue' at't_he moment, to check that levels contiriue to decrease tobelow th_e'limit value.



Measures could also be put in place by ZsVak and StVak working with the State Health
Inistitute, to ensure that water contammg mtrate over the fimit value is not used to supply dnnkrng
‘water. Hrgh mtrate levels can cause health, problems, particularly for young children, In the lower :
| part of the basin, much of the drmkmg water comes frorn groundwater sources and some people
: are_supplled with drinking w_ater_frorn wells (_Based on data from the Interim Report see F.1.1 .2).
(4)  Soil

- Further studtes mvestlgatmg potentlal pollutlon problems from heavy metals in the lower part of

_ the Hron Rwer Basm should concentrate on assessmg the concentratrcns of available metal ions.
It is these avallable forms of metals that ¢an enter the food ‘¢hain and catise problems for plant |
‘growth and!or human health It is suggested that the Soil Science and Conservatron Research

Instltute should be responsrble for such a study, m collaboratlon with the Mrmstry of Agneulture

' and State Health Instltute

N Gro'undWater' ﬂuctuation in the. unsaturated zone of the soil proﬁle 'may causc rapid chang"e's'in

' the sorptron/desorptron processes resultmg in drssolution and exchange reaetlons These dynamlc

- rprocesses have not as. yet been studied, however Thls may therefore be a pnonty for research |
o pameularly focussmg on what the results mean for avallablhty of metal fons and the Impl:catmns | =

_ _for crop and human health It 1s suggested that the Soﬂ Science and Conservatlon Research

B Instrtute should be responsrble for such a study, in collaboratron w1th the Mmrstry of Agnculture -

- and State Health Instltute
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5 APPENDIX - SAMPLING REPORT '

' Name. of sampling site:
- Location of sampling point: '
. Sample code:

Date/time of sampling:

'_ Sample type

Sémpliﬂg Reporf -

_Hron Kalna nad Hronom r. k, 63.7

Right bank side — water

Hron Kalna nad Hronom

'29 6.1999

20 7. 1999

L Water

: Sample characterlstlcs (gram size estlmates, colour, odour, v:snble layers N}

i Hydrometeorologlcal condltlons

- Depth of v&ﬁter colomn°' '

Water - Slxghtly brown colour caused by suspcndcd sollds '

o ‘Sunshine woathcr Lo

Depth of sample sed:ments

Type of sampler : B

\ Sampling personnel:

" In'situ measurements:

e [°C
o 'Rodoi' [mV 'j.

o :(:)1 ié_olltont [mg.l"]. _
Conductivity [mS.cm”] .

"Ménual by glassand plastics bottles - water

- Mr. Zdeno Milécek — water

Mr. Peter.R'ohcélc_ - Sedi_mont

Mr. Martih M_uﬁn - séd_ir_nent

B : water . _

296199 - 2071999
813 S
a0 18.0
791 740¢

017 028



Saroplihg Report

Name of sampling slte: _ Hron - Kamenin, 1, k..10._9
Location of.s'amplin'g point: Lel:’t..bank side'_—.wa"ter and sediment
: Sample code: B Hron_; Kahlenjn. |
' _.Date!time of sampling: g 296 1999
| | 2071000
._Sample type e Ny '. Water and sedunent

Sample characterrstlcs (gram s:ze estlmates, co!our, odour, vmble layers )
' Water - Shghtly brown colour caused by suspended sohdsr
Scdlment upper part ﬁne sedlment followecl by sand layer

: Grey colour
Hydrometeorologmal condnt:ons Sunshme weather
. Depth of water column Co '20 em
Depth of sample sediments: _ | 10 om .
Typ'é'of' sampler: R | Plastlcs core sampler— sedIment blology (deep water)

: .'Manual by glass and plastlcs bottles waxcr

' '.Sampling personnel:: . Mr. chno_l\_{l;iléccl(_'_—".y#atcr_ o
o "Mr.__Pcter Roncék-sedinlérlt- _
 Mr. Martin Murin - sediment - -

lh situ méasuréﬁneots: L . Water o' . SRR ' _"_'se‘_dim_ént‘ -
296199 . 2071999 PR

pH. . 76 154

TewlC) . 3230 1870

Re.dox mv] - . - - |

0; content [mgl } _. 7_..15_ __: 769 _

Conductmty [mS cm’ ] . : 023 R 031 .
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F.2 - DESK STUDY: CONTAMINATION IN SLIAC - VLKANOVA

1) Introduction -

: It is generally t'rue that if oil p'roducts: are used withOut any protection, g measures to prevent

'sprllage this can result in the pollutron of both groundwater aqurfers and the soil. This was the

case for an area around Slrae Vlkanova that was used by the Sovret army Durmg the last years

of the presence of the Sovret army in thls localrty, some decontammatxon acttvttles weie camed

'out However only “after the Sovlet anny hacl departed could complete restoratlon of ‘the

groundwaters and sorls begm Both in-situ and ex—srtu techmques were proposed and used for the

' treatment of heavrly eontammated areas Complete remedtatron of the area also included removal

o 'of ground and underground constructrons ptpe and tube systems and 1llegal waste dumps In this

brref report some results and ﬁndmgs from the mvestlgauons and remediation activities wrthm

o the contammated area are summansed Tlus report is based only on the results and mformatron
' avarlable to the general pubhc and- was prepared aﬁer dlscusswn w1th a representatrve of the' .

Mrmstry of Defenoe of the Slovak Republte o

- : 2) Locahty Descrlptlon '

: The Shac—Vlkanova study area is srtuated on the rlght bank of the Hron River i 1n the Zvolenska
.j valley 'Ihrs area 1s a part of the 2"d protectron zone of the Shac and Kovacova spa sprlng (whrch .
has curatlve and rehabrhtatron facrhtles) Part of the area around Shac is also used as both a
- pubhc and Slovak arr force alrport The Vlka.nova area was used asa depot for ozl produets and .
; _‘orgamc solvents Due to a lack of protectlve and preventatlve measures stored substances were -
' sprlled and penetrated the sorl and groundwater systems Both systems were found to be heav11y '_ '
o ‘contammated For example m 1996 it was calculated by Gahsova (1998) that the amount of |

- sorls in the Shac area contarmnated w1th concentratton levels of 011 substances greater than 500

mg/kg, was approxlmately 61 416 m In the Vlkanova area 1t was estrmated that the volume of )

.sorl w1th contanunatlon greater than 220 mgfkg was ll9 950 m’. In the perrod between 1980 and

IR T 1990 380 000 htres of 011 substances were pumped from the groundwater (Ondre_]cakova et m’
= _ 1998) At Sl:ac on the Hron Rrver concentratrons of il substances expressed as Non»polar
' i_ '_Extractable Substances (NES) were measured in the range 0. 03 0 3 mg/l These values class1fy '
| .. _. the surface waters as elass IV aecordmg to the Slovak standard for NES (Adamkova et al. 1999)
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: (3) Survey and Investlgatton Acttvrtles

Survey and remedtatton activities began in 1980 durmg the wrthdrawal of the Sovtet anny Untrl
1992 the destructton of the contammated sorls focussed mamly on ex-smz teehmques This was

foIlowed by the destructlen of the butldmgs and underground p1pehnes and tube systems which

* had oontamed or ptped oil substances in the SI1ac and Vlkanova arcas. Surveys of the

:contamtnated srtes were completed in 1993 4 and mapped part1cularly fooussmg on the sorl ;
_contamtnatron Durtng thls pertod dramage systems along w1th two waste water treatment
plants were constructed Based on the resu]ts and ﬁndmgs f'rom the surveys it was decrded to
_complete remedtatlon usmg 1n-51tu techntques These tn-s1tu techmques are st111 runnmg today
Remedtatton actlons relatmg to groundwaters contmue today usmg dramage systems waste

water treatment plants (menttoned above) and remedtatton wells

'(4) = R'emediatiott'of ihe Co'ntanﬁnatetl s‘oils*Ex'-si'tu |
'- Some of the contammated sotls were remedlated usmg e\t—sml techntques at decontamlnatton srtes |
wnh a capaetty of 10 000 m3 Ex-51tu techmques wete based on the mtcrobtologtcal degradatton' .
- of the sorl substanees S
i 5) Remedlatlon of the Contammated Solls In-srtu

' Contarmnated sorls m the Sltac loeahty were also cleaned up usmg in srtu techmques One '

techntque is based on the btoventmg method In Vlkanova the s1tuatton was dtfﬁeult due to the .

. w1de spectrum of the chermca! conta.mtnants present m the area For thts reason the__ a

- contammated area m Vlkanova was su’odmded mto several zones where dlfferent specrﬁc e

: techmques were used These techmques are based on the saturatton of the system wrth oxygen .

- _.and nutnents for autochthonous ﬂora (Cop, 1998) Thts ﬂora ts separated from the natural- -
:system ennched w1th nutnent m bloreactors and then replaced back mto the sotl systems In _
other zones broventmg techmques were used m addltlon to btodegradatton techmques H - 10 -
: (Cop, 1998) Table F. 2 -1 shows estunated volumes of contammated soﬂs treated usmg m-srtu

and ex—srtu techmques in Vlkanova o

_.F:-'zs_



Table F.2 -1 Contaminated soil volume treated with in-situ and ex-situ techniques at
' Vtkanové. Limit concentration of hydrocarbons in soil; >200 mg/Kg d.w. .
* In situ (m®) - Ex situ (m")
to.31, 12,1994 - 1To 31,12, 1996 to31. 12. 1994  [to 31, 12. 1996
108 853 © 108 853 43 814 © 11097

{Vikanova
(6) ' 'Clean-up of the Groundwater R
- Groundwater n parts of Sllac and much of Vlkanova are contammated wrth a wndc spectrum of
- both ahphatrc and aromatrc hydrocarbons Therefore a waste water tréatment plant {WWTP) '
' was burlt to clean up contammated groundwaters Five dramage systems were constructed n
' _SI1ac and two were constructed in Vlkanova The length of these dramage systems is
; ' e approx1matcty 3 k. The WWTP is fully automatlc and a continuous analytrcal programme

'controls the remedra.tion process

: Durmg the remedmtlon process (between 1992 and 1997) 75 093 23 htres of free oil substances
'_were pumped through this system (Galrsova 1998)." ki Table F.2 - 2 the amount of

: hydrocarbons eliminated from groundwater in Sliac and Vikanova are shown :

Amount of hydrocarbons ehmmated from groundwater at Shac and

TableF2 2
Vikanova.

NES-IR NES-IR ‘Aromatic . | - Aliphatic “Aromatic
‘h.ydro'earb'ons 'chlorinuted. Chlorinated -
o hyd'roc'arbons .h.ydr_oca'r'bons'

N % | |
1992 1994 | 698 868] 1083.154] 824960 139610 o514
19051997 | 1744500] 1213923]  400329] ‘124586 22,704
Total: 2443368 2297._077 1225.259 '2_74.2'20 23.218

) _ Other Remedlatmn Acttvrtres

- Into the battery of the remedlatron actwmes 1o complete the cleamng process in Sllac and

o Vlkanova technlques were mtroduced to remove p1pelmes tubes, buildings materials and the rest

of pumpmg statlons and 1llegal dumpmg srtes (for example Trl duby Majer srte)




(8) Conclusron :

- Both m-sxtu and ex-situ techmques have been used to clean up contammated land and _'

groundwater in the Sllac and Vikanova areas. The successfulness of these techmques should be

momtored (g by measurmg contammatron at penodrc mtervals and determmmg from thése

analyses whether or not the techmques are eﬁ‘ectlve in rcmediatlng the conta.mmatlon) This:

mfonnatron could then be used as a basrs for determmmg whroh clean-up technologles will be

- most ef’fectrve for use'in other areas contarmnated with hydrocarbons It i is suggested that the

' _Mmrstry of Envrronment could be responslble for thrs mfonnanon in collaboratron with- the

. Mmistry of Defence :
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F3 DESK STUDY CONTAMINATlON IN BANSKA STlAVNlCA

~ For the followmg descrrptlon mformatron was taken from: Curlik, J and Forgac 1., "Acid
-Sulphate weathermg and its rmpact on so:l acldrﬁcatlon and pollutton in area of Banska

Stravmca,“ P_roceedlngs no.21 Vedeoke pracé ch.21.

O Intrnductio'n :

_Concem over the processes of acrdlﬁcatron and therr adverse effect on soils and freshwater'
- systems has grown in recént decades Sorl ae1drﬁcatlon is caused mostly by acld deposmon '
.' However, i i some areas, _the weathen_ng of hydrothermally altered and_pyrrtlzed rocks, mined
waStes and settling pits" and 'rnaterlal contatnirrg p}rrite' may contribute 'on a local scale, to soil
acxdrﬁcatton (and consequently to the leachmg and moblltsatron of chemical elcments rncludmg '
heavy metals) due to acrd sulphate weathenng In this resume ofa paper by Curltk and Forgac

' ._these sorl acuirﬁcatron processes are discussed usmg thc nurnng town of Banska Sttavmca as an’

example, ‘wl_nch is wr_thrn the Hron River Basm study area, and the adjacent alluvial plain.
. 'Acid sulphate solls are descﬁbed as soils'having one or more of the follovtring characteristics:

1) A pH below 4 wrthm the top SOCm depth due to oxrdatron of pyrite (FcQS) and the

'- subsequent formanon of sulphunc acrd (Van. Breemen 1982)

: 2) A ﬂooded sml that contzuns mmerals or orgamc matenals wrth more than 0.75% sulphur

: and less than three times as much carbonate expressed as CaC03 as sulphlde sulphur
_ Theformatlon of acid sulphate soils requires a physiography or favourable environment that
p’rovides oxidation 'of pyrite up’on drainage asa result of natural processes or huma'n ac’ti\'fities

" Soil acrdrﬁcatlon and the resultmg drop on pH can be deﬁned asa decrease in actd neutrahsatron
capacity (ANC) of soil, Potential causes of soil acidification are shown in Table F.3.1-1

. The sulphur cycle is relevant to understandlng acrd sulphate weathering ‘'and 1ts contnbutlon to

| sorl acldlﬁcatlon The sulphur cyele generally does not contrrbute to the H productron in soﬂ
Generally, the cycle is closed and the hydrogen releascd by sulphate through mrneralrsatron and
oxidation (Ht sources) rs balanced by sulphate uptake (Pf smks) by plants The processes
' .mduced by acid deposnlon andfor pynte weathermg ]ead to dlsruptmn in the balance of the
) .::'__Sulphur cycle whrch leads to sorl acrdrﬁcatron by the leachmg of SO, with accompanymg

: cations, -
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Reasons -

Natural Factors .

Human actiwtles

Table F 3 -1 Sonl Acld1ﬁcatlon Reasons and Consequences :
: 'Consequences :

- Acid (non calcareous)
parent material
- Root respiration _
- Decomposition of plant
residues (COy), ac1dlc
_ substances - :
- Leachmg asa result of
- permAnerit or dommant '
_-downward flow (high
~ precipitation and low
- water retention)
- Natural acidic deposxttons

change in land use practice

- change in agricultural

technology

- improper fertiliser appllcatlon.

(form, dosage)

- amelioration (acidic

amendments dramage). '
industrial and urban wastes

. and sewage waters . .
-~ wet and dry acidic deposmon '
*(air poltution due to industrial

, 'and'urban'developtnent) ]

Pynte weathenng

" Teduction in pH

reductioti in carbonate
content :

“reduction in buffer

capacity -

-more intensive
weathering -~

- ‘leaching and/or -

' .mamoblllsatnon of plant

nutrlents

- unbalanced fertlllty

y _status of the soﬂs S
limited nutnent uptake

- by'plants : =

- lower fertlliser use

: eﬁic:ency ' .

= -moblhsatlon of t toxxc >

‘ elements

2) Study Slte, Descnptlon of Invest:gatlons and Dlscussmnof Results

- _The study was focussed on three areas in the Banska Stlavmea locahty

)] The soﬂs on the 510pe mﬂuenced by percolatmg aCId water below the pyntlsed quartz:te z

refuse heap and downhlll at Sobov :

2) The sonls on the same slope not 1nﬂuenced b j ac1d water but mﬂuenced by ac1d sulphate .

weathenng,

3) -'Alluv1al so:ls of the Sttavmcky potok rwer mﬂuenoed by dlssolved specles of metals and by- '

- weamenng of particulates contammg pynte (sulpludes)

In each of these areas the soﬂ pH was measured and total content of some metals was analysed N R

See Table F3- 2 for results of these analyses Y



| Table F3- 2 Amount of Tracc Elcments (mg/kg) Contamcd in the Smls of the Study Area.

Trace elcment content (mg/kg) in the alluvial soils of the Stlamcky potok river

: Localmes o

~6:10m southy from the Sobov quanztte reﬁm hea.p

©: 7:°50m souith from the Sobov quartzite refuse heap
"+ 8: 20060 south from the Sobov quiartzite spoil heap

" 9: 700m south from the Sobov quartzie spoil heap - - _

- 10 South East 200ms from the Sobov quarmtc spml heap ~300m ﬁ'om the crossroad to Sklcne Tephce. S

F-31

31 East ofBanska Stiavnica 300 North of Kalvaria
12: South of Beliansky rybnik {on the slope from Kalvaria -
kB S0 ahove the road bctwcen Banska Stlavmca and Tepla

‘Number | Depth .~ | As Cd | Hg Pb - Se Zn pH | PH
| (em) B T o _ H,0 | /KC]
1 fla |[3-20 67.0 3.4 042 - 1700 0.3 6021 365! 3.30
l1b [ 80 608 511 026] 1665 0.3 7391 339} 320
2 |2a |3-15 872 - 37 061 2665] - 0.3 7401 4211352
|26 |50 S 561 15 069 4300 0.1 1390 | 4.02] 3.40
3 [3a |3-30 © 46.1 7.0 040 1700 04{ 1034]|.390] 3.70
13 | 70-80 - 49.1| - 208) - 029] 1337 - 03] 1766| 445 3.50
1 3c°100-120 | 1357 2221 061 352 - 02] 12875 580 525
4 |da |10 82.0 1.9 042  1570. 03 468 | 520 | 4.30
: |4b: | 70-80. | 412 . 193] 026 1625 03] 2212|475 | 375
15 |5a |3-10 2331 . 184 050 2445 011 2894 | 477 | 3.76
o sb “70"80' '41.4 1149 --’-f0‘74 C6I65 | 021 4500 | 441 | 3.40
Localities, - . ) L L ! T
I: SouthofAmol c]osetoﬂtenver Lo T 4 Southofﬂaccrossroadsto mesov :
... 2:South of Antol, west of the river - . 5 North of HontlamkeNemce south south wesi of Kalvaria Dianis
: _3 NonhofPrencov SouthwcstofKalvana409m_ e ’ . .
Southern (SW) slope below the quartz1te refuse hcap e
Number | Depth- | As Cd Hg = | Pb. Sc Zn | pH/H,0 | pH/ -
S em) 0 R A T e I B <o |
6 [ 6a. -_3"-.,15,:....28.7- --13- 007 186 15| 87| . 262| .22
_16b 76065 1 2831 14{ 006 - 119} . 10| 73] - 240] " 2.00
T 13920 {160 204 016 230 28| 124 262 222
Sl e |50-60. | 160 1.9 0013 2320 47| 124 0 240 - 2.00
8 18 |35 20702 026 162 07| 112 277|238
C8h T [50-60 22900 013 109 21 77 410 350
9| 9ar o [-3-10. [ 26:9 7] 701 [ 025 F . .245 32143 434 3.68
CLo|9b |S50-60 | 129 0.2 0.15) - 46| 08| 120 560 - 5.03
T [10a |3-10 | 348| 19| 0261 50| 08| 319] .300] 2.58
0 | 10b '55-60' -.9.9 03| 005 126 06| 97 400 342
The slope not mﬂuenccd by percolating water from Sobov - . : - .
Number - Depth As |Cd |Hg {Pb |Se |Zn - |PH | PH
{1 Ha. [3-10 -] 60 -1.94 007[ - 300 343 | 472|354
1 {11b [40-50. ] 14] .21 003 178 -109 | - 5.14 3.74
T1 7122 [3:15 | 108 23| 020 . 3717 1721 454 3.40
|2 | 12b 6065 | -87| 22| 008} - .277 188 | - 474| 3,56
‘1-113a [3-15 | 453 141 002 42 1051 - 5.00 3.74
3 13b _40-50 _31.6 20| 0.03_ .38, 106 4.71 2.42




From the results it is obv1ous that all the sorls are acrdrc and polluted Therc isa tendency for the

 metal content to decrease down the ol profrle In the sorls rnfluenced by percolatmg acid water

the high soil ac1d1ty isa result of the acrdto water percolatmg down the slope The hrgh acrdrty of :

'ithrs water is a result of acrd sulphate weathenng of the pyrlte in the quartzrte found m the .

_ outcrops and sporl heaps in this area. .

: _'Sorls not rnﬂucnced by percolatrng water : are polluted and acrdrc too Therr acrd character is due :

- to the acid sulphate wcathermg of the pynte content of the parent rocks (pyntrzed andesrte)

: ‘The sorls in the alluvral plam of the Stravmcky Potolc rrver are heavrly polluted untll ~ 40km__

: 'downstream from the Banska Stlavmca rnrmng drstnct A feature of these alluvral soﬂs

o (ﬂuvrsols) is that they generally have an ac1d1c character wrth the pH rncreasmg in the subsorls

| The very htgh content of Lead and ch in thrs alluvral area 1s caused by the polymetallre '

. 'character of the mmmg ores (galemte-sphalerrte) at Banska Stravmca These ores were reworked

- very close to the Stravmcky potok nver The wastes wrth pynte and other sulph1t1c ores were
_ ., drained stralght into the river. for an extended penod of trme Dunng hrgh water levels and |
| ﬂoodmg the partrculate matter contarmng these metals and ores were 1rregularly dtstrrbuted in the : e
mundatron zone of the tiver. ‘The matenal weathered and produced some addmonal acrdlty to the L

" sorl through acld sulphate weathenng Due to weathenng and pedogenes1s parasulphatrc sorls

: (sorls that are mﬂuenced by pynte oxrdatron but are not sufﬁcrently ac1drc to be classrﬁed as
) acrdrc sulphate soils) developed The pynte content of the sorl is low but enough to free some _

g metals to the sorl

The content of pynte m the r0cks refuse heaps and slope deposrts vary: The same 1s true of the L
so11s Pynte levels can also be lowered as pedogenesrs proceeds That is. why typrcal acrd .
' sulphate soils are rare. Para- or pseudo- crd sulphate sorls or horizons’ are most common thrs rs e

also true for the Banska Sttavmca study area The sorls that have thc greatest potentlal to: be true ‘. -

= ac1d Sulphate sorls are those that have developed on the settlmg prts and reﬁrse heaps : o

In other areas of Europe it is evtdent that sorl acrdlﬁcatron is'a result of acrd deposrtron from the
air via precrpltatron However rmnmg aotmtres date back hundreds of years m the Banska
Stravmca area. The acrd rmne water percolatmg through the sulphrtrc materral of the sporl heaps

brmgs the dissolved metal specres to the soils on the slope below the sporl heaps and the nver



" plam The potential acid load contained in old spoil heaps contammg pyrite may play a key role
in s011 acrdrﬁcatlon and eonsequently in soﬂ pollution in the Banska Stiavnica area for some time

to come.

(3 Conclusion

In the Banska Stiavnica ore district and in the catchment area of the Stiavnicky potok river,

strdhgly acidic and polluted soils are present due to acid sulphate weathering.

-The .'re.dis'tributioh of sulphurous rhaterial to..the alluvial plain of the river (Stiavrlicky potok)
E together wrth multl sourced dissolved specres of chemical elements freed by acid suiphate
: weathermg contnbutes to alluv1al sorls pollutlon The hrgh metal pollution in these soils (eg Pb,
Zn, Cd As and Se) is related to the polymetallrc character of the mmecl ores (Pb-Zn) in this

drstnct

The lmportanee of acid r:Ulphete Weatherlng ntay only be 'reg'ional' but the effects can be lonéQ
lastmg and can result in a time delayed response as more pynte weathers, this creates greater

' kacrdrty and therefore an mcreased avarlabrhty of toxic elements

g Aud sulphate weathermg may also be an 1mportant factor contnbutmg to the acldxﬁcatron and
' 'avallabﬂrty of metal pollutants in other areas of the Hron Rwer Basin which have elther pyntlzed '

bedrock or mmmg areas where sp011 heaps containing pynte ocCur.
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