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ABSTRACT 

The results of chernical analyses of selected san1p lcs of 1111 ntng \vaste\vater fron1 
~~bandoned n1ines in Slovenia have confirn1ed the suspected increased 1nctal ion content 
and accon1panying anion content in \Vaste\vater, depending on the n1incralogy of individual 
mines. Since the don1inant rock in Slovenia is lin1estone, typical acid landfills and rnine 
leachate are not found. For this reason and partly due to clin1atic conditions in Slovenia, 
the direct adoption of the established alternative technology based on neutralization -
prccip i tat ion - biological decon1pos i tion \voul d not be an ideal approach to the ren1ediation 
of n1inc leachate in Slovenia. The ain1 of this study \vas to adapt passive tnethods for this 
specific conditions and evaluate the applicability of technical n1inerals existing in Slovenia 
for this purpose. 

DEVELOPI\1ENT OF PASSIVE TREATJ\1ENT 

The cap a city of various natura I \V c t 1 an d s to break do \V n p o 11 uta n t s (organ i c 111 at t e r) 
is kncnvn since the 19th century. Even then, English farmers en1ployed the cleansing 
potential of nearby n1arshes for the treattnent of n1unicipal \Vastc\vater. \\later treatn1ent 
tanks and various plants \Verc n1ore deliberately introduced on a larger scale in the USA 
and Canada during the th irtics. and in Europe after the second World \Var, n1ainly for the 
decon1position of organic con1poncnts in tnunicipal \Vaste\vater. 

Realising that surface and ground \Vaters can be polluted by 1ninc and deposit 
leachate even decades a rtcr the 111 ines have been closed do\vn, n1anv countries on aln1ost all 
con Linents have, during the p asl three decades, invested in the developn1en t of a! tcrnati ve 
tnethods ror the trcatincnt of n1ining \vastc\vater (tnetal tninerals, coal n1ines - hlack coal). 
lt 1S in1portant tO tnention that passive purification of 111ining \VaStC\\'3tCr did not develop 3S 

a result of cxperin1ental and laboratory \vork, but fron1 n1onitoring the quality of \Vater 
frotn the abandoned tnines \Vhich passed through natural n1arshes. Further developn1cnt of 
the passive treatn1ent techniques of tnining \Vaste\vatcr \Vas based on the exploration and 
i n1proven1ent of natural purification processes \Vi thin the \VCtl and. Passive trcatn1en t 
involves several techniques of creating artificial wetlands that usc natural, gcochen1ical 
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l\1. OBAL-llLH.ICH 

111 c c h an i s 111 s for t h c r c g ul a t i o n o f the 'vat c r' s p I-I a n d t h c I o, v c r i n g o f to x i c c o 111 p on c n t 
content. Today (Kieintnann ct al., 1993) the tnost con11non soft technologies in 111111111g, 
depending on the characteristic of influent (acidity. alkalinity. metal ions, dissolved 
oxygen content), involve the linkage of neutralization phases, regulation of the pl-I or \Vater 
\V i t h ani o 11 i c I i 111 e s to 11 e d r a i n s , t h c s c d i 111 c n t at i on o f p r c c i p i t at c d co 111 p o n en t s an d the z o 11 e 
of biological decotnpos i ti on (aerobic, anaerobic \VCtl and). In the past t \VO years, pu hI i shed 
studies have confinned the applicability or sorption on the natural sorhcnt in the passive 
process of purifying n1 in i ng leachate contatn ina ted with tnetal ions. 

PASSIVE TREATJ\tl El\'T IN SLO\"'ENIA 

In the last decade, the first artificial \Vetlands for tnunicipal \\"astc\vatcr were 
constructed in Slovenia (Urbane, 1993 ). However, the passive treatn1ent or waste\\'atcr or 
tninc drainage (or leachate) \vas not previously docun1entcd in literature or tninc archives 
in Slovenia. 

T h c quality of 1n inc '"' astc\\' a tc r in S Ioven ia 

S inc c the do 111 in ant rock i n S I o v c n i a is l i 111 c s ton c, there arc no t y p i c a I a c i d I an d fills 
and tnine leachate, \vhich often present a problcn1 in the processing or metal ore or the 
depositing of gangue containing sulphide tni nerals. The pH values of the \Vater an: usually 
cl o s c to n cut r a I \V i t h 111 c t a 1 i o n s ( F c, Z n , C u, P b in s e l e c t c d s a 111 p I c s o f m i n c w as t c w at c r ) i n 
partly precipitated and nonprecipitatcd fonn. 

The results of chetnical analyses of selected samples of tnining \vastc\vater rron1 
abandoned tnines in Slovenia (Table I, Figure I) and fron1 n1ines in the shutdo\vn phase 
confinn the suspected increased n1ctal ion and accotnpanying anion content in tnining 
vvastc\vater, depending on the n1incralogy of individual mines. 

Table I : Concentration of n1etal ions in selected san1plcs of 1111 n 1 n g \Vaste\vatcr fron1 
abandoned n1ines in Slovenia and n1incs in the shutdo,vn phase 

Location pll Tvpc of\vatcr Conccntr·ation of 111 eta Is n1_g_ill_ 
l\1 inc ! Deposit FcToT Zn Cu Pb 

f IS" 6 6 0 13 9 5.5 0.05 0 05 , ttarp:vcc ., 

~Stnartno-Littia (; -. I 0 3 () 0.2 0 10 0 2 _, 

f-' C erk n~- Ldnp 
_, Ponovice 

· -;ldriJa* 

I> ~VJ ezJ C i.l 
~--·--

l\1AC (m!!/1)** 

Note: * 
** 

*** 

530 

7 I ·~-+- 0 31 I 0.2 0 12 
-

() () 

I 0 0.05 3_7 0.55 
--

7,7 I 0 2-14 0 -
7.1 I 0 0_1 8 2. I 0.05 

6,5-9 0 *** 2 () 0,5 

Periodically increased concentration of llg and hydrocarbons 
l\1axin1u1n /\dn1issible Concentration for river discharge 

0_4 

0.5 

-
l)- 1 

0_5 
-
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figure ]·. Selected abandoned n1incs and tnincs in the shutdo\vn phase in Slovenia 
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1\1. OBAL-ULRICH 

Adaptation of passive methods to Slovenian conditions 

ln vtC\V of the abovc-tnentioncd facts and the clin1atc conditions in Slovenia, the 
direct adoption of the established alternative technology based on neutralization -
precipitation - biological decon1pos i tion \VOttld not be an ideal approach to the ren1cd iation 
o f n1 in e 1 each ate in S I oven i a. T h c ad apt at ion of these n1 e tho d s to s u it S 1 oven i an con d it ions 
\vould ensure not only a technologically, but also an econo1nically justifiable solution to the 
prob letn of n1ine \\'astc\vater \vhcrever feasible, or add s in1p ler n1ethods to the conventional 
purifying tcchn i q ues. Cons i dcri ng that such s ys ten1s req u i rc 1ni n in1un1 operational 
tnaintenance and that, according to financial analyses of existing systcn1s abroad, the costs 
of their cons rruction \\lOUl d be repaid in one year, these sys tcn1s are es pee i ally suitable for 
abandoned n1ines. 

As initially 1nentioned, the ain1 of the study 'vas to adapt passive n1cthods for the 
purification of n1ine leachate \Vith increased tnetal ion content to specific Slovenian 
conditions and for this purpose n1ake use of the technical n1inerals existing in Slovenia. The 
study \vas con1prised of three parts: 

• detenn in at ion of the level of alkalinity of water after pass age through a I ayer of 
calcite (anoxic lirnestone drainage or ALD), \vhich will ensure effective 
precipitation of free tnetal ions only in the sedirncntation zone, 

• determination of sorption curves for n1etal ions in the systen1 con1priscd of n1etal 
ion solution - alu1nina silicate (zeolite), \vith the ain1 of detcnnining the 
breakthrough points or bed voltune at which a consistent qualit)1 of the effluent 
tnay· be expected, and 

• design of n1odel laboratory instrutTients for regular n1onitoring and detern1ination of 
key paran1eters for evaluating the effectiveness of individual phases (pH 
regulation, sed i n1entation and sorption) in the passive process. The cq uations used 
to calculate the efficiency of real passive systen1s \·Vith a biological zone \vere 
adapted to allo\v for the calculation of the rate of contan1 in ant (meta!) ren1ov al. 

N e u t r a liz at ion of 111 in e \Vater i n t h c pass i v c s y s t c In 
Passive treatlnent systen1s perfonn n1ore effectively· \Vhcn n1ine drainage water has a 

pH greater than 6. 0 and contains net alkalinity. A lkal in i ty neutralizes acidity (the sun1 of 
acidic properties of dissolved n1etal ions) and buffer changes in pH. Without the addition 
o f cost I y c h c 111 i c a Is, a l k a I in it y can be generated by t\v o n at u r a 1 processes in the pass i v e 
s y s t e 111 ( He d in c t a I. I 9 9 4) : 

• bacterial sulphate reduction \vhich progresses in the presence of sufficient an1ounts 
of organic carbon and sulfate, producing bicarbonate alkalinity' as a by-product, 

• dissolution of carbonate rocks. 
L i n1 c s ton c i s t h c 111 o s t in ex pens i v c a 111 on g the co n11n on n cut r a 1 i s in g agents usc d in 

passive systctns for the pretrcat1nent of influent before entering the biological zone (natural 
or artificial s\vanl) or the sedin1cntation zone. As already n1entioned, the pritnary role of 
ALD in passive processes is to produce alkalinity as the consequence of reactions 
increasing the concentration of HC0 3- bicarbonate ions. The dissolution of calcite by 
c v o 1 v e d acid proceeds as fo I I o \ v s ( Donn ova n e t a I. , 1 9 9 4 ) : 
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THE APPLICABILITY OF PASSIVE !VIETHODS FOR THE PURIFICATION OF !\'liNING 
W ASTE\VATERS IN SLOVENIA ----------------------------------------------------------

and the do I o 111 it c dis so I uti on as fo II o \V s : 

pH < ~ 5.3 
pH > ~ 7.3 

pH <~5.3 

( 1 ) 
(2) 

(3) 

Dissolved 0 2 and ferric ions (fe3+) or alun1iniun1 arc considered the n1ain factors litniting 
the broader utilization of ALD. The dissolved oxy .. gen concentration in n1ine \Vater should 
be less than ltng/1, and Fc 3 ~ or Al 3

+ should be less than 2 n1g/l in order to prevent the 
oxidation of ferrous to ferric ions and to avoid the arn1ouring of lin1cstone drains vvith 
oxyhydroxides. Oxygenation and the arn1ouring of lin1estone particles can be reduced by 
covering the drainage ditch \vith a plastic foil or a layer of clay. Under such conditions in 
this anoxic environn1en t, the n1etal s present in ra\v \Vater (particularly iron) retn a in in the 
reduced state. The ferrous iron does not oxidize and ferric oxyhydroxides contatninated 
with other n1etal ions ( Mn, Pb: Zn, Cu, etc.) do not forn1. The n1etals present in the \Vater 
penetrate in unaltered ionic fonn through the layer~ despite the higher pH value of water 
(Nairn,ctal., 1991) 

Recrystalised litnestonc - calcite fron1 the Stahovica open pit ( CaC03 > 90o/o, grain 
size 2 - 7 111111), \Vhich fulfils the criteria for anion lin1estonc drainage, \vas used in our 
experin1e11t for pH regulation. The pH of acidified den1ineral izcd \Vater (pH= 3. 0 - 4. 8) in 
dependence of the tlovv rate (2.5 - 6.0 tn:~/h.n1 2) of water through the calcite layer vvas 
experitnentally detennined (Figures 2, 3 ). The reduction of acidity and the fonnation of 
alkalinity titrin1etrically detcnnined using APHA Standard Methods in neutralized \Vater 
san1plcs are presented in Figures 4 and 5. The reduction of calcite n1ass in dependence of 
experin1ental conditions was grav i n1etri cally detern1i ned. 

Fia 2· b· . 

Fig.2:Determination of pH of water 
through the ALD (pH initial = 3.0) 

8~-----------------------------------------------, 
7.~ . 

6.5- ~-----------------~··~---------:-~~---~~--~--fi ··~· ... .. --. - - . ··.... ~ ..... 
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l.S 

3 

2.5 . 

2~----------------------------------------------~ ..0.1 o.s 2.S 3.9 4.9 5.9 

Volume o~ water ( L) = BV 1--- 2.4 m3/h.m2 <:> 6.0 m3/h.m2 

Detern1ination of pH of \Vater through the ALD, initial pH of den1ineralized 
\Vater = 3. 0 
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1\l. OBAL-lJLRICH 

Fig.3:Determination of pH of water 
through the ALD (pH initial = 4.8) 
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Fig. 3: Dctern1 in at ion of p I-I of \Vater through the A L D, initial p I-1 of de1n i ncralizcd 
water=4. 8 

Fig.4:Formation of alkalinity in 
water samples (pH initial = 3.0) 
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Fig. 4: Fonnation of alkalinity in \Vater satnples, initial pH of dcn1incralizcd \Vater =0.3 
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Fig. 5: 

THE APPLICABILITY OF PASSIVE l\IETHODS FOR THE PllHIFICATION OF l\1INING 
WASTE\VATERS IN SLOVENIA 
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Fig.5:Formation of alkalinity in 
water samples (pH initial = 4 .8) 
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Forn1ation or alkalinity in \Vater smnples, initial pii of dcn1ineralized \Vater= 
4.8 

For the zone of effluent penetration (the chosen zone corresponds to the published 
s p e e d o f I i q u i d p c n e t rat i o n i n r e a l s y s t c n1 s , 'v h i c h i n c I u d c, a p art l'r o 111 I i 111 e s ton e an ion 
drainage, the scdin1entation zone and aerobic and anaerobic tnarshes), a pH value or 6 is 
achieved \\··ith selected recrystalized limestone in the acidified dcn1ineralization zone. 'fhis 
i s t h c opt i 111 u 111 value 'v h i c h c nab l c s, in add it ion to i ron and nl u 111 in i u n1, t h c so r p t i on and 
co-precipitation of lead, zinc, copper, nickeL cadn1iun1, etc_ as hydrated oxides of iron and 
alun1iniun1 in the scclin1entation zone \Vith a long enough residence ti1ne (Figure 6). 

pH 
, 2 -------~-------~-----~--------··-----

~+ ::l .... - ;2.. ..... 

1 o ---~--·-------- ----~.-..f __ Cd --- M.~.!. 
N•..c.• --

Fig. 6: pH values for n1ctal precipitation in \Vater solutions 
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i\1. OBAL-ULRICI-1 

The reduction of calcite \Vcight in the layer due to the dissolution and diffusion of 
hydrogen carbonate ions in the solution \Vas helo\V I ~/o under specific experin1cntal 
conditions. 

On the basis of cxperin1entally obtained results relating to the applicability of rccrystalized 
calcite fron1 the Stahovica deposit, the follo\ving 1nay be detern1ined: 

• during penetration through A LD, neutralization - trans fonnati on to the neutral 
state - \Vas attained at all flo\v rates \Vithin the selected range and at all levels of 
acidity w·ithin the selected range. The lcHver the tlo\v and the higher the initial pH 
of the liquid phase, the higher the pH value of the effluent. 

• the net acidity decreases during penetration through the calc i u 111 carbonate la~~r'er 

due to its dissolution. The stnallcr the no,v and the higher the pH value of the 
in f1 uent upon entry into the layer, the higher the net al kal in ity of the eftl uent. 

• under selected cxperi111ental conditions, the quality of the effluent ren1ains constant 
until the entire volutne or the liquid phase is purified. 

• the n1onitoring of changes in calcite \Veight has sho,vn that under selected 
experin1en tal conditions, the d issol uti on of calcite in con tact \vith acid so I uti on 
reduced the initial \veight by less than I%. Since n1etal ion solutions \vere not yet 
us c d in t h i s p has e , t h c ann o u r i n g of c a 1 c it e g r a i n s \V i t h a I aye r o f n1 e t a I h y d r ox i de s 
did not occur and the hydraulic integrity of the layer ren1ained unchanged. 

• a con1parison of the results obtained (figures 2-3) \Vith Figure 6 allo\vs for the 
assun1ption that a pH value of 6 is that value \vhich, under the selected operating 
conditions, enables the precipitation of present tnetal ions in the seditnentation 
zone. When other 111 c t a I ions are a Is o present i n \Vater tog e t h c r \Vi t h Fe and A I, the 
sorption - co-precipitation or n1etals on hydrated oxides AI and Fe should, 
according to data published by other authors (Anderson et al., 1990), take place in 
the sed in1entation zone. 

So r p t ion on nat u r· a I a I u 111 i n o silica t c s 

The pH regulation and scdin1entation zones tnay be follo\vcd by the n1etal ion 
extraction zone en1ploying trace sorption on natural sorbent. For this purpose clay 111 i neral 
n1ay be used. In our cxperirncnt, the colutnns \vere filled \vith zeolite tuff fron1 Zaloska 
Gorica (50o/o content of zeolite tnincrals, n1ostly as clinoptilolit, heulandit and n1ordenite) 
\Vith cation exchange values between 125- 135 n1eq NH 4+/100 n1g of dry \veight. 

Sorption is often described in tern1s of isothern1s, \Vhi ch sh<.nv the reI ationsh i p 
bct\veen the bulk aqueous phase activity (concentration) of adsorbate and the an1ount 
adsorbed at constant tc111perature. In col un1n operations, the breakthrough capacity ( I3 C) is 
a n1ore useful value for defining the nun1ber of effective exchange sites. HC is that 
quantity of ions \Vh i ch bind thetnselves to the exchanger until their traces appear in the 
effluent. According to Michaels, the breakthrough point is attained \Vhen the content of 
pollutant in the eftluent exceeds 5o/c> of its value in the influent. The saturation of the 
sorbent is cotnplete \v·hcn the concentration of pollutant in the effluent reaches 95~-'0 or its 
value in the inf1uent. Son1c authors (Kcran1ida et al., 1983) refer to cxperin1cntal evidence 
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THE APPLICABILITY OF PASSIVE !VIETHODS FOR THE PURIFICATION OF MINING 
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------~-------------------------------------·----------

supporting the assun1ption that the value of the breakthrough point - total f1ovv of influent 
through the zone - increases \Vi th deere as ing flo\v rate, yet the relation is not I inear. The 
breakthrough capacity depends on the dynan1ic behaviour of a systcn1 and therefore varies 
\Vith the particular ions undergoing exchange, the particle size of the exchanger, the liquid 
no\·V rate and the tetnperature of the systen1S ( Gri tnsha w et al. 197 5). 

Considering the fact that sorption \vould be the last stage before dischar.ge into the 
r e c i pie n t, the con centra t ion o f 111 eta I i o 11 s s h o ul d be i 11 the rang c o f M A C or: at 111 ax i n1 u 111, 
do ubI e MAC. 1 11 ex peri 111 en t s a i 111 e d at de t c r 111 i n in g the saturation o f n at u r a I sorb c n t a 11 d t h c 
lin1it conditions for deten11ining the optin1al operation or the sorption layer, the deviations 
fro 111 M A C for discharge into the r c c i p i en t \V ere taken into account in add it ion to B C 
values. Figure 7 presents the expcrin1entally obtained values at initial Pb, Cu 
concentrations c0= 1 tng/1 and initial Zn or Fe concentrations en= 4n1g/l, \vhich represent 
tv/ice the value of MAC for discharge into the recipient. The liquid tlo\v rate \vas \Vithin 
the range of 5-6 n13/h.n12, \Vhich corresponds to the top lin1it of liquid 1lo\v rate at \vhich 
the efficiency of the passive procedure in a 1110dcf laboratory device \·VaS evaluated. 
Analyses \Vere perfonned until the volun1e of effluent reached l 000 I. 

ln detern1ining the breakthrough curves, the volun1es of eftlucnt, divided hy the bed 
volun1c (BY), arc plotted on the x axis. As the volutnc of the sorbent layer \vas 
approxin1atcly 1 in our experin1cnt, the x values in Fig. 7 designated as effluent volun1e, 
actually correspond to the B V value. 
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Fig 7: Saturation curves in the systen1 of natural zeolite - solutions of Pb, Cu, Fe and Zn 

On the basis of values or individual l11Ctals in effluents after passing through the 
sorption zone, the following tnay be established: 
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i\1. OBAL-ULRICH 

• 

• 

independent of the type of n1etal in the 1\vo-phasc systen1 of natural zeolite - solutions 
of n1etals Ph, Cu, Zn and Fe, the n1etal content is \vithin the lin1its of trace detection 
up to V effluent = L3 V = 8 0 I. 
for Pb, the breakthrough point BC = 0.05c0 = 0.05 1ng Pb/1 \Vas attained at V ~ 160 I, 
for C u at Y ~ I 4 0 I ( l3 C = 0. 0 5 111 g CuI I ) and for Fe and Z n at ~ I I 0 - 1 2 0 I o f 
effluent \Vith an input n1etal concentration of 4 n1g/l (BC = 0.2 n1g/l). 
t h c 111 ax i nn1 111 e fflu en t v o lu n1 e which s t iII a II o \ v s for fa u I t Jess d is charge ( MAC = 

2tng/l) into the recipient \vas in the case of Zn and Fe solutions \Vith co = 4 n1g/J 
approxin1ately 600 I and for Cu solution (MAC = 0.5 tng/1) with Co = ln1g/l 
approxin1atcly 1200 I. Due to the \vell-kno\vn and expcrin1cntally proven high affinity 
of natura I z eo l i t e to\ v a r d s I cad ions, the est i n1 ate d 111 ax i nut 111 v o I u 111 e for P b so I uti on i s 
\Vi thin the range of V effluent ~ 1400 I ·- 1600 I at selected tlow rates and colun1n sizes. 

T e s t i n g o f c o n t i n u o u s p a s s i v c p u r i fica t i o n of s y n t h e t i c rn e t a I s o I u t i o n s a n d 
\vastc,\·atcr in a n1odcl laboratory device 

A cotnparison of results and the dctcnnination of opti tnal conditions for attaining 
neutralization \Vith recrystalizcd lin1estonc and the sorption of tnctals on natural zeolite 
served as a basis for the din1cnsioning and construction of a tnodcl laboratory device (Fig. 
8). The first phase included the sinntlation of continuous purification of synthetic 1netal 
so I uti on s . I n the s c con d ph as c - the pur i fica t ion o f 'vast c \vat c r fro n1 an abandoned 111 i n c 
S itarjevcc of Pb - Zn - Ba orcs - the effectiveness or the selected procedure \Vas 

con firn1ed. 
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Fig. 8: Schcnu1tic presentation of the 1nodcl laboratory device for the pass1vc purification 
of \Vater con tatn in a ted \Vi th tnctal ions 
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THE APPLICABILITY OF PASSIVE l\1ETHODS FOR THE PURIFICATION OF l\11NING 

WASTE\\i'ATERS IN SLOVENIA 
--~--------------~--------------------------------------~--~ 

The efficiency of processes en1ploycd in passive purification procedures depends on 
the chcn1isn1 and kinetics of reactions in the sy·stenls. Con1parcd to conventional 
procedures, the rcacti ons progress at l O\Ver rates, \Vh i c h is why the res i cknce t i n1cs prior to 
discharge fron1 the systen1 tnust be long enough. In past years_ n1any· passive systctns \Verc 
d i n1cns ioned according to guide I i ncs that \Verc not based on the av'ai I a b iIi ty or I and, the 
chetnisn1 and kinetics of reactions, but solely on the content or pollutants in intlucnts and 
crnuents. The llC\V approach based on loading capacity (Hedin, ct al., 1994) enables the 
n1orc accurate estin1ation of the systern's efficiency and the co1nparison of various passive 
systen1s differing in size, chen1ical con1position of \Vater and liquid rlo\v rate through the 
systen1. As the biological zone of the passive procedure \\'as not ctnploycd in our 
experin1enL the equations for the calculation of carrying capacity had to be adapted to the 
operating conditions of our n1odcl laboratory device (neutralization - sedin1cntation -
sorption). Con1parativ·e calculations have sho\vn that equations or loading capacity n1ay be 
successfully adapted by replacing the surface of n1arshcs with the n1ass and spcci fie 
s u r fa c c arc a of 111 at c r i a I s us c d as s o r ben t i n t h c co lu 111 n . 0 n the b as i s o f t h e I o a d i n g 
capacity o f t h c s y s t e 111 , the rat c s of r e 111 ova I o f in d i vi d u a I co tn p on c n t s \ v c r c c a I cuI at c d 
using the equations: 

v = 1.44.k. <P (Meinput- Meoutput) I P 
P = I'( 111, S m r) 
where: v 

k 
¢ 

- rate of rctnoval 
- factor of the f1ovv regularity 
- l1o\v of liquid through the systcn1 

Me - input or output concentration 

Ill 
121 

P paran1etcr dependent on n1ass (tn) and the specific surface (S 111r) of 
111ateri al used for pH regu I at ion and sorption 

Table 2 sho\vs the calculated rates of ren1oval of n1ctals present in water solutions 
(Ph, Cu, Cd and Zn) at various levels of intlucnt pollution (c 0 = 2 - 15 tngll) and rates of 
I i q u i d 1l o \ v ( 2 . 4 - 6 . 0 rn 3 I h . 1112 ) through t h c s y s t c 111. The c ffi c i c n c y o r the pro c e d u r e - rates 
0 r retnoval 0 f individual C0111ponen ts - is calculated for B v = 50. 

T bl 2 C I a e a cu ate d rates ( Vt,\'2 ) f 0 rcrnova 0 r n1eta s present Ill \Vater svn tl 1et1 C so t u tons -
! Pb Cu Fe I Zn 

c 11 = mg l\'le 2+/l 2.0 2.0 2.0 2.0 
<P=7 4 m'/h.m 2 ' ~ d v 1 (g/m-. ay) 1.99 1_8 l 1_39 l 31 
¢ ) ''I ~ = 6 l nY / 1 _ m- v~ (g/m 2

. day·) 3.~0 3.08 2.91 ~ 99 --

~+I cn=mgMc· I 5.0 5.0 5.0 5.0 
cl> <> 4 m·1 /h m 2 v 1 ( g/ m 2 d a y ) 4 02 3 39 3_1:.: 3 31 

<t> ( 0 -''] ~ 
. I ~ 

8.52 7.65 7.54 7 _99 '"' l . Ill ; 1 . Ill v~ (gi!n- day) 

c 11 = mg ~1e 2 ... /1 I 0.0 l 0. 0 l 0.0 10.0 

ct>=2.4 m\'h .m2 v 1 (g/rn 2 .day) 8.05 6.77 (l 3 2 7_65 

cf:l=6.0 m·1/h.m 2 ~ 

v 2 (g/m- day) 17.~0 !6 1 15.7 15.8 

c 0 = mg Me 2
+ /1 l 5.0 15.0 15. () 15.0 

' ' ct>=2 4 m /h m- Vt (g/m: day) 12.75 11.99 S. 88 11.24 

C!>=·6. 0 m ·' /h _ m~ . , l v 2 ( g/ m- _ c a y ) 25.20 23.85 ~() 95 23.09 
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M. OBAL-ULRICH 

According to a series of analyses of n1ine water in the \Vinter-sun1n1er period, the 
average Fetot and zinc concentrations in n1inc water fron1 Sitarjevec are 14 tng/1 and 5.5 
n1g/l, respectively. In the first phase, the tests \vere conducted at a flo\v rate of 6 n13/h.n12, 
corresponding to the top litnit of the selected tlo\v rate range, and then repeated at a flo\v 
rate of 2.4 1113 /h. 1112. 

Figures 9 and 10 show the attained rates of rcn1oval of Fe and Zn frotn n1ining \vasteYvatcr 
and synthetic tnetal solutions. 
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Fig. 9 Calculated rates of removal of 
Fe present in soluttons and SitarJevec 
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F i g. 9 : Co 111 paris on o f rates of r e 111 ova 1 of F c fro 111 s y nth e tic so I uti on s a 11 d 1111 n 1 n g 
vvaste\vater achieved in the n1odel laboratory device 
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Fig.1 O:Calculated rates of removal of 
Zn present in solutions and Sitarjevec 
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Fig. I 0 : Co 111 paris on o f rates of re n1 ova I of Z n fro 111 s v 11th e tic solutions and 1111 n 1 n g 
\vastc\vater achieved in the n1odcl laboratory device 
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THE APPLICABILITY OF PASSIVE METHODS FOR THE PURIFICATION OF l\·llNING 
WASTE\VATERS IN SLOVENIA 

On the bas is of the obtained resu 1 ts and calculated rates, the follovving tnay be 
established: 

• the Vvaste\vater tlO\·Ving rron1 the 111.ine shaft contains 14 111gFetot/l and 5.5 tng Zn/1, 
\V hi l c P b, C u and A g appear in t r a c c s . S u I fat c co 11 t e 11 t is \Vi thin ad 111 i s s i b I e l i rn its 
for discharge into a recipient. Due to the pH val uc of wastewater) part of the iron is 
present in precipitated forn1. By the addition of a reservoir before the ALD phase, 
Fe content tnay be reduced by approx. 50o/o and Zn content by approx. 40'Yo. Thus, 
the \Vater con1position before entry into the ALD layer is brought the lin1its of 
standards for the utilization of ALD in the passive systen1. 

• because of Fe's coagulation properties, approx. 30o/o of Fe and approx. 40°/o of Zn 
present in the I i quid are, at the attained pH ( 7. 5 - 7. 8) and res i dencc ti tne of 24 
hours , re n1 o v e d in the sed i n1 entation zone w hi c h fo II o vv s A L D, \Vi thou t the 
addition of polyclectrolytes. 

• the iron and zinc content in the \Vater entering the natural sorbcnt zone is \·vithin 
the range of MAC for discharge into the recipient. The role of a natural zeolite is 
to reduce the content of present n1ctals to traces. 

• the attained rates of ren1oval of iron and zinc fron1 111ine \Vater arc \Vithin the 
ranges of rates achieved in the case of pass ivc purification of synthetic n1etal 
solutions. 

CONCLUSION 

The results of chen1ical analyses of selected san1plcs of actual n1ining \vaste\vater in 
Slovenia have confinned the suspected increased content of tnetal ions in tnining 
\vastevvater, depending on the 111 ineralogical con1pos it ion of i nd ivi dual ore dcpos its. 
Dcsp i te the proven poll uti on of the environn1ent - \Vater currcn ts and accun1ul at ions 
receiving n1 ine leachate and \Vaste\vater, adequate procedures (conventional or alternative) 
for reducing the content of toxic con1ponents vverc not introduced or at least investigated in 
any of the cases discussed. 

For the purification or acid \vaste\vatcrs of n1ostly abandoned and still existing 
n1ines, the so-called passive purification n1cthods \verc introduced in other countries. 
These include the pH regulation phase con1bined \vith the zone of biological deco1nposition 
in a natural or artificial n1arsh and/or sedirncntation zone. Because lin1estonc rocks are 
prcdon1inant in Slovenia, typical acid \Vastewaters do not appear, \vhich is vvhy the direct 
adoption of the pH regulation - precipitation - biological decotnposition process can not be 
considered an ideal solution to this probietn. 

The a i n1 of ex peri n1 c n t a 1 stud i e s of pass i v e 111 c tho d s ad apt c d to S I o v c n ian c I i n1 at i c 
conditions (presedin1entation - pH regulation - sedin1entation - sorption) and the derivation 
of equations of ioading capacity of the designed n1odel device for passive purification \Vas 

to confirn1 the suitability or these procedures for their successful application in Slovenia. 
Nontnctal n1inerals fron1 exploited Slovene deposits \Vcre used: calcite for the regulation of 
pH value and zeolite tuff for the sorption of present n1ctal ions. The derived equations 
based on the loading capacity of the systen1 enable the calculation of rates of rctnoval of 
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individual con1ponents present (g/n12.day) in the intluent, as well as an evaluation of the 
c f fe c t i v en e s s o f scI c c ted 111 c tho d s as r c gar d s t h c s i z e o f systems and the I e v c I an d t )1 p e of 
pollution. The results of our n1odel laboratory systen1 arc comparable with those of 
COI1\iCntional passive purification systcn1s, \Vhich ctnploy, in addition to the studied phases: 
also biological dccotnposition. 

REFERENCE 

I. Anderson P.R., i\1cdding adsorption in Alt11niniun1-Iron Binary Oxide suspensions 
Environ. Sc. Tech. 1990 

2 . A P I-1 A S tan dar d M c tho d s for the Ex mn in at ion o f \\/at c r and \Vast e \Vat cr. A PH A 
1992 

3. Donnovan J.J .. Zicmkic\vicz P.F., Early' \vcathcring of pyritic coal spoil piles 
interstratificd \Vith chctnical an1endtnents, The lnt.Land reclamation and Mine 
Drainage Con f. and the Third Int. Con r. On the Abaten1ent of Acidic drainage, 
Pittsburg PA, ApriL 1994 

4. Grin1s!Hnv R.\V., Harland C.E., Ion Exchange. Introduction to Theory and Practice, 
The Chc1nical SocietY: London, 1975 

5. Hedin R.S., \Vatzlaf G.R., Nairn R.W., Passive Treatment of Acid Mine Drainage 
\Vith L i 111CStone, l3urca u 0 r f\1 ines, E:n vi ron. Tcchn. sect i 011' pitts burg, 1 994 

6. Keran1 ida V., l:~ t....:e I J. E., TreatJnent o (' Meta! PI a tin g \v'astc\vater \Vi th a disposab lc 
ion exchange 1natcrial, 3 71

h Ind. Waste Con f. Ann Arbor, 1983 
7. Kleintnann R.L., Hedin R.S., Nairn R.\V. Hynu1n D., Brodie G., Passive trcattncnt 

o r co a I 111 i n e drainage. Co u r s c Not c s of Pennsylvania 0 E R Workshop, 1 9 9 3 
8. Nairn R: \\/:, Hedin R. S. Watzlaf G. R .. A Pre! in1inary Review of the Usc o I' ALD in 

the Passive Trcatn1cnt of Acid Mine Drainage, l2 1
h V..l Virginia sufracc 111inc 

d r a i n a g c t as k fo r c e s y 1 n p o s i u 111 , rvt organ town , A p r i I , I 9 9 I 
9 . 0 b a l M . , Tech n i c a I 111 in era Is in the pass i v e t rca t 111 c n t o f indus t r i a l and 111 i n in g 

\Vastc,vatcr, Univcza v Ljubljani, Dissertation thesis, Ljubljana, 1996 
10. Urbane 8.0., Vzorci celostnega razvoja okolja, ?.ivljcnje in tchnika, No.6, 1994 

542 INTERNATIONAL !\liNE \VATE '.,. JATION 

IMWA Proceedings 1997 | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy




