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Abstract: Rävlidmyran pit lake situated in Northern Sweden had low pH, and a 
permanent stratification with anoxic water at depth. To improve the water quality, the pit 
lake was limed by using Ca(OH)2. Before liming, the lake was stratified with low pH (3.0 
– 3.4) and high concentration of dissolved oxygen between 0  and 5 m depth, with a 
transition zone from 5 to 8 m depth, and a zone with pH 3.2 – 5.5 and very low dissolved 
oxygen from 8 m depth to the bottom. Metals such as Al, Cu and Pb had highest 
concentrations in the upper zone whereas the concentrations of most other elements 
including As, Ca, Cd, Fe, Mg, Mn, S and Zn increased with depth. The stratification 
remained also after the liming treatment. pH increased to about 8 in the whole water 
column although only one sixth of the Ca(OH)2 was rapidly dissolved, and the remaining 
part accumulated in the bottom sludge. Redox decreased, especially in the oxygen poor 
zone at depth. Concentrations of Fe, Mn, Zn and Mg decreased strongly in the upper oxic 
water, due to formation of oxyhydroxides. In the anoxic bottom water, the concentrations 
of these elements gradually increased towards pre-liming levels. Aluminium and Cu were 
almost completely depleted in the entire water column due to pH increase and 
precipitation of minerals such as gibbsite. The bottom sludge formed after the liming was 
dominated by Ca(OH)2, calcite and a group of Fe(II)-Fe(III) oxyhydroxides, so called 
green rust. Metals removed from the dissolved phase of the water column accumulated in 
the sludge. Although the bottom sludge will have a buffering effect for some time, the 
poor water mixing in the pit lake will rapidly result in acid water in the upper zones when 
liming ceases.  
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Introduction 

 
Pit lakes from sulphide ore mining often have acidic water and a high content of dissolved metals due to 
oxidation of sulphide minerals (Levy et al., 1997; Miller et al., 1996). Rävlidmyran pit lake situated in 
Northern Sweden had a pH between 3 and 4, and a permanent stratification was developed with anoxic 
water at depth (Lu, 2004). Drainage water from the pit lake reaches the nearby lake Hornträsket. To 
improve the water quality the pit lake was limed by using Ca(OH)2. The effects of liming this 
permanently stratified pit lake is described in this paper. 
 

Site description 
 
The Rävlidmyran mine is located in northern Sweden, c. 180 km southwest of Luleå (Fig. 1). The ore lies 
along a thin strip of c. 1.9 Ga old graphite phyllitic rocks and limestone, which occupies the central axial 
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zone of the Rävlidenfältet anticline. The surrounding rocks are quartz schists (with sericite, chlorite and 
biotite), limestone and graphite phyllites (Gavelin and Kulling, 1955).  
 
Mining activities in the Rävlidmyran area started in 1953, and the ore was mined by both open pit and 
underground mining. The capacity of the mine was 300,000 tons per year, while the mean annual mining 
production was 230,000 tons. The Sture ore body was the largest one in Rävlidmyran mine and it was 
estimated to contain 2,001,400 tons of ores with 4.12% Zn, 0.98% Cu, 0.67% Pb, and 23.4% S. It also 
contained about 0.6 g/t Au and 48 g/t Ag. Mining at the Sture pit, forming the resent pit lake, ceased in 
the first half of 1974 (Mikael Sandberg, Boliden, oral communication). To the north of the Sture pit a 
dump is situated in which about 500,000-600,000 m3 of waste rock and the soil from the other pit castings 
is stored. The content of sulphide mineral in the waste rock is estimated to be about 2-5% (Mikael 
Sandberg, Boliden, oral communication). 
 
The lake formed today has a surface area of 49,191 m2 and a volume of 527,000 m3 water. The maximum 
depth of the lake is 28.9 m and the average depth is 10.7m (Fig. 1). Since the mine closure in 1974, the 
lake was left without any treatment until May 2003 when the lake was limed with 200 tons of Ca(OH)2 
within three weeks. The lime was pumped from a truck tank and injected into the lake through a pipe. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Bathymetric map of Rävlidmyran Pit Lake. The white crossing point in the map is the sampling point in 
the lake. 

Methods 
 
Before the liming treatment, sampling was performed six times from April 2001 till March 2002 to cover 
typical seasonal variations including the ice-covered period. Two additional samplings were performed in 
May 2003 during the liming period, and in June 2003, one month after the whole liming treatment was 
finished. Each time the samples were taken along the deepest profile of the lake, the white cross marking 
in Fig. 1. Before sampling, measurements including temperature, pH, conductivity, dissolved oxygen 
(DO) and redox potential were performed in situ with a Hydrolab Surveyor II water quality probe with 
half meter or meter intervals. Immediately after measurement, samples were collected. 
 
Eight to nine samples were collected on each sampling occasion, including the depths 0.5 m, 2 m, 5 m, 8 
m, 10 m, 15 m, 20 m, 23 m and around half a meter above the bottom. A metal-free Ruttner sampler (1.7 
l, Heraco AB) was used for collecting lake water. Samples were immediately filtered through a 



Nitrocellulose filter (0.22 µm, 25 mm φ, Millipore®) with a disposable plastic syringe (50 ml, Sartorius® 

AG, Germany).  
 
Bottom sludge formed after the liming was sampled in May and June, 2003. The samples were kept in 
acid-leached Azlon® HDPE bottles without headspace during transportation. They were dried at 50°C for 
24 h before analysis. All the samples were kept in an icebox and were not exposed to light during 
transportation. 
 
Dissolved metals including Fe, Al, As, Ba, Cd, Co, Cr, Cu, Mn, Mo, Ni, P, Pb and Zn were measured 
using ICP-SMS (high-resolution ICP-MS), and Ca, K, Mg, Na, S, Si and Sr were analysed by ICP-AES 
(Atomic Emission Spectroscopy). Filters for analysis of the particulate phase including were dissolved 
with suprapur HNO3 in closed Teflon bombs in a microwave oven, and then analysed by ICP-AES and 
ICP-SMS.  
 
Mineralogical characterization of the bottom sludge in Impoundment 4 was performed with XRD (Philips 
PW 1729 diffractometer using CuKa radiation) and optical microscopy. 
 

Results and discussion 
 
The water column, physiochemical conditions 
 
Before liming, the Rävlidmyran Pit Lake was a meromictic lake, permanently stratified and poorly mixed 
vertically (Fig. 2). An oxygen-poor layer, the monimolimnion, characterized by higher electric 
conductivity and higher elemental concentrations, was developed below 8 m depth. Above 5 m, the 
mixolimnion layer, saturated with well mixed oxygenated water was situated. The chemocline between 5-
8 meters distinctively separated the mixolimnion and the monimolimnion. The stratification and the strata 
were quite stable during the monitoring period. The lake was acidic and the redox  potential remained 
positive and high (300-800 mV) although dissolved oxygen concentration was very low in the deeper part 
of the lake. 
 
The stratification was not disturbed by the liming with respect to temperature, conductivity and dissolved 
oxygen. The deep water kept a constant temperature of 5 °C. Conductivity was slightly higher throughout 
the whole water column after liming. However, the situation with a stratification with denser water at 
depth was unchanged. Before liming, a rather stable zone with rapid oxygen decrease was observed 
between 6 and 8 m depth. This zone of oxygen decrease moved upward between 1 m to 3 m in May 2003, 
just after liming. Oxygen saturation decreased from full saturation to 16.5% within 2 m. Just after the 
liming in May 2003, the uppermost 2 m of the water column was turbulent indicated by varying oxygen 
saturation and temperature. The turbulence was probably caused by the pumping of lime into the lake. In 
June 2003, one month after liming, the zone with strong oxygen decrease moved down to a depth of 5 m 
to 6 m. Compared with the pre-liming situation, the zone with oxygen decrease was shallower and thinner 
and the level of dissolved oxygen was lower. In June 2003, in similarity with the pre-liming situation, 
dissolved oxygen was constant in the surface water, indicating well-mixed conditions. This is also shown 
by the constant values of other parameters such as pH, conductivity and redox potential. The water had 
low oxygen concentration below 6 m and became anoxic below 8 m. 
 
After the liming pH increased in the whole water column (Fig. 2). The highest pH, over 10, occurred 
between 2 m and 9 m depth in May 2003, and between 6 m and 9 m in June 2003. This is most likely the 
depth that directly received lime since the pipe which lime was pumped through was heavy and sank 
below the lake surface. In May 2003, the surface water was still acidic due to the turbulence and poor 



mixing with water below. In June 2003 the whole water volume was neutralized during the process when 
the lime sank to the lake bottom. pH gradually decreased  to around 7 at depth. 
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Figure 2: Results of in situ measurements of temperature, conductivity, pH, redox, dissolve oxygen and dissolved 
oxygen saturation in the Rävlidmyran Pit lake before and after liming treatment. 
 
 
After liming, a several meters thick layer of dark green unconsolidated sludge was found to have settled at 
the bottom. Both in May and June 2003, pH increased about 2 units below 23 m depth and remained 
stable at the high level until the bottom. The rapidly increasing pH probably indicated the depth of the 
water-sludge interface. Therefore the depth range where pH remains high and stable may indicate the 
thickness of the sludge. Increased pH level in the sludge could be explained by excessive lime which was 
not dissolved during the settling process and accumulated at the lake bottom. Redox was obviously 
lowered by the liming treatment. The redox potential was negative below 10 m. Redox did not drop 



gradually with increasing depth as before liming, but instead showed distinct zones of decreasing values. 
This indicates the domination of different oxidants at different depth ranges. In June 2003, the first 
decrease occurred at 5-6 m depth, and oxygen was the dominant oxidant above 5 m. Since there still were 
small amounts of oxygen dissolved in the water until 9 m, the second decrease between 9-10 m indicates 
the complete consumption of oxygen, and another oxidant, probably Fe, starts to control the redox 
potential below 10 m. A sudden drop of redox potential was observed at 23 m in both May and June 
2003, which coincides with the depth of increased pH and decreased conductivity. This is the depth of the 
water-sludge interface. 
 
Bottom sludge 
 
The bottom sludge was dark green and unconsolidated with a thickness of almost 5 meters. Mineral 
phases determined by XRD were calcite, chlorite and small amounts of amphibole. The silicate minerals 
probably were derived from erosion of the pit walls and drainage waters from the surroundings. The 
major components of the sludge were Ca, Fe, S, Si, Mg, Mn and Zn (Table 1). Although Fe and S were 
two of the most important components in sediment according to the chemical analysis, no corresponding 
mineral could be detected by XRD analysis, probably because these elements mainly occurred in 
amorphous phases. Considering the concentration of Ca in the sludge and that TS is known, the 
approximate total mass of Ca in the sludge can be estimated. This calculation showed that only one sixth 
of the 200 tons of lime were rapidly dissolved in the lake. The remaining part were accumulated in the 
sludge.  Some Ca(OH)2 reacted to form calcite. Magnesium occurred in chlorite and amphiboles, but 
probably also in calcite considering the relatively low Si-concentration in the sludge.  
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The green color of the bottom sludge totally disappeared after dehydration in the lab, and the color 
changed to yellowish brown, characteristic for goethite (FeOOH) (Schwertmann and Cornell, 2000). This 
indicates that the greenish phases were not stable. According to Schwertmann and Cornell (2000), a group 
of Fe(II)-Fe(III)-hydroxide salts, which structurally consists of alternating positively charged octahedral 
sheets and negatively charged sheets of exchangeable anions and water molecules, could give green color. 
This so called green rust could be the precursor to other iron oxides such as goethit.  



The water column, elementral concentrations 
 
An increase of the Ca concentration was obvious in the water after liming, especially above 20 m (Fig.3). 
The peak of the Ca concentration and the pH peak further show that 5-10 m was the depth where lime was 
directly injected into the lake. Elements such as Na, K and S were not influenced by the liming treatment. 
Sulphur probably occurred mainly as SO4

2- in the water, as it did before liming, which is supported by 
PHREEQC modeling (Parkhurst and Apello, 1999).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure
compa
 
Gypsu
not fo
of wa
below
receiv
A pos
 3: Concentration profiles of filtered Ca, Mg, Na, K, Fe, Mn, Zn, S, Al and Cu in May and June 2003 
red with the average concentration before liming treatment, with 95% confidence interval. 

m (CaSO4) was close to equilibrium at all depths, which it also was before liming, but gypsum was 
und by XRD analysis of the sludge. Dissolved Mg became obviously lower in the uppermost 10 m 
ter after liming, indicating that Mg was removed from the water, but the concentration was higher 
 10 m. It is likely that Mg was removed from the upper water by precipitation. The precipitate 
ed from upper water dissolved in deeper water, which resulted in higher Mg concentration at depth. 
sibility is that Mg precipitated as brucite (Mg(OH)2) in upper water where pH was very high. The 



solubility of brucite is strongly pH dependent. At pH lower than around 10, Mg(OH)2 will dissolve. 
However, PHREEQC modeling did not indicate that brucite should have precipitated. It is concluded, 
though, that there was a transformation of the dissolved Mg to particulate phases in the upper water.  
 
Dissolved Fe was strongly removed from the uppermost 10 m of water after liming. The concentration 
dropped several magnitudes compared with the pre-liming situation, from a few mg/l to only a few µg/l, 
but the dissolved Fe concentration increased at depth where water was anoxic and the redox potential 
dropped to negative values.  
 
Dissolved Fe transformed into particulate Fe in oxic water by oxygen consuming reactions such as : 
 

Fe2+(aq) +1/4O2(g) + H+(aq)  = Fe3+(aq) + 1/2H2O  
 

Fe3+(aq) + 2H2O = FeOOH(s) + 3H+(aq)   
 

Such reactions were stronger than before liming as reflected by much higher particulate Fe concentration 
in the oxic water, which indicates stronger oxygen consumption. This may explain the lower dissolved 
oxygen in the oxic water than before liming. From 15 m depth to bottom, although the water was still 
neutral or basic, the environment was reduced with negative redox potentials. Corresponding to this, 
dissolved Fe increased several thousands times, but was still lower than the average level before liming. 
 
Hematite (Fe2O3) and goethite (FeOOH) were oversaturated through the whole depth profile according. 
Further, Fe(OH)3 was also oversaturated from 0.5 m to 10 m. Hematite will not precipitate for kinetical 
reasons although modeling indicates that it is thermodynamically possible (Langmuir 1997). However, 
formation of goethite (FeOOH) and Fe(OH)3 are likely to occur, especially in oxic water (Borggaard and 
Elberling, 2003). Ferrihydrite (Fe(OH)3

.nH2O) may also form from rapid oxidation of Fe2+ and hydrolysis. 
When Fe-oxyhydroxides precipitated and sank to deeper anoxic water, they partially dissolved through 
reduction reactions which released Fe2+ into the water, thus increasing the dissolved Fe concentration. 
Some process removed dissolved Fe from the anoxic water since the Fe concentration there was lower 
than before liming. This process was probably the formation of a group of Fe(II)-Fe(III)-hydroxy phases, 
which precipitated as the green sludge found at the bottom. 
 
Manganese and Zn had similar distribution patterns as Fe after the liming treatment. Both dissolved Mn 
and Zn were strongly removed from the water in the uppermost 10 m. In the anoxic layer, their 
concentrations gradually increased and recovered close to pre-liming average level. Zn and Mn also had 
high concentrations in the sediment (Table 1), which indicates that they were removed from the water by 
precipitation. Dissolved Mn most likely will transforms into the particulate phase by forming minerals 
such as manganite (MnOOH) in oxidized water (Stumm and Morgan, 1996). PHREEQC modeling also 
shows that manganite is oversaturated in the upper 10 m. Dissolved Zn is likely to be removed by forming 
Zn(OH)2 within a pH range of around 8-10 (Stumm and Morgan, 1996). Adsorption of Mn and Zn to Fe-
oxyhydroxide may also occur since ferrihydrite and goethite are negatively charged when pH is high 
(Langmuir, 1997).  
 
Aluminium and Cu were the metals most strongly influenced by the liming. Through the whole water 
profile, dissolved Al and Cu decreased dramatically, and they were almost completely removed from the 
water. For Cu, the concentration decreased to only a few µg/l. Dissolved Al concentrations are quite 
influenced by pH changes (Stumm and Morgan, 1996). Minerals such as gibbsite (Al(OH)3) were 
oversaturated at all depths in May and June 2003. Copper was probably removed from the water by 
adsorption to Al- and Fe-oxyhydroxide since pH was rather high. 
 



In June 2003, the redox potential was as low as -265mV at the lake bottom, and PHREEQC modeling 
indicated that pyrite (FeS2) could precipitate. 
 
By calculating the mass of the different elements in solution in the pit lake before and after the liming, the 
effects of the treatment can be quantified. By assuming that the measured average concentration for each 
level is representative for the water column the distance to the next measurement upwards, and knowing 
the surface area of each depth (Fig. 1), the mass of the different elements in solution can be calculated. 
The values for the measurements at 5 m are supposed to be valid for the water from 0.5 to 5 m depht, etc. 
The results of these calculations are shown in Tables 2 and 3. By comparing the masses before and after 
liming, the extent of removal of different elements was quantified.  
 
Table 2: Calculated mass of different elements in Rävlidmyran pit lake before and after liming treatment at different 
depth 
 
 

Ca ton 6.3 46.4 28.9 17.6 35.9 22.6 8.1 4.5   170.3
Mg ton 2.0 15.0 9.4 5.8 12.1 7.7 2.7 1.6   56.2
Na  ton 0.2 1.7 1.1 0.7 1.4 0.9 0.3 0.2   6.5
K ton 0.2 1.7 1.1 0.7 1.5 1.0 0.3 0.2   6.7
Fe ton 0.2 1.7 3.1 3.3 9.4 6.9 2.9 2.3   29.7
Mn ton 0.3 2.0 1.3 0.8 1.6 1.0 0.4 0.2   7.6
Zn ton 1.4 10.7 6.7 4.0 7.8 4.8 1.7 1.0   38.0
S ton 9.2 70.0 44.2 27.5 56.5 36.1 12.9 7.5   263.9
Si ton 0.2 1.1 0.7 0.4 0.9 0.6 0.2 0.1   4.2
Al kg 287.5 2163.7 1185.0 598.5 959.1 509.6 134.6 45.9   5883.9
Cu kg 115.4 886.0 486.5 257.3 438.9 247.8 68.0 23.1   2523.0
Cd kg 2.9 21.4 13.5 7.0 14.6 9.2 2.7 2.1   73.5
Co kg 3.6 26.6 17.3 9.7 19.8 12.3 4.2 2.4   95.8
Pb kg 1.5 10.7 6.0 3.4 6.0 3.3 0.8 0.3   32.0
Sr kg 10.4 76.9 46.9 29.4 61.6 39.0 14.0 7.9   286.3
Ba kg 1.2 8.1 3.9 2.0 3.6 2.1 0.7 0.3   21.9
Ni kg 3.8 27.4 18.7 9.6 19.5 11.1 3.7 2.1   95.9

 Mass 0.5m 5m 8m 10m 15m 20m 23m Bottom   Total

   Before Liming Treatment 

 Mass 0.5m 5m 8m 10m 15m 20m 23m Bottom   Total

   After Liming Treatment June2003     

Ca ton 12.85 91.00 51.73 27.96 52.19 27.99 9.51    273.24
Mg ton 0.88 6.17 3.10 1.92 11.65 10.39 3.82    37.93
Na  ton 0.29 2.07 1.14 0.62 1.40 0.93 0.32    6.78
K ton 0.30 2.10 1.16 0.64 1.49 1.01 0.35    7.06
Fe ton 0.00 0.00 0.00 0.00 1.95 3.89 1.36    7.20
Mn ton 0.03 0.18 0.01 0.05 0.91 0.92 0.33    2.43
Zn ton 0.02 0.11 0.01 0.02 0.24 1.65 0.64    2.70
S ton 11.26 79.03 43.51 23.92 55.58 36.55 12.74    262.58
Si ton 0.04 0.26 0.10 0.07 0.28 0.37 0.14    1.25
Al kg 0.39 2.17 0.61 0.55 5.28 1.22 0.25    10.47
Cu kg 0.06 0.58 0.20 0.10 0.22 0.42 0.02    1.61
Cd kg 0.15 1.01 0.06 0.23 3.66 6.84 2.52    14.47
Co kg 0.24 1.57 0.11 0.37 3.91 6.23 2.47    14.91
Pb kg 0.00 0.10 0.01 0.00 0.01 0.01 0.00    0.15
Sr kg 14.75 102.80 57.48 31.19 68.32 43.27 15.21    333.03
Ba kg 0.69 4.21 2.26 1.24 2.45 1.36 0.51    12.70
Ni kg 0.24 1.80 0.13 0.38 3.82 4.93 1.92    13.23

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For Zn, as an example, the upper two levels contained 12.1 ton before liming but only 0.13 ton after 
liming. Corresponding figures for the measurements at 20 and 23 m are 6.6 ton before liming and 2.29 ton 
after liming.  Thus, in the upper water 98.9 % of the Zn was removed from the dissolved phase and in 
deeper water only 65.3 %. For Fe the removal was 100 % in the upper water and 46.4 % in deeper water. 
For Cd, the removal was 95.2 % in upper water and only 21.3 % in deeper water. The results for the 
whole pit lake is shown in Table 3. The total mass of dissolved Ca and Sr increased in the lake, with the 
lime as the source. For Na, K and S, the total mass was almost the same after the liming as before, and the 
mass of the remaining elements decreased; Mg with 32.6 %; Ba with 42.1, Mn with 68.6, Si with 71.0 %, 



Fe with 75.8 %, Cd with 80.3 %, Co with 84.4 %, Ni with 86.2 %, Zn with 92.9 %, Pb with 99.5 %, and 
Al and Cu with 99.9 %. 
 
Table 3: Calculated mass of different elements in Rävlidmyran pit lake before and after liming treatment in the 
whole water column. 
 

Ca ton 170.3 273.24 -102.96
Mg ton 56.2 37.93 18.32
Na  ton 6.5 6.78 -0.33
K ton 6.7 7.06 -0.35
Fe ton 29.7 7.20 22.54
Mn ton 7.6 2.43 5.22
Zn ton 38.0 2.70 35.31
S ton 263.9 262.58 1.33
Si ton 4.2 1.25 2.98
Al kg 5883.9 10.47 5873.39
Cu kg 2523.0 1.61 2521.40
Cd kg 73.5 14.47 59.00
Co kg 95.8 14.91 80.90
Pb kg 32.0 0.15 31.84
Sr kg 286.3 333.03 -46.77
Ba kg 21.9 12.70 9.21
Ni kg 95.9 13.23 82.69

Elements Before liming  After liming Mass difference after
     liming treatment

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the upper, oxygenated water the liming treatment was efficient and the concentrations of most heavy 
metals decreased strongly. However, in the anoxic water at depth Fe was not completely removed from 
the water by precipitation of Fe-oxyhydroxides. The removal of trace metals by sorption to the Fe-
oxyhydroxides was, therefore, also limited resulting in rather high concentrations. However, Cu and Al 
were almost completely removed from the dissolved phase. Gibbsite (Al(OH)3) was oversaturated at all 
depths after the liming. Also the deeper water had rather high pH after the liming, resulting in that Cu was 
efficiently adsorbed to particle surfaces (e. g., Johnson, 1986; Tessier et al., 1996). The removal of most 
elements from the water column was reflected by the formation of the bottom sludge with its high 
concentrations of most metals. 
 

Conclusions 
 
Liming efficiently increased pH in the Rävlidmyran pit lake, but the stratification with anoxic water 
below 10 m depth remained, resulting in that the Fe-concentration still was high at depth. Concentrations 
of element such as Cd, Co, Zn and Mn also remained relatively high at depth, whereas Al and Cu were 
almost completely removed from the water column. This illustrates that when planning for liming of 
acidic pit lakes, it is necessary to know if there is a stratification with different physiochemical conditions 
in the various layers. 
 
A sludge dominated dominated by calcite and a group of Fe(II)-Fe(III) oxyhydroxides, so called green 
rust, was developed at the bottom. Metals removed from the dissolved phase of the water column 
accumulated in the sludge. Only one sixth of the 200 ton of Ca(OH)2 used for the liming were rapidly 
dissolved in the lake, and the remaining part accumulated in the bottom sludge.  
 
Liming is a temporary solution to problems with acid mine drainage. If liming ceases, a lower pH will 
result in desorption and mobilisation of metals. Although the bottom sludge will have a buffering effect 
for some time, the poor water mixing in the pit lake will rapidly result in acid water in the upper zones.  
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