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Abstract: Bioleaching comprises the use of microorganisms for metal-extraction processes from sulphide ores. During these
complex processes, sulphides are oxidized to sulphates with the generation of heat. As a result, gold, silver, and other precious
metals are liberated from the sulphide matrix, improving their recovery after further processing. A drawback of bioleaching
processes is the generation of significant amounts of acid solutions with high heavy metal concentrations. If untreated, these
acid solutions may alter the physical and chemical characteristics of water and its surroundings, with high impact to aquatic
ecosystems. High heavy metal concentrations in solution may also result in pollution to living organisms. A feasible method to
treat bioleaching-generated solutions is selective precipitation. This investigation presents the conditions for a successful
individual recovery of the main base metals contained in a bioleaching solution with high copper, zinc, and iron concentrations
by pH-based selective precipitation. Tests were made with standard solutions of known concentrations of copper, iron, lead
and zinc and by titration the concentrations were checked; which allowed to validate the volumetric titration method. The
selective precipitation of heavy metals was carried out in three phases using real acid main drainage and bioleaching solutions
generated at the laboratory. The first phase in a pH range of 2 to 4 to recover iron; the second phase in a pH range of 4 to 6 to
recover copper; and the third phase in a pH range of 6 to 10 to recover zinc. The selective precipitation allowed the heavy
metals to be completely removed from the solution or to achieve concentrations below the maximum allowable limit to be
discharged to a body of water or public sewer. Results portray that the variation of pH is an effective method, easy to use and
not expensive, feasible to be used in the purification of waters that have been polluted with heavy metals.
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galena and sphalerite, and when exposed to the action of air
and water they undergo throw a series of physical, chemical
and biological phenomena. This produces the oxidation of
sulphides to sulphates by the catalytic action of bacteria such
as Thiobacillus Ferrooxidans, T. Thiooxidans, T.
Sulfooxidans, and T. Thioparus, in addition to the production
of sulfuric acid that dissolves heavy metals such as iron,
copper and zinc; process called bioleaching [5]. These
solutions, with a high level of acidity, pH around 2, are
dragged by water currents or runoff, constituting a powerful
water and soil pollutant [6].

1. Introduction

In Ecuador, large gold mining deposits have been discovered
in the areas of Nambija and Ponce Enriquez, in addition to
traditional mining activities in Zaruma and Portovelo areas [1].
From the exploitation of these deposits, artisanal and industrial
mining activity is developed in the south of the country,
generating large investments, especially from foreign countries,
and changes in mining legislation [2-4].

In these mining districts, the gold deposits also contain
metal sulfides such as pyrite, chalcopyrite, arsenopyrite,
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The main sources producing acid solutions in mining
operations are drainages from underground mines, runoff in
open-pit mining and leachate from tailings and mining waste
[7]. These acidic solutions, with a high content of heavy
metals in solution, are called “acid mine drainage” (DAM)
[8]; see Figure 1.

DAM contains heavy metals such as lead, mercury, iron,
copper and zinc, which are toxic in small concentrations
(LD10 for lead, 1470 pg/kg, LD50 for mercury, 30-50
mg/kg, LD50 for iron, 600 mg/kg; LD50 for copper, 50-500
mg/kg, and, LD50 for zinc, 180 mg/kg) and tend to
bioaccumulate. Drains with lead, mercury, iron and copper
are very close to sulfur; they form bonds with enzymes
through sulfur and inhibit enzymatic functions, causing harm
to people. In addition, the ions of cadmium, copper, lead and
mercury when joining cell membranes restrain transport
processes through the cell wall [9, 10].

Figure 1. Acid mine drainage in piles of accumulated material, exposed to
rain, humidity and high temperatures in the area (Ponce Enriquez mining
district, Azuay province, Ecuador).

Globally, the mining industry faces one of the main
problems of environmental pollution, acid mine drainages. In
Ecuador, several of the mining deposits are located in areas
of great biodiversity, which generates fragility and risk [1, 4].
These areas have rivers and lakes which at the same time are
used for human consumption, agriculture and mining works;
the inadequate management of tailings and sands that are
discharged directly into rivers and streams generate serious
damage to the environment [11, 12].

The aim of this study is to use selective precipitation, in order
to recover iron, copper and zinc from acid solutions produced
by bioleaching during the extraction of precious metals at a
laboratory scale and from natural acid mine drainage, which will
allow to comply with environmental regulations regarding to
effluents discharge and to decrease the effect of environmental
pollution generated by acid mine drainage [13, 14].

The results were obtained using volumetric analysis
methods for the determination of Fe**, Fe*', total Fe, SO,”,
Cu*" and Zn*" [15]. Bioleaching solutions were prepared
with similar characteristics to the acid drainage of natural
mines to carry out the tests of selective precipitation of heavy

metals in solution. Pure metal hydroxides were precipitated
from natural acid main drainage and form the bioleaching
solutions generated under controlled processes in the
laboratory [16]. Results show that the process proposed in
the present study for iron, copper and zinc recovery has a
potential industrial application.

2. Methodology

2.1. Determination of Precipitation pH

The product of solubility (Ks) makes it possible to
calculate the pH value at which the precipitation of a
hydroxide begins and ends.

For copper hydroxide, after dissociation, the Ks and the
hydroxide concentration [OH] are calculated [17]:

CuSO, + 2NaOH — Cu(OH), + Na,S0, (1)
Cu(OH), — Cu** +2[OH]" )

2+ 2 20
Ks=[cu®][oH] =22x10° 3)

[OH] = JE @)

With (4) the pH is plotted against the concentration of
copper in solution. In Figure 2 the pH where the precipitation
of copper hydroxide starts depending on the concentration of
copper in solution is determined.

Similarly, for iron hydroxide:

Fe,(SO,); + 6NaOH — 2Fe(OH); + 3Na,S0,  (5)
Fe(OH), — Fe** + 3[OH]~ (6)

Ks = [Fe*'] [OH']3= 4.0x10° 7

[
[OH] - [Fe3+] (8)

With (9) the pH is plotted against the concentration of iron
in solution. In Figure 3 the pH where the precipitation of iron
hydroxide starts as a function of the concentration of iron in
solution is determined.

And, for zinc hydroxide:

ZnSO, + 2NaOH — Zn(OH), + Na,SO, )

Zn(OH), — Zn** + 2[OH]~ (10)
Ks = [Zn'] [OH']2= 1.8x10™ (11)
[OH] = |55 (12)

With (12) the pH is plotted against zinc concentration in
solution. In Figure 4 the pH where the precipitation of zinc
hydroxide starts depending on the concentration of zinc in
solution is determined.
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Figure 2. pH at which the precipitation of copper hydroxide starts
depending on the concentration of copper in solution.
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Figure 3. pH at which the precipitation of iron hydroxide starts depending
on the concentration of iron in solution.
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Figure 4. pH at which the precipitation of zinc hydroxide starts depending
on the concentration of zinc in solution.

2.2. Experimental Procedure

Validation of analysis methods. Volumetric methods were
validated as analytical methods for the determination of Fe*',
Fe*’, total Fe, SO,%, Cu®" and Zn*" [15]. Additionally, tests
were performed to demonstrate that there is no interference
between the ions to be analyzed.

Sampling. Samples of gold ore and acid mine drainage
(DAM) were collected in the Ponce Enriquez mining district,
Province of Azuay [18]. In the area, accumulated piles of
material are located for years that due to high temperatures
and constant rains generate large amounts of acid mine
drainage.

Table 1. Composition of K9 Medium for 1 liter of Solution.

Volume (l) FeSO, -7TH,0 (g) (NH4)zSO4 (g)

KH,PO, (2)

H;PO, (8) MgSO4 () Glucose (g) H,S04 ()

1 9 2.71 0.38

0.78 0.38 10 3.03

Leaching test. Bioleaching tests were conducted in four
tanks with agitation and continuous aeration for six months.
Each of the tanks contained acid drainage from a natural
mine, K9 nutrient medium, gold ore and sulfuric acid to
maintain a low pH. In Table 1 characteristics of the nutrient
medium K9 are shown. In addition, brown sugar and ethanol
were added to the first tank. During the six months of tests,
periodic analyzes of Fe*", Fe’, total Fe, SO,%, Cu*" and Zn*"
were done.

Samples characterization. The methods to characterize the
samples were: method for the determination of Fe®' in
solution, method for the determination of SO42' in solution
and atomic absorption, with hydrochloric acid matrix [19].
The characterized samples were:

Orenas bioleaching solution: the piles of accumulated
material in Orenas, Ponce Enriquez mining district, exposed
to rain, humidity and high temperatures, generate leachates
of acid solutions. To these leachate samples of acid solutions,
nutrients were added to stimulate the generation of bacteria;
these solutions were used for bioleaching tests.

Bioleaching solution SOLBIO 1: product of bioleaching
tests carried out in laboratory. To generate the solution, acid
drainage from natural mine, K9 nutrient medium, brown
suggar, ethanol, hydrogen peroxide, mineral from Ponce
Enriquez mining district and sulfuric acid were used to

maintain a pH of 2.

Bioleaching solution SOLBIO 2: product of bioleaching
tests carried out in laboratory. To generate the solution, acid
drainage from natural mine, K9 nutrient medium, hydrogen
peroxide, mineral from Ponce Enriquez mining district and
sulfuric acid were used to maintain a pH of 2.

Selective precipitation tests. For the selective precipitation
of iron, copper and zinc, from the bioleaching solutions
Orenas, SOLBIO 1 and SOLBIO 2, prepared with acid
drainage from natural ore and gold ore, six different tests
were performed. Each test follows a logical order for the
sequential separation (by stages) of heavy metals and, by
means of atomic absorption method, both for the filtrates and
for the precipitates (partial and final precipitates), the
percentages of recovery were determined.

3. Results and Discussion

Validation of analysis methods. Results of the validation
of the analysis methods in Tables 2-5. It was verified that it is
possible to determine the presence of copper, iron, lead and
zinc in a solution without interference between the ions to be
analyzed. The metal solutions were prepared with lead
acetate and with copper, iron and zinc sulfates.
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Table 2. Validation of Analysis Methods in Individual Metal Solutions.

Ton KMnO, Na,S;0; Interference
Expected Obtained Expected Obtained Yes No
Fe? 5.0 ml 5.0 ml X
Fe** 5.0 ml 5.2 ml X
cu* 1.6 ml 1.5 ml X
Zn** 9.0 ml 9.0 ml X
Pb** 15 ml 15 ml X
Table 3. Validation of Analysis Methods in Binary Metal Solutions.
Ton KMnO, Na,S,0; Interference
Expected Obtained Expected Expected Yes No
P a0 2.5ml 2.6 ml
Fe™ & e 5.0 ml 5.2 ml X
Fe?* & Cu® 2.5 ml 2.5ml 0.8 ml 0.7 ml X
P o 2.5ml 2.6 ml
Fe" & Zn 9.5ml 9.6 ml X
Fe¥* & Cu® 2.5 ml 2.7 ml 0.8 ml 0.8 ml X
a0 o 2.5ml 2.5ml
Fem & Zn 9.5ml 9.4 ml X
Cu*' & Zn* 9.5 ml 9.4 ml 0.8 ml 0.7 ml X
Table 4. Validation of Analysis Methods in Tertiary Metal Solutions.
Ton KMnO, Na,S,0; Interference
Expected Obtained Expected Expected Yes No
1.7 ml 1.7 ml
Fe*, Fe*" & Zn™ 3.3 ml 3.4 ml X
9.7 ml 9.7 ml
P = 3 o 1.7 ml 1.7 ml
Fe', Fe”" & Cu 33ml 33ml 0.5 ml 0.5 ml X
1.7 ml 1.9 ml
2+ 2+ 2+
Fe™, Cu” & Zn 05 ml 04 ml 9.7 ml 9.8 ml X
o 2 o 1.7 ml 1.8 ml
Fe’", Cu” & Zn 0.5 ml 05 ml 9.7 ml 9.7 ml X
Table 5. Validation of Methods of Analysis in Quaternary Metal Solutions.
Ton KMnO, Na,S;0; Interference
Expected Obtained Expected Expected Yes No
1.3 ml 1.3 ml
Fe*, Fe*', Cu™* & Zn** 2.5 ml 2.5 ml 0.4 ml 0.3 ml X
9.8 ml 9.9 ml

Samples characterization. Results of the characterization
of the three samples of bioleaching solutions in Table 6. The
characteristics of the solutions generated by a controlled
bioleaching process in the laboratory are similar to those of
the natural bioleaching solution, Orenas.

Results show that iron is the predominant component of

the solutions, but it was found as Fe’" and Fe*". As the
precipitation pH of Fe®*is very close to the precipitation pH
of Cu®", an oxidant was used to oxidice Fe*'to Fe*"and allow
the range of precipitation between copper and iron to be
wider.

Table 6. Solutions characteristics.

(Sl;’i':lte'::hing) Initial pH  Volume (I)  Sulfates (/1) Fe*' (mg/l)  Fe* (mg/l) (Tn‘:t;ll)Fe (Cn‘l’g/ll’)er (lel"gc/l)
Orenas 1.92 14 60.98 55.84 12660.2 12716 108.8 464.0
SOLBIO 1 1.68 14 54.35 1563.52 10290.5 11854 71.8 301.2
SOLBIO 2 2.54 14 53.89 1072.13 9323.9 10396 108.4 381.8

Selective precipitation tests

First test. In 250 ml of SOLBIO 2 bioleaching solution, 25
ml of 1M NaOH was added to have a pH variation of 2.46 to
3.54; under these conditions, precipitate 1 was obtained and
10 ml of H,0, was added to the filtrate to obtain precipitate
two.

The presence of H,O, caused the pH of the solution to
drop, allowing a third precipitation to be made by varying
the pH from 2.69 to 3.6 by the addition of 47 ml of IM
NaOH. Finally, the three precipitates were filtered and
analyzed by atomic absorption method. In this first stage
removals of 99.76, 24.83 and 10.99% were obtained for iron,
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copper and zinc, respectively.

The filtered solution was subjected to precipitation by
adding 9.5 ml of 1M NaOH obtaining a pH variation of 4.5
to 6. The solution was filtered and the precipitate was
analyzed by atomic absorption method. In this second stage,
iron was removed in 100%, copper in 96.51% and zinc in
18.56%.

The third stage consisted in vary the pH of the filtered
solution from 7.54 to 9 by adding 2.7 ml of 1M NaOH, to
obtain a final precipitate and leave the solution free of heavy
metals. This stage allowed 100% copper and 99.95% zinc
recovering.

Second test. In 250 ml of SOLBIO 2 bioleaching solution,
39.7 ml of 1M NaOH was added to have a pH variation of
2.48 to 3.5, and 10 ml of H,O, was added directly to obtain
the first precipitate. The solution was filtered and the
precipitate was analyzed. In this first stage, iron removal of
74.78%., copper of 12.29% and zinc of 17.02% was obtained.

The presence of H,O, caused the solution pH to drop,
allowing a second precipitation to be made by varying the
pH from 2.5 to 3.62 by the addition of 29.8 ml of 1M NaOH.
The solution was filtered and the precipitate was analyzed. In
this second stage, iron was removed in 83.73%, copper in
3.43% and zinc in 2.08%.

As high levels of co-precipitation between copper and zinc
were observed, 90.7 ml of 1M NaOH was added to the
filtered solution to generate a pH rise of 4.18 to 13. At pH 13
all the copper precipitates and the zinc dissolves in the
solution. The solution was filtered and the precipitate was
analyzed. In this third stage recoveries of 98.75, 67.36 and
86.58% were obtained for iron, copper and zinc,
respectively.

In the fourth stage, to precipitate zinc, the pH was lowered
to 5.6 with the addition of 23.5 ml of 1M H,SO.,.
Subsequently, the solution pH was varied from 5.6 to 9.28 by
the addition of 2.7 ml of 1M NaOH, to obtain a final
precipitate and leave the solution partially free of heavy
metals. The solution was filtered and the precipitate was
analyzed. In this stage, 41.77% iron, 88.46% copper and
89.54% zinc were recovered.

Current results show that raising the pH to precipitate
copper and zinc together, so that zinc is redissolved
simultaneously, is not viable to avoid co-precipitation; in the
following tests this step was not used.

Third test. In 250 ml of SOLBIO 1 bioleaching solution,
76.5 ml of 1M NaOH was added to have a pH variation of
2.32 to 3.62. The solution was filtered and the precipitate
was analyzed by atomic absorption method. In this first stage
removals of 17.14, 16.77 and 7.12% were obtained for iron,
copper and zinc, respectively.

To the filtered solution 10 ml of H,O, were added to
obtain a second precipitate. The solution was filtered and the
precipitate was analyzed. In this second stage iron was
removed in 17.73%, copper in 5.43% and zinc in 0.23%. The
presence of H,O, caused a drop in the solution pH. In order
to obtain a third precipitation, the pH was varied from 2.3 to
3.61 by the addition of 69.7ml of 1M NaOH. The solution

was filtered and the precipitate was analyzed. In this third
stage, iron was removed in 97.73%, copper in 16.78% and
zinc in 8.22%.

To the last filtered solution, 16.7 ml of 1M NaOH was
added to have a pH variation of 4.12 to 6 and a fourth
precipitate was obtained. The solution was filtered and the
precipitate was analyzed. In this fourth stage, iron was
removed in 100%, copper in 91.06% and zinc in 44.63%.

The fifth stage was to vary the pH of the filtered solution
from 8 to 9.05 by adding 2.4 ml of 1M NaOH to obtain the
final precipitate and leave the solution free form heavy
metal. The solution was filtered and the precipitate was
analyzed. In this stage copper was recovered in 84.96% and
zinc in 100%.

The test shows that each stage to recover iron is necessary.
The first three precipitations present a significant
contribution and cannot be omitted. However, co-
precipitation is high, so in order to decrease co-precipitation,
in the following tests, flocculants were used after each
precipitation to increase metal removal.

Forth test. In 250 ml of SOLBIO 1 bioleaching solution,
79.5 ml of 1M NaOH was added to have a pH variation of
2.28 to 3.8. The solution was filtered and the precipitate was
analyzed. In this first stage iron was removed in 7.34%,
copper in 46.55% and zinc in 26.27%. To this first filtrate, 1
g/l of flocculant was added and stirred for half an hour. The
solution was filtered and the filtrate was analyzed. By mass
balance the mass composition of the metals present in the
precipitate was determined and it was obtained that the
coagulation allowed 0.08% iron, 8.13% copper and 45.85%
zinc removal.

10 ml of H,O, was added to the filtered solution and a
third precipitate was obtained. The solution was filtered and
the precipitate was analyzed. At this stage of the test, iron
was removed in 24.21%, copper in 10.24% and zinc in
20.68%. 1g/ L of flocculant was added to the filtered solution
and stirred for half an hour. The solution was filtered and the
filtrate was analyzed. By mass balance the mass composition
of the metals present in the precipitate were determined and
it was obtained that the coagulation allowed 51.58% iron,
4.81% copper and 0% zinc removal.

The presence of H,O, caused the solution pH to drop,
allowing a fifth precipitation to be made by varying the pH
from 2.28 to 3.38 by the addition of 59.4 ml of 1M NaOH.
The solution was filtered and the precipitate was analyzed.
This stage of the test allowed to remove iron in 97.13%,
copper in 56.52% and zinc in 8.42%.

To the last filtered solution 1.2 ml of 1M NaOH was added
for a pH variation of 5 to 6.06. The solution was filtered and
the precipitate was analyzed. The removals obtained were
37.33% for iron, 90.22% for cooper and 57.31% for zinc. 1g/
L of flocculant was added to the filtered solution and stirred
for half an hour. The solution was filtered and the filtrate was
analyzed. By mass balance the mass composition of the
metals present in the precipitate were determined and it was
obtained that the coagulation allowed to remove iron in
1.28%, copper in 5.88% and zinc in 0%.
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In the last stage the pH of the filtered solution was varied
from 7.5 to 9 by the addition of 2 ml of 1M NaOH, to obtain
a final precipitate and leave the solution partially free of
heavy metals. The solution was filtered and the precipitate
was analyzed. Iron was recovered in 90.18%, copper in
100% and zinc in 88.42%.

Results showed that the use of flocculant improved the
removal of heavy metals but it did not prevent co-
precipitation. Therefore, considering that the use of
flocculants did not help to improve the global recovery of
iron, copper and zinc, its use was not considered in the
following tests.

Fifth test. In the third test the contributions of the first
three stages of the test were verified, and it could be seen
that the first filtration could be omitted. In this test, 77.5 ml
of IM NaOH was added in 250 ml of SOLBIO 1 bioleaching
solution, obtaining a pH variation of 2.34 to 3.56,
additionally 10 ml of H,0, is added directly to obtain the
first precipitate. The solution was filtered and the precipitate
was analyzed. In this first stage iron was removed in 49.72%,
copper in 9.08% and zinc in 8.92%.

The presence of H,O, caused the pH of the solution to
drop, allowing a second precipitation to be performed by
varying the pH from 2.28 to 3.51 by the addition of 55.9 ml
of 1M NaOH. The solution was filtered and the precipitate
was analyzed. This second stage allowed to remove iron in
98.22%, copper in 3.19% and zinc in 1.78%.

To the filtered solution 20.5 ml of 1M NaOH was added
verifying a pH variation of 4.15 to 6. The solution was
filtered and the precipitate was analyzed. Iron removal was
93.9%, copper 92.37% and zinc 80.74%.

In the last stage, the pH of the filtered solution was varied
from 6.73 to 9 by the addition of 8.7 ml of 1M NaOH, to
obtain a final precipitate and leave the solution free of heavy
metals. The solution was filtered and the precipitate was
analyzed. Iron recovery was 7.28%, copper 84.62% and zinc
95.78%.

Sixth test. In 250 ml of Orenas bioleaching solution, 150
ml of IM NaOH was added to have a pH variation of 2.4 to
3.08, and 10 ml of H,O, was added directly to obtain the first
precipitate. The solution was filtered and the precipitate
analyzed; an iron removal of 78.58%, copper of 13.31% and
zinc of 7.43% was obtained.

The presence of H,O, caused the pH of the solution to
drop, allowing a second precipitation to be made by varying
the pH from 3 to 3.52 by the addition of 18.3 ml of 1M
NaOH. The solution was filtered and the precipitate was
analyzed. This second stage of the test allowed to remove
iron in 74.16%, copper in 4.21% and zinc in 3.11%.
However, the filtrate still showed a highly turbid red color,
evidencing the presence of iron in solution; therefore, it was
decided to use a flocculant to improve the removal of heavy
metals. 1g/L of flocculant was added to the filtered solution
and stirred for half an hour.

The solution was filtered and the filtrate was analyzed. By
mass balance the mass composition of the metals present in
the precipitate was determined and it was obtained that the

coagulation allowed to remove iron in 73.9%, copper in 0%
and zinc in 9.72%.

To the filtered solution 35.9 ml of 1M NaOH was added
and a pH variation of 3.98 to 6.28 was verified. The solution
was filtered and the precipitate was analyzed. Iron removal
was 96.11%, copper 92.25% and zinc 94.97%.

In the last stage of the test, the pH of the filtered solution
was varied from 5.7 to 10 by the addition of 1.7 ml of 1M
NaOH, to obtain a final precipitate and leave the solution
free of heavy metals. The solution was filtered and the
precipitate was analyzed. Iron was recovered in 63.33%,
copper in 36.67% and zinc in 100%.

4. Conclusions

The validation of the methods of analysis allowed to
demonstrate that the presence of copper, iron, lead and zinc
in a solution can be determined by means of simple methods
of analysis. The methods used are feasible to use in the field
since only glass material and chemical reagents are needed.

The bioleaching tests showed that it is possible to generate
solutions, with characteristics very similar to the acid
drainage of natural mines, in a controlled manner in a
laboratory. The bioleaching of the gold ore from Bella Rica
using agitation, aeration, acid mine drainage, K9 nutrient
medium, and a low pH showed that bacterial activity and an
increase in heavy metals can occur over a period of six
months. This process can be potentially used for industrial
gold release processes associated with metal sulphides.

The selective precipitation of heavy metals was carried out
in three phases. The first phase was carried out in a pH range
of 2 to 4 to recover iron; the second phase was carried out in
a pH range of 4 to 6 to recover copper; and the third phase
was carried out in a pH range of 6 to 10 to recover zinc.

Coagulants and oxidants were used to improve the
percentages of recovery and avoid co-precipitation.
However, it was found that the use of coagulants did not help
to avoid the co-precipitation of metals, and that the
contribution to the percentages of recovery was negligible.
On the other hand, the hydrogen peroxide used as a second
step in the recovery process was very helpful in recovering
iron, since it not only served to precipitate the metals but also
lowered the pH of the solution allowing another precipitation
process to be carried out within the pH range in which the
iron precipitates.

All the selective precipitation tests carried out allowed the
heavy metals to be completely eliminated from the solution
or left at concentrations lower than the maximum permissible
limit so that they can be discharged to a body of water or to
the public sewage system. In this way it was proved that the
variation of pH is an effective, easy to use and inexpensive
method, feasible to be used in the purification of waters that
have been polluted with heavy metals.

The percentages of heavy metals recovery were
satisfactory; it was possible to remove most of the metal
present in the solutions. However, co-precipitation could not
be avoided; the metals precipitated in each phase did not
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come out pure. In the precipitation of iron there was
selectivity, the percentages of iron recovery were higher than
97%. In copper precipitation there was no selectivity, the
other two metals were present in percentages higher than
10% and in some cases even exceed the percentage of copper
recovered; it could be appreciated that at the moment in
which copper was precipitated it dragged much of the zinc in
solution. In the precipitation of zinc selectivity higher than
83% was achieved in most of the tests carried out.

The pretreatment of a refractory gold ore is established
under technical considerations, environmental pollution,
capital costs and operational risks. Bioleaching has
advantages and disadvantages with respect to methods such
as roasting or chemical leaching. The advantages of
biolixiviation are the low capital and energy costs, in
addition to the great flexibility to be used in situ and to be
environmental friendly. Another great advantage is that due
to the growth of Thiobacillus thiooxidans, the pH of the
leached gradually decreases allowing a selective oxidation of
sulfides. When used in the removal of soil contaminants, it
reduces disposal costs and allows the recovery of precious
metals.
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