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1. Introduction  
 

The pilot field tests for mercury recovery in tailings generated by artisanal and small-

scale gold mining (ASGM) are carried out within the framework of the project: 

“Promoting Responsible Recovery and Handling of Mercury from Contaminated 

Artisanal Gold Mining Tailings in Colombia”, which is executed by Pure Earth and 

funded by the United States Department of State (DOS). The National Center for 

Cleaner Production and Environmental Technologies (CNPMLTA) is also included 

as a strategic partner for technical support.  

The general objective of the project is to reduce the amount of mercury present in 

tailings associated with ASGM activities in Colombia. More specifically, the 

objectives are: 

 Identify promising mercury recovery techniques and increase understanding 

of criteria for choosing a technique for use in the Colombian ASGM context.  

 

 Develop a model for the responsible and profitable recovery of mercury and 

gold tailings, based on experiences in experimental processing plants.  

 Develop technical protocols to safely handle, store and dispose of the 

mercury recovered or seized from ASGM activities, including mercury 

recovered from reprocessing contaminated tailings and the mercury captured 

from amalgam burning.  

 

The selection of copper plates for this project was made based on a comparison of 

techniques presented in The technical workshop of mercury experts held in May 

2019 at the beginning of the project. During the workshop, Marcello Veiga from the 

University of British Columbia presented the copper plates method, which is 

generally comprised of passing mercury contaminated tailings over a series of 

copper plates to recover the residual mercury that becomes bound to the copper. 

The copper plates method was chosen for further evaluation based on its high 

suitability to local conditions in Colombia, including low cost of implementation 

compared to other techniques, feasible to operate on a small and large scale and 

the effectiveness of mercury recovery.  

 

Further evaluation of the copper plates method is consistent with second specific 

objective of the project outlined above. Phase I of the pilot tests, consisting of  testing 

copper plates for the first time under representative contaminated tailings, 

processing that averages 6 tons per tailing. The results were presented in the results 



 
 
 
 
 
 
 

documented in a report entitled “Interim Technical Report of Copper Plate Pilot Test 

Results, Phase I”, dated April 2020. The Phase I results indicated that although a 

significant recovery of mercury was obtained (70%), improvements in the process 

and quality were identified in the development of the pilot tests. This document 

presents the results obtained from Phase II of the pilot tests carried out in the 

municipality of Yalí, Department of Antioquia, at the facilities of a mining unit.  

 

 

2. Main Objective of the Phase II Tests 
 

The main objective of Phase II was to field test the effectiveness of the technology 

called “Copper Plates” in the recovery of mercury (Hg) that may be present in ASGM 

tailings being reprocessed for gold recovery. Phase II work included construction of 

the copper plates in a configuration suitable for field application and increasing 

residence time using information derived in Phase I. The field tests of the copper 

plates were carried out at a facility with a total of five tailing piles of varying 

geochemical characteristics. The copper plates were installed at various stages 

within the processing plants (e.g., before and after cyanidation), and the amount of 

mercury recovered by the copper plates was evaluated at each stage, as detailed 

below. 

3. Description of the Processing Plant 
 

In Colombia there are many beneficiation plants, or plants that process ore for gold 

extraction. However, very few plants are dedicated to the reprocessing of tailings 

or tailings that have been generated by small mining for years, as is the case with 

the selected plant. 

3.1. Geographic Location of the Plant 

 

The tailings material processing plant, where the pilot tests were carried out, belongs 

to the mining title of the “Juan Díaz Mine,” which is located in the municipality of Yalí 

in the Antioquia Department as shown in Figure 1. 



 
 
 
 
 
 
 

 

Figure  1. Geographic location of the pilot plant 
Taken from: https://www.google.es/maps/previewo 

 

 

3.2.  Description of the Gold Recovery Process at Yali   

 

The plant is equipped to recover liberated gold with a capacity of 150 tons per week. 

A general description of the processing plant follows, although modifications or 

addition of stages to the process are directly related to the characteristics of the 

tailings, as they are identified by the miner when receiving the material. 

The construction of the Yali processing faciliy takes advantage of the morphology of 

the terrain to use gravity to facilitate the passage of material from one stage to 

another. In the upper part of the facility (see ¡Error! No se encuentra el origen de 

la referencia.), there is equipment associated with the recovery of liberated gold, 

which includes mercury-free mechanical and gravimetric methods that use crushers 

and mills. However, this part of the plant was not in use during our investigations. 



 
 
 
 
 
 
 

 

 

 

Figure  2. Processing plant in Yalí. Source: Pure Earth (2020). 
 

 

The associated gold recovery equipment is physicaly located in the central part of 

the plant, which consist mainly of cyanidation tanks, flotation, the activated carbon 

recovery column and the electrochemical desorption unit. 

Currently, the gold recovery process begins with the reception of the tailings at the 

base of the facility (see Figure  2¡Error! No se encuentra el origen de la 

referencia.). The tailings are moistened with water and pumped to a screen filter 

and solids pump, which takes the tailing solution (pulp) to the flotation tank or directly 

to the cyanidation tanks. Depending on density, it may be necessary to use a shaking 

table to concentrate the material and then undergo regrinding, in order to achieve 

the particle size necessary for cyanidation. These factors depend on the various 

conditions of tailings that are received by the miner.   

After the cyanidation, the tailings are directed to the activated carbon adsorption unit 

and then the tailings are filtered and passed through the electrochemical desorption 

unit. After processing the tailings, the tailings are taken to the pools for treatment 
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and disposal. ¡Error! No se encuentra el origen de la referencia. shows the 

scheme of the plant's gold extraction process. 

 

 

 

Figure 3.  Diagram for process of obtaining gold at the plant in Yalí. Source: Pure Earth (2020). 

 

Additional sections of the plant are shown in the following photographs in Figure 4. 

 

 



 
 
 
 
 
 
 

  
 
Figure  3. Sections of the processing plant in Yalí. a) Tailings loading area, b) Tailings discharge, c) 

Tailings’ facility, d) Filter, e) General view of the plant. Source: Pure Earth (2020). 
  



 
 
 
 
 
 
 

4. Methodology of the Pilot Tests 

 
Phase II of the pilot tests were designed to determine the effectiveness of mercury 

recovery  on the copper plates installed in the field for different types of tailings. The 

preparation, assembly and development of the pilot tests is described in the following 

sections. 

 

4.1.  Preparation of the copper plates  

 

The key principle in the capture of mercury with the so-called copper plates method 

technology is the affinity of silver for mercury. The copper plates are coated with 

silver by electrochemical plating, which is one of the most recognized processes in 

the industry (Lagos & Camus, 2017). The main purpose of silver is to generate a 

silver surface in order to form an amalgam between the mercury in the tailings and 

the silver superimposed on the copper plate. Note that the mercury in the tailings is 

generally in elemental form (Hg °), without ruling out other types of compounds such 

as mercury oxides. The general plate manufacturing process is described in Figure  

4.  



 
 
 
 
 
 
 

 

                                

Figure  4. Procedure for the manufacture of copper plates amalgamated with silver  
Source: Pure Earth   

 

 

The chemical reactions associated in the process are:  

(1)    𝐴𝑔𝑁𝑂3 + 𝑁𝑎𝐶𝑁 → [𝐴𝑔(𝐶𝑁)] + 𝑁𝑎𝑁𝑂3 

(2)     [𝐴𝑔(𝐶𝑁)] + 𝑁𝑎𝐶𝑁 →  𝑁𝑎[𝐴𝑔(𝐶𝑁)2] 

Increase surface 

roughness by sanding 
Creation of grooves to 

obtain a rough surface 

Clean impurities from the 

plates with 30% nitric acid 

(HNO₃) 

Mix the two solutions until 

the presence of a white 

precipitate is evident.   

Dissolve 45g of sodium 

cyanide (NaCN) in 300ml 

of distilled water.   

Dissolve 30g of silver 

nitrate (AgNO3) in 300ml 

of distilled water to make 

a set of 3 plates. 

Filter the solution to 

obtain the precipitate 

produced. 

Prepare a solution of 15g 

of sodium cyanide 

(NaCN) in distilled water.  

Dissolve the precipitate in 

the previously prepared 

solution. 

Immerse the previously 

connected plates in the 

prepared solution. 

Connect the plates to a 

4Am 10 battery. 

Negative pole to the 

copper plate and 

positive pole to a 

stainless steel plate. 

Fill the cell two fingers 

below the maximum line 

(12L) 

Leave to act for 7 minutes 

on each side. 

Copper plates ready for the 

mercury trapping process. 



 
 
 
 
 
 
 

 

 

 

 

Figure 5. Assembly of electrolysis process. Source: Pure Earth (2020). 

 

In addition to the electroplating process, a series of grooves are made in the plates, 

which make the mercury capture more effective due to due to the physical collision 

of the mercury droplets with the rough surface. The more grooves the plate has, the 

greater the estimated mercury capture may be. However, precautions must be taken 

not to penetrate the plate, as this would generate a decrease in the contact of the 

tailings with the surface of the plate. 



 
 
 
 
 
 
 

                                   

Figure  6. Silver plated copper plates. Source: Pure Earth (2020). 

4.2.  Assembly of the Copper Plates  
 

The use of copper plates has been a process of continuous improvement, which 

began with laboratory tests from Phase I of the pilot tests until reaching a better 

efficiency for Phase II. 

The improvements in the operation of the plates are based on having the longest 

residence time of the tailings with the surface of the plates to maximize the 

almagamation of the mercury with the silver coating on the copper plates. It is also 

important to achieve the most laminate flow possible to increase the contact area 

and residence time as well as the efficiency of the process. 

The chosen plate assembly consists of six (6) plates located at an approximate 

15-degree incline, allowing a constant flow between the three plate floors to increase 

the contact area. The progress of the mounting design is shown in Figure  7. 



 
 
 
 
 
 
 

                        

Figure  7. Improvement of copper plate assembly. Source: Pure Earth (2020).  

 

Each of the plates in the assembly had dimensions of 30 x 30 cm, which corresponds 

to a total contact area of 5,400 cm2. The increase or decrease of the copper plates 

depends on the slope with which they are placed, thus achieving a greater or lesser 

contact area, which is evaluated for each case. Figure  8 shows the assembly in 

operation, under a test flow in one of the cyanidation tanks of the plant. 

 

       

 



 
 
 
 
 
 
 

Figure  8. Installation and operation of copper plates. Source: Pure Earth (2020). 

 

4.3. Installation Process of the Copper Plates 
 

Four sets of plates were installed in different parts of the process, as shown in Figure  

9, with the aim of reducing mercury concentration to the maximum extent possible 

prior to the tailings beneficiation process to obtain residual gold,. 

 

 

 

Figure  9. Location of copper plates in the process. Source: Pure Earth (2020). 

 

The set of plates called "STEP 0" were installed immediately after the shaking table. 

However, it should be kept in mind that this shaking table is only used when the 



 
 
 
 
 
 
 

miner has identified the need for further concentration and subsequent regrinding to 

reduce the particle size.  

    

Figure  10. Location of the support in STEP after the shaking table. Source: Pure Earth (2020). 

The set of plates called "STEP 1" was installed at the entrance to one of the tanks 

used for the cyanidation process. The set of plates called "STEP 2" was installed 

between the cyanidation process and the activated carbon process. 

 

Figure  11. Location of support in Point 1 and 2. Before the cyanidation process and before the 
activated carbon absorption process Source: Pure Earth (2020). 

Finally, the set of plates called "STEP 3" was installed before unloading the tailings 

to the tailings pool. They take advantage of the height difference between the last 

Step of the process (filter) and the final tailings’ pool. 

 



 
 
 
 
 
 
 

 

Figure  12. Location of support at point B. After the cyanidation process. Source: Pure Earth (2020). 

The purpose of this assembly is to establish the mass balance of the removal or 

recovery of mercury during the process and the retention effectiveness of the copper 

plates by measuring mercury concentration before and after each set of plates 

installed at various locations in the process. As detailed below, mercury 

concentrations were measured using a variety of field screening methods and 

laboratory testing of samples. 

 

4.4. Operating Conditions of the Pilot Tests 

 

For each of the field tests, a tailings pulp preparation (dissolution of the tailings with 

water) between 25% and 45% of solid content was carried out, which is pumped to 

the selected process at either "Step 0" or " Step 1" depending on the miner’s process. 

 

4.5. Sampling and Determination of Mercury and Gold Concentrations 
 

4.5.1. Sampling 

 

The tailings sampling was carried out before and after each of the selected “Steps” 

using the following protocol: 



 
 
 
 
 
 
 

 Homogenized composite sampling to obtain the least variation in the X-ray 

fluorescence equipment (XRF) readings. 

 Drying of the samples to improve accuracy of the XRF measurements.  

 Average quantity per sample of approximately 300 grams 

 Sample stored in a hermetically sealed bag. 

 

Figure  13. Sampling process. Source: Pure Earth.  

4.5.2. Determination of Mercury Concentrations in the Field 
 

XRF reading procedure 

 

A portable X-ray fluorescence (XRF) device was used to determine the total  

concentration of mercury (Hg) in the tailings samples. The technical sheet of the 

XRF equipment is in Annex I for reference. The protocol for each sample was: 

1. Calibration of the equipment according to the manufacturer's specifications, 

using the calibration standard. 

2. Preparation of samples. Homogenized collection, drying, packaging samples 

and labeling of the corresponding bag. 

3. Sample Readings. Each bag containing the sample was arranged to make 16 

readings following a cross-linked pattern covering as much sample as 

possible. 

4. Report: The reported value of mercury concentration corresponding to the 

average of the 16 readings made was recorded. 



 
 
 
 
 
 
 

   

Figure  14.  XRF readings in the field. Source: Pure Earth  

Hermes reading procedure 

 

The Hermes® “Personal Equipment Monitor” was used to determine the 

concentration of mercury vapors in the collected samples. This equipment is 

designed to allow accurate measurements of mercury in air based on the technique 

of atomic absorption of ultraviolet light at 254 nm. The technical sheet of the 

equipment is in Annex I for reference. The protocol for each sample was: 

1. Leave the dry soil sample in the closed sampling bag for a minimum of 20 

minutes before taking the mercury vapor reading. 

2. The readings were made by inserting the monitoring probe into the tailings 

sample bags for approximately one minute and recording the reading. 



 
 
 
 
 
 
 

       

Figure  15. HERMES readings in the field. Source: Pure Earth  

 

4.5.3. Determination of Mercury Concentrations in the Lab 

 

To validate mercury concentrations in the field, the same samples were sent to 

different laboratories, in order to compare values and expand the data analysis. The 

description of the techniques used by each of the selected laboratories is described 

below. 

Laboratory 1 

This international laboratory was asked to analyze soil samples for total mercury 

using the cold vapor atomic absorption analysis technique. 

Laboratory 2 

This national laboratory was asked to analyze samples for test total mercury, organic 

mercury and leachable mercury using the Toxicity Characteristic Leaching 

Procedure (TCLP). In addition to the solid tailings samples, total mercury analysis 

was requested for two soil samples of a test solution or “lean solution,” which had 

already undergone cyanidation.  



 
 
 
 
 
 
 

The following table shows the analysis methods used by the laboratory: 

Table 1. Analysis techniques performed by laboratories 

Laboratory Analysis Type of 
sample 

Method Description of the 
technique 

1 

Hg-total Tailings 
solid sample 

SM 3112 B Digestion-AA – Cold 
Vapor 

Hg-organic Tailings 
solid sample 

EPA 7471B - SM 
3112B 

Calculation (AA - 
Cold Vapor) 

2 

Hg-Total Tailings 
solid sample 

EPA 7471B, SM 
3112 B 

Absorption 
Spectrophotometry 
Atomic - Cold Vapor 

Hg-organic Tailings  
solid sample 

Anal. Methods 
2013,5,4131-SM 
3112B 

AA – Hydride 
generation 

Hg-TCLP Tailings  
solid sample 

EPA SW 846-
1311/ EPA 7471 
B, SM 3112B 

Digestion, AA - Cold 
Vapor 

Source: Reports of analysis results by Laboratory 1 and Laboratory 2. 

For the total mercury analysis, the EPA 7471B, SM 3112 B method was followed 

with the Cold Vapor Atomic Absorption Spectrophotometry technique, which offers 

a quantification limit of 0.200 mg/kg. 

 

5. Description of the Processed Tailings  

The tailings used for the pilot tests come from six municipalities in Antioquia, where 

ASGM has been developed and contain the presence of mercury and residual gold. 

As the age of these tailings was obtained by information from the miners of the area, 

therefore, these values should be considered as estimates or approximations. 

Figure  16 shows the location of the source sites of the tailings used in the mercury 

recovery process at Yali during the Phase II pilot test. 

 

 



 
 
 
 
 
 
 

 

Figure  16. Location of the tailings. 
Taken from: https://www.google.es/maps/previewo 

 

Table 2 shows the name given to each tailings sample and the conditions under 

which they were processed. 

Table 2. Description of the tailings 

Tailings 
Denomination 

Quantity 
Processed (t) 

Estimated Age Solids 
Content % 

Yalí  8.8 2 weeks 42 

Giraldo 7.76 3 months 29.5 

Majagual 6 4 years 28.5 

Vegachi 8.4 4 months 31.5 

Segovia 5 3 months 33.5 

Tailings mixture 4.5 2 years 29.6 

 



 
 
 
 
 
 
 

 

Figure  17. Tailings used in the process. Source: Pure Earth (2020) 

5.1.  Mineralogical Characterization of the Tailings 
 

Each of the tailings underwent a mineralogical characterization test, which was 

developed in a specialized national laboratory (Laboratory 3). The procedure 

involves creating a thin section of the sample and taking readings to describe its 

mineralogical composition. Each of the tailings processed during the pilot tests are 

described below. 

  



 
 
 
 
 
 
 

Table 3. Mineralogical description of the tailings 

Tailings Mineralogical Description 

Yalí 

For this sample, the existence of 6 crystals of gold, electrum and native silver, 
were recognized. These formats describe the presence of gold in areas close 
to the edge of sulfide or free. Goethite occurs as a product of the alteration 
of pyrite to a lesser degree than magnetite. Galena is found as small light 
gray fragments with polishing pits. The distinctive gangue ore include sericite 
and quartz, which, added to the existence of galena, show that it may be 
minerals related to epithermal deposits. 

 

 
 

Mineralogical distribution of tailings in Yalí 

 

Giraldo 

Assembly of fragments of vein material in which pyrite, quartz, quartzites and 
goethite predominate. Gold is not recognized in the mount. However, the 
presence of tennantite, sphalerite, galena and chalcopyrite are presented as 
distinctive features of this sample. As gangue ore, fragments of quartz, 
calcite, quartzite, epidote, plagioclase are recognized, which, added to the 
type of sulphides, can be related to Epithermal deposits of intermediate 
sulphidation. 

 



 
 
 
 
 
 
 

 
Mineralogical distribution of tailings in Giraldo 

 

Majagual 

Assembly of pyrite, quartz, goethite and magnetite fragments. No crystals or 
gold fragments were recognized. Another sulfur that accompanies pyrite is 
chalcopyrite and in some microfractures or as a coating, covelina is 
observed. Goethite is usually located as an alteration of magnetite or 
sulfides. Some mudstone lithics, sericite flakes, and hornblende crystals 
appear as the gangue in this sample. 

 

 
 

Mineralogical distribution of tailings in Majagual 
 

Vegachi 

Assembly of pyrite, goethite, quartz and magnetite fragments. The presence 
of gold in the form ¨Disseminated - Droplike¨ is recognized, therefore its 
release is considered difficult, which would require chemical treatment. Other 
sulfides that accompany pyrite are chalcopyrite, pyrrhotine, galena, and 
covelin. The gangue that accompanies these sulfides corresponds to quartz, 
goethite, quartzites, sericite, hornblende, apatite and abundant zircon; from 
which an epizonal provenance associated with intrusives is assumed. 

 



 
 
 
 
 
 
 

 
 

 Mineralogical distribution of tailings in Vegachi 
 

Segovia 

Assembly of pyrite, quartz, sphalerite and galena fragments. Electrum 
crystals are recognized in the middle of the pyrite where it has dimensions of 
25 x 5 um microns, with a mottled, carved shape and / or as a filling of 
microfractures; whereby a relatively simple degree of release is assumed. 
Another crystal of electrum is recognized as a barely perceptible inclusion in 
the light microscope, which has a dimension of 1 x 1.5 um. The latter, 
because it has a ¨Disseminated - Droplike¨ shape, is thought to be difficult to 
recover before which chemical type procedures are formulated. 
Accompanying these fragments are other sulfides such as galena, 
pyrrhotine, sphalerite and arsenopyrite; in addition to gangue minerals such 
as quartz, calcite, sericite, quartzites, volcanic lithics and plagioclase; 
Therefore, its formation is estimated to be related to epithermal or epizonal 
deposits associated with intrusives. 

 

 
Mineralogical distribution of tailings in Segovia 

 

 



 
 
 
 
 
 
 

Micro-photos of the reflected light were taken on each of the tailings, as shown in 

the photographs in Figure 19. 

 

 

Figure  18. Microphotography of reflected light for the processing tailings.   
Source: Laboratorio Minerlab  

 

5.2. Chemical Characterization of the Tailings 

 

Knowing the physicochemical characteristics of tailings enables a clearer picture of 

its initial conditions and possible correlation of mineralogy with mercury recovery 

efficiency. All the tailings that were worked on during the pilot test underwent 

chemical composition analyses, especially the content of the forms of mercury and 

the concentration of gold. The results of these analyses are shown below. 

 

 

 
Table 4.  Initial concentration of mercury in the tailings 



 
 
 
 
 
 
 

Tailings 

Field Measurement Laboratory 1 Laboratory 2 

Hermes 
μg/m3 

XRF  
 mg/kg 

Hg-total 
 mg/kg 

Hg-Total 
 mg/kg 

Hg-organic 
mg/kg 

TCLP -Hg 
mg/l 

Sln CN-poor       2,38 <0,0010   

Yali 177,01 83,88 110,00 141,00 6,28 0,00272 

Giraldo 211 68,03 100,00 137,00 4,44 <0,0010 

Majagual 42,6 108,94 110,00 108,00 3,73 0,00314 

Vegachi 18,06 88,66 90,00 89,90 3,29 0,1220 

Segovia 12,7 112,70 150,00 117,00 5,38 0,00323 

Mixture of 
Tailings* 38,05 34,69 80,00 46,90 

0,67 
  

* Additional sample of mixture of tailings taken in the tailings’ facility  

The results shown in the table above enable a comparison of measurements of the 

XRF equipment and the data reported by each of the laboratories using atomic 

absorption analysis technique by cold vapor, as shown graphically in Figure  19. 

 

Figure  19. Comparison of initial total mercury measurements for each of the tailings.  

Source: Pure Earth  

 



 
 
 
 
 
 
 

From the results obtained, only the Majagual and Vegachi tailings have similar data 

between the three types of total mercury measurements. However, for the other 

tailings a variation is observed where the field measurements carried out by XRF 

underestimated the mercury concentration by up to 70% relative to Laboratory 1 

resultsand up to 52% relative to Laboratory 2 results. Regardless, all the tailings had 

significant mercury content and were ideal to work with in this phase of the pilot tests. 

Within the chemical characterization, the organic mercury present in each of the 

processed tailings was also quantified. The following figure shows the composition 

of this concentration. 

 

Figure  20. Total mercury and organic mercury concentrations per processed tailings 
Source: Pure Earth   

 

It is important to know the concentrations of organic mercury present in the tailings, 

since this value corresponds to the extractable value of the sample that reacts with 

the Cysteine compound, resulting in Methylmercury-Cysteine, which is directly 

related to one of the most toxic compounds in the environment and has great 

potential for bioaccumulation (Castillo, 2017). The maximum reported value of 

organic mercury is 6.38 mg/kg, which corresponds to 4.4% of the total mercury 

present in the Yalí tailings. The other tailings are below this value. 

The leachable mercury values according to the TCLP test are shown in Figure  21. 



 
 
 
 
 
 
 

 

 

Figure  21. Values of leachable mercury according to the TCLP test. 
Source: Pure Earth  

The current legal permissible limit value for leachable mercury corresponds to 0.2 

mg/L under the TCLP test, incorporated in Decree 1076 of 2015 (Minambiente, 

2015). Based on this, none of the processed tailings exceed the reference value. 

This must be taken into account to classify the tailings as a hazardous waste and 

therefore determine its management. 

On the other hand, in contrast to US regulations, these tailings could be considered 

hazardous waste. According to US regulations (TC Rule EPA 530-SW-89-045) a 

waste can be considered hazardous based on knowledge of the material, especially 

if the results of a test such as the total mercury test are available, which should not 

exceed 0.2 mg / L of mercury in a waste at the time of its disposal. It is also possible 

that this waste could take another route as a special waste depending on the status 

of the material, waste or material in process. 

The mercury vapors were measured in sample headspace according to the protocol 

previously described, with the results tabulated relative to laboratory and XRF data. 

The initial concentrations are shown graphically in Figure  22.  

 



 
 
 
 
 
 
 

 

Figure  22.  Mercury vapor concentrations per processed tailings 
Source: Pure Earth 

 

The sample headspace readings can be used as a screening method for mercury 

concentrations in soil. However, poor correlation was found between these 

headspace values and the corresponding XRF and laboratory results. Values 

obtained from mercury vapors in a sample bag cannot be directly compared to an 

environmental or occupational standard reference value designed to evaluate 

potential impacts to human health and the environment. Nonetheless, the sample 

headspace significantly exceed available Colombian reference values included in 

Table 5. Measurement of mercury in air at these processing facilities such as Yali 

may be warranted based on these results. 

Table 5. Reference values for mercury vapors in Colombia  

Type of Mercury (Hg) Character Limit Value Reference 

Elemental  Environmental 1 ug/m3 Resolution 2254 / 2017 

Elemental Occupational 0.025  mg/m3 Resolution 2400 / 1979  
ACGIH 

Organic – Alquilo Occupational 0.01 mg/m3 Resolution 2400 / 1979 
ACGIH 

 

 



 
 
 
 
 
 
 

The gold content in the tailings is a critical aspect when considering the potential to 

extract gold during processing of the tailings. The economic viability of this model 

depends on multiple factors such as: the equipment that the mining project has, the 

tailings transport logistics, the operating conditions of the mining unit, accessibility 

to energy and water resources, costs of procedures and many more factors. Due to 

this, it is not possible to establish a single figure on the content of gold that would 

serve any mining project equally and determine the viability of a project under this 

model. The results obtained from the gold concentration are shown in the following 

table: 

Table 6. Initial gold concentrations in the processed tailings 

Tailings Au (g/t) 

Yalí  6,08 

Giraldo 5,86 

Majagual 7,50 

Vegachi 2,92 

Segovia 7,66 

Average 6,00 

 

The tailings used during the pilot tests were considered acceptable from an 

economic point of view for the Juan Díaz plant, which on average had a grade of 6 

g/t of gold.  

  



 
 
 
 
 
 
 

 

 

Figure  23. Gold concentrations per tailings. Source: Pure Earth  

 

6. Mercury Recovery Test Results  

 

6.1.  Tests by type of tailings  

 

The main objective of the tests is to determine the mercury recovery using the copper 

plates in varying locations during the processing of the different types of tailings. In 

order to accomplish this, the concentration of mercury was measured before and 

after each set of copper plates installed at the various parts of the tailing processing 

used by the miner. However, it should be taken into account that due to the type of 

plant, tailing characterisics, and management, it was not possible to establish the 

same scheme for all tailings. The tests, sampling and results performed for each 

type of tailings are shown below. 

For each of the tailings, the percentage of mercury recovered by each stage was 

calculated, in order to identify variations within the process. Likewise, the percentage 

of total mercury recovered including the three stages was calculated. This 

information is very useful as it allows determining how the mercury behaves in all 

stages of the process and where the best results are obtained. 

 



 
 
 
 
 
 
 

 

6.1.1. Yalí Tailings 

 

 
 

The sampling points to determine the mercury concentration during the Yalí tailings 

treatment process correspond to those indicated in the following diagram in 

Figure 25. 

  

Figure 24. Mining process in theYalí tailings. Source : Pure Earth (2020) 

 

The results of the total mercury concentrations at each of the sampled points are 

shown in the following table.  

  
Table 7. Results from the Yalí tailings 

 

 

Before After Before After Before After Step 1 Step 2 Step 3 Total 

Field - XRF Hg total (mg/kg) 83,88 49,13 38,44 29,44 20,81 26,50 40,77 23,41 -33,63 68,38

Hg total (mg/kg) 110,00 40,00 40,00 50,00 40,00 140,00 63,64 -25 -250 -27,27

Hg total (mg/kg) 141 41,5 70,57

TCLP Hg (mg/L) 0,00272 0,0327 -1102,21

Hg organico (mg/kg) 6,28 0,47 92,52

Step 2 Step 3

Laboratory  1 

Laboratory 2

Mercury Recovery (%)Step  1

Amount processed: 8.8 t - Age: 2 Weeks - Solid Density: 42% 

 



 
 
 
 
 
 
 

 

The results show a recovery of the total mercury present in the tailings, from the field 

measurements and the Laboratory 2 results, of almost 70%. However, for Step 3 an 

increase in the amount of total mercury is observed at the end of the process, but in 

its sequence a reduction of the present mercury is observed until Step 2. The 

increase in this concentration could be due to any of the following possible causes, 

without being certain which of them has more influence: 

 Mercury release by plate saturation at the end of the process. 

 Human error in sampling and labeling of the samples sent to the laboratory.  

Another result to highlight is the increase in the leachable mercury value according 

to the TCLP test, which had an increase from 0.002 mg / L to 0.03 mg / L. 

However, this value is still below the reference value. Compared to organic 

mercury, a reduction of 92% is evidenced. 

 

6.1.2. Giraldo tailings 
 

 

 

The sampling points to determine the mercury concentration during the Giraldo 

tailings treatment process correspond to those indicated in the following scheme. 

Amount processed: 7.76 t -  Age: 3 Months  - Solid Density : 29.5 % 

 



 
 
 
 
 
 
 

 

 

Figure  25. Mining process in the Giraldo tailings 
Source : Pure Earth - 2020 

 

For these tailings, the miner identified the need to first use a shaking table in order 

to concentrate the material and carry out a regrinding process. Taking advantage of 

this scheme, a copper plate pass was installed where samples were also taken 

before and after the pass. The results of the total mercury concentrations at each of 

the sampled points can be shown in the following table. 

Table 8. Results from the Giraldo tailings 

 

 

Before After Before After Before After Step 0 Step 1 Step 3 Total

Field - XRF Hg total (mg/kg) 65,56 22,19 68,03 38,65 19,00 21,09 66,16 43,43 -5,26 68,99

Hg total (mg/kg) 550,00 240,00 100,00 70,00 30,00 30,00 56,364 30 0 70

Hg total (mg/kg) 137,00 20,20 85,26

TCLP Hg (mg/L) 0,00 0,00276 -176

Hg organico (mg/kg) 4,44 0,761 82,86

Step 1 Step 3Step 0

Laboratory 1

Laboratory 2

Mercury Recovery   (%)



 
 
 
 
 
 
 

The results show a recovery of the total mercury present in the tailings up to 85% 

between Step 1 and Step 3 (Laboratory 2) and a consistency in the reduction data 

compared to the other types of readings. It is important to note, in the plates installed 

in Step 0 (shaking table) it was possible to capture liquid mercury on the plate and 

where the highest concentration of mercury reported of 550 mg / kg by Laboratory 1 

is observed, a 60% reduction in mercury present was evidenced. 

The following photos show how the copper plates capture the liquid mercury from 

these tailings.  

 

                   

Figure  26. Capture of liquid mercury by copper plates 
Source : Pure Earth - 2020 

 

As in the Yalí tailings, the Giraldo Tailings show an increase in the value of 

leachable mercury according to the TCLP test and an 82% reduction in the organic 

mercury initially present in the tailings. 

 

6.1.3.  Majagual tailings 
 

 

The sampling points to determine the mercury concentration during the Majagual 

tailings treatment process correspond to those indicated in the following scheme. 

Amount processed: 6 t - Age: 4 Years – Solid Density: 28.5 % 

 



 
 
 
 
 
 
 

 

Figure  27. Mining process in the Majagual tailings 
Source : Pure Earth - 2020 

 

 

The results of the total mercury concentrations at each of the sampled points can 

be shown in the following table. 

 

Table 9. Results from the Majagual tailings 

 

 

For these tailings, the three-step scheme cannot be completed because, due to the 

age of the tailings and the amount of salts present, the miner decided to pre-wash 

the material for almost 5 days, a process which had not finished when the pilot 

tests were completed. The results obtained show a consistency in the data of each 

Before After Before After Step 1 Step 2 Total

Field - XRF Hg total (mg/kg) 108,94 69,51 83,40 53,41 35,19 35,96 50,20

Hg total (mg/kg) 110,00 80,00 130,00 60,00 27,27 53,85 45,45

Hg total (mg/kg) 108,00

TCLP Hg (mg/L) 0,00314

Hg organico (mg/kg) 3,73

Step 2

Laboratory 1 

Laboratory 2

Step 1 Mercury Recovery (%)



 
 
 
 
 
 
 

of the forms of mercury determination and until Step 2, a recovery of 45.5% of the 

mercury present in the tailings can be established. 

6.1.4.  Vegachi tailings 

 

 

The sampling points to determine the mercury concentration during the Vegachí 

tailings treatment process correspond to those indicated in the following scheme: 

 

 

Figure  28. Mining process in the Vegachi tailings 
Source : Pure Earth - 2020 

 

The results of the total mercury concentrations at each of the sampled points can 

be shown in the following table. 

Table 10. Results from the Vegachi tailings 

 

Amount processed: 8.4 t - Age: 4 Months - Solid Density: 31.5 % 

 



 
 
 
 
 
 
 

 

For these tailings, the three-step scheme was carried out to completion. The 

results obtained show consistency in all types of mercury determination analysis 

and a maximum recovery of 77.78% of the initial mercury concentration. 

Consequently, there is a reduction in the leachable mercury values from the TCLP 

test and the initial organic mercury present. 

 

6.1.5.  Segovia tailings 
 

The sampling points to determine the mercury concentration during the Segovia 

tailings treatment process correspond to those indicated in the following scheme: 

 

Figure  29. Mining process for the Segovia tailings. Source : Pure Earth (2020) 

 

The results of the total mercury concentrations at each of the sampled points are 

shown in the Table 11. 

Before After Before After Before After Step 1 Step 2 Step 3 Total

Field - XRF Hg total (mg/kg) 88,66 68,69 42,44 41,81 22,38 20,97 18,35 1,47 5,59 76,28

Hg total (mg/kg) 90,00 90,00 40,00 40,00 30,00 20,00 0,00 0,00 33,33 77,78

Hg total (mg/kg) 89,90 29,80 66,85

TCLP Hg (mg/L) 0,12200 0,100 18,03

Hg organico (mg/kg) 3,29 1,38 58,05

Step 3

Laboratory 1 

Laboratory 2

Step 1 Mercury Recovery (%)Step 2

Amount processed: 5 t - Age: 3 Months - Solid Density : 33.5 % 

 



 
 
 
 
 
 
 

 

Table 11. Results for the Segovia tailings 

 

 

The results show that the recovery of total mercury in the tailings occurs more in 

Step 1 prior to cyanidation than in Step 3 prior to discharge to the tailings pool. The 

mercury concentrations after Step 3 do not present a significant recovery according 

to the results in the field and in Laboratory 1. The overall maximum recovery in total 

mercury in the tailings was 60% according to the results from Laboratory 1, and was 

about 51% overall according to the XRF and Laboratory 2. Leachable mercury 

concentrations were reduced by 69% and the initial organic mercury is reduced by 

28%. 

 

6.1.6. Mixture of Tailings 
 

 

During completion of the field work, an additional test was carried out by taking a 

series of existing tailings mixtures that were then processed by the copper plates 

using the shaking table. The sampling points to determine the mercury concentration 

during the tailings mixtures’ treatment process correspond to those indicated in the 

diagram in Figure 31 

Before After Before After Step 1 Step 3 Total

Field - XRF Hg total (mg/kg) 99,13 71,20 42,93 48,30 34,32 -14,75 50,94

Hg total (mg/kg) 150,00 100,00 60,00 60,00 33,33 0,00 60,00

Hg total (mg/kg) 117,00 57,70 50,68

TCLP Hg (mg/L) 0,00323 0,001 69,04

Hg organico (mg/kg) 5,38 3,87 28,07

Laboratory 1 

Laboratory 2

Step 3Step 1 Mercury Recovery (%)

Amount processed: 4.5 t - Age: 2 Years – Solid Density: 29.6 % 

 



 
 
 
 
 
 
 

 

 

Figure  30. Mining process of the tailings mixture  
Source : Pure Earth - 2020 

 

The results of the total mercury concentrations at each of the sampled points is 

summarized in the following table.  

  



 
 
 
 
 
 
 

Table 12. Results for tailings mixture 

 

 

 

For this mixture of tailings, the complete scheme could not be carried out and only 

Step 0 was tested, where the results from Laboratory 1 indicated a mercury recovery 

of 37.5% of the total mercury initially present in the mixed tailings. 

 

6.2.  Analysis of results  
 

Taking the results presented above, an analysis of the information collected is 

presented below, based on the comparison of various variables and in consideration 

of relevant aspects. 

Total Mercury 

Based on information from each mercury determination analysis and type of tailings, 

the copper plates can reduce the initial total mercury concentration present in the 

tailings by up to 85% under ideal conditions. The minimum reduction of this 

concentration corresponds to a value no less than 50% of the total mercury in the 

tailings. The following Figure 32 shows this comparison and the trend of the mercury 

recovery for four tailings piles based on laboratory testing and XRF measurements. 

Before After Before After Step 0 Total 

Field - XRF Hg total (mg/kg) 38,87 34,27 34,69 10,90 19,08

Hg total (mg/kg) 80,00 50,00 37,50

Hg total (mg/kg) 112,00 46,90 58,13

TCLP Hg (mg/L) 

Hg organico (mg/kg) 3,13 0,67

Laboratorio 2

Mercury Recovery  (%)Step 0

Laboratorio 1 

Step 1



 
 
 
 
 
 
 

 

Figure 31. Comparison of total mercury recovery by tailings type. Source: Pure Earth 

 

Figure 33 shows the wear of the plates on their surface, which varies according to 

the age of the tailings, where the older tailings affect the plates much more than the 

younger tailings. 

 

Figure 32. Plate set after the mercury recovery process. Source: Pure Earth  

 



 
 
 
 
 
 
 

 

Figure  33. Comparison of the total mercury recovery for Majagual up to Step 2 
Source: Pure Earth  

 

When performing an analysis for each of step in the process, most of the mercury 

recovery occurs in Step 1, achieving between 35% and 60% of the total reduction 

reported in each of the tailings. This point is important, because the main objective 

is to reduce as much mercury as possible before reprocessing, which in this case 

corresponds to the cyanidation process. 

Organic mercury 

The presence of organic mercury before and after processing with the copper plates 

presents a significant reduction for all processed tailings, as shown in Figure 35. This 

reduction can be due to various causes, among which may be, bacterial 

demethylation (Martinez, 2004), action of activated, and by recovery on the copper 

plates. 

 



 
 
 
 
 
 
 

  

Figure  34. Presence of organic mercury before and after the process with the copper plates 
Source: Pure Earth 

 

Leachable Mercury 

Leachable mercury was not detected at concentrations exceeding the reference 

value of the Colombian legislation (0.2 mg/L) in the initial characterization of the 

tailings using the TCLP. The concentration of leachable mercury using the TCLP test 

after the treatment with copper plates indicated an increase for two of the treated 

tailings and a decrease in the other two as shown in Figure 36. However, none of 

the detected leachable mercury concentrations exceeded the reference value. 

 



 
 
 
 
 
 
 

 

Figure  35. Leachable mercury values before and after the copper plate process 
Source: Pure Earth 

 

  



 
 
 
 
 
 
 

7. Gold Results 
 

The objective of this project was to evaluate potential of mercury recovery using the 

copper plates during tailings reprocessing. The scope of the project did not include 

an evaluation or intervention of the current process to obtain gold, as was described 

above. Nonetheless, a quantification of gold recovery was carried out for the purpose 

of evaluating the economic feasibility of the process, which will be part of the global 

project deliverables within the tailings management protocol. 

 

Table 13. Gold concentration before and after the copper plate process.  

 Initial Final 

Tailings Au (g/t) Au (g/t) 

Yalí  6.08 0.56 

Giraldo 5.86 0.72 

Majagual 7.50 ND 

Vegachi 2.92 1.16 

Segovia 7.66 1.51 

 

During the pilot samples, the copper plate process did not intervene at any time with 

the recovery of gold present in the tailings. However, if there is a mercury-gold 

amalgam within the tailings, it is possible that it will be captured by the copper plates, 

since the affinity of silver with mercury does not distinguish whether it is in amalgam 

or not. The gold concentration in the mercury recovered on the copper plates was 

not evaluated. 

The data shows a significant gold recovery carried out by the cyanidation and 

activated carbon process implemented by the plant. The following Figure 37 shows 

the trend of gold recovery per tailings: 

 



 
 
 
 
 
 
 

 

Figure  36. Gold values before and after the process with the copper plates. Source: Pure Earth 

 

  



 
 
 
 
 
 
 

8. Limitations during Pilot Tests 
 

During the development of the pilot tests, a series of limitations were observed that 

must be taken into account in the analysis of the results, including: 

 There is no control over the treatment of tailings in the processing plant. The 

decision to take certain steps, such as using a shaking table, varies and is 

made directly by miners according to their needs. 

 Although an effort was made to handle the process of drying the samples in 

the same time scheme for all samples, this process was not completely 

controlled and may have resulted in losses of mercury from the samples.   

 The transfer time for the samples and their conservation may be affecting the 

mercury values due to evaporation, especially for the samples that were 

shipped to the international laboratory. 

 

9. Conclusions  
 

Taking into account the results of the pilot tests of Phase II of the copper plates for 

the recovery of mercury from tailings, the following conclusions can be made. 

 The design of the copper plates assembly for tailings treatment was improved 

compared to assembly during the laboratory tests and the pilot tests of Phase 

1. The improvements permit greater operability and flexibility during 

treatment, increasing the residence time of the tailings and speed of execution 

of the tests. 

 It is important to have a detailed control of the electroplating process of the 

copper plates in order to not affect the efficiency in the recovery of mercury 

from the tailings, as well as the grooves that are made on the plate. 

 Phase 2 pilot tests demonstrate the effectiveness of copper plate technology 

in reducing the total mercury content in contaminated ASGM tailings between 

50% and 84%, which varies depending on operating conditions, age of the 

tailings and the residence time of the tailings in contact with the plates. 

 The age of the tailings is not a variable that leads to significant variations in 

the mercury recovery efficiency of the initial concentrations of total mercury in 

the tailings. The only factor that is affected by the age of the tailings is the 

processing time, since it could only be done until Step 2, a step in which a 

50% mercury recovery was evidenced. 



 
 
 
 
 
 
 

 The older tailings with a high salt content left signs of deterioration on the 

plates.   

 Most of the total mercury recovery in tailings is evidenced in Step 1, which is 

in line with the objective of reducing concentration as much as possible before 

reprocessing, especially when undergoing cyanidation, in order to avoid the 

formation of the mercury cyanide compounds. 

 The use of a shaking table to separate the particle size of the tailings before 

reprocessing allowed recovery of liquid mercury from tailings. However, the 

use of this table within the processing of the tailings by the miners could imply 

an increase in processing time, an increase in energy consumption, and an 

increase in costs due to the acquisition of the technology.  

 It was evident that copper plates can withstand continuous use within the 

process for a long time. However, it has not been possible to determine their 

total life span and processing capacity. 

 According to the results obtained to date, there is no evidence that copper 

plates affect the gold content present in the tailings, or the recovery of same. 

 Residence time is key to the effectiveness of copper plates. The more contact 

time between the tailings and the plates, the greater the expected mercury 

uptake. The cascade configuration is considered a good alternative; however, 

it is possible another configuration could increase this residence time, and 

therefore the effectiveness of the technique. 

 

10. Future Steps for the Pilot Tests 
 

Future steps to be carried out in the final phase of the project are: 

 Evaluation of Phase 3 of the pilot tests, including alterations to the design of 

the assembly to increase the residence time in a single step before 

cyanidation. 

 Development of parameters for estimating the useful life of copper plates 

against an operating capacity. 

 The change from copper plates to stainless steel or tin plates, with tin as the 

best support for silver in the plates, will be considered. 
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12.  Annexes. 
 

Annex 1. Technical Equipment Sheets 
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