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Abstract

Perkoa polymetallic zinc deposit, formed in a context of massive volcanogenic sulphides, generated large volumes of potentially
reactive wastes during its exploitation due to the predominance of sulphide minerals. The aim of this study is to assess the
acid-generating potential, i.e. the potential to generate acid mine drainage (AMD), of these wastes. To this end, four
representative samples of these wastes were collected in a targeted manner at the Perkoa mine site, including waste rock, mine
tailings and crusher waste. The analyses focused on determining the mineralogy by X-ray diffraction, the physico-chemical
parameters (pH, electrical conductivity), the sulphur and carbon contents, and the acidity and neutralization potentials. The
results reveal, with the exception of waste rock, acidic pH values (< 5), high electrical conductivity (> 500 uS/cm) and high
sulphide content, mainly pyrite, sphalerite and pyrrhotite. The acid potential (AP) shows high values between 5 and 1000 kg
CaCO3/t. On the other hand, the neutralization potential (NP) is low, with NPR (NP/AP) ratios below 1 and negative NNP
(NP-AP) values in the range of -1300 to -5 kg CaCO3/t. These results show that these wastes would not be able to neutralise any
acid that might be generated as a result of their oxidation. The most reactive acidogenic minerals are pyrite and pyrrhotite.
Acid-producing mineral species are represented by silicates such as actinolite, microcline and chlorite. In summary, these results
confirm a high risk of AMD development from mine wastes.
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1. Introduction

In 2023, the mining industry contributed 539.391 billion = has harmful effects on the environment. These harmful effects

CFA francs to Burkina Faso's national revenue, accounting
for 14.8% of gross domestic product (GDP), with local pur-
chases of mining goods and services accounting for 37.83%,
or 450,177,545,361 CFA francs [1]. While the mining indus-
try is a source of economic benefits and job creation, it also

are felt in terms of human health, water resources, flora, fauna,
landscape, soil and air [2, 3]. In addition, mining and mineral
processing generate various types of wastes, which must be
managed rationally and safely in order to protect the envi-
ronment [4-6]. To this end, the structures used to store these
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mine wastes products are among the largest human construc-
tions, reaching heights of over 100 metres and lengths of more
than ten kilometres [7]. In addition, the complex geochemistry
of metal deposits and the use of chemicals for ore processing
tend to amplify the effects of pollution resulting from mining
[3]. According to [8], mining sites also face multiple envi-
ronmental impacts, particularly those associated with acid
mine drainage (AMD), which involves metal leaching and the
use of chemicals. For example, mine wastes from a deposit
with geochemical characteristics that include sulphide min-
erals can lead to the development of acid mine drainage
(AMD) due to the oxidation of sulphides [9-14]. In Burkina
Faso specifically, the risk of AMD has been highlighted at
mining sites through studies by [15] on the former Poura mine
and [16] on the Youga mine. The phenomenon of acid mine
drainage cannot therefore be ruled out at mining sites in
Burkina Faso, despite the low rainfall. With regard to the
Perkoa mining site, previous studies have revealed a pre-
dominance of sulphide minerals in the geological formations
[17-22]. The studies of [20] have particularly demonstrated
that mineralisation is mainly associated with sulphide miner-
als, including iron-rich sphalerite (30%), pyrite (25%), barite
(10%) and hexagonal pyrrhotite (5%). To this end, the min-
eralogy of the Perkoa deposit is problematic from an envi-
ronmental point of view as it constitutes a factor likely to
trigger AMD.

Based on the above, the objective of this study is to assess
the acidogenic characteristics of the materials constituting the
mine wastes from the exploitation of the polymetallic deposit
at the Perkoa zinc mine.

2. Material and Method

2.1. Study Area

The area covered by this study is the Perkoa zinc mine,
operated between 2013 and 2022 by Nantou Mining SA,
located northwest of the municipality of Réo, Sanguié prov-
ince, in the Centre-West region of Burkina Faso (Figure 1).
Mining was mainly underground, but an open pit was used to
extract shallow ore during the first years of mining operations.

The study area has a North Sudanese climate [23], charac-
terised by a long dry season (October to May) and a short
rainy season (June to September). Two wind regimes occur
annually: the harmattan and the monsoon. The harmattan, a
dry wind blowing from October to April, predominates during
the dry season, with cool (October to February) and hot
(March-April) variants. The monsoon, characterised by hu-
mid winds, occurs between May and September, with a peak
in August. According to data from the National Meteorolog-
ical Agency (ANAM), average annual rainfall ranges from 0
to 234 mm, with more than 80% occurring between July and
September and a peak in August. Temperatures are generally
moderate, although the months of March to May see peaks of
40 to 41°C. The Centre-West has a hydrographic network
dominated by the Mouhoun and Nazinon rivers and their
tributaries, as well as several shallow areas [23, 24]. The
region has 190 dams and reservoirs, 34% of which are located
in the province of Sanguié.
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Figure 1. Study area location [25].
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2.2. Methodology

2.2.1. Sampling

Targeted sampling was carried out on four types of mine
wastes (Figure 2): waste rock (RS), crusher waste (RB) and
mining tailings taken from cells 1 (Rcell) and 3 (Rcel3) of the
tailing’s storage facility. The RS comes from excavation
waste rock (open pit and underground) exposed between 2013
and 2022. The RB is the result of the trommel (8 mm mesh)

reject at the crusher. Finally, Rcell and Rcel3 correspond
respectively to the oldest and most recent tailings, stored in
the first and last cells of the tailings storage facility (TSF).

Each sample, weighing between 0.5 and 5 kg, is a compo-
site sample of three to five sub-samples taken at intervals of
10 to 20 m. The samples are then crushed and ground to 75
um. A representative fraction of 500 g is prepared for analy-
sis.

Figure 2. Overview of the studied mine wastes: (a) Waste rock (RS), (b) Crusher waste (RB), (c) Mine tailings from cell 1 (Rcell), (d) Mine

tailings from cell 3 (Rcel3).

2.2.2. Analysis

(i). Mineralogical Composition

The mineralogical composition was determined by X-ray
diffraction (XRD). This method has the advantage of ensuring
good compaction and uniform distribution of the sample in
order to improve the diffraction results. The XRD method of
mineralogical analysis is based on the principle that each
mineral has one or more characteristic crystallographic planes
that cause X-ray diffraction. For each mineral, one or more
characteristic peaks are observed on the diffractogram, the
height of which is proportional to the intensity of the diffrac-
tion [26-29].

(ii). Chemical Composition

The quantification of metallic and non-metallic elements,
grouped under the name of potentially harmful elements
(PHEs), was carried out by inductively coupled plasma opti-
cal emission spectroscopy (ICP-OES). To this end, 1 g of each
solid material sample, previously ground and homogenised,
was subjected to complete digestion with aqua regia, yielding
analysable solutions. ICP-OES was used to target the fol-
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lowing elements: As, Cd, Co, Cr, Cu, Fe, Pb, Ni and Zn. In
addition, the Mg, Mn, Ca and S contents were also determined
in order to complete the geochemical characterisation of the
samples.

(iii). Sulphate Content

As for sulphate content, approximately 2 g of each pulver-
ised sample is leached with ultrapure water and the resulting
solution is filtered before being analysed by ion chromatog-
raphy, with separation on an ion exchange column and con-
ductometric detection.

(iv). Static tests for Acid Mine Drainage prediction

1). pH and Electrical Conductivity (EC) in Saturated Paste

The pH and conductivity test in saturated paste was used to
assess the acidogenic characteristics of Perkoa mine wastes.
In practice, samples of mine wastes are moistened with dis-
tilled water at a liquid-to-solid ratio of 2:1, then left to stand
for 24 hours. The pH and electrical conductivity of the re-
sulting solutions are then measured, and a pH value below 4
indicates potential acid generation [30]. This test was also
used to quickly estimate the behaviour of materials with
regard to acid mine drainage according to the classification of
[31], which distinguishes four classes (Table 1).
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Table 1. Acid mine drainage level classification [31].

AMD class Characteristic

Confirmed acid mine drainage for waste with a pH of less than or equal to 4 and

Class I confirmed acid mine drainage electrical conductivity (EC) greater than 1000 uS/cm

Class II: Confirmed Developing Acid Mine confirmed developing acid mine drainage Confirmed developing acid mine
Drainage drainage for mine wastes with a pH between 4 and 5 and an EC greater than 750 uS/cm

Potential developing acid mine drainage for mine wastes with a pH between 5 and 6

Class III: Potential Developing acid mine drainage and an EC greater than 500 uS/cm

No risk of acid mine drainage for waste with a pH greater than 6 and an EC less than or

Class IV: No risk of acid mine drainage equal to 500 pS/cm

2). Sulfur Content and Miller et al. (1991) Criteria in an induction furnace [33].

The sulphur content, determined from LECO analyses, The Acid Potential (AP) is calculated using the formula:
enabled the acidogenic characteristics of mine wastes to be AP =% total sulphur x 31.25 [34].
assessed. [32] propose a threshold content of 0.3% to distin- The Neutralization Potential (NP) was calculated by mul-
guish between samples that are not acidogenic and those that  tiplying the carbon content by a factor of 83.3 (NP =% inor-
are potentially acid-generating. ganic carbon x 83.3) [9, 35, 36].

3). Static Acid-Base Accounting (ABA) Test The diagnosis of mine wastes is then established using the

The static acid-base Accounting (ABA) test was used to ~ NPR, which is the ratio of NP to AP, and the Net Neutraliza-
predict the acidogenic nature of mine wastes. This test con-  tion Potential (NNP), which is the difference between NP and

siders sulphides that are likely to produce acidity and alkaline ~ AP. The calculated NNP and NPR ratio are used to classify
minerals that are likely to reduce or neutralise acidity. For the different mine wastes according to the following limits [9]
ABA test, sulphur and carbonate contents were determined  (Table 2).

using a device called LECO, which performs infrared analysis

Table 2. Diagnostic Criteria for Acid Generation Potential of Mine Wastes [9].

Parameter Acid generating Uncertain potential Non-acid generating
NNP (NP-AP) (kg CaCOs/t) NNP <-20 -20 <NNP <20 NNP > 20
NPR (NP/AP) NPR < 1 I <NPR<2 NPR >2

N. B.: AP (Acid Potential), NP (Neutralization Potential), NNP (Net Neutralization Potential), NPR (Neutralization Potential Ratio)

Furthermore, Plante et al. (2015) suggest that for cases with ~ development or neutralization of acid mine drainage: acido-
low sulphur content (<1%) or high sulphur content (>5%), the genic, neutralising and inert [37-39] (Table 3).
results should be interpreted using the NNP rather than the According to [40], understanding the mineralogy and
NPR. chemical reactivity of materials is a prerequisite for control-
ling AMD in mining contexts, thereby reinforcing sustainable
site management practices.

Minerals such as pyrite (FeS,), pyrrhotite (Fei—S) and
sphalerite (ZnS) are known to play a major role in acid pro-

3. Results and Discussions

3.1. Mineralogical Composition duction through their oxidation upon contact with meteoric
. . . . water and oxygen in the air [3, 39, 41].
Mineralogical analysis of the samples studied reveals that Pyrite is particularly abundant in samples Reell (> 41%)

the mineral species can be divided into three groups. This and Rcel3 (> 23%), reflecting their high acid-generating
classification considers the contribution of each mineral to the  hotential (Table 3, Figure 4). Pyrrhotite, although less abun-
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dant in these mine wastes, is known for its faster oxidation
and greater impact on acidity generation [43, 44]. Sphalerite,
observed mainly in Rcell mine tailings (6.1%) and in small
quantities in other mine wastes, is one of the sulphide miner-
als that produce little or no acid [44, 45].

Furthermore, the minerals that can be considered neutral-
ising in the mine wastes studied are mainly silicates such as
chlorite, epidote, actinolite, plagioclase and microcline, which
contribute to buffering the acidity generated [37, 44]. These
minerals contain basic cations such as Ca?**, Mg?* and Al3+,
which can neutralize acidity through dissolution [46]. How-
ever, although these minerals are present, their concentrations
remain insufficient to balance the high acidity that could
potentially be generated by the more abundant acidogenic
minerals, especially in the Rcell and Rcel3 tailings. In addi-
tion, all mine wastes are characterized by an absence of car-

bonate minerals such as dolomite and calcite, which are more
effective AMD neutralizers than the observed silicates [37, 47,
48].

Minerals that can be considered inert or having little in-
volvement in the AMD process for Perkoa mine wastes are
quartz, micas (muscovite and paragonite), zircon and rutile
(Table 3). These minerals contribute very little or nothing to
the generation or production of acidity [37].

The presence of gypsum in trace amounts in the Perkoa
mine wastes is a characteristic indicator of geochemical
conditions dominated by acid mine drainage. Gypsum is
generally observed in acid mining environments as a reaction
product between sulphate generated by the dissolution of
metal sulphides such as pyrite and calcium released by altered
silicates or carbonates [3, 49, 50]. The same applies to barite.

Table 3. Mineralogical composition of mine wastes.

Mineral content of the samples (%)

Mineral Group

RS
Acid-generating minerals
Pyrite Sulphur 0.3
Pyrrhotite Sulphur 0.1
Sphalerite Sulphur 0.0
Neutralizing minerals
Chlorite Silicate 1.0
Epidote Silicate 2.7
Actinolite Silicate 2.1
Microcline Silicate 0.1
Plagioclase Silicate 33
Almandine Silicate 0.0
Inert minerals
Quartz Silicate 57.3
Zircon Silicate 0.0
Paragonite Silicate 9.8
Muscovite Silicate 23.0
Rutile Oxyde 0.1
Secondary or inert minerals
Gypsum Sulfate 0.1
Barite Sulfate 0.0

RB Rcell Rcel3
3.5 42.1 27.3
0.0 0.1 5.7
0.2 6.1 1.5
4.7 0.8 3.5
8.8 1.8 0.7
114 8.7 3.8
1.2 1.2 0.0
11.1 4.4 6.6
0.0 0.4 0.0
432 18.8 335
0.6 0.9 0.4
0.0 0.0 0.0
15.3 1.4 13.7
0.0 0.0 0.0
0.0 0.5 0.2
0.0 12.7 3.0
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3.2. Chemical Composition

The results of the analysis reveal a high proportion of sul-
phur (Table 4) with 2,200 mg/kg for RS, 23,000 mg/kg for RB,
and high levels in old mine tailings Rcell (220,000 mg/kg)
and 140,000 mg/kg in recent tailings (Rcel3). These high
sulphur levels reflect much the same trend as the notable
presence of sulphide minerals (Table 3). Indeed, the presence
of sulphur in these mine wastes is closely linked to pyrite,
pyrrhotite and galena, whose oxidation when exposed to
water and air can generate acid mine drainage [39].

Sulphate concentrations in mine wastes range from 160
mg/kg (RS) to 3,700 mg/kg (Rcell), with relatively high
levels in Rcel3 (1,200 mg/kg) and RB (530 mg/kg). These
sulphates mainly come from the oxidation of sulphides (pyrite,
pyrrhotite, sphalerite), promoting the acidification of wastes
[42, 51]. In mine wastes such as those at Perkoa, sulphates can
be an important indicator of the degree of oxidation of sul-
phide minerals. High sulphate concentrations generally indi-
cate advanced alteration, leading to the formation of second-
ary sulphate minerals characteristic of environments marked
by acid mine drainage [52].

At the same time, iron also shows the highest proportions,
ranging from values above 50,000 mg/kg for waste rock and
mill wastes to over 190,000 mg/kg in recent tailings (Rcel3)
and over 210,000 mg/kg in old tailings (Rcell). These rela-
tively high iron contents in these tailings are undoubtedly
associated with sulphide minerals such as pyrite and pyrrho-
tite, as well as ferromagnesian silicates such as chlorite,
epidote and actinolite, present in the mine wastes (Table 3). It
should be noted that iron in its two forms (Fe?* and Fe**) in
the environment plays an important role in the expansion of

acid mine drainage. Ferrous iron (Fe?") initially intervenes in
the process as a product of the oxidation of pyrite, which
releases Fe**, SO,>” and H*. This Fe?* is in turn oxidised to
Fe** by oxygen or by bacteria such as Acidithiobacillus fer-
rooxidans, which accelerate the reaction. The Fe** thus re-
generated acts as a powerful oxidant of pyrite, thereby main-
taining a highly acidifying cycle [44, 52, 53].

Calcium levels reach up to 12,268 mg/kg in RB and 7,876
mg/kg in Rcel3. Magnesium follows a similar pattern for RB
with 10,495 mg/kg. Manganese is predominant in RS (5,216
mg/kg) and RB (2,043 mg/kg)), but remains low in the other
samples such as Rcell and Rcel3 (< 700 mg/kg). These ele-
ments (Ca, Mg and Mn), although present, come mainly from
silicates in low proportions (Table 3) and are less reactive
with limited buffering capacity [37, 39]. Under acidic condi-
tions, the hydrolysis of manganese is particularly unfavoura-
ble to buffering capacity due to the release of H" protons, thus
contributing to increased acidification of the environment
[44]. The same is also observed for aluminium, which has
high concentrations in all mine wastes (3,794 to 26,528 mg/kg)
and is also susceptible to acidifying hydrolysis.

In terms of potentially harmful elements, high levels were
observed in all mine wastes, including arsenic (1,149 mg/kg),
cadmium (150 mg/kg), chromium (310 mg/kg), cobalt (27
mg/kg), copper (174 mg/kg), lead (4,739 mg/kg), nickel (59
mg/kg) and zinc (50,664 mg/kg). With the oxidation of the
minerals that make up the various mine wastes streams,
potentially harmful elements (PEHs) become increasingly
bioavailable and likely to migrate to soil and water, where
they can constitute major contaminants [51].

Table 4. Chemical composition of mine wastes.

Sample
Parameter Unit LD

RS
Aluminium mg/kg 2 11703
Arsenic mg/kg 1 915
Cadmium mg/kg 0,1 14
Calcium mg/kg 50 1448
Chromium mg/kg 0,2 69
Cobalt mg/kg 0,5 <0,5
Copper mg/kg 2 35
Iron mg/kg 5 56421
Lead mg/kg 1 4240
Magnesium mg/kg 1 1699
Manganese mg/kg 1 5216

295

RB Rcell Rcel3
26528 5989 11235
504 491 537
35 150 <0,1
12268 4088 7876
310 270 120
19 <0,5 27

69 74 174
55351 210169 196623
2322 1335 583
10495 1766 4234
2043 673 625


http://www.sciencepg.com/journal/ijema

International Journal of Environmental Monitoring and Analysis

http://www.sciencepg.com/journal/ijema

Sample
Parameter Unit LD

RS
Nickel mg/kg 0,5 20
Sulphur mg/kg 1 2200
Zinc mg/kg 1 1306
Sulphate mg/kg 5 160

3.3. Tests for Acid Mine Drainage Prediction

3.3.1. pH and Electrical Conductivity (EC) in
Saturated Paste
The different types of mine wastes were classified ac-

cording to their potential to generate AMD, based on
pH/electrical conductivity pairs (Table 5). Cross-analysis of

RB Rcell Rcel3
59 50 51
23000 220000 170000
6071 50664 14689
530 3700 1200

pH and electrical conductivity values provides an initial
assessment of AMD generation potential, in accordance with
the classes defined by [31]. This approach makes it possible to
associate the degree of acidity with the dissolved ionic load,
as well as the associated level of environmental risk. It also
reflects the intensity of sulphide oxidation processes and the
mobility of Potentially Harmful Elements (PHEs).

Table 5. Characterisation of mine wastes according to AMD classification based on pH and electrical conductivity (EC) [31].

Studied mine wastes

AMD class pH EC (uS/cm) Diagnostic
Sample pH EC (uS/cm)
I pH<4 > 1000 confirmed acid mine drainage Reell 4.1 1101
1I 4<pH<S > 1750 Confirmed Developing Acid Mine  Rcel3 4.66 745
1 5<pH<6 > 500 Pot.entlal Developing acid mine RB 588 682
drainage
/ pH<6 <500 Acidic sample RS 4.81 396

N. B.: Waste rock (RS), Crusher waste (RB), Mine tailings from cell

Recell tailings have a pH of around 4 and an EC greater than
1000 puS/cm, which places them in Class I, characterised by
proven acid mine drainage. This reflects advanced oxidation
of sulphides, involving a high release of dissolved ions into
the interstitial solution. These mine wastes must be consid-
ered highly acidogenic and require appropriate neutralization
or isolation measures [49, 54].

The mine wastes represented by Rcel3, with a pH of 4.66
and an electrical conductivity of 745 pS/cm, belong to class II,
reflecting developing acid mine drainage. This intermediate
level reveals a progression towards acidification, possibly
associated with the initiation of oxidation reactions of sul-
phide minerals or the persistence of an even less active or
ineffective buffering effect [55].

The mill wastes have a pH of 5.88 and electrical conduc-
tivity of 682 pS/cm. These wastes correspond to class III,

1 (Reell) and Mine tailings from cell 3 (Rcel3)
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indicating developing AMD potential. They thus constitute a
moderately acidic environment revealing a residual presence
of sulphides in a weakly neutralising mineralogical matrix.

Overall, this classification reveals marked heterogeneity in
the geochemical behaviour of the different wastes. The most
acidic residues are often associated with a fine fraction rich in
sulphides, while those with low acidogenic potential are likely
to originate from sulphide-poor lithologies or lithologies that
have undergone prior alteration. These results highlight the
need to consider mineralogy, grain size and geochemical
history in the development of AMD [42, 56].

3.3.2. Sulphur Threshold According to Miller

According to [32], a total sulphur threshold greater than 0.3%
indicates a material that is potentially capable of generating
AMD. Sulphur content varies depending on the type of mine
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wastes (Figure 3, Table 6).

The Rcell and Rcel3 mine tailings have very high sulphur
contents, ranging from 19 to 44%, which is well above the 0.3%
threshold. These levels reflect a high presence of sulphide
minerals, confirming the high risk of AMS generation asso-
ciated with these materials, which is also corroborated by low
pH values and high conductivity.

RB waste has sulphide contents of 3.1%, which is also
above the critical threshold of 0.3%. This therefore indicates a
significant potential for acidity generation through the oxida-
tion of sulphides in the presence. These materials are consid-
ered to be at risk, although their geochemical behaviour may
depend on their mineralogical nature with the neutralising
minerals present [44] (Bussiére and Guittonny, 2021).

On the other hand, RS wastes have very low sulphur con-
tents, with values of 0.25%, below the threshold of 0.3%. This
indicates a low presence of reactive sulphides, which con-
siderably limits their acid-generating potential. These mate-
rials could therefore be considered as no-generating of AMD.

In summary, this assessment of the acidogenic nature of
mine wastes using the threshold set by [32] is consistent with
the classification criteria of [31] used above. These results
confirm the value of sulphur analysis as a preliminary indi-
cator of AMD generation potential, particularly when inte-
grated into a more comprehensive geochemical assessment
[57, 58].

n
=

Sulphur
= Miller threshold

~
h

=

Sulphur (%)

|
[ ]
h

Rcell RB Rcel3 RS

Figure 3. Sulfur content compared to Miller threshold.

3.3.3. Net Acidity Production Test

The results show that for all mine wastes, the acid potential
(AP) is significantly higher than the neutralization potential
(NP) (Table 6).

Rcell mining tailings has very high total sulphur content
(44%) and very high acid potential of 1375 kg CaCOs/t. On
the other hand, the neutralization potential is extremely low

(approximately 1.7 kg CaCOs/t), resulting in a very negative
net neutralization potential (NNP = NP - AP) (<—1373 kg
CaCOg/t) and an NPR ratio (NP/AP) of almost zero (NPR =
0.001). These different values place these mine wastes in the
acidogenic zone (Figure 4) with a high acid potential and
therefore a high risk of acid mine drainage generation [46,
51].

The Rcel3 mine tailings have relatively high sulphur con-
tents of 19% with a relatively high acid potential of around
600 kg CaCO3/t, compared to a neutralising potential of 8,330
kg CaCOgz/t. The NNP is negative but less pronounced
(—589,586) compared to the old tailings (Rcell) with a low
NPR (0.007). This implies a potential for acidity generation,
and therefore for actual AMD, but this is likely to be mitigated
due to the recent nature of the Rcel3 tailings, in addition to the
probable presence of neutralising minerals capable of partially
inhibiting the acidity generated [51, 59]. This observation
highlights the importance of incorporating mineralogical
parameters into the assessment of AMD risks.

RB wastes are characterized by a significantly lower sul-
phur content of around 3.1% with an acid potential also re-
duced to 97 kg CaCOs/t and a neutralising power of around 3
kg CaCOgs/t. The NNP is also negative (—93) with an NPR of
around 0.03. This configuration indicates a moderate potential
for AMD generation, confirming that these materials pose a
lower environmental risk compared to Rcell and Rcel3 mine
tailings, which would contain a significant proportion of
sulphide minerals [40]. However, RB wastes are not com-
pletely free of AMD risk.

Finally, RS wastes, with the lowest sulphur content (0.19%)
and an acid-generating potential of around 7 kg CaCOs/t, also
have a relatively low neutralising power (0.8 kg CaCOz3/t).
The NNP (—5) and NPR (0.14) classify these wastes as pre-
senting a lower or uncertain risk of acid rock drainage [46,
51].

In summary, these results show that samples Rcell, RB,
and Rcel3 are potentially acid-generating, with very negative
NNP and NPR well below 1, according to [9]. This indicates a
high risk of acid generation and therefore acid mine drainage.
These results corroborate a mineralogy dominated by sul-
phides and poor in neutralising minerals [42]. As for the RS
wastes samples, they are located in the uncertainty zone
according to the NP and slightly at the limit of the acidogenic
zone (Figure 4), thus requiring kinetic tests to confirm their
geochemical behavior [60-62].

Table 6. Acid and neutralization potentials of mine wastes.

Parameter Sulphur Carbon AP
LOD 0.01 0.01 /
Unit % % Kg CaCOs/t
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NP NNP (NP-AP) NPR (NP/AP)
/ / /
Kg CaCOs/t Kg CaCOs/t /


http://www.sciencepg.com/journal/ijema

International Journal of Environmental Monitoring and Analysis

http://www.sciencepg.com/journal/ijema

Parameter Sulphur Carbon AP
RS 0.25 0.02 7.8125
RB 3.1 0.04 96.875
Reell 44 0.02 1375
Reel3 20 0.1 625

NP NNP (NP-AP) NPR (NP/AP)
1.666 -6.147 0.213
3.332 93.543 0.034
1.666 -1373.334 0.001
8.330 -616.670 0.013

N. B.: AP (Acid Potential), NP (Neutralization Potential), NNP (Net Neutralization Potential), NPR (Neutralization Potential Ratio),

LOD (Limit of Detection)

=
=
-

NI (kg CaCOst)

=
=
=

300

Reell

300

600

200 1200 1500

AP (kg CaCOuit)

Figure 4. Position of mine wastes samples according to static test criteria [42].

4. Conclusion

The assessment of the acid generation potential of mine
wastes from the Perkoa zinc mine shows that the majority of
the samples studied have a high potential for acid generation,
or even confirmed acid generation. The Rcell and Rcel3 mine
tailings samples have pH values between 3.49 and 4.66 and
electrical conductivities (EC) greater than 1000 uS/cm. This
corresponds to the classes of confirmed or developing acid
mine drainage. This situation is confirmed by the very high
total sulphur values reaching 44% for Reell and a very low
NPR ratio of around 0.001. This implies a very insignificant
neutralisation potential (< 2 kg CaCOs/t) and negatively
marked NNP values of around -1300 kg CaCOs/t. Mineral-
ogically, these same samples are very rich in acidogenic
sulphide minerals, particularly pyrite (up to 42.1%), sphalerite
(7.9%) and pyrrhotite (5.7%), while potentially neutralising
minerals are present in low proportions in the form of silicates
such as chlorite, actinolite and plagioclases. These low pro-
portions of silicates are insufficient to balance the acidity
contribution of acidogenic mineral species. On the other hand,
RS waste rock samples, although their pH remains below 6,
have an electrical conductivity of less than 500 pS/cm and
low sulphur content (< 0.3%). These waste rock samples have
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an NPR less than 1 and an NNP around -5, indicating a very
limited or uncertain acid generation potential. Finally, RB
crusher waste samples, containing approximately 3% sulphur,
with a pH between 5 and 6, and an EC greater than 500 pS/cm,
present a moderate risk of Class III acid mine drainage
(AMD).

Abbreviations

ABA Acid-base Accounting

AMD Acid Mine Drainage

ANAM National Meteorological Agency

AP Acid Potential

EC Electrical Conductivity

ICP-OES  Inductively Coupled Plasma - Optical
Emission Spectroscopy

LOD Limit of Detection

NNP Net Neutralization Potential

NPR Neutralization Potential Ratio

pH Hydrogen Potential

PHEs Potentially Harmful Elements

PN Neutralization Potential

RB Crusher Waste
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