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The challenge of hydrogen 
sulphide in mining dams: 
strategies for odour 
reduction - a case study
Abstract

Hydrogen sulfide (H2S) emissions from mining tailings dams pose persistent 
environmental and operational challenges due to their corrosiveness, toxicity, and 
intense odor. In a Brazilian mining complex, sulfate-reducing bacteria (SRB) associated 
with unoxidized ore and recirculated process water were identified as the primary 
source of H2S. Initial mitigation using a glutaraldehyde-based biocide temporarily 
suppressed microbial activity but proved unsustainable due to high dosing costs and 
the development of microbial resistance. Subsequently, sodium hypochlorite (NaClO) 
was tested as an oxidizing agent to chemically neutralize H2S before degassing. Laboratory 
and industrial-scale trials confirmed that NaClO, at an optimized dosage of 10 L/h, 
effectively eliminated odors within 10–20 minutes, with no reappearance over a 
48-hour observation period and reducing odor complaints to zero, without compro-
mising the process performance. This approach also reduced operational costs by 90% 
compared to the biocide. This case study highlights the benefits of integrating micro-
biological diagnostics with adaptive chemical strategies to establish a scalable, 
cost-effective solution for odor control in mining environments.

Keywords: mining tailings; sulphate-reducing bacteria; hydrogen sulphide; envi-
ronmental management.
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Mining

Communities neighboring industrial 
complexes frequently experience envi-
ronmental and social impacts related to 
air quality, with hydrogen sulphide (H2S) 
emissions among the most persistent and 
disruptive challenges (Franks et al., 2014; 
Souza, 2012; Muyzer & Stams, 2008; 
Jiang et al., 2016; Postgate, 1984). H2S 
is a toxic, corrosive gas with a distinctive 
rotten-egg odor, posing risks to both local 
populations and site personnel, as well as 
to the infrastructure (Jiang et al., 2016; 
Franks et al., 2014). While H2S control 
is well-documented in the oil, gas, and 
wastewater sectors, large-scale opera-
tional strategies in mining—particularly 
in Brazilian tailings dams—remain vastly 
underreported (SRC Communications, 
2020; Wang et al., 2023; Lipman, 2022).

In mining environments, H2S is 
primarily generated by sulfate-reducing 
bacteria (SRB) that thrive under an-
aerobic, sulfate-rich conditions present 
in tailings dams and recirculated process 
water (Muyzer & Stams, 2008; Lens et 
al., 2003). Notably, unoxidized ore may 
transport dormant SRB or extremophilic 
strains from deep subsurface biomes. 
These microbes become metabolically 
active under favorable post-processing 
conditions, contributing to persistent H2S 
generation (Lin et al., 2006; D’Hondt et 
al., 2020; Onstott, 2023; Lau et al., 2016). 
Their survival is further supported by the 
organic load and complex hydrodynamics 
of the tailings circuit, making the aqueous 
phase of the dam the primary vector for 
H2S release (SRC Communications, 2020; 

Muyzer & Stams, 2008).
Initial mitigation efforts at the stud-

ied mining complex focused on biocidal 
control, adapting non-oxidizing com-
pounds commonly used in oilfield applica-
tions. Laboratory screening and process 
compatibility tests identified Floticor OT 
7696—a glutaraldehyde-based biocide 
with synergistic additives—as the most 
effective option for reducing microbial ac-
tivity while preserving process selectivity 
(Clariant, 2023; Lipman, 2022). Despite 
early success, performance declined due to 
microbial adaptation and shifts in tailings 
management, necessitating progressively 
higher dosages and leading to unsustain-
able reagent costs (Wang et al., 2023; 
Clariant, 2023). These challenges revealed 
key limitations of biocidal strategies in 

1. Introduction



2/14

The challenge of hydrogen sulphide in mining dams: strategies for odour reduction - a case study

REM, Int. Eng. J., Ouro Preto, 79(3), e250055, jul. sep. | 2026

The study was conducted at a nio-
bium mining complex located in Brazil, 
composed of three distinct processing 
plants. Each unit handles ore from differ-
ent geological domains: one plant pro-
cesses oxidized ore, while the other two 
treat fresh carbonatite-hosted niobium ore 
extracted from deeper formations. Despite 
the differences in feed composition, the 
tailings from all units are discharged into 
a single shared tailings storage facility, 
resulting in a heterogeneous mixture of 
solids and recirculated process water.

The tailings dam serves dual func-

tions: it acts as both a containment struc-
ture for solid waste and a reservoir for 
recycled process water. This closed-loop 
configuration fosters variable geochemical 
and biological conditions characterized by 
high organic loading, fluctuating redox 
potential, and elevated microbial activity. 
Such conditions promote the proliferation 
of sulfate-reducing bacteria (SRB), which 
are known to produce hydrogen sulfide 
(H2S) under anaerobic conditions.

Operational complexity is intensified 
by the integration of multiple ore types, 
varying reagent schemes, and the reuse of 

process water, all of which contribute to 
spatial and temporal variability in water 
quality. These factors complicate process 
control and increase the risk of second-
ary environmental impacts, such as odor 
emissions and aquatic toxicity.

Understanding the structural and 
operational layout of the dam, including 
the location of influent streams, water 
return lines, and pulp accumulation zones, 
was essential for guiding sampling design, 
identifying SRB hotspots, and evaluating 
mitigation strategies, such as biocide and 
oxidant dosing.

Liquid and pulp samples, including 
process water, recycled water, and pulp, 
were collected in sterile 500 mL poly-
propylene flasks (Laborclin, Brazil). Solid 
samples were stored in 1 L UV-resistant 
polyethylene containers (Plastipak, Brazil). 
All containers were autoclaved at 121 °C 
for 20 minutes before use. Samples were 
stored at 4–8 °C in insulated boxes with 
ice packs during transport.

Microbiological samples were 
processed within 30 hours to ensure 

the viability and accurate detection of 
sulfate-reducing bacteria (SRB). Each 
sample was labeled with date, time, 
location, and type, with entries logged 
to guarantee traceability throughout the 
experimental workflow.

Stock solutions of biocides and 
sodium hypochlorite for laboratory tests 
were prepared in approximately 200 mL 
aliquots. For industrial applications, 
1,000 L HDPE containers supplied by 
the manufacturer were used and stored 

in shaded, ventilated areas to avoid deg-
radation, especially from light exposure. 
Working solutions were diluted on-site in 
UV-protected HDPE tanks near the dos-
ing point. All handling followed MSDS 
guidelines and appropriate PPE use.

This approach ensured sample 
integrity and safe reagent management 
(Barbosa et al., 2020; Bottone et al., 
2021; Chakrabartty & Kretschmer, 
1974; Clariant, 2023; Muyzer & 
Stams, 2008).

Two main microbiological tools 
were used for the detection and evaluation 
of microbial activity and sulfate-reducing 
bacteria (SRB) at the site: dip-slide and 
Postgate B culture medium. These tools 
were selected based on their established 
effectiveness in mining microbiology and 
their compatibility with low-resource field 
and laboratory conditions.

Dip-slide kits (Laborclin®, Bra-
zil) consist of dual-sided plastic slides 
embedded with selective culture media 

and redox indicators. The slides are 
designed for semi-quantitative detection 
of metabolically active microorganisms. 
The redox-sensitive dye tetrazolium 
chloride stains colonies red upon micro-
bial metabolism, allowing for the visual 
identification of microbial presence and 
relative intensity. The kits were primar-
ily used for the initial screening of water 
and pulp samples, allowing for the rapid 
visualization of contamination intensity 
during field campaigns.

Postgate B medium was prepared 
according to microbiological standards 
for the anaerobic cultivation of SRB. 
The semisolid formulation included 
sodium lactate (60%) – 3.5 mL; sodium 
sulfate – 1.0 g; ammonium chloride – 1.0 g;  
dipotassium phosphate (K2HPO4) – 0.5 g; 
magnesium sulfate heptahydrate – 2.0 g; 
calcium chloride – 0.1 g; iron(II) sulfate 
heptahydrate – 0.5 g; yeast extract – 1.0 g;  
and agar – 15.0 g per liter of distilled 
water. The final pH was adjusted to 

2. Materials

2.1. Study site and process overview

2.2 Sampling materials and storage conditions

2.3 Culture media and detection kits

large, dynamic systems where microbial 
behavior and water chemistry fluctuate 
rapidly (ATSDR, 2021; Wang et al., 2023).

In response, the site adopted a chem-
ically targeted strategy based on sodium 
hypochlorite (NaClO), a potent oxidiz-
ing agent capable of converting dissolved 
H2S into odorless sulfur species, such as 
elemental sulfur or sulfate (Bottone et 
al., 2021; Chakrabartty & Kretschmer, 
1974; Dahl, 2020; Xiao et al., 2022). 
This approach was designed to neutralize 
H2S at critical points—particularly dam 
transfer pumps—where physicochemical 
conditions (e.g., pressure drops, agitation, 

and temperature) favor rapid degassing 
(Abdi et al., 2022; Xiao et al., 2022). 
Laboratory and field trials demonstrated 
that NaClO effectively suppressed odor 
while maintaining process performance, 
and significantly reduced operating costs 
compared to sustained biocide application 
(Bottone et al., 2021; Chakrabartty & 
Kretschmer, 1974).

This study aims to address hydrogen 
sulfide emissions in mining tailings dams 
by presenting a comprehensive case study 
from a Brazilian mining complex, evaluat-
ing and comparing biocidal and oxidative 
mitigation strategies for effective odor 

control. By integrating microbiological 
diagnostics, physicochemical modelling, 
and adaptive chemical management in real 
operational contexts, it introduces a novel, 
scalable approach that directly contrasts 
the limitations of glutaraldehyde-based 
biocides with the sustained efficacy of 
sodium hypochlorite, marking one of 
the first documented industrial-scale 
applications in Brazilian mining. These 
findings provide practical guidance for 
cost-effective H2S mitigation and advance 
data-informed environmental strategies 
aligned with ESG principles in the 
mining sector.
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7.5. The medium was sterilized via 
autoclaving and stored in sealed ster-
ile containers until use. Upon SRB 
growth, blackening of the medium 
occurred due to the precipitation of 

iron sulphide (FeS), serving as a reli-
able qualitative indicator of active 
sulfate reduction.

Both detection methods were 
chosen for their complementary roles—

rapid visual screening and selective SRB 
confirmation—and were consistently 
applied across all relevant sampling 
points during baseline characterization 
and treatment monitoring.

This study utilized a suite of 
chemical reagents for microbial con-
trol, odor mitigation, and mineral 

processing, selected for their proven 
efficacy and compatibility with high-
sulfate, high-TDS environments typical 

of tailings facilities in mining com-
plexes (Clariant, 2023; Lipman, 2022; 
Wang et al., 2023).

Four commercial biocides from 
Clariant (Brazil) were selected for labora-
tory screening and field application. The 
Floticor™ line comprises proprietary 
formulations for mining circuits, while 
EPE MIN denotes site-specific experi-
mental blends:

•	 Floticor OT 7696: Glutaral-
dehyde-based blend with co-biocides 
for enhanced biofilm penetration and 
reduced dosage.

•	 Floticor OT 7684: Glutaralde-
hyde-based, broad-spectrum antimicrobial.

•	 Floticor OT 7828: THPS-based 
non-oxidizing biocide, effective in brine 
and anaerobic conditions, with favorable 
environmental degradation.

•	 EPE MIN 117/18: Proprietary 
site-specific blend likely containing alde-
hydes, isothiazolinones, or quaternary 
ammonium compounds, tailored for SRB 
suppression and flotation compatibility 

(Clariant, 2023; Wang et al., 2023).
All products were supplied as 

liquid concentrates. The glutaralde-
hyde-based formulations (OT 7696,  
OT 7684) are acidic (pH 3–4.5) and 
corrosive, requiring appropriate PPE. 
OT 7828, while less corrosive, also 
required safe handling procedures. EPE 
MIN 117/18 was designed to strike a 
balance between antimicrobial efficacy 
and process compatibility.

Sodium hypochlorite (NaClO) was 
used as a chemical oxidant for H2S 
control. The commercial-grade solution 

was 10–12% active chlorine, supplied by a 
local supplier. NaClO was selected based 
on its oxidizing strength, broad availabil-

ity, and proven flotation compatibility 
(Bottone et al., 2021; Chakrabartty & 
Kretschmer, 1974).

Standard flotation reagents were 
used in all laboratory and field tests. These 
included site-specific collectors, frothers, 
and depressants sourced from the plant's 

reagent inventory, which were applied 
under operational protocols. Full formula-
tion details are available upon request and 
reflect typical industrial practice.

All reagents were handled in com-
pliance with the manufacturer’s MSDS 
and institutional safety procedures, with 
appropriate PPE used throughout.

All analytical measurements and 
environmental monitoring in this study 
were performed using calibrated, industry-
standard instruments to ensure accuracy 
and reproducibility.

The pH and oxidation-reduction 
potential (ORP) of water and pulp samples 
were measured in the laboratory using a 
Digimed® DM-22 benchtop multiparam-
eter analyzer equipped with certified pH 

and platinum ORP electrodes. 
The meteorological conditions were 

monitored using portable on-site anemom-
eters, thermometers, and hygrometers to 
record wind speed, direction, ambient 
temperature, and relative humidity. The 
rainfall data were obtained from the 
closest meteorological station operated by 
national authorities, ensuring consistent 
and traceable environmental records.

All data acquisition systems were 
synchronized and maintained by the site’s 
process control team, and instrument 
calibrations were documented follow-
ing internal quality assurance protocols. 
These instruments and sensors provided 
the quantitative basis for environmental 
and operational data used in statistical 
modelling and process optimization 
throughout the study.

The study followed a structured 
workflow to assess odor mitigation strate-
gies at a mining complex. It began with 
microbiological mapping to identify sources 
of sulfate-reducing bacteria (SRB), followed 
by laboratory screening of biocides for mi-

crobial control and flotation compatibility.
Effective products were then tested in 

industrial-scale trials, with continuous dos-
ing into the pulp reject or transfer pipelines. 
Odor perception, water chemistry, and en-
vironmental data were monitored in parallel 

to evaluate treatment performance.
Finally, statistical modelling using the 

Design of Experiments (DOE) linked opera-
tional and environmental variables to odor 
outcomes, supporting predictive analysis of 
mitigation effectiveness.

A systematic microbiological map-
ping campaign was designed to identify po-
tential sources and distributions of sulfate-

reducing bacteria (SRB) in the process water 
circuit and tailings system. The approach 
focused on characterizing microbial activ-

ity across operational and environmental 
sampling points under anaerobic and high-
organic-load conditions common in mining 

2.4. Chemical reagents and biocides

2.4.1 Biocides

2.4.2 Sodium hypochlorite

2.4.3. Flotation reagents

2.5 Analytical instruments and sensors

3.1 Experimental framework and workflow

3.2 Microbiological mapping and source identification

3. Methodology
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This stage of the methodology in-
volved identifying chemical treatments 
capable of suppressing sulfate-reducing 

bacteria (SRB) while maintaining compat-
ibility with the mineral processing process. 
The evaluation consisted of two phases: 

laboratory screening for microbial inhi-
bition, followed by process compatibility 
tests using treated process water.

Four non-oxidizing commercial 
biocides—Floticor OT 7696, OT 7684, 
OT 7828, and EPE MIN 117/18 — were 
selected for laboratory screening. Each 
biocide was diluted to 0.5 mL/L in 
process water and incubated in duplicate 
100 mL aliquots at 28 °C for 5 days under 
anaerobic conditions. SRB activity was 
assessed using:

•	 Dip-slides for semi-quantita-
tive detection of microbial metabolism 
through colorimetric indicators.

•	 Postgate B medium, where iron sul-
fide (FeS) blackening indicates SRB growth.

All microbial inhibition tests were 
conducted under sterile conditions, 
using autoclaved flasks and media, 
and interpreted visually for microbial 
growth indicators.

To evaluate flotation compatibility, 
biocide-treated process water was used 
in bench-scale flotation tests. These were 
conducted with 1 kg ore samples and 
the site’s standard reagent schemes. The 

procedures followed internal testwork 
protocols simulating plant operational 
conditions, enabling the detection of 
any changes in key performance aspects, 
such as recovery, concentrate grade, froth 
stability, flotation behavior, or reagent 
interactions, through both qualitative 
observations and quantitative measure-
ments where applicable. All biocides 
were tested, and the selected product 
(Floticor OT 7696) showed no interfer-
ence in these aspects.

Following the industrial application 
of biocide, a commercial-grade sodium 
hypochlorite (NaClO) solution (10–12% 
active chlorine) was evaluated for use 
in odor mitigation. Process water was 
treated with NaClO at defined concen-
trations and subsequently used in bench-
scale flotation tests to assess potential 
interactions with flotation reagents and 

operating conditions. The same flotation 
testing protocol used in the biocide com-
patibility assessment was applied. These 
tests enabled the detection of any changes 
in key performance aspects, such as re-
covery, concentrate grade, froth stability, 
flotation behavior, or reagent interactions, 
through both qualitative observations 
and quantitative measurements where 

applicable. No interference was observed 
in these aspects.

All tests were conducted under 
laboratory conditions using site-specific 
materials and procedures to replicate 
industrial conditions. The compatibility 
was further validated in industrial-scale 
settings, where flotation performance was 
re-evaluated to confirm no adverse effects.

Both intervention trials were sup-
ported by an integrated environmental 
and operational monitoring program, 
which included odor perception, meteo-
rological conditions, and water chemistry.

•	 Odour Monitoring: Odor as-
sessments were conducted at multiple 
fixed locations surrounding the tail-

ings management area, using semi-
structured reports filled out by trained 
operators at regular intervals across 
shifts. Each observation recorded the 
presence of odor (Yes/No), perceived 
intensity (e.g., mild or strong), and 
qualitative descriptors when applicable. 
Observer consistency was maintained 

throughout the trial to ensure reliable 
comparisons. The geographic distri-
bution of monitoring points used for 
these assessments is shown in Figure 1, 
which presents the spatial layout of the 
industrial complex and the surrounding 
tailings facilities. All odor monitoring 
locations are marked in red.

3.3 Laboratory screening of biocides and compatibility testing

3.3.1 Biocide efficiency screening and compatibility testing

3.3.2 Sodium hypochlorite efficiency and compatibility testing

3.4 Monitoring and data collection

tailings facilities (Muyzer & Stams, 2008; 
D’Hondt et al., 2020).

Samples were collected from six 
predefined locations within the site: 
(1) recirculated water from the tailings 
dam, (2) freshwater supplied to process-
ing plants, (3) clarified thickener overflow, 
(4) overflow water from the desliming 
cyclone, (5) settled tailings from the dam, 
and (6) surface pulp from the tailings 
impoundment. These locations were se-
lected to provide representative coverage 
of potential SRB proliferation zones based 
on process layout and fluid transport 
pathways (Dong et al., 2024).

Sampling was conducted using 
sterile 500 mL polypropylene flasks 
(Laborclin, Brazil). Immediately after col-
lection, samples were stored in insulated 
containers with ice packs at 4–8 °C and 
transported to the laboratory for micro-

biological analysis within 30 hours. This 
ensured sample integrity for the detection 
of active anaerobic microorganisms 
(Onstott, 2023).

To screen for general microbial activ-
ity, the dip-slide technique was applied. 
This method utilizes dual-sided plastic 
slides embedded with nutrient-rich media 
and redox-sensitive dyes that change color 
in response to metabolic activity. The 
process was selected for its speed, ease of 
use in mining contexts, and visual output 
suitable for semi-quantitative comparisons 
(Barbosa et al., 2020).

For the selective identification of 
SRB, Postgate B semisolid medium was 
prepared and used according to standard 
protocols. This medium supports the 
anaerobic growth of sulfate-reducing 
bacteria and enables visual detection of 
activity through the precipitation of black 

iron sulfide (FeS), a byproduct of sulfate 
reduction (Postgate, 1984; Muyzer & 
Stams, 2008).

To distinguish between ore-derived 
and waterborne microbial sources, 
representative ore samples from dif-
ferent processing units were incubated 
in sterile, deoxygenated water under 
laboratory-controlled anaerobic con-
ditions. Containers were sealed and 
held at ambient temperature for a fixed 
incubation period. These tests aimed to 
determine whether SRB was introduced 
via the ore itself or developed later in the 
water circuit.

All microbiological procedures, 
including sample handling, culture prepa-
ration, incubation, and tracking, adhered 
to internal quality assurance protocols 
to ensure traceability and reproducibility 
throughout the mapping campaign.
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Figure 1 - Satellite image showing the location of odour 
monitoring points (red) around the mining complex and tailings area.

3.5. Statistical design and data analysis

4.1 Identifying the source of odour: a microbiological mapping approach

4.1.1 General microbial activity and sulfate-reducing bacteria detection

4. Results and discussion

•	 Meteorological Monitoring: 
Wind direction and speed were measured 
using on-site anemometers and wind 
vanes. Temperature and precipitation data 
were sourced from a nearby meteorologi-
cal station. These atmospheric parameters 
were used to contextualize odor dispersion 
and correlate weather events with reported 
odor intensities.

•	 Process and Water Quality 
Monitoring: Water pH and oxida-
tion-reduction potential (ORP) were 

measured at strategic locations along 
the pulp reject stream using portable 
Digimed® DM-22 probes. Measurements 
were recorded manually during each shift 
and synchronized with odor observation 
logs and reagent dosing records. Equip-
ment calibration was performed following 
the site’s standard operating procedures 
under its quality assurance program.

This monitoring framework en-
sured consistent and traceable data col-
lection throughout the mitigation trials, 

enabling a robust assessment of chemi-
cal intervention performance using 
environmental and sensory indicators.

Odour assessment was based 
on structured sensory observations, 
a widely adopted approach in field 
conditions where instrumental moni-
toring is impractical. While subjective, 
this method provides reliable op-
erational feedback when standardized 
through trained observers and fixed 
monitoring points.

To assess the relationship between 
odor perception and influencing factors 
during the field trials, a statistical Design 
of Experiments (DOE) was implemented 
using Minitab® v18. The model incor-
porated both controllable variables (e.g., 
biocide/hypochlorite dosage and sprinkler 
use) and uncontrollable environmental 
factors (e.g., wind speed, temperature, 
timing, and weather conditions).

Given the qualitative and subjective 
nature of the odor data (e.g., based on 
sensory observations), the DOE was used 
as an exploratory tool to identify poten-
tial patterns and interactions rather than 
for high-precision predictions. The DOE 
approach supported the construction of 
indicative models based on structured 
odor observations synchronized with 
operational and meteorological data. 

Response Surface Methodology (RSM) 
was employed to investigate variable 
interactions, generate predictive profiles, 
and suggest conditions that may favour 
odor suppression.

This multivariate helped classify 
operational scenarios and provided a 
supportive foundation for identifying key 
variables affecting odor perception under 
real conditions.

Initial efforts to identify the cause of 
hydrogen sulfide (H2S) emissions focused 
on possible chemical interactions involving 
flotation reagents. However, no anomalies 
were detected in the reagent composition, 
dosage, or flotation circuit performance. 
These findings redirected the investigation 

toward a biological origin, particularly the 
activity of sulfate-reducing bacteria (SRB), 
known for generating H2S under anaerobic 
conditions in sulfate-rich environments.

Microbiological mapping was con-
ducted across six strategic locations in the 
process water and pulp circuits (recircu-

lated water from the tailings dam), fresh 
water entering the plant, thickener under-
flow, desliming sink, settled tailings, and 
surface pulp. These points were selected to 
capture microbial profiles across environ-
ments with varying degrees of oxygenation, 
organic load, and recirculation intensity.

To assess microbial proliferation 
within the process water circuit, dip-
slides were employed as a rapid screen-
ing tool. These dual-sided plastic sub-
strates, embedded with selective media 
and a redox-sensitive dye (tetrazolium 

chloride), visually indicated micro-
bial metabolic activity through the red 
staining of active colonies—samples 
from tailings-associated streams and 
recirculated water displayed dense col-
ony formation, suggesting a substantial 

microbial load. In contrast, samples 
from clarified water and freshwater 
sources exhibited little to no staining, 
consistent with lower microbial pres-
ence. These visual results are presented 
in Figure 2.
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Figure 2 - Dip-slides indicating microbial activity at various 
sampling points. Red-stained regions mark metabolically active colonies.

Figure 3 - Postgate B culture tubes showing 
FeS blackening in ore-related samples, indicative of active SRB metabolism.

Figure 4 - Ore-water incubation outcomes. Left: Control (no ore); 
Right: Ore + water sample showing microbial activity and odor formation.

These findings support the hypothesis 
that microbial activity is concentrated in 
anaerobic or semi-anaerobic environments, 
where the accumulation of organic matter 
and low redox potential create favorable 
conditions for microbial proliferation (Bar-
bosa et al., 2020; Onstott, 2023). The clear 
visual differentiation across sampling loca-
tions highlighted the potential for targeted 

interventions at biologically active hotspots.
To determine whether the odor 

was explicitly linked to sulfate-reducing 
bacteria (SRB), samples were inoculated 
into Postgate B medium. This selective 
semisolid growth medium supports SRB 
under anaerobic conditions. SRB me-
tabolism was evidenced by the formation 
of black precipitates of iron sulfide (FeS), 

produced from the biogenic reduction of 
sulfate to sulfide and subsequent reaction 
with ferrous ions in the medium. Marked 
blackening occurred in samples derived 
from circuits handling unoxidized ore and 
tailings slurries, whereas fresh water and 
clarified streams showed minimal to no 
FeS formation. These results are visually 
documented in Figure 3.

The spatial correspondence between 
high microbial activity (as indicated by 
dip-slide staining) and FeS blackening 
(as indicated by Postgate B) suggests that 

SRB is not only present but also actively 
proliferating in specific parts of the cir-
cuit. These areas align with the presence 
of unoxidized ore and organic additives, 

reinforcing their role in supporting a mi-
crobial community capable of H2S genera-
tion (Muyzer & Stams, 2008; D’Hondt et 
al., 2020; Dong et al., 2024).

4.1.2 Source confirmation: ore incubation and quantitative microbial analysis
To investigate whether the ore served 

as a biological reservoir of sulphate-reduc-
ing bacteria (SRB), controlled incubation 
experiments were performed using freshly 
crushed, unoxidized ore in sterile water. 
Microbial growth was initially assessed 
using: the ore-treated sample showed red-

stained colonies indicative of general mi-
crobial activity, whereas the control (sterile 
water only) remained unstained. These 
results confirmed microbial viability in-
troduced or activated by the ore (Figure 4). 
Additional confirmation was obtained via 
the Postgate test, which detects SRB ex-

plicitly by producing black precipitates of 
iron sulphide (FeS) under anaerobic con-
ditions. Only the ore-containing samples 
exhibited this blackening and released 
a strong hydrogen sulphide (H2S) odor, 
reinforcing the conclusion that SRB were 
present and metabolically active.

(a) (b)



7/14

Rafael Vaz Dias and Lenildo Ferreira de Moura Junior

REM, Int. Eng. J., Ouro Preto, 79(3), e250055, jul. sep. | 2026

These results suggest that SRBs 
are indigenous to the unoxidized ore 
and become metabolically active upon 
hydration and oxygen depletion, condi-
tions common in tailings and thickener 
environments. This aligns with reports 
describing the reactivation of dormant 
SRB populations upon contact with water 
and the availability of organic substrates 
or electron donors (Muyzer & Stams, 
2008; Dong et al., 2024).

Complementing the qualitative 
test, microbiological counts revealed a 

pattern consistent with the proliferation 
of SRB in areas of stagnant pulp and tail-
ings. Aerobic mesophilic bacteria counts 
exceeded 107 CFU/g in thickener tailings 
and flotation residues, while fungi were 
nearly absent across all samples. High SRB 
loads (10²–104 CFU/g) were detected in 
these same areas but were almost absent 
in fresh feed ore, suggesting that ore crush-
ing and processing conditions may further 
stimulate microbial activity downstream.

These findings reinforce the conclu-
sion that H2S emissions stem primarily 

from the biological reduction of sulfate 
by ore-associated SRB, particularly un-
der anaerobic and nutrient-rich tailings 
conditions. The absence of reagent-relat-
ed anomalies, combined with visual and 
chemical confirmation across mapping, 
selective culture, and incubation tests, 
ruled out chemical degradation as the 
primary source of the odor. This rec-
ognition shifted the focus of mitigation 
toward microbial suppression strategies 
tailored to the ore–water interaction and 
circuit hotspots.

4.2.1 Microbial and SRB inhibition in laboratory screening

4.2.2 Duration and sustainability of odour control

4.2.3 Evaluation of compatibility

4.2 Laboratory assessment of antimicrobial efficacy

A two-stage laboratory protocol was 
implemented to evaluate four candidate 
biocides for their potential to suppress mi-
crobial activity and sulfate-reducing bacte-
ria (SRB) under tailings circuit conditions.

The first stage used dip-slides 
to assess overall microbial activity. All 
biocides demonstrated a degree of in-
hibition, but two stood out: Floticor  
OT 7696 (biocide 2) and Floticor OT 7828  

(biocide 3). Both nearly eliminated red-
stained colony growth, indicating signifi-
cant antimicrobial action across samples 
from general tailings, thickener underflow, 
and recirculated water (Figure 5).

To evaluate short-term biocide persis-
tence, microbiological activity was reassessed 
at 24, 48, and 72 hours post-dosing. Both 
Floticor OT 7696 and 7828 sustained sup-

pression through 72 hours. Operator feed-
back from sensory observations corroborated 
these results, citing a marked reduction in 
odor intensity during this period. However, 

beyond 72 hours, a microbial resurgence 
occurred in the absence of retreatment, sug-
gesting that periodic or continuous dosing 
may be required for sustained control.

Despite similar antimicrobial ef-
fectiveness, compatibility tests revealed 

a key difference between the two leading 
biocides. These tests involved bench-

scale flotation simulations using 1 kg 
ore samples, where performance was 

The superior performance of Floti-
cor OT 7696 and OT 7828 in laboratory 
screening is explained by their distinct 
chemical mechanisms. Floticor OT 7696 
contains a glutaraldehyde-based synergis-
tic blend, specifically optimized for biofilm 
penetration and antimicrobial persistence 
in anaerobic, high-salinity conditions 
typical of mining process water (Clariant, 

2023). In contrast, Floticor OT 7828 is 
a THPS-based (tetrakis(hydroxymethyl)
phosphonium sulphate) non-oxidizing 
biocide. THPS acts by disrupting the 
microbial metabolism and is recognized 
for its effectiveness in brine and anaerobic 
environments, as well as its favourable 
environmental degradation profile. How-
ever, its performance can be influenced by 

water chemistry, and it may interact with 
flotation reagents under certain conditions 
(Clariant, 2023; Lipman, 2022).

In the second screening stage, SRB ac-
tivity was tested using Postgate B medium. 
Black FeS precipitate formation indicated 
residual H2S production. Both Floticor 
OT 7696 and 7828 minimized blackening, 
confirming strong suppression of SRB.

Figure 5 - Dip-slide tests carried out in the main flux of the process, which were treated with biocides, 
where: 1 – without product; 2 - Floticor OT 7696; 3 - Floticor OT 7828; 4 - Floticor OT 7684; 5 - EPE MIN 117/18
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Following its superior laboratory per-
formance and proven compatibility with 
flotation, Floticor OT 7696 was selected 
for industrial-scale application to mitigate 
hydrogen sulfide (H2S) emissions at the 
beneficiation site. The goal was to validate 
the biocide’s efficacy under the dynamic 
conditions of full-scale plant operation, 

including variability in ore feed, recircu-
lated water quality, and climatic influences.

The application strategy involved 
dosing the product directly into strate-
gic points of the water and pulp circuit, 
including the tailings return water and 
thickener underflow. The infrastructure 
setup included 1,000–liter tanks, dosing 

pumps, and protective housing to ensure 
safe and continuous delivery during the 
treatment period.

Initially planned as a short-term 
test, the industrial trial was extended over 
several months to evaluate the sustained 
performance of the treatment and the long-
term stability of odor suppression.

During the first weeks of dos-
ing, both operational staff and nearby 
community members reported a sharp 
reduction in H2S odor. Operators 
noted that in many shifts, odor inten-
sity became negligible within hours of 
treatment, particularly near tailings 

discharge and thickeners—previously 
identified hotspots.

This was reflected in documented 
reports and complaint logs: the frequency 
of odor-related complaints dropped from 
46% pre-treatment to just 15% after dos-
ing began, indicating a perceptible and 

sustained improvement in air quality.
These qualitative results, cor-

roborated by routine sensory checks 
and logbook annotations, confirmed 
the short-term efficacy of the biocide in 
reducing biologically generated odors 
under industrial conditions.

Throughout the extended trial, 
fluctuations in odor intensity were 
occasionally observed and found to cor-
relate with environmental factors, such 
as temperature, rainfall, and ore type. 
For instance, periods of intense rain or 
higher proportions of unoxidized ore were 

associated with elevated microbial activity, 
prompting dosage adjustments.

Despite these challenges, SRB 
suppression was maintained through 
optimized dosing protocols. The extended 
monitoring period validated the biocide’s 
performance across seasonal transitions, 

reinforcing its robustness in complex and 
variable operational environments.

These findings highlighted the need 
for dynamic dosing strategies responsive 
to real-time environmental data and ore 
feed composition to ensure consistent 
odor control.

To analyze the relationships be-
tween odor perception and influencing 
factors, a statistical Design of Experi-
ments (DOE) was implemented using 
Minitab® v18. The model incorporated 
both controllable variables (e.g., biocide 
dosage, sprinkler activation) and un-
controllable environmental factors (e.g., 

wind, precipitation, temperature, time of 
day), drawing from synchronized odor 
logs, dosing records, and environmental 
sensor data.

Given the qualitative nature of 
the odor observations, the modelling 
served as an exploratory tool to identify 
potential patterns. Three predictive sce-

narios were generated to classify odor 
intensity profiles:

1)	 Minimum Odor Intensity 
Scenario (Figure 6): Appeared to be char-
acterized by a moderate biocide dosage, 
mild weather, and sporadic sprinkler use. 
Although some odor was present, it was 
generally considered tolerable.

Figure 6 - Key factors influencing the minimum odor 
intensity scenario, based on statistical modelling using Minitab®.

4.3.1 Implementation under operational conditions

4.3.2 Impact on odor perception and community feedback

4.3.3 Environmental variables and extended monitoring

4.3.4 Quantitative modelling of odor scenarios

4.3 Industrial-scale biocide testing and odour monitoring

assessed through a combination of 
qualitative visual observations and 
semi-quantitative measurements. Froth 
stability was evaluated by monitoring 
froth height, persistence (e.g., time to col-
lapse), and bubble structure during the 
flotation cycle. Recovery was calculated 
via mass balance of the concentrate rela-
tive to the feed, and concentrate quality 

was determined by assaying for target 
mineral grades.

Process water dosed with Floticor 
OT 7828 resulted in an unstable froth, 
with rapid collapse and irregular bubble 
formation, and reduced recovery in the 
flotation process in approximately 5% 
below the baseline. In contrast, Floticor 
OT 7696 preserved flotation selectivity 

and metallurgical performance, stable 
froth structure and recovery rates com-
parable to untreated controls during 
bench-scale simulations.

This compatibility confirmed Floti-
cor OT 7696 as the optimal candidate 
for industrial deployment, achieving 
biological odor suppression without 
compromising process efficiency.
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Although Floticor OT 7696 initially 
delivered effective suppression of hydrogen 
sulfide (H2S) emissions during industrial-
scale application, its performance began 
to decline approximately six months into 
continuous use. This reduction coincided 
with significant operational shifts, includ-
ing the transition from wet to dry tailings 
disposal, modifications in water transfer 
pathways between dams, and alterations 
to tailings discharge locations. These 
process changes fundamentally reshaped 
the biophysical environment of the ben-
eficiation site.

New anaerobic zones emerged in 
previously unaffected areas, encouraging 
renewed proliferation of sulfate-reducing 
bacteria (SRB). Simultaneously, the 
reconfiguration of water and pulp flow 
disrupted established biocide distribution 
pathways, reducing the chemical's con-
tact efficiency. Alterations in pH, redox 
potential, and organic loading further 
compromised the stability and bioavail-

ability of the active compound.
The decline in Floticor OT 7696’s 

effectiveness can be directly attributed 
to its chemical limitations under the new 
operating conditions. Its primary active 
ingredient, glutaraldehyde, is known 
to undergo polymerization and lose 
biocidal activity above pH 8 (ATSDR, 
2021). Furthermore, SRB adaptation to 
stress conditions might have resulted in 
the formation of protective extracellular 
polymeric substances (EPS), which limited 
the biocide’s penetration into biofilms 
(Lipman, 2022). The elevated sulphide 
levels in newly anaerobic circuits also 
consumed active glutaraldehyde through 
chemical side reactions, further reducing 
its availability (Wang et al., 2023).

As a result, achieving the same level 
of microbial control required increasingly 
higher dosages. However, glutaraldehyde’s 
polymerization threshold imposed a 
practical ceiling on dosage levels, beyond 
which further increases would be coun-

terproductive (Clariant, 2023). This led 
to rapidly escalating reagent consump-
tion, ultimately making Floticor OT 7696 
the most expensive chemical input in the 
mining site. The financial burden raised 
concerns about the long-term feasibility 
of relying solely on this biocide for odor 
control.

These findings highlight a critical 
limitation of chemical control strategies 
in dynamic process environments. While 
the initial deployment of Floticor OT 7696 
demonstrated that targeted SRB suppres-
sion is achievable on an industrial scale, 
the resurgence of odors underscored the 
need for more resilient and adaptive ap-
proaches. Effective long-term odor man-
agement will require a holistic strategy 
that integrates biocide use with enhanced 
process monitoring, hydrodynamic opti-
mization, and potentially complementary 
methods, such as biological treatment, 
improved tailings flow control, and selec-
tive oxidation.

Six months after deploying Floticor  
OT 7696, odor complaints resurged 
despite high dosing rates. Operational 
changes had altered water flow, created 

new anaerobic zones, and impacted 
water chemistry—undermining bio-
cide effectiveness. At the same time, 
rising reagent costs made continued 

use unsustainable. These setbacks 
prompted a strategic reassessment and 
the search for longer-term, integrated 
odor control solutions.

2)	 Odor-Free Scenario (Figure 7): 
Tended to occur under optimal conditions—

high biocide dosage, rainy and humid weather, 
absence of wind, and sprinklers turned off. 

These circumstances appeared most fa-
vourable for complete odor suppression.

3)	 Maximum Odor Intensity Sce-
nario (Figure 8): Typically associated 
with morning shifts and marked by 

low biocide dosing, sunshine, active 
sprinklers, low ambient temperatures, 
and moderate wind. These conditions 

seemed to create an environment con-
ducive to heightened odor perception.

The modelling supported the 
observed efficacy of the biocide and 

suggested critical operational levers 
that could be adjusted to sustain odor 

control under varying environmental 
conditions.

4.3.5 Performance limitations and strategic implications

4.4 Addressing increased odour intensity: shifting strategic approaches

Figure 7 - Key factors influencing odor-free scenario.

Figure 8 - Key factors influencing maximum odour intensity scenario.
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To better understand the resur-
gence of odor, a geospatial mapping 
campaign was conducted to localize 
emission hotspots and identify disper-
sion pathways across the dam com-

plex. The results revealed a consistent 
concentration of H2S emissions in the 
pumping area responsible for inter-dam 
water transfer (Figure 9). Secondary 
zones of odor impact were downwind 

of this location, correlating with the 
dominant wind direction and con-
firming the spatial dynamics of H2S 
transport toward operational zones 
and nearby communities.

Following the identification of the 
pumping area as the primary emission 
hotspot, a strategic pivot was made from 
biocide-based microbial suppression to 
direct chemical targeting of hydrogen 
sulfide (H2S). Spatial mapping confirmed 
that the odor was not evenly distributed 
across the site but intensified specifically 
near overflow transfer zones between tail-
ings dams—areas characterized by high 
turbulence, low pressure, and increased 
water flow with fewer solids.

This localization coincided with the 
physical and chemical triggers for H2S 
volatilization. Hydrogen sulfide is a weak 
diprotic acid (pKa1 ≈ 7.0; pKa2 ≈ 12.9), 
and its equilibrium between aqueous and 
gaseous phases is extremely sensitive to 
environmental parameters (Stumm & 
Morgan, 1996; Abdi et al., 2022). During 
pumping, a convergence of destabilizing 
factors promotes degassing:

•	 Pressure drop in suction and dis-
charge reduces solubility (Xiao et al., 2022),

•	 Turbulence and agitation en-
hance surface area and gas transfer rate 
(Abdi et al., 2022),

•	 Temperature gradients reduce 
H2S retention (Dahl, 2020),

•	 Aeration favors volatilization and 
partial oxidation (Wang et al., 2023).

These dynamics are consistent 
with Henry’s Law, where reduced 
pressure and increased surface expo-

sure shift the equilibrium toward gas 
release (Lipman, 2022). Consequently, 
emission peaks near pumps were not 
incidental but a direct result of process-
induced phase destabilization.

Chemically, H2S is a strong nucleo-
phile (S2-), readily oxidized into less vola-
tile compounds, such as elemental sulfur 
(S0), thiosulfate (S2O3

2-), or sulfate (SO4
2-) 

(Dahl, 2020; Xiao et al., 2022). This re-
dox behavior underpins widely adopted 
mitigation strategies that aim to neutralize 
sulfides before degassing occurs.

Given these findings, the site imple-
mented a preemptive oxidation strategy 
using sodium hypochlorite—an effective, 
widely available oxidant. Dosing was 
strategically carried out at overflow intake 
points between dams, upstream of areas 
with maximum degassing potential. These 
streams were characterized by higher 
water-to-solids ratios, which enhanced 
the distribution of hypochlorite and mini-
mized the scavenging effects of organic 
matter or suspended particles. Organic 
compounds, including residual flotation 
reagents, are known to consume free 
chlorine, decreasing oxidation efficiency 
(Wang et al., 2023).

To confirm the technical feasibil-
ity of this approach, two critical tests 
were conducted:

•	 Odor Suppression Tests: Sam-
ples treated with hypochlorite at 

various concentrations were evaluated 
through sensory panels as a sulfide-
specific indicator. Sensory panels rated 
odor intensity on a 0–5 scale (0 = none, 
5 = intense. Odor intensity dropped 
substantially within 10–20 minutes 
post-dosing, with no reappearance 
during a 48-hour observation window, 
relative to untreated controls, where 
odor persisted at high levels. This 
aligned with literature on NaClO's 
efficacy in oxidizing dissolved sulfide 
(Dahl, 2020; Xiao et al., 2022).

•	 Compatibility Tests: Sodium 
hypochlorite was added to process 
water and introduced into bench-scale 
flotation tests. It did not alter froth 
behavior, recovery, or concentrate 
quality, confirming its suitability for 
the processing circuit. Tests showed a 
stable froth with uniform bubbles and 
recovery rates aligned with untreated 
process water without any changes in 
the concentrate grade, based on the 
mass balance and assays.

These results established sodium 
hypochlorite as a technically robust 
and operationally compatible solution 
for localized H2S control. Its success-
ful deployment in preliminary field 
applications paved the way for an 
extended industrial trial designed to 
validate performance at full opera-
tional scale.

Figure 9 - Strategic odor source mapping 
and intensity gradient across the dam complex.

4.4.1 Spatial mapping and identification of emission hotspots

4.5 Strategic shift: from microbial suppression to chemical targeting
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To synthesize the key outcomes 
from the biocidal and oxidative ap-
proaches evaluated in this study, a direct 
comparison between the glutaralde-
hyde-based biocide (Floticor OT 7696) 

and sodium hypochlorite (NaClO) is 
presented below. This summary high-
lights differences in effectiveness, cost, 
operational complexity, and additional 
factors, such as safety, environmental 

impact, and long-term viability, based 
on laboratory and industrial-scale trials. 
Table 1 provides a concise overview to 
guide practical decision-making for H2S 
odour control in mining environments.

The blue vertical bars represent 
two distinct dosing phases: high initial 
application followed by optimized long-
term dosing. The orange and gray curves 
represent the frequency of odor and irrita-
tion reports, respectively. The optimized 
dosage maintained odor control while 
eliminating the discomfort associated 
with chlorine.

From a chemical perspective, so-
dium hypochlorite rapidly oxidizes sulfide 
ions (S²-) into less volatile and odorless 
forms, such as elemental sulfur or sulfate 

(Dahl, 2020). This direct oxidation pre-
vents H2S volatilization, even in turbulent 
and low-pressure conditions encountered 
during pumping (Xiao et al., 2022). Its 
performance remained stable across 
varying operational scenarios, including 
fluctuating water flow, pH shifts, and 
moderate organic loads—conditions un-
der which glutaraldehyde-based biocides 
had previously failed.

Unlike biocidal treatments, which 
required escalating doses and showed 
sensitivity to changes in tailings handling, 

sodium hypochlorite delivered consistent 
results with lower operational costs, 
fewer safety risks, and reduced reagent 
consumption. Specifically, the optimized 
NaClO approach achieved a 90% reduc-
tion in operational costs compared to the 
biocide, primarily through lower dos-
ing requirements and sustained efficacy 
without microbial adaptation. Its robust 
chemical mechanism and adaptability to 
localized dosing make it a reliable and 
sustainable component of the site’s evolv-
ing H2S mitigation framework.

Figure 10 - Sodium hypochlorite dosage reduction and 
associated changes in odor intensity and operator irritation over time.

4.7 Comparative summary of mitigation strategies

In response to the declining efficacy 
and escalating cost of biocidal treat-
ments, sodium hypochlorite was selected 
for industrial-scale validation as a chemi-
cally targeted alternative for hydrogen 
sulfide (H2S) control. This decision 
followed laboratory demonstrations of 
its capacity to fully oxidize H2S without 
compromising flotation performance or 
destabilizing the mineral pulp, making it 
compatible with the operational param-
eters of process beneficiation.

The industrial trial was initiated at 
the water transfer point between the tailings 
dams, which had previously been identi-
fied as the primary emission hotspot due 
to the confluence of physical triggers for 
degassing. An initial dosage rate of 80 L/h 

was adopted based on pilot-scale success 
in rapidly eliminating odor through the 
oxidative conversion of dissolved H2S.

In the early dosing phase, a rapid 
and sustained decline in odor intensity 
was confirmed by operator reports and 
field monitoring. However, this improve-
ment coincided with new complaints of 
throat and eye irritation, particularly in 
enclosed or low-ventilation areas. The dis-
comfort was attributed to excess chlorine 
volatilization, a common side effect when 
hypochlorite concentrations exceed local 
demand or are applied without adequate 
dispersion (Wang et al., 2023; Lipman, 
2022). These irritation incidents were 
localized exclusively in the immediate vi-
cinity of the dosing point at the pipe outlet 

in the dam and were not experienced by 
surrounding operations or nearby com-
munities. Prior to initiating NaClO dos-
ing, the staff were trained on safe handling 
procedures. In response, additional safety 
protocols were implemented, including re-
inforcement of the obligatory use of masks 
during dam operations at the dosing point.

To address this, a systematic dos-
age optimization process was initi-
ated. Dosing was gradually reduced in 
controlled increments while continuously 
tracking both odor perception and health-
related complaints. A final dosage of  
10 L/h was established as the operational 
optimum, maintaining effective odor sup-
pression while eliminating all irritation 
incidents (Figure 10).

4.6. Sodium hypochlorite in practice: results from industrial testing
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Table 1 - Comparison of glutaraldehyde-based biocide (Floticor OT 7696) 
and sodium hypochlorite (NaClO) for H2S odour control in mining tailings dams.

Aspect Glutaraldehyde-Based Biocide (Floticor OT 7696) Sodium Hypochlorite (NaClO)

Effectiveness
Temporary microbial suppression (initial reduction in odor 
complaints from 46% to 15%; effective for ~6 months); 
declined due to microbial resistance and operational changes.

Consistent chemical neutralization of H2S (odor elimi-
nation within 10–20 minutes, sustained over 48 hours; 
reduced odor complaints to zero). No resistance issues.

Cost
High and escalating (became the most expensive 
reagent due to increasing dosages); unsustainable long-term.

Low (90% reduction in operational costs compared 
to biocide); scalable with optimized dosing (10 L/h).

Operational 
Complexity

High: Requires continuous monitoring and dosage 
adjustments; sensitive to pH (>8 reduces efficacy), 
anaerobic zones, and process variations (e.g., tailings 
disposal changes); potential for microbial adaptation.

Moderate: Localized dosing at hotspots 
(e.g., dam transfer points); initial optimization 
needed for irritation avoidance, but adaptable to 
fluctuating conditions without ongoing adjustments.

Process 
Compatibility

Good initially (preserved flotation performance); 
but long-term use risked inefficiencies due to interactions.

Excellent (no alterations to froth behavior, 
recovery, or concentrate quality in bench-scale tests).

Safety 
Considerations

Corrosive and acidic (pH 3–4.5); requires 
strict PPE and handling per MSDS; no reported 
irritation but potential health risks from prolonged exposure.

Potent oxidant; initial high dosing caused throat/eye 
irritation but optimized low dosing (10 L/h) eliminated 
incidents; requires ventilation and PPE during handling.

Environmental 
Impact

Moderate: Non-oxidizing; potential 
for microbial resistance leading to higher 
consumption; degrades but may contribute to biofilm formation.

Positive: Converts H2S to odorless, non-toxic 
sulfur species (e.g., elemental sulphur or sulfate); 
lower overall reagent use reduces environmental footprint.

Long-term 
Viability

Limited: Prone to microbial resurgence and adaptation; 
ineffective after process changes (e.g., dry tailings shift).

High: Robust against operational variations; no adaptation 
issues; supports sustainable, adaptive management.

Sustainability/
ESG Alignment

Limited: High reagent consumption and 
environmental concerns from resistance/adaptation; 
partial alignment through initial odour reduction.

High: Lower resource use, effective in dynamic 
environments, cost savings, and reduced emissions; 
strong ESG support via scalable, data-informed strategies.

5. Conclusion

This study demonstrates that ef-
fective management of hydrogen sulfide 
(H2S) emissions in mining dams requires a 
multidisciplinary and adaptive approach. 
Through comprehensive microbiological 
mapping, we confirm that sulfate-reducing 
bacteria (SRB) associated with unoxidized 
ore and tailings environments are the pri-
mary source of persistent H2S odor at the 
studied mining complex in Brazil.

Initial industrial-scale trials with 
biocidal reagents, particularly Floticor 
OT 7696, achieved short-term reductions 
in odor intensity and SRB activity. Howev-
er, these gains are not sustained over time 
due to microbial resurgence, operational 
changes, and escalating reagent costs. The 
limitations of biocidal control—espe-
cially its sensitivity to process dynamics 
and high financial burden—necessitate 
a strategic shift in mitigation philosophy.

Transitioning to a chemically tar-
geted approach, the application of so-

dium hypochlorite (NaClO) at critical 
emission points proves highly effective 
in oxidizing dissolved H2S before it is 
released into the atmosphere. This inter-
vention consistently eliminates odor, 
maintains process compatibility, and 
delivers substantial cost savings, even 
as operational conditions evolve. The 
robust performance of NaClO, in con-
trast to biocidal treatments, highlights 
its suitability as a core component of 
sustainable odor control strategies in 
complex mining environments.

The findings underscore several key 
principles for industrial H2S management:

•	 Source Identification: Accurate 
microbiological mapping is essential for 
targeting interventions and avoiding inef-
fective or unnecessarily broad treatments.

•	 Process Integration: Chemi-
cal interventions must be compatible 
with mineral processing operations 
to ensure both environmental and 

economic sustainability.
•	 Operational Adaptability: Odor 

control strategies should be responsive 
to changes in process flows, disposal 
methods, and environmental variables, 
leveraging real-time data and statistical 
modelling for continuous optimization.

•	 Cost-Effectiveness: Sustainable 
solutions must balance efficacy with long-
term operational costs, as demonstrated by 
the significant savings achieved through 
the adoption of sodium hypochlorite.

This article provides practical, 
transferable knowledge to the field of 
environmental management in mining, 
reinforcing the importance of integrating 
microbiological, chemical, and engineer-
ing perspectives. The approach and out-
comes presented herein align with modern 
environmental, social, and governance 
(ESG) standards, offering a model for 
addressing similar challenges in other 
industrial contexts.
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