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Abstract

Objective: To evaluate the influence of occupational and non-occupational exposure to mercury,
occupational health and safety conditions on the clinical effects experienced by a group of artisanal
and ancestral miners in Colombia.

Materials and methods: a cross-sectional quantitative study, primary sources of information, and
an assisted survey of 103 gold miners. Exploratory, bivariate and multivariate analysis, Bayesian
networks to probabilistically model three risk scenarios; current conditions, maximum and minimum
possible degree of exposure.

Results: Most miners do not report obvious clinical symptoms, prolonged exposure and without
adequate protection increases the risk of developing neurological and respiratory effects. The
scenario of greater exposure, the incidence of tremors, paresthesia and respiratory problems
increased dramatically.

Conclusion: The clinical effects evaluated showed a behavior, in which the risk is due to a
deterministic influence and responds to individual and collective conditions, they can be linked to
the social, economic, political, territorial, and public order levels, hence the exposure variables only
explain a relative percentage of this public health problem. There is a need for a comprehensive
approach that encompasses occupational and non-occupational protection, with a view to reducing
the use and routes of exposure to mercury.

Keywords: public health; occupational health; mining; mercury; occupational exposure.

INTRODUCTION

Artisanal and small-scale gold mining (ASGM) represents a significant economic activity in certain
regions worldwide, particularly in developing countries. This practice is closely linked to the use of
elemental mercury, leading to severe environmental and public health issues, as evidenced by
multiple studies >3,

Globally, approximately 37.0% of mercury released into environmental matrices originates from
ASGM, primarily affecting rural communities in Africa, Asia, and Latin America, where livelihoods
heavily depend on this economic activity. In these regions, mercury is used to amalgamate gold
through chelation, facilitating its extraction and perpetuating the contamination cycle . The
Minamata Convention seeks to reduce global mercury use; however, its implementation has been
complex and uneven, particularly in impoverished rural areas where technological alternatives and
access to alternative economic development pathways remain scarce ©. In this context, Latin
America is among the most affected regions by mercury pollution from gold mining. In countries
such as Peru, Bolivia, Ecuador, Brazil, and Colombia, mercury contaminates soils, water bodies, and
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biota, impacting both human communities in mining-affected areas and broader
ecosystemic cycles ©.

In Colombia, ASGM is particularly relevant in regions such as Bajo Cauca, Magdalena Medio,
Choco, La Mojana, and the San Jorge subregion, which includes the municipality of San José de Uré
in the department of Cordoba, where the economy heavily depends on artisanal and ancestral gold
extraction . Consequently, assessing occupational and non-occupational exposure and the
occupational safety conditions of miners in these communities is critical, as exposure is associated
with a spectrum of health alterations. These range from short-term neurological symptoms such as
tremors and sensory disorders to long-term conditions, including chronic respiratory diseases,
cytogenetic damage, and central nervous system impairments ®.

Given these concerns, mercury exposure and its potential clinical effects in these communities are
influenced by a multiplicity of factors and complex scenarios. Therefore, risk assessment should be
approached using methodologies that comprehensively capture these realities, such as Bayesian
networks, which enable modelling of multiple exposure spectra and scenarios while accurately
accounting for exposure influences and uncertainty regarding health outcomes in miners and public
health at large ©.

Based on these considerations, this study evaluated the short-, medium-, and long-term clinical
effects of mercury exposure on the health of artisanal and ancestral gold miners in San José de Uré.
Bayesian networks were used to model risk scenarios, estimating the role of occupational and non-
occupational exposure, as well as occupational health and safety conditions, in the manifestation of
clinically significant outcomes associated with mercury exposure, based on rigorous empirical and
investigative evidence.

MATERIALS AND METHODS

A cross-sectional descriptive and quantitative study was conducted using primary data sources,
derived from an assisted survey applied to a census of 103 gold miners. The study included male and
female miners over 18 years old, residing and working in the study area for more than 10 years, who
voluntarily agreed to participate and provided informed consent prior to data collection. These miners
are part of ASOMATA (Association of Ancestral and Artisanal Miners) in the municipality of San
José de Uré, in the department of Cordoba, Colombia. This study is a subproduct of the macroproject
entitled: “Social and Environmental Vulnerability of a Population Residing in the Area of Influence
of'a Mining Zone in the San Jorge River Basin, Department of Cordoba, Colombia, under the Driving
Forces Model, 2021-2025,” approved by Act No. 174, Project Code: 1027, from the Institutional
Ethics Committee on Human Research of Universidad CES in 2021.

Prior to data collection, the main researcher and a fieldwork assistant, familiar with and actively
engaged in community work with this mining population, underwent standardization training. A
survey, validated by subject-matter experts, was administered between the second semester of 2023
and the first quarter of 2024. Instrument reliability was ensured through a pilot test, characterizing
two key dimensions: exposure to elemental mercury and clinical effects of mercury exposure.

Selection bias was controlled by applying inclusion and exclusion criteria, while information bias
was mitigated through the pilot test and standardization of data collectors. The survey instrument
included variables previously used in similar populations, and workers underwent an awareness
process explaining the study, its objectives, benefits, and data usage. Based on empirical, institutional
(19 and scientific evidence !'%!3 miners’ mercury exposure was stratified into two main types:
occupational and non-occupational exposure, as well as exposure related to occupational health and
safety conditions.

Exposure variables included elemental mercury exposure, use of elemental mercury and amalgam,
duration of occupational exposure (years), use of protective equipment for hands, nose, mouth, and
lower limbs, and frequency of food consumption at work. Reports of clinical damage (toxic effects
derived from mercury exposure) were classified into short-, medium-, and long-term effects,
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including dysgeusia or metallic taste sensation (short term), tremors during activities (short term),
paresthesia or tingling/numbness (short term), decreased or impaired muscle strength in hands and
feet (medium term), and respiratory diseases (asthma, pneumonia, etc.) (long term).

Exploratory analysis included absolute (n) and relative (rf) frequencies with 95.0% confidence
intervals. All quantitative variables, except years of work experience, for which mean and standard
deviation were reported, were recategorized for further analyses. Influence analysis using Bayesian
networks probabilistically modelled three risk scenarios: current field-measured conditions,
maximum possible exposure, and minimum possible exposure. This analysis estimated the joint
influence of two occupational and non-occupational exposure variables—elemental mercury usage
and gold extraction via amalgamation—on each clinical effect of mercury exposure.

Additionally, the independent influence of four key occupational health and safety variables (food
consumption at work, use of dermal protection, use of respiratory protection, and use of lower limb
protection) was simultaneously examined concerning selectively recorded health effects, based on
relevant theoretical evidence (42, The Bayesian network was constructed as a multifactorial
detection model to estimate the probability of health effects associated with elemental mercury
exposure, addressing three scenarios: 1. Probability of clinical effects occurring under field-recorded
conditions; 2. Probability of clinical effects occurring under maximum possible elemental mercury
exposure; and 3. Probability of clinical effects occurring under minimum possible elemental mercury
exposure.

Descriptive analyses were conducted using Stata 18 MP (College Station, TX: StataCorp LLC), and
the Bayesian network was modeled using Netica 7.0.1 (Norsys Software Corp) and its API for
MATLAB in MATLAB R2024a (The MathWorks Inc, Natick, Massachusetts).

Bayesian network modelling and adjustment

The network was executed using the counting learning algorithm as an initial step, followed by an
optimized compilation through stochastic search to maximize the likelihood of the conditional
probability tables (CPTs) obtained from the interaction between instances or categories of each
variable and to eliminate potential confounding effects. The degree of expertise for updating beliefs
or knowledge about risk occurrence was set to 1, as an individually weighted learning analysis was
performed based on the collected data, assuming a generalized Dirichlet distribution as a conjugate
prior for multiple probabilities in the estimated risk occurrence. Consequently, the junction tree was
constructed by minimizing network complexity through the reduction of clique sizes or subnetworks
formed and their respective separator sets in 377 iterations. Likewise, the influence of exposure
variables on estimated risks was quantified through a sensitivity analysis of clinical effects,
calculating entropy reduction (ER) or mutual information and the percentage reduction of uncertainty
induced by the three most relevant variables regarding the posterior distribution of the occurrence of
each specific effect category.

RESULTS

The general characterization of the working conditions of ancestral and artisanal miners, considering
their age ranges, shows that workers aged 45 to 59 years have dedicated the most relative time to
artisanal mining, with work experience periods ranging from 21 to 30 years. Likewise, miners aged
30 to 44 years have also devoted a relatively long period to this activity. Regarding the use of
elemental mercury, the 30 to 44-year-old group is the one that most frequently resorts to this heavy
metal, while the 45 to 59-year-old group uses it to a lesser extent. Therefore, miners aged 30 to 44
stand out for having used this contaminant most regularly throughout their working careers.
Additionally, this same group carries out the amalgamation process more frequently than the other
age groups, while miners aged 60 or older report an almost non-existent use of this method for gold
extraction (Table 1).

Table 1. Characterization of working conditions and Hg use among artisanal and ancestral miners
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Age of 95% 95%
Variable N Mode Category n CI CI
Range (%)
Lower Upper
18 to 29
years 16 6tol0years 1to5years 2 125 0 28.7
11 to 20
years 3 18.75 0 37.87
21to 30
years 0 0 0 0
6 to 10 years 11 68.75 46.04 91.46
More than
31 years 0 0 0 0
30 to 44 11 to 20
years 43 years lto5Syears 6 13.95 3.6 2431
11to0 20
years 27 62.79 4834 77.24
21to 30
years 7 16.28 524 2731
6 to 10 years 3 698 0 14.59
More than
. 31 years 0 0 0 0
WorkTime 45 t5 59 21 t0 30
years 33  years ltoS5Syears O 0 0 0
11to0 20
years 9 2727 12.08 4247
21to 30
years 16 48.48 3143 65.54
6 to 10 years 1 303 0 8.88
More than
31 years 7 21.21 726  35.16
60 years More than
andolder 11 31 years 1to5years 2 18.18 0 40.97
11to 20
years 3 27.27 0.95  53.59
2110 30
years 0 0 0 0
6to 10 years 0 0 0 0
More than
31 years 6 54.55 25.12 83.97
18 to 29
years 16 No No 11 68.75 46.04 91.46
Yes 5 3125 8.54  53.96
30 to 44
years 43  No No 25 58.14 4339 72.88
Mercury Yes 18 41.86 27.12 56.61
Usage 45 to 59
years 33  No No 30 9091 81.1 100
Yes 3 9.09 0 18.9
60 years
andolder 11  Yes No 5 45.45 16.03 74.88
Yes 6 54.55 25.12 83.97
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18 to 29
years 16  Years Years 8 50 255 745
Months 4 25 3.78  46.22
No response 4 25 3.78  46.22
30to 44
years 43 Years Years 24 55.81 40.97 70.66
Months 10 23.26 10.63 35.88
Mercury Use No response 9 20.93 8.77  33.09
Duration 45 to 59
years 33 Years Years 17 51.52 3446 68.57
Months 9 2727 12.08 42.47
No response 7 21.21 7.26  35.16
60 years
andolder 11  Noresponse Years 2 18.18 0 40.97
Months 4 36.36 7.94  64.79
No response 5 4545 16.03 74.88
18 to 29
years 16  Occasionally No response 7 43.75 19.44 68.06
Occasionally 9 56.25 31.94 80.56
Biweekly 0 0 0 0
Weekly 0 0 0 0
30 to 44
years 43 Occasionally No response 11 25.58 12.54 38.62
Occasionally 28 65.12 50.87 79.36
Biweekly 2 465 0 10.95
Mercury Use Weekly 2 465 0 10.95
Frequency 45 to 59
years 33 Occasionally No response 14 4242 2556 59.29
Occasionally 18 54.55 37.56 71.53
Biweekly 0 0 0 0
Weekly 1 303 0 8.88
60 years
andolder 11  Occasionally No response 2 18.18 0 40.97
Occasionally 6 54.55 25.12 83.97
Biweekly 0 0 0 0
Weekly 3 2727 0.95 53.59
18 to 29
years 16  Yes No 7 43.75 19.44 68.06
Yes 9 56.25 31.94 80.56
30 to 44
years 43 Yes No 13 30.23 16.51 43.96
Amalgam Yes 30 69.77 56.04 83.49
Burning 45 to 59
years 33 Yes No 16 48.48 31.43 65.54
Yes 17 51.52 3446 68.57
60 years
andolder 11 No No 10 9091 73.92 100
Yes 1 9.09 0 26.08
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Furthermore, (Table 2) shows that, in general terms, artisanal and ancestral miners tend to exhibit a
relatively high level of exposure, which is mainly reflected in the relative frequencies of occupational
and extra-occupational exposure to amalgam use and the average number of years of work experience
(Figures 1-2-3). The use of elemental mercury during the extraction process suggests a potential trend
toward reduced utilization. Overall, the relative frequencies of factors derived from exposure through
occupational health and workplace safety reveal a similar mercury exposure pattern, characterized
by a widespread lack of adoption and implementation of essential protective measures when handling
this contaminant in gold extraction. However, lower limb protection differs from this trend, as miners
tend to wear rubber boots and, to a lesser extent, shoes as protective elements.

Table 2. Characterization of occupational and non-occupational exposure, occupational health and
safety, and clinical effects derived from mercury use in miners.

95% 95%

:))Illmenm Variable 1:: Mode n Category n :f/o ) EI,W ICJ:)p
er er
Frequency of food 6 Sometime 4 39.8 303 49.2
consumption at work 2 Always 2 s 11 5 6
6 60.1 50.7 69.6
Always 29 4 5
5 4 446 350 542
Use of amalgam 2 Yes 7 No 6 6 6 6
5 553 457 649
Yes 7 4 4 4
7 7 679 589 769
Use of elemental mercury 2 No 0 No 0 6 5 7
3 32.0 23.0 41.0
Yes 3 4 3 5
9 12.9
Exposu Use of dermal protection 2 None 5 Gloves &8 777 26 4
re 9 922 87.0
None 53 6 97.4
9 9 941 89.6
Use of respiratory protection 3 None 7 None 77 5 98.7
Cloth
mask 3 291 0.11 6.16
Facemask 3 291 0.11 6.16
Rubber 5 Rubber 5 514 61.1
Use of lower limb protection 5  boots 3 boots 3 6 418 1
2 194 11.7 27.0
None 0 2 8 6
10.3
Sandals 6 583 13 5
Sneakers S5 485 0.7 9
1 184 109 259
Shoes 9 5 6 4
7 7 747 663 83.1
Dysgeusia 3 Never 7 Never 7 6 7 5
Once a
Rt day 5 485 07 9
Once a 2 203 126 28.1
month 1 9 1 7
8 8 79.6 71.8 873
Tremors 3 Never 2 Never 2 1 3 9
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Once a 1 145 21.3
day 56 775 8
Once a 10.3
month 6 583 13 5
6 6 65.0 558 742
Paresthesia 4 Never 7 Never 7 5 4 6
Once a
day 5 485 07 9
Once a 2 252 168 33.6
month 6 4 5 3
Once a
week 5 485 07 9
7 7 728 642 814
Limb strength loss 4 Never 5 Never 5 2 2 1
Once a
day 3 291 0.11 6.16
Once a 1 184 109 259
month 9 5 6 4
Once a 10.3
week 6 583 13 5
8 8 79.6 718 873
Respiratory problems 2 No 2 No 2 1 3 9
2 203 12.6 28.1
Yes 1 9 1 7

n: absolute frequency

rf: relative frequency

Regarding the clinical effects studied, the trend is nearly uniform, with the majority (rf) of artisanal
and ancestral miners reporting no symptoms associated with the five clinical effects derived from
occupational and workplace exposure to elemental mercury. However, there were some reports of
symptoms occurring at least once a day or once a month, particularly for dysgeusia and symptoms
related to neuromotor disorders, respectively. Among these effects, paresthesia had the highest
reported occurrence among miners. Thus, the general pattern of symptom occurrence for the five
clinical effects followed this order: Never (No) > At least once a month > At least once a day > At
least once a week.

The risk probability estimation, based on instrument records, indicates that the observed conditions
of occupational and non-occupational exposure, as well as occupational health and safety among
artisanal and ancestral miners, result in conditional probabilities that describe a generalized tendency
toward the non-occurrence of the characterized clinical effects. However, it is important to note that
some probabilities, while relatively small, were still significant in the development of at least one
manifestation of the analysed effects. In this regard, occupational and non-occupational exposure
variables suggest a relatively higher probability of risk in the occurrence of the characterized clinical
effects (Figure 1).
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Figure 1. Probabilities for clinical effect occurrence based on conditions recorded during field
measurements.

Nonetheless, in the scenario where miners experience the highest possible degree of exposure to
elemental mercury, the conditional probabilities of developing clinical effects change drastically.
The majority of these probabilities indicate a strong likelihood of severe health effects, including an
increase in the occurrence of tremors (at least once a day), paresthesia (at least once a month), muscle
strength deterioration (at least once a month), and the prevalence of respiratory problems. In contrast,
dysgeusia shows a higher individual probability of non-occurrence, although its joint probability of
occurrence at least once a month or at least once a day reaches 47.1% (Figure 2).
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Figure 2. Probabilities for clinical effect occurrence under the highest possible exposure to elemental
mercury.

Conversely, in the scenario where miners experience the lowest possible degree of exposure to
elemental mercury, there was a drastic and uniform reduction in the probability of experiencing all
clinical effects and their respective manifestations. This suggests that, despite the absence of other
potential exposure factors in the model, reducing exposure through the evaluated factors has a critical
impact on the conditional probabilities of health alterations. This highlights the importance of using
and implementing safety measures and protocols when utilizing elemental mercury in gold extraction
(Figure 3).
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Figure 3. Probabilities for clinical effect occurrence under the lowest possible exposure to elemental
mercury.

The combination of conditional probabilities that leads to the greatest risk reduction involves a total
cessation of elemental mercury and amalgam use, along with decreased frequency of food
consumption at work and the use of gloves, face masks, and shoes.

Regarding the influence of exposure type on the short-term toxicological effects of mercury, Table
3 shows that the clinical manifestations of dysgeusia, tremors, and paresthesia share a common and
primary influence from the use of elemental mercury and amalgam. Food consumption at work and
hand protection are closely related to the occurrence of paresthesia and dysgeusia, while respiratory
protection is associated with tremors. In line with this, the medium-term effects evaluation reveals
that muscle strength deterioration in miners’ extremities is strongly linked to the use of elemental
mercury in gold extraction activities and, to a lesser extent, to food consumption at work and
amalgam use.

Table 3. Influence of elemental mercury exposure factors on conditional probabilities for occurrence
of typified clinical effects.

Effect/Risk Factor Entropy Reduction Percentage (%)
Dysgeusia 1.28 100
Food consumption at work 0.235 18.363
Use of elemental mercury 0.227 17.715
Hand protection 0.204 15.895
Tremors 1.34 100
Use of elemental mercury 0.233 17.366
Respiratory protection 0.195 14.556
Use of amalgam 0.129 9.622
Paresthesia 1.564 100
Use of amalgam 0.629 40.227
Use of elemental mercury 0.477 30.516
Hand protection 0.196 12.557
Muscle strength deterioration 1.544 100
Use of elemental mercury 0.458 29.665
Food consumption at work 0.136 8.791
Use of amalgam 0.113 7.295
Respiratory diseases 0.853 100
Lower limbs protection 0.286 33.498
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Respiratory protection 0.126 14.82
Use of elemental mercury 0.123 14.363

Meanwhile, the occurrence of chronic respiratory diseases such as asthma and pneumonia were
significantly influenced by lower limb protection, followed by the influence of respiratory protection
and elemental mercury use, suggesting that occupational health and safety measures have a greater
impact.

In general, the reduction in uncertainty regarding the influence of exposure factors on the studied
clinical effects follows a pattern: paresthesia (83.3%) > respiratory diseases (62.7%) > dysgeusia
(52.1%) > muscle strength deterioration (45.8%) > tremors (41.5%).

The complexity of network’s estimates indicates that 5 cliques or fully connected subnetworks were
formed, through which the influences of exposure factor conditional probabilities on health effects
were estimated. The size (importance) and members of each clique align with the entropy reduction
(uncertainty) estimated in Table 2. In this regard, it is noteworthy that each clinical effect describes
a higher degree of relative connection with the 3 most relevant exposure factors. This is reflected in
the size of cliques 1 and 2, as well as cliques 3, 4, and 5, which, though smaller in size, still maintain
important relationships; reflecting high interdependence (especially clique 3) and diversity in the
influences of risk conditional probabilities quantified by the network. Consequently, the evaluated
network was characterized as complex and sensitive to the multifactorial influence of both
occupational and extra-occupational exposure, as well as the occupational health and safety of
artisanal and ancestral miners (Table 4).

Table 4. Structure and complexity of the junction tree for risk conditional probabilities estimated by
the network (in green, the most influential exposure factors and in bold, their associated clinical
effects).

Clique  Links Size Memberships

1 5 130 PROTResp, TiempLAB, UtiIAMALG, HgAzogH,
PROTMif, *Tremors
*RespProb, PROTResp, TiempLAB, UtilAMALG,

2 L3 120 HgAzogH, PROTMif
3 245 48 FoodWork, PROTDerm, *MetalTaste, TiempLAB,
T UtilAMALG, HgAzogH
*ExposureBMP, PROTDerm, TiempLAB, UtilAMALG,
4 3 32
HgAzogH
*MuscleDecline, FoodWork, TiempLAB, UtilIAMALG,
5 3 32
HgAzogH
Total 412 (With separation sets = 492)
DISCUSSION

The occupational exposure conditions to elemental mercury observed in artisanal and ancestral
miners of San José de Uré constitute a concerning issue for the public health stability of this
community, as the characterization of the miners reflects a significant exposure rate, which aligns
with the results of various studies addressing health risks associated with small-scale gold mining in
regions of Asia, Africa, and Latin America. In these areas, workers are exposed through a series of
chronic exposure routes, primarily via inhalation of mercury vapors during the handling and storage

of this contaminant, and finally during gold amalgamation and subsequent burning of the amalgam
(25,26)

In this way, chronic exposure triggers pathological processes primarily related to the neurotoxic
effects of mercury, such as paresthesia, dysgeusia, and tremors, among other progressive
neurological disorders, as the main biological mechanism explaining mercury toxicity in these
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scenarios is its ability to cross the blood-brain barrier, directly affecting the central nervous system
as an acute toxic effect in the short term®”. Furthermore, previous studies have documented how the
systematic accumulation of mercury in the central nervous system is linked to motor and sensory
alterations in coordination and movement of the limbs, such as those that have the potential to prevail
in the mining population under maximum exposure to elemental mercury evaluated ®®. Additionally,
elemental or inorganic mercury used by miners tends to rapidly transform into methylmercury in
aquatic ecosystems, such as those where ancestral and artisanal mining takes place, increasing
absorption rates and the risk of individual and community toxicity, compounded by gastrointestinal
absorption when contaminated food is ingested, particularly in the work environment ).

These dynamics highlight the importance of the miners’ extra-occupational exposure conditions, as
multiple pieces of evidence show that work time, storage, and exposure to volatilized mercury, which
is often stored, represent a main exposure vector for miners and their families. In areas where small-
scale gold mining is practiced, exposure to this contaminant is not limited to primary emission
sources, but extends in a multidimensional manner, creating a public health issue that transcends
occupational health and safety conditions ©?. In this sense, this could provide a possible explanation
for the low probabilistic occurrence of clinical effects observed in the miners of San José de Ur¢, as
the conditional probabilities of the occurrence of evident alterations tend to be largely influenced by
the three extra-occupational exposure factors evaluated GV.

The poor use of protective and safety measures among miners may be due to a lack of access to
essential information concerning the prevention of alterations and deleterious effects caused by
systemic mercury exposure, but primarily to a lack of interest in implementing such preventive
measures. This not only responds to particular economic limitations but also to deeply entrenched
socio-cultural factors in mining communities such as San José de Uré ®?. Thus, in many cases, miners
perceive the use of protective equipment, such as gloves, boots, goggles, or masks, as an obstacle to
productivity rather than an essential tool for preserving their health, prioritizing immediate income
generation over medium- and long-term occupational safety, as they opt to maximize productivity.
This implies a complex web of factors and conditions that shape the ways in which artisanal and
ancestral miners are exposed and how the potential implications and effects of mercury
contamination manifest at various scales .

This normalization of risk can be understood as a psycho-laboral process that reinforces the
acceptance of dangerous working conditions as an inherent part of daily life in gold mining. Although
miners may be aware of certain risks, they tend to minimize potential dangers by not witnessing
immediate and significant health effects, reinforcing the idea that risks are manageable or even
irrelevant, leading to an underestimation of long-term public health effects %),

However, it is imperative to plan, manage, and implement territorial strategies and policies aimed at
the gradual and adaptive adoption of occupational health and safety measures for miners. These
should not only focus on providing protective equipment but also modify miners' perceptions and
cultural paradigms regarding mercury use, directly and actively involving the community in risk
management through participatory approaches.

Consequently, the characterization and probabilistic evaluation reflected the complexity of these
processes, outlining specificity in the occurrence of short-, medium-, and long-term effects,
particularly responding to the use of protective and safety measures such as hand protection,
respiratory protection, and protection for lower limbs. In the scenario of minimal possible exposure,
these represent primary barriers that, when systematically and appropriately adopted, have the
potential to substantially reduce the intensity and frequency of exposure, thereby decreasing the
probability of clinical effects addressed ©*.

In general, the conditional occurrence of the evaluated clinical effects showed complex behavior,
where the risk is not only determined by a deterministic influence but also responds to the spectrum
of individual and collective conditions of the miners. These are not limited exclusively to their work
activities, as they are also linked to the uncertainty posed by social, economic, political, territorial,
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and public order changes and variations in San José¢ de Uré. Hence, the exposure variables evaluated
only explained a relative percentage of this public health issue ©°.

Therefore, these findings represent an approximation to the real prevalence of risk, where, depending
on the factors and spectra considered, as well as their possible scenarios, clinical and toxicological
manifestations associated with mercury use in small-scale gold mining will tend to vary. Risk is
understood as a multifactorial response that must be triangulated based on the specificity of each
context and the comprehensive reduction of exposure means, frequency, and pathways to mercury
and its derivatives 7.

CONCLUSIONS

Working conditions of the surveyed ancestral and artisanal gold miners reveal significant exposure
in their daily work. The vast majority have been in this activity for more than 20 years, and those
miners aged 30 to 44 are the ones who most frequently resort to the use of elemental mercury, having
a higher risk of exposure as they also come into contact with the amalgamation process.

Studied clinical effects revealed complex behavior, where risk is not only due to a deterministic
influence but also responds to the spectrum of individual and collective conditions of the miners,
which may be linked to social, economic, political, territorial, and public order conditions. Therefore,
the evaluated exposure variables only explained a relative percentage of this public health issue.

The findings of this study serve as rigorous evidence regarding the evaluation of the risk of mercury
exposure in artisanal and ancestral gold mining communities, using a probabilistic and inferential
approach through Bayesian networks, which proves to be a useful tool for differential and prospective
risk analysis and the influence of the considered exposure factors. Additionally, the results emphasize
the importance of interventions aimed at modifying perceptions of the risks associated with mining
activities, highlighting the need for a comprehensive approach that encompasses both occupational
and extra-occupational protection, as well as occupational safety and health measures, with the goal
of reducing the use and exposure pathways to elemental mercury in small-scale gold mining
communities like San José de Uré.
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Highlights

e Most miners don't show obvious symptoms despite prolonged mercury exposure.

o Increased exposure drastically raises risk of tremors, paresthesia, and respiratory problems.

o Clinical effects are influenced by individual and collective conditions, not just exposure.

o There's a need for comprehensive protection (occupational and non-occupational) to reduce
mercury exposure.

e Bayesian networks are a useful tool for probabilistic risk analysis of mercury exposure.
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