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Abstract
Background

Water quality degradation in artisanal gold mining areas is a major public health concern because of the
co-occurrence of chemical and microbiological contamination. This study assessed the microbiological
indicators in borehole and river water from the artisanal mining area of Doko, Siguiri, Guinea.

Methods

An analytical cross-sectional study was conducted on 36 water samples, including 12 borehole and 24
river samples, collected during the dry and rainy seasons in three localities. Five microbiological
indicators were enumerated by colony counting on culture media and expressed as colony-forming units
per source-specific volume. Comparisons were performed using Mann-Whitney tests and seasonal
analyses stratified by source; associations were assessed using Spearman correlations with Benjamini-
Hochberg adjustment, followed by exploratory multivariable linear models for total coliforms, fecal
coliforms, and total mesophilic flora.

Results

River water was significantly more contaminated than borehole water for all five microbiological
indicators (all p < 0.001). Total coliforms were non-compliant in 100% of river samples. Turbidity showed
the strongest positive associations with microbial contamination (total coliforms: rho = 0.81; total
mesophilic flora: rho = 0.75; fecal coliforms: rho = 0.66). In the main exploratory model, river water was
associated with approximately 56-fold higher total coliform concentrations than borehole water.

Conclusion

Water sources in the Siguiri mining area showed substantial microbiological contamination, particularly
river water. Turbidity may serve as a simple operational warning indicator but should not replace
microbiological testing. These findings support integrated water quality monitoring, point-of-use water
treatment and improved sanitation around water sources.

Introduction

Access to drinking water free from microbiological contamination is a fundamental prerequisite for
public health and human development. Even when a water source has acceptable chemical
characteristics, its direct consumption may be unsafe if it carries pathogenic microorganisms, often
indicated by fecal indicator bacteria (Bain et al., 2014; Baudart & Paniel, 2014; Sikder et al., 2021; World
Health Organization, 2022). Conversely, the apparent clarity of water does not guarantee microbiological
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safety, because critical bacterial loads may persist when source-protection barriers or treatment
systems are absent or poorly maintained. The WHO emphasizes that drinking-water safety depends on
continuous operational monitoring and a preventive risk-management approach, requirements that are
difficult to maintain in rural communities with limited resource (World Health Organization, 2022).

Globally, progress toward the Sustainable Development Goals masks persistent geographic and
socioeconomic inequalities. The WHO/UNICEF Joint Monitoring Programme shows that a substantial
share of the world population still lacks safely managed drinking-water services, forcing many
communities to rely on unprotected surface-water sources (Bain et al., 2014; World Health Organization,
2025). This infrastructure deficit contributes to a substantial disease burden. Diarrhoeal diseases and
acute enteric infections remain major causes of preventable morbidity and mortality in low- and middle-
income countries, disproportionately affecting children under five years of age (GBD 2021 Diarrhoeal
Diseases Collaborators, 2025).

This environmental burden is particularly complex in ecosystems affected by artisanal and small-scale
gold mining. Although artisanal mining provides an important livelihood for many rural communities, it
can severely alter watersheds. Excavation, intensive ore washing, deforestation, and uncontrolled
sediment discharge increase soil erosion and the resuspension of particles (Amidu et al., 2026; Nunoo et
al., 2022). In parallel, mining areas frequently face limited water, sanitation, and hygiene infrastructure.
Inadequate latrine coverage, open defecation, unsafe household water storage, and multiple uses of
rivers may create favourable conditions for the introduction and spread of enteric microorganisms
(Amidu et al., 2026).

In sub-Saharan Africa, and particularly in West Africa, studies from Ghana and Nigeria have documented
severe degradation of surface-water quality near mining sites, where high sediment loads and metal
contamination can complicate treatment processes (Akindele et al., 2023; Armah, 2014). In Burkina
Faso, water quality index approaches have also confirmed the close overlap of chemical and biological
contamination in areas under strong anthropogenic pressure (Nacanabo et al., 2025).

The characterization of these risks relies on bacterial indicators with complementary meanings. Total
coliforms indicate general vulnerability of a water source or failure of protection systems, whereas fecal
coliforms are operational tracers of intestinal contamination (Bain et al., 2014; Sikder et al., 2021; World
Health Organization, 2025). Total mesophilic flora reflects the overall culturable microbial load and the
general biological deterioration of the water matrix. Fecal streptococci, or enterococci, can provide
information on environmental persistence, whereas sulfite-reducing anaerobes, mainly in spore-forming
forms, may indicate old, persistent, or sediment-associated contamination.

The survival, transport, and persistence of these microorganisms are strongly shaped by
physicochemical conditions. Turbidity is of particular relevance because suspended particles provide
attachment sites, protect bacteria from ultraviolet radiation and disinfectants, and reduce chlorination
efficiency (LeChevallier et al., 1981; Shawon et al., 2026; Volf et al., 2025). pH may influence bacterial
viability as well as the solubility and speciation of trace metals. In mining environments, heavy metals
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derived from mining inputs or geologic leaching can exert selective pressures on microbial communities,
raising increasing concern about the co-selection of heavy-metal and antimicrobial resistance in
environmental bacteria (Gillieatt & Coleman, 2024; Seiler & Berendonk, 2012; Tchounwou et al., 2012).

Guinea has major gold resources, and Siguiri Prefecture is one of the country’s densest artisanal gold
mining areas. In the mining localities of Doko, Kodiarani, and Oudoula, communities rely heavily on
boreholes and rivers for domestic water needs. Previous work in this area documented concerning
concentrations of heavy metals that exceeded WHO guideline values and were associated with elevated
non-carcinogenic and carcinogenic health risks, especially among children (Toure et al., 2026). A related
knowledge, attitudes, and practices study showed important gaps in risk perception and prevention
practices among local communities despite general awareness of environmental pollution (Toure et al.,
2025). Although these studies documented chemical and behavioural vulnerabilities in Siguiri, the
microbiological quality of the same water resources remains insufficiently characterized.

Addressing this gap is important for designing context-specific environmental health strategies,
prioritizing surveillance indicators, and targeting interventions for source protection and household
water safety. However, the extent to which microbiological contamination co-occurs with
physicochemical degradation in these same water sources remains poorly understood. Identifying
simple environmental parameters associated with microbial indicators, such as turbidity, could help
prioritize surveillance and prevention measures in resource-limited mining communities. The objective of
this study was to assess microbiological contamination of borehole and river water in the artisanal gold
mining areas of Siguiri and to examine its associations with key physicochemical parameters in order to
identify practical indicators for integrated water quality monitoring.

Materials and Methods

Study area

The study was conducted in the Republic of Guinea, a West African country covering approximately
245,857 km2, with a population estimated at more than 17.5 million inhabitants according to the
preliminary results of the fourth General Population and Housing Census (Institut National de la
Statistique (INS), 2025). Guinea has substantial mineral resources and an economy strongly dependent
on the mining sector, which accounts for more than 85% of national exports. Despite this potential, a
large share of the population lives in rural areas and relies heavily on natural resources, including water
(Guinea-ASGM-NAP, 2021). The study took place in Siguiri Prefecture, located in Upper Guinea,
approximately 850 km from Conakry. This region is one of the country’s main artisanal gold mining
areas, with a high density of mining sites and a long history of gold extraction. The climate is Sudanian-
Sahelian, with a long dry season and a shorter rainy season (Cissé, 2019). The study sites included Doko
Centre, Oudoula Damafé, and Kodiarani. These sites were selected because of the intensity of artisanal
mining activities, the proximity of water sources to mining areas, and the strong dependence of local
populations on both surface and groundwater for domestic uses. Previous studies in this area reported
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significant heavy-metal contamination of water resources and substantial community exposure to water-
pollution risks (Toure et al., 2025, 2026). Making it a relevant setting for assessing the joint
microbiological and physicochemical quality of water under strong anthropogenic pressure.

Study design and period

This was a cross-sectional analytical study conducted in the artisanal gold mining area of Siguiri
Prefecture, Guinea. Sampling was carried out in 2023 during two seasonal campaigns: the dry season in
April and the rainy season in August.

Water sample Collection

Water samples were collected in three mining localities in the Siguiri area: Doko Centre, Kodiarani, and
Oudoula Damafe. Two types of water sources were considered: borehole water, representing
groundwater used by local populations, and river water, representing surface water exposed to mining
and domestic activities. A total of 36 water samples were collected, including 12 borehole samples and
24 river samples, distributed between the dry and rainy seasons.

Samples intended for microbiological analysis were collected in sterile bottles and handled under
aseptic conditions. River samples were taken by submerging the bottle to about 50 cm and filling it
completely, after pre-rinsing with the source water. Borehole samples were taken only after the tap had
been left running for five minutes or more, so that water standing in the pipes was cleared beforehand.
Each sample was labelled, stored at 4 C in coolers protected from light, and transported to the National
Office for Quality Control laboratory for analysis.

Sample analyses
Microbiological analyses

Microbiological analyses were performed at the laboratory of the National Office for Quality Control
according to its standard procedures for microbiological control of water. The indicators analysed
included total aerobic mesophilic flora, total coliforms, fecal or thermotolerant coliforms, fecal
streptococci or enterococci, and sulfite-reducing anaerobic bacteria. Fecal coliforms were used as
operational indicators of recent fecal contamination, whereas total coliforms were interpreted as
indicators of source vulnerability and sanitary integrity rather than as specific evidence of fecal
contamination. (International Organization for Standardization., 1999, 2018; Rodger B. Baird et al., 2017).

Total coliforms, fecal coliforms, and fecal streptococci were enumerated by membrane filtration. An
appropriate volume of sample, or a decimal dilution when necessary, was filtered through a sterile 0.45
pum membrane. After filtration, the membrane was placed on the surface of the corresponding culture
medium and incubated under the conditions specific to each bacterial group. Total coliforms were
enumerated on Violet Red Bile Lactose agar after incubation at 37°C for 24 h. Characteristic colonies
were counted, and results were expressed as colony-forming units per 100 mL (CFU/100 mL). Fecal
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coliforms (thermotolerant) were enumerated on Violet Red Bile Lactose agar after incubation at 44°C for
24 h. Typical colonies were counted, and results were expressed as CFU/100 mL. (International
Organization for Standardization., 2006). Fecal streptococci (enterococci) were enumerated on Slanetz
and Bartley agar, with direct colony counting on the plate after incubation at 36 +/- 2 C for 44 +/- 4 h, and
results were expressed as CFU/100 mL (International Organization for Standardization., 2018; Slanetz &
Bartley, 1957). Total mesophilic aerobic flora was enumerated by the pour-plate technique on Plate
Count Agar. 1 mL of sample, or an appropriate decimal dilution, was incorporated into the molten
medium, incubated at 30 C for 72 h, and the resulting colonies were counted expressed as CFU/mL
(International Organization for Standardization., 1999). Sulfite-reducing anaerobic bacteria were
enumerated by deep inoculation on Tryptose Sulfite Cycloserine agar. After anaerobic incubation at 37 C
for 24 to 48 h, characteristic black colonies were counted expressed as CFU/20 mL, consistent with the
liquid-medium enrichment principle for sulfite-reducing clostridia (International Organization for
Standardization., 1986).

For samples with high microbial loads, successive decimal dilutions were prepared to obtain plates with
colony counts within the countable range, and final concentrations were calculated from the analysed
volume and the applied dilution factor.

Physicochemical analyses

Physicochemical parameters were measured to characterize the aquatic environment and to serve as
environmental covariates for microbiological indicators. pH, temperature, conductivity, total dissolved
solids, and turbidity were measured in situ using a HACH HQ40d multimeter, with daily pH-meter
calibration using traceable buffer solutions. Ammonium (NH4), nitrites (NO2), nickel (Ni), iron (Fe),
copper (Cu), manganese (Mn), cadmium (Cd), mercury (Hg), lead (Pb), and aluminium (Al) were
measured by UV-visible spectrophotometry using a 7600 spectrophotometer. The full physicochemical
profile and toxicological risk assessment from this campaign have been published previously; in the
present article, these parameters are used as explanatory covariates rather than as primary toxicological
outcomes (Toure et al., 2026).

Quality control

Quality assurance and quality control procedures were applied during sample collection, transport, and
analysis. For microbiological analyses, samples were collected in sterile bottles, handled aseptically,
stored cold, and protected from light until arrival at the National Office for Quality Control laboratory.
Analyses were conducted using standard laboratory procedures, culture media appropriate for each
indicator, and decimal dilutions when the microbial load was high.

For physicochemical analyses, Sampling, cleaning and quality-control procedures for the
physicochemical measurements followed those detailed in our earlier report on the same campaign
(Toure et al., 2026); briefly, acid-washed glassware was used, instruments were calibrated daily, and
analyses were run in triplicate against a certified reference material.
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Statistical analysis

Statistical analyses were performed using RStudio version 4.1.2. Quantitative variables were described
using medians and interquartile ranges because of asymmetric distributions and the presence of zero
values. Borehole and river samples were compared using the Mann-Whitney test. Seasonal comparisons
were explored separately by source type to limit confounding between season and source. Differences
among localities were assessed using the Kruskal-Wallis test. All statistical tests were two-sided, and a
p-value < 0.05 was considered statistically significant. For multiple correlation analyses, p-values were
adjusted using the Benjamini-Hochberg false discovery rate procedure.

Three exploratory multivariable linear regression models were then fitted using log10 (x + 1)-transformed
concentrations, a main model for total coliforms and two secondary models for fecal coliforms and total
mesophilic aerobic flora. Explanatory variables were selected a priori based on environmental relevance
and descriptive results. For each model, beta coefficients, 95% confidence intervals, and 10*beta ratios
were reported. The latter enables approximate multiplicative interpretation of changes in microbial
concentration on the original scale. Model fit was assessed using R?, adjusted R?, and the Akaike
Information Criterion (AIC) Variance inflation factors were used to assess collinearity. Given the limited
sample size (n = 36), these models are interpreted as exploratory and hypothesis-generating, rather than
confirmatory or causal.

Results

Physicochemical profile of water samples

The physicochemical parameters retained as environmental covariates showed substantial exceedances
of WHO guideline values for drinking water (Table 1). Median turbidity reached 40.1 NTU, with a
maximum of 627 NTU, and exceeded the 5 NTU guideline value in 63.9% of samples. Among metals,
mercury exceeded the guideline value in all samples, as did lead, cadmium, nickel, and manganese.
Copper exceeded the 2.0 mg/L guideline value in 55.6% of samples. Median metal concentrations and
turbidity were consistently higher in river water than in boreholes.
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Table 1
Physicochemical profile of water samples and proportion exceeding WHO guideline values (n = 36)

Parameter WHO value Median Maximum % > WHO Value
Mercury (Hg) 0.006 mg/L 0.425 2.91 100

Lead (Pb) 0.01 mg/L 0.41 1.77 100
Cadmium (Cd) 0.003 mg/L 0.15 1.18 100

Nickel (Ni) 0.07 mg/L 0.73 6 100
Manganese (Mn) 0.08 mg/L 0.65 13.2 100
Aluminium (Al) 0.2 mg/L 0.3 2.18 75

Turbidity 5NTU 40.1 627 63.9

Copper (Cu) 2.0 mg/L 2.26 7.42 55.6

Iron (Fe) 0.3 mg/L 0.36 3.5 52.8
Ammonium (NH4) 1.5 mg/L 0.35 4.5 25

Nitrites (NO2) 3.0 mg/L 0.295 1.88 0

Note. For Fe, Mn, Al, and NH4, guideline values refer to acceptability or aesthetic values rather than
strictly health-based thresholds. The full physicochemical profile and toxicological risk assessment
were published previously (Toure et al., 2026).

Microbiological concentrations by source and season

Microbiological indicator concentrations were higher in river water than in borehole water (Fig. 2;

Table 2). In boreholes, total mesophilic aerobic flora had a median of 50 CFU/mL, whereas the other
indicators were low or most often undetectable. In river water, median values reached 1100 CFU/mL for
total mesophilic aerobic flora, 280 CFU/100 mL for total coliforms, 120 CFU/100 mL for fecal coliforms,
11 CFU/100 mL for fecal streptococci, and 5.5 CFU/20 mL for sulfite-reducing anaerobic bacteria.
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Table 2
Microbiological concentrations by source, according to the indicator-specific laboratory unit

Indicator Borehole River, p-value*
median [IQR] median [IQR]

TMF 50 [24-75] 1100 [650-2000] <0.001

TC 1[0-3.5] 280 [111-418] <0.001

FC 0 [0-0] 120 [56-505] <0.001

FS 0 [0-0] 11 [5-49] <0.001

SRA 0 [0-0] 5.5[0-16] <0.001

Note. TMF = total mesophilic aerobic flora (CFU/mL); TC = total coliforms (CFU/100 mL); FC = fecal
coliforms (CFU/100 mL); FS = fecal streptococci (CFU/100 mL); SRA = sulfite-reducing anaerobes
(CFU/20 mL). * Mann-Whitney test.

Microbiological positivity and non-compliance

Microbiological non-compliance varied markedly by source type (Table 3). In river water, all samples
were non-compliant for total coliforms in both seasons. For fecal coliforms, non-compliance reached
83.3% in the rainy season and 100% in the dry season. In borehole water, non-compliance was less
frequent but not negligible: it ranged from 33.3% in the rainy season to 66.7% in the dry season for total
coliforms, and from 0% to 33.3% for fecal coliforms.

Table 3
Proportion of non-compliant samples (TC, FC) or positive samples (TMF, FS, SRA) by source and season
Indicator Type Borehole River Interpretation Criterion
Rain / Dry Rain / Dry
TC WHO non- 33.3% / 100% / Absence in 100mL
compliance 66.7% 100%
FC WHO non- 0%/ 33.3% 83.3% / Absence in 100mL
compliance 100%
TMF Positivity 100%/100%  100% / Indicator of overall microbial load
100%
FS Positivity 0% /0% 83.3% / Complementary indicator of fecal
66.7% contamination
SRA Positivity 0% / 0% 66.7% / Indicator of old or persistent
66.7% contamination

Note. TC and FC were interpreted according to WHO drinking-water criteria; TMF, FS, and SRA were
interpreted as indicators of general microbiological deterioration or fecal/anaerobic contamination.
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Comparisons by source, season, and locality

Microbiological concentrations differed significantly between borehole and river water for all five
indicators (Mann-Whitney test, all p < 0.001). Seasonal effects, assessed separately by source type, were
significant only in river water. In rivers, total coliform and fecal coliform concentrations were higher in the
dry season than in the rainy season, with p values of 0.005 and < 0.001, respectively. No significant
seasonal difference was observed in borehole water.

The exploratory comparison of the three localities, each represented by 12 samples, did not show
significant differences for any of the five microbiological indicators (Kruskal-Wallis test, all p>0.12).
These findings suggest that the observed variation was more strongly structured by source type than by
sampling locality.

Microbiology physicochemistry correlations

Among 45 Spearman correlations tested, 16 remained significant after Benjamini-Hochberg adjustment
(Fig. 3). Turbidity showed the strongest positive associations: total coliforms (rho = 0.81), total
mesophilic aerobic flora (rho = 0.75), fecal coliforms (rho = 0.66), fecal streptococci (rho = 0.60), and
sulfite-reducing anaerobes (rho = 0.52). Copper was correlated with total coliforms (rho = 0.43) and fecal
coliforms (rho = 0.40), and manganese with several indicators. Conductivity and total dissolved solids
were negatively correlated with fecal streptococci (rho =-0.57 and - 0.58, respectively). pH was not
significantly correlated with any indicator after adjustment.

Exploratory multivariable models

The three log10(x + 1) models, all with variance inflation factors below 1.9, are presented as exploratory.
In the main total coliform model (Fig. 4; R2 = 0.908), source type was the dominant factor (beta =1.75;
10”beta = 55.9; 95% Cl 1.46—2.04). Dry season (10*beta = 3.14), turbidity (p = 0.020), and copper
(10%beta = 1.40; p = 0.004) were positively associated with total coliforms, whereas mercury was
negatively associated (10*beta = 0.57; p = 0.034), without causal inference.

Comparison of the three models (Fig. 4) showed the consistency of the source effect, with 95%
confidence intervals excluding zero in all three models (TC 10%beta = 55.9; FC 41.3; TMF 14.3), as well as
the role of turbidity. Dry season was significant only for total and fecal coliforms, whereas pH was
significant only for fecal coliforms (beta =-0.36; p = 0.008).

Discussion

This study assessed the microbiological quality of borehole and river water in three artisanal gold mining
localities of Siguiri and examined its relationship with physicochemical parameters measured in the
same samples. The main finding was a clear contrast between water sources, with river water showing
consistently higher microbiological contamination than borehole water. The exploratory multivariable
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models mainly confirmed the importance of source type, whereas associations with season, pH, copper,
and mercury should be interpreted cautiously because of the limited sample size.

The higher contamination of river water is consistent with the vulnerability of surface waters in artisanal
mining areas. Rivers are directly exposed to runoff, domestic discharges, ore washing, sediment
resuspension, bank erosion, and multiple community uses. Boreholes are relatively protected by soil
filtration and partial separation from surface inputs, but they were not fully exempt from contamination.
The detection of total coliforms and, less frequently, fecal coliforms in some borehole samples may
indicate poor construction, inadequate sealing, insufficient drainage around water points, or infiltration
during runoff events (Guy Howard & Jamie Bartram, 2003; Sikder et al., 2021).

This pattern is consistent with evidence from neighbouring West African settings. In Mali, water bodies
affected by artisanal gold mining in the Sikasso region showed heavy metal concentrations exceeding
WHO guideline values (Keita et al., 2018). In Burkina Faso, borehole water in Ouagadougou showed
substantial microbiological non-compliance, including total coliforms and Escherichia coli (Traoré et al.,
2023), while mining-affected areas in northern Burkina Faso showed mercury and arsenic contamination
around gold mining sites (Dabiré & Sako, 2024). Evidence from Ghana and Nigeria also indicates that
mining activities can impair both physicochemical and biological water quality in surface and
groundwater resources (Akindele et al., 2023; Amidu et al., 2026; Armah, 2014; Bello et al., 2023). These
comparisons suggest that the situation observed in Siguiri reflects a broader vulnerability of water
resources in West African artisanal gold mining areas, while remaining strongly shaped by local
hydrology, sanitation, and mining practices.

The detection of fecal or thermotolerant coliforms is the most relevant public health signal. WHO
guidance is based on the principle that fecal indicators should be absent in 100 mL of drinking water
(World Health Organization, 2022, 2023). In this study, all river samples were non-compliant for total
coliforms in both seasons, and fecal coliform non-compliance reached 83.3% in the rainy season and
100% in the dry season. These results do not identify specific pathogens, but they indicate intestinal
contamination compatible with infectious risk if water is consumed without treatment. Total coliforms
should be interpreted mainly as indicators of source vulnerability or sanitary integrity failure, whereas
fecal coliforms and E. coli remain more directly informative for drinking-water microbiological safety
(Odonkor & Ampofo, 2013; Sikder et al., 2021).

The other microbiological indicators provided complementary information. Total mesophilic aerobic
flora, detected in all samples, reflected the overall culturable bacterial load rather than specific fecal
contamination. Fecal streptococci and sulfite-reducing anaerobes, mainly detected in river water,
suggested persistent or sediment-associated contamination. These indicators should not be interpreted
as strict drinking-water compliance criteria, but they support the evidence of general microbiological
deterioration in river water.

The seasonal pattern requires cautious interpretation. Although rainfall often increases microbial
contamination through runoff, total and fecal coliform concentrations were higher in river water during
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the dry season. This may reflect reduced river flow, lower dilution, and concentration of microorganisms
in smaller water volumes. Conversely, rainfall may increase microbial inputs while diluting measured
concentrations at the time of sampling. Similar complexities have been reported where rainfall, runoff,
flow, and temperature interact to shape microbial loads (Engloner & Németh, 2025; Kistemann et al.,
2002). This microbiological pattern differs from the metal dynamics previously reported in Siguiri, where
some risk indices were more marked during the rainy season (Toure et al., 2026).

Turbidity was the physicochemical parameter most strongly associated with microbiological indicators,
with Spearman coefficients ranging from 0.52 to 0.81. This association is biologically plausible because
suspended particles can provide attachment surfaces for bacteria, enhance persistence, and reduce
disinfection efficiency (LeChevallier et al., 1981). In artisanal mining areas, turbidity is driven by soil
disturbance, ore washing, sediment resuspension, bank erosion, and runoff. It may therefore serve as a
simple and inexpensive warning indicator for water-quality surveillance in resource-limited settings,
although it cannot replace microbiological testing.

Associations with pH, copper, and mercury should be interpreted as exploratory. The negative
association between pH and fecal coliforms may reflect local physicochemical conditions affecting
bacterial survival, but it cannot be generalized from 36 samples. The positive association between
copper and coliforms probably reflects spatial co-occurrence of mining inputs, domestic discharges,
sediments, metals, and bacteria. Conversely, the negative association with mercury should not be
interpreted as a protective effect. Heavy metals can exert selective pressure on microbial communities,
and co-selection between metal resistance and antimicrobial resistance has been described (Gillieatt &
Coleman, 2024, Seiler & Berendonk, 2012). However, this study did not assess bacterial species,
resistance genes, or metal tolerance profiles.

These findings complement earlier work in Siguiri. The physicochemical study conducted in the same
area documented major exceedances of guideline values for several metals and elevated health risk
indices, particularly for children through ingestion (Toure et al., 2026). The knowledge, attitudes, and
practices survey also found gaps in risk perception and prevention practices among populations living in
artisanal mining areas (Toure et al., 2025). Together, these findings indicate that water safety in this
setting requires responses combining environmental monitoring, source protection, water treatment,
sanitation, and community risk communication.

The operational implications are therefore direct. Surveillance in artisanal mining areas should combine
simple microbiological indicators, especially fecal coliforms or E. coli, with easily measurable
physicochemical parameters such as turbidity. Technical responses should also account for co-
contamination: chlorination may be less effective when turbidity is high, while basic filtration may not
remove dissolved metals. More realistic strategies should combine clarification, filtration, point-of-use
disinfection, physical protection of water sources, improved sanitation around water points, and
community-oriented risk communication (Mwabi et al., 2012).
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This study has several strengths, including the analysis of microbiological and physicochemical
parameters in the same samples, the comparison of water sources used by local populations, and the
inclusion of two seasons in a poorly documented Guinean mining area. However, limitations must be
acknowledged. The small sample size reduced statistical power and limited the number of covariates
included in the models. The cross-sectional design over a single year did not capture interannual
variability. The absence of bacterial species identification, enteric pathogen testing, and resistance
profiling limited interpretation of infectious risk. Finally, the multivariable models should be considered
exploratory rather than confirmatory or causal. Future longitudinal studies including more sites,
hydrological data, pathogen identification, and resistance-gene analysis would help clarify contamination
mechanisms and interactions between microbiological and metallic pollution

Conclusion

This study shows substantial microbiological contamination of water resources in the artisanal gold
mining area of Siguiri, particularly in river water, where non-compliance with drinking-water
microbiological criteria was widespread. Boreholes appeared comparatively less contaminated but were
not systematically free from microbial indicators, highlighting the need for source protection and routine
surveillance. Source type and turbidity were the main factors associated with microbial contamination,
whereas associations with pH and metals should be interpreted as exploratory.

These findings indicate that water safety in artisanal mining communities cannot rely only on the
apparent clarity of water or on the type of source used. Integrated water-quality monitoring should
combine fecal indicators with simple physicochemical parameters, especially turbidity, to better identify
sources at risk. Practical interventions should prioritize protection of water points, reduction of direct
contamination around rivers and boreholes, point-of-use water treatment, improved sanitation around
water sources, and community risk communication. In mining-affected areas where microbiological and
chemical hazards may coexist, prevention strategies should account for co-contamination, since
chlorination may be less effective when turbidity is high and simple filtration may not remove dissolved
metals.

Further longitudinal studies integrating hydrological monitoring, pathogen identification, and
antimicrobial-resistance profiling would help clarify contamination pathways and better characterize
health risks in mining-affected communities.
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Distribution of microbiological indicators by source and season on a log10-transformed scale.
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Spearman correlations: microbiology and physicochemistry

Turbidity
pH
Conductivity
TDS

Cu

Hg

Pb

Figure 3

-0.35

-0.36

0.37

0.32

0.32

0.44

0.41

-0.28

-0.29

0.43

0.36

0.24

0.39

0.33

-0.31

-0.32

0.40

0.36

0.15

0.37

0.30

-0.57
-0.58
0.29
0.09
0.31
0.44

0.35

TMF TC FC FS SRA
Bl e oo
0.22 0.25 0.05 0.21 0.11

-0.41

-0.41

0.33

0.10

0.25

0.49

0.33

+0.5

--0.5

Spearman correlation heatmap between microbiological indicators and physicochemical parameters

Exploratory multivariable models (n = 36) — B coefficients and 95% Cls

TC (primary) FC (secondary) TMF (secondary)
Source (River) —t— et =t
Season (Dry) —— —— e
pH ——
Turbidity . . .
Copper (Cu) - e -
Mercury (Hg) == -
-05 00 05 10 15 20 -05 00 05 10 15 20 -05 00 05 10 15
B (logld CFU/100 mL) = 95% CI — bold line: confidence interval excluding 0
Figure 4

Page 21/22



Combined forest plot of the three exploratory multivariable models (TC, FC, TMF): beta coefficients and
95% confidence intervals for log10(concentration + 1)
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