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Abstract: Abandoned mine ponds in Jos Plateau have become persistent water bodies following decades of artisanal and
industrial tin-mining activities. In Koroshi, Jos South Local Government Area, Plateau State, Nigeria, these ponds are used
for irrigation, domestic activities, and other livelihood purposes, creating potential pathways for human and ecological
exposure to heavy metals. This study assesses the concentrations of cadmium, mercury, lead, and arsenic in selected
abandoned mine ponds and artisanal wells within the Koroshi area. Water samples from Dams and abandoned mine wells
dung by artisanal miners were collected and transported to the laboratory and analyzed using Atomic Absorption
Spectrophotometry. The measured concentrations were compared with national and international water-quality standards
to determine the suitability of the ponds for domestic and agricultural use. Statistical techniques were used for better
visualization and presentation. The result shows that cadmium and mercury were above the recommendations of national
and international base ratings. The research provides recommendation for better remediation and community awareness to
the locals about the dangers of using these water bodies for irrigation purposes.
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l. INTRODUCTION investigation specifically analyzes the concentrations of
metals such as cadmium, mercury, Arsenic and lead within

The historical prevalence of artisanal and industrial tin
mining in the Jos Plateau has left behind numerous
unreclaimed excavations that now persist as abandoned ponds
(Komolafe et al., 2023). While these sites frequently serve as
secondary water sources for local communities, the
unchecked expansion of mining operations has raised
significant concerns regarding the migration of toxic trace
elements into the hydrologic cycle (Sayyadi et al., 2025;
Zitta, 2024). These persistent pollutants, including lead,
cadmium, and mercury, pose severe ecotoxicological risks to
both the aquatic ecosystem and the human populations reliant
upon these reservoirs for domestic and agricultural use
(Akpa, 2026; Mbet et al., 2025). Given that heavy metal
accumulation in these aquatic environments can facilitate
bioaccumulation within the food chain, there is a critical need
to evaluate the concentration levels of these hazardous
contaminants (Akpa, 2026; Bello et al., 2025). This
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selected unreclaimed mine ponds in Koroshi Jos South,
plateau State, Nigeria. Furthermore, assessing these specific
analytes is essential to determine whether current
concentrations exceed established safety thresholds for water
quality, as similar mining environments in Nigeria have
shown seasonal fluctuations in contaminant trends (Okonofua
et al., 2024).

Previous investigations in Jos Plateau State have
demonstrated that trace metal concentrations, particularly
lead, cadmium, and arsenic, often exhibit marked differences
between dry and wet seasons due to dilution and runoff
factors (Gungshik et al., 2021). Consequently, the chronic
consumption of contaminated water and the usage of these
abandoned ponds for irrigation purposes represents a direct
pathway for human exposure, potentially disrupting essential
biological processes such as calcium and phosphorus
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homeostasis. This study looks to address the knowledge gap
regarding the spatial and temporal distribution of these
contaminants within the Koroshi area, providing a baseline
for assessing potential health risks associated with long-term
exposure. This research employs standardized analytical
techniques to quantify metal concentrations via Atomic
Absorption Spectrophotometry, ensuring findings remain
consistent with established protocols for assessing water
suitability (Annuri et al., 2026; Awogbami et al., 2023). By
integrating these quantitative assessments with comparative
analysis of regulatory safety benchmarks, this study aims to
clarify the extent of environmental degradation necessitated
by abandoned mining infrastructure. Ultimately, the data
derived from this evaluation will facilitate the development
of targeted remediation strategies to mitigate the ongoing
threat of heavy metal ingestion through local agricultural and
domestic water sources (Acheampong et al., 2025; Gwira et
al., 2024). Furthermore, this research contributes to the
broader understanding of contamination dynamics by
evaluating the contamination factor and ecological risk
indices inherent in these aquatic systems (Adewumi &
Laniyan, 2023). This is particularly vital given the extensive
reliance on irrigation farming across the Jos Plateau, where
agricultural produce grown with potentially contaminated

https://doi.org/10.38124/ijisrt/26aug626

pond water enters the food supply (Okonofua et al., 2024). In
the absence of rigorous assessment and actionable
recommendations to inform regulatory authorities, the
consumption of crops cultivated in these environments
presents a persistent health threat to the wider populace (Bello
etal., 2025; Komolafe et al., 2023). the research aims to bring
to knowledge the existing status of the heavy metal presence
in abandoned mine ponds in Koroshi of Du District Plateau
State, Nigeria.

» Location of the Study Area

The study area is geographically situated within the Jos
South Local Government Area, characterized by a
topography heavily modified by historical mining activities.
This encompasses the settlement, where numerous stagnant
water bodies serve as the primary nexus for dry-season
irrigation and domestic activities for the local populace
(Samuel & Ochube, 2021). The area can be access from the
popular Kugiya Market in Bukuru town via the road leading
to Shen roundabout. The map of the study area along site the
GPS points using Arc GIS software have been meticulously
demarcated to ensure precise spatial representation of the
sampling stations within the Koroshi mining cluster. figure 1
below shows the detailed map.
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Fig 1 Map of the Research Area with GPS Points.

1. LITERATURE REVIEW

Extensive scholarly discourse has consistently
highlighted that the legacy of mining activities creates
persistent  environmental hazards, as geochemical
mobilization of trace elements often leads to significant
degradation of water quality in abandoned excavation sites
(Adekiya et al., 2024). These hydro-geochemical
transformations are frequently exacerbated by the influx of
industrial discharge and artisanal ore processing, which alter
the physicochemical equilibrium of surrounding aquatic

ecosystems. Such activities significantly influence the
chemical speciation and mobility of persistent toxic metals,
particularly arsenic, cadmium, mercury, and lead, within the
pond environment (Gungshik et al., 2021; Mbet et al., 2025).
The sustained release of these elements into the water column
enhances their bioavailability, creating complex pathways for
bioaccumulation in aquatic organisms and ultimately
impacting human health through the consumption of
contaminated water or agricultural products (Akpa, 2026;
Okonofua et al., 2024). Additionally, global studies confirm
that tailings and mine wastes represent primary
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anthropogenic sources of heavy metals, which lead to severe
ecological degradation and the contamination of regional
water resources (Onwuka et al., 2024). Jos Plateau state has
face decade of mining activities which the land is degraded
with several abandoned mined ponds. These excavated pits,
often repurposed for dry-season irrigation, serve as focal
points for the accumulation of metallic ions that exceed
standard safety thresholds (Nenman, 2025). Such
anthropogenic inputs often result in total dissolved solids and
turbidity levels that significantly surpass the critical limits
established by the World Health Organization and the Federal
Environmental Protection Agency. Furthermore, evidence
from the Bukuru study area indicates that while certain
metallic concentrations may fluctuate, the persistent
elevation of physicochemical parameters necessitates a
continuous assessment to prevent long-term ecological risks
(Kwaghe et al., 2021). Moreover, the presence of these
abandoned mining cavities creates stagnant conditions that
promote the proliferation of water-borne pathogens, further
complicating the management of water safety in these
communities (Ogunro & Owolabi, 2022). Consequently,
rigorous monitoring of these sites is imperative to mitigate
the health risks posed by heavy metal mobilization and to
prevent the degradation of groundwater aquifers adjacent to
these contaminated pits (Umeh, 2025).

» Sources of Heavy Metals

The accumulation of heavy metals in the environment
originates from both natural geological weathering and varied
anthropogenic activities, such as mining, ore processing, and
the application of agrochemicals (Mensah et al., 2023; Okorie
et al.,, 2024). In particular, mining operations discharge
effluents rich in cadmium, lead, and arsenic directly into local
hydrological systems, while the subsequent use of pesticides
and fertilizers in nearby agricultural plots introduces
additional non-point source contaminants (Olalekan et al.,
2022). Furthermore, local artisanal activities, including
traditional blacksmithing and the operation of small-scale
metal foundries, contribute to the heavy metal load through
the release of untreated industrial run-off into these aquatic
basins (Okafor et al., 2023). Additionally, the leaching of
heavy metals from abandoned mine tailings and discarded
geologic waste serves as a significant non-point source of
pollution, often exacerbated by atmospheric deposition and
surface runoff that transports concentrated toxins into
stagnant pond systems (Kana, 2022).

» Turbidity of Water

Turbidity of water represents an optical property
indicative of suspended particulate matter, which restricts
light penetration and disrupts photosynthetic activity within
the pond ecosystem (Umoru et al., 2024). In mining-impacted
regions, elevated turbidity levels are frequently linked to
sediment loading from ore washing and soil leaching, often
reaching concentrations that double established international
safety standards (Ojo et al., 2023). Moreover, high turbidity
levels often correlate with increased adsorption sites for
heavy metal ions, further facilitating the transport and long-
term retention of hazardous contaminants within the water
column (Bhat & Janaszek, 2024; Singh et al., 2024).
Furthermore, the presence of these suspended particles can
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impede the efficacy of standard water treatment processes,
thereby increasing the difficulty of providing safe water for
domestic consumption in the surrounding communities. The
turbidity usually indicates that the presence of suspended
inorganic solids and organic debris that reduce light
penetration, thereby altering the thermal stratification and
dissolved oxygen dynamics of the pond. In the same context,
excessive turbidity often serves as a proxy for localized
mining contamination, where sediment loading directly
correlates with the physical impairment of water quality and
the degradation of aquatic habitats (Ewuga et al., 2025).

» Water pH

pH of water represents the measure of hydrogen ion
concentration, serving as a critical indicator of the acidity or
alkalinity of the pond environment. The acceptable range for
values of pH for irrigation purposes typically falls between
6.5 and 8.5 to ensure optimal crop health, as extreme shifts in
acidity can mobilize toxic metals or impair nutrient uptake. It
is imperative to examine the pH of water because it dictates
the solubility and subsequent chemical speciation of heavy
metals, directly influencing their toxicity and mobility within
the aquatic medium (Chepkoech et al., 2025). Specifically,
low pH environments promote the dissolution of mineral-
bound metals, thereby increasing their bioavailability to local
aquatic biota (Duncan et al., 2023). Acidic range is not the
only condition that impacts water quality, as fluctuations
outside the standard physiological range can indirectly
compromise the health of aquatic organisms by disrupting
essential biological processes (Kallon et al., 2024). The pH
range of mining ponds in and around Bukuru and environs
has been studied to be within the range of 6.5 to 8.5, which
aligns with international standards for aquatic productivity
and irrigation safety (Faiza et al., 2022). However, despite
these acceptable pH levels, other indices such as total
alkalinity and dissolved oxygen in similar tin mining ponds
often exhibit significant variability that can influence the
chemical equilibrium of the water body (Mafuyai et al.,
2021). Such conditions may be further complicated by the
emergence of incipient acid mine drainage, which, despite
near-neutral pH readings, can introduce chemical stressors
that negatively impact the solubility and dispersal patterns of
heavy metals (Nwachukwu et al., 2021). Post-tin mining
environments are frequently characterized by nutritional
deficiencies and diminished ion exchange capacity, which
further destabilize the chemical integrity of these stagnant
water bodies (Kurniawan et al., 2023).

» Cadmium Cd

As a highly toxic non-essential trace element,
cadmium is frequently identified in mine-impacted waters
where its concentration often surpasses the established safety
thresholds for drinking and irrigation purposes (George et al.,
2023), (Eid et al., 2024). Due to its lack of metabolic function,
cadmium remains a potent threat to human health, capable of
inducing mutagenicity, genotoxicity, and neurotoxicity upon
long-term ingestion (Oyetibo et al., 2021). The environmental
persistence and non-biodegradable nature of this metal
facilitate its continuous accumulation within aquatic
ecosystems, leading to significant bioaccumulation and
biomagnification (Olawade et al., 2024). Moreover, its
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mobility within aquatic systems is highly sensitive to
fluctuations in pH and the presence of organic matter, which
can accelerate the translocation of cadmium into the edible
tissues of crops irrigated with these pond waters (Albou et al.,
2023; Aziz & Hussain, 2023). Given its high solubility in the
acidic conditions often characteristic of mine-impacted
environments, cadmium readily enters the food chain via root
uptake (Singh & Pant, 2023; Xu et al., 2024). Once absorbed
by vegetation, cadmium translocate from the root system to
the aerial parts of the plant, increasing the risk of dietary
exposure for local populations consuming these contaminated
harvests (Al-Khayri et al., 2023; Bargah, 2024). Beyond these
direct exposure pathways, the synergistic effect of other
heavy metals such as lead and arsenic in stagnant pond water
complicates remediation efforts and heightens the potential
for chronic systemic toxicity (Madjar & Scaeteanu, 2025;
Paredes-Vilca et al., 2024).

» Lead Pb

Lead is a pervasive environmental contaminant that
often exhibits elevated concentrations in stagnant mining
ponds due to its non-degradability and long-term retention in
sediments (Berhanu et al., 2024; Swain, 2024). Due to its
strong affinity for organic matter and mineral surfaces, lead
readily adsorbs onto pond substrate, where it may be re-
released into the water column under fluctuating redox
conditions or pH shifts (Cairns et al., 2021). This continuous
cycling between the sediment and the water column poses a
grave risk to aquatic biota, as lead can interfere with essential
metabolic processes even at trace levels (Karadeniz et al.,
2024). The resulting accumulation of lead in the human body
can subsequently disrupt nervous system function and lead to
profound intellectual disabilities, particularly in developing
populations (Du et al., 2022). Furthermore, chronic exposure
to lead is strongly associated with cardiovascular failure,
kidney damage, and the impairment of endocrine functions
(Khan et al., 2022; Kumar et al., 2024). The neurological
degradation associated with lead toxicity is particularly
critical in pediatric cohorts, where it frequently manifests as
behavioral deficits and impaired cognitive development
(Vajargah & Azar, 2023; Yiksel et al., 2021). Moreover, the
ingestion of contaminated crops or aquatic organisms from
these sites introduces lead into the human food chain, where
it can cause severe ecotoxic stress and long-term health
complications (Aziz et al., 2023).

Similarly, the irrigation of crops with metal-laden pond
water promotes the sequestration of lead within plant tissues,
creating a primary pathway for bio-accumulation in local
dietary staples (Chiyangi et al., 2023; Liu et al., 2023). This
process is further compounded by the biomagnification of
these toxic elements within the food web, which presents an
escalating health hazard for communities that rely on
livestock and aquatic products derived from these
contaminated environments (Imran et al., 2024).

> Arsenic As

As a potent metalloid, arsenic is recognized for its
chronic toxicity and propensity to induce complex health
disorders, including cardiovascular dysfunction, hormonal
deregulation, and various neoplastic conditions (Fernandez-
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Ldpez et al., 2024). Exposure to this element primarily occurs
through the ingestion of groundwater or crops irrigated with
contaminated pond water, where it acts as a systemic toxin
capable of inducing skin lesions, hyperkeratosis, and
increased mortality rates in extreme cases (Gupta et al.,
2021). Chronic ingestion of arsenic is further linked to the
development of lung, liver, and bladder cancers, as the
metalloid disrupts fundamental biochemical pathways and
induces oxidative damage (EI-Nemr et al., 2023).
Furthermore, the bioaccumulation of arsenic within the local
food supply, particularly in crops and fish, exacerbates the
risk of systemic inflammation and immune modulation
among the surrounding populace (Aradhi et al., 2023;
Tabassum et al., 2024). Beyond these physiological impacts,
prenatal exposure to arsenic increases the risk of
developmental delays and neurotoxicity in infants, often
resulting in lower 1Q and compromised immune function
(Rahman et al., 2023). Concurrent with these systemic
effects, long-term arsenic intake is strongly correlated with
the manifestation of severe dermal diseases and respiratory
complications, highlighting the critical nature of monitoring
water quality in proximity to artisanal mining zones (Balali-
Mood et al., 2021; Saini, 2023).

In addition to direct physiological harm, the
environmental presence of these heavy metals disrupts soil
microbiota, thereby altering the essential microbial processes
that support local agricultural productivity (Sani et al., 2023).
The degradation of these microbial communities, which are
vital for nutrient cycling, further diminishes soil fertility and
complicates the implementation of effective bioremediation
strategies (Munyai et al., 2021).

» Mercury Hg

Mercury is a highly hazardous, non-essential trace
element primarily introduced into the aquatic environment
through artisanal gold mining activities that utilize mercury
for metal amalgamation (Thiombane et al., 2023). it is
frequently discharged directly into tailings and nearby river
channels, where it undergoes transformation into the highly
toxic methylmercury (Ondayo et al., 2023). Exposure to
mercury will lead to severe neurological and gastrointestinal
disorders, as the compound readily crosses the blood-brain
barrier and the placental barrier, posing significant risks to
both the central nervous system and fetal development (Zaib
et al., 2023). It has been reported in Nigeria particularly Jos
that Mercury has exceeded the maximum permissible limits
established by global health organizations, exacerbating the
risks of memory impairment, muscle weakness, and
permanent neuromuscular damage among local inhabitants
(Laoye et al., 2025; Ondayo et al., 2023). it was reported to
be found in elevated concentrations within local fish
populations and stagnant pond sediment, serving as a primary
vector for human exposure via the dietary chain (Laoye et al.,
2025). Beyond these neurological concerns, inorganic
mercury salts exhibit high corrosivity, causing direct damage
to the gastrointestinal tract, ocular surfaces, and dermal
integrity upon direct contact (Monroy-Licht et al., 2025).
Furthermore, the lack of adequate containment facilities for
mining tailings in the region facilitates the atmospheric
deposition of mercury, which eventually leaches into surface
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water reservoirs during seasonal rainfall events (Gumbo et
al.,, 2025). Within the Jos-Bukuru metropolis, the
concentration of mercury has been found to be around 1.5
mg/kg in certain sediment samples, significantly surpassing
the international safety thresholds for environmental
remediation and public health safety (Oyetibo et al., 2023).
Given the persistence of these toxic elements, the absence of
robust containment and remediation frameworks in
abandoned mining zones ensures the continued leaching of
contaminants into groundwater and agricultural fields (Doku
& Belford, 2022; Laoye et al., 2025). Consequently, the
implementation of advanced physico-chemical and biological
mitigation strategies is essential to reduce these toxic ion
concentrations and safeguard the ecological integrity of the
Plateau State basin (JEYAKUMAR et al., 2022; Laoye et al.,
2025).

1. METHODS

The method employed in this study follows the direct
collection of water samples from three (3) abandoned mine
ponds and seven wells dung by artisanal miners distributed
across the Koroshi Jos South Plateau state, Nigeria ensuring
a comprehensive spatial representation of the contamination
levels. These samples were systematically collected using
standardized polyethylene containers to prevent trace metal
contamination and preserved in accordance with established
hydrogeochemical assessment protocols (Banso et al., 2023).
The samples were taken for physiochemical analysis in the
laboratory, where parameters such as the water pH, turbidity,
heavy metals such as Lead, Cadmium, Arsenic and Mercury
were analyzed. The analysis was done using Atomic
Absorption Spectrophotometry. Following these laboratory
procedures, the result was compared with World Health
Organization and the National Environmental Standards and
Regulation Enforcement Agency (NESREA) for drinking
water and agriculture. The results were plotted using a
statistical software in order to give a better visualization and
statistical analysis was performed to identify significant
variations in heavy metal concentrations across the sampled
pond sites.

V. RESULTS AND DISCUSSIONS
» pH of Water Sample

Table 1 pH Values for the Water Samples.

SAMPLES pH
Dam 1 5.55
Dam 2 5.37
Dam 3 5.67
Well 1 6.77
well 2 7.33
well 3 7.52
well 4 6.82
well 5 7.27
well 6 6.63
well 7 7.83
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Fig 1 pH Values for the Sampled Waters.

pH of the water sample ranges from 5.37 to 7.83 as
shown in table 1 and figure 1. The pH values recorded across
the ten sampling sites demonstrated considerable spatial
heterogeneity, ranging from a minimum of 5.37 at Dam 2 to
a maximum of 7.83 at Well 7, and producing an arithmetic
mean of 6.68 over the entire dataset. When compared against
the regulatory thresholds for irrigation and potable use
(NESREA and WHO permissible range of 6.5-8.5), a clear
bimodal structure emerges rather than a continuous
distribution of values (Faiza et al., 2022). The three Dam
samples (Dam 1 =5.55, Dam 2 = 5.37, Dam 3 = 5.67) all fall
below the lower limit of 6.5 and are therefore classified as
non-compliant and mildly acidic, while all seven Well
samples (6.63 to 7.83) lie within the acceptable range and are
classified as compliant. Notably, the most acidic reading in
the entire survey (Dam 2, pH 5.37) is more than 1.0 unit
below the most acidic but still compliant reading (Well 6, pH
6.63), and none of the samples exceeded the upper alkalinity
threshold of 8.5.

Sampling site appears to be a strong determinant of pH.
The mean pH of the three Dam samples (=5.53) differs from
the mean pH of the seven Well samples (=7.17) by
approximately 1.64 units, a substantial separation on the
logarithmic pH scale that translates to a roughly 40-fold
difference in hydrogen ion activity between the two sub-
groups. The internal variability within each sub-group is also
informative: the Dam samples span only 0.30 pH units (5.37—
5.67), indicating a coherent and consistently acidic micro-
environment, whereas the Well samples span 1.20 pH units
(6.63-7.83), reflecting more diverse groundwater chemistries
that nevertheless remain within the safe envelope. This
bimodal pattern stands in contrast with the prior report of tin-
mining ponds in Bukuru and environs, whose pH values
largely conformed to the 6.5-8.5 standard (Faiza et al., 2022),
suggesting that the Dam sites examined in the present study
represent a particularly acid-impacted subset of abandoned
mining water bodies in the region (Mafuyai et al., 2021).

The physicochemical implications of this pattern are
considerable. Because pH governs the solubility, speciation,
and bioavailability of metal cations in aquatic systems,
depressed pH conditions favour the desorption and
dissolution of mineral-bound heavy metals — notably
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cadmium, lead, mercury, and arsenic — from residual mine
tailings into the water column (Chepkoech et al., 2025;
Duncan et al., 2023). The moderately acidic regime observed
in the Dam samples is therefore expected to coincide with
elevated dissolved metal loads and enhanced bioavailability
to aquatic biota, whereas the near-neutral pH of the Well sites
would tend to suppress metal mobilization through
precipitation as oxyhydroxides and carbonates, or through
enhanced adsorption onto particulate matter. In the context of
irrigation, the documented pathway by which low-pH water
facilitates root uptake and translocation of metals into edible
crop tissues carries direct relevance for food-chain transfer
and human exposure, particularly for the Dam sites whose pH
lies outside the FAO/WHO-recommended irrigation window
(Faiza et al., 2022; Mafuyai et al., 2021). Fluctuations of this
magnitude may additionally compromise general aquatic
health by disrupting physiological processes in fish and
invertebrate communities, even where individual values
remain only mildly acidic (Kallon et al., 2024).

The observed Dam-Well dichotomy can plausibly be
explained by differences in hydrological setting and
geochemical exposure. The Dam samples represent surface
water retained in stagnant, excavated pond basins in direct
contact with sulphide-bearing ore residues and weathered
overburden, conditions that are classically associated with
incipient acid mine drainage through the oxidation of pyrite
and related sulphide minerals and the generation of proton-
rich, metal-laden runoff (Nwachukwu et al., 2021). Such
ponds are typically poorly buffered because of limited
replenishment of alkalinity and the absence of carbonate-rich
geological contact, allowing pH to drift below circum-neutral
levels. The Well samples, by contrast, are presumed to draw
from groundwater that has equilibrated with different host
lithologies or has undergone longer residence times,
imparting a higher buffering capacity and more stable near-
neutral pH (Nwachukwu et al., 2021). The fact that some of
these wells nevertheless approach the upper end of the
acceptable range (Well 7 = 7.83) hints at variable mineral
equilibration rather than a single homogeneous groundwater
signature.

Taken together, these findings indicate that the three
Dam sites at Koroshi pose the greatest environmental and
public-health risk in terms of heavy metal leaching and
bioaccumulation, and are unsuitable without prior treatment
or neutralization for the irrigation of edible crops or for
domestic uses given their sub-standard pH. The Well sites,
while compliant with the pH criterion, should not be
presumed entirely safe, since neutral pH alone does not
preclude metal contamination, and other physicochemical
indices previously documented to vary markedly in Plateau-
State tin-mining ponds (e.g., total alkalinity and dissolved
oxygen) require concurrent evaluation to characterize true
irrigation suitability (Mafuyai et al., 2021). The clear
separation between acidic Dam water and near-neutral Well
water nevertheless reinforces pH as a useful first-pass
screening parameter in prioritizing sampling locations for
detailed heavy-metal assay in this and similar abandoned-
mining landscapes.
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» Water Turbidity

Table 2 Turbidity of the Water Samples

Samples Turbidity, mg/L
Dam 1 22
Dam 2 71
Dam 3 33
Well 1 30
well 2 22
well 3 21
well 4 19
well 5 42
well 6 47
well 7 32

Plot showing th Turbidity of sampled water in mg/L
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Fig 2 Graph Showing the Turbidity of Water Samples in
mg/l

The turbidity values range from 21 to 71 as shown in
table 2, with the peak measurement observed at Dam 2
indicating a significantly higher suspended solid load
compared to the other sampling sites. This elevated turbidity
likely reflects an increased concentration of fine mining
wastes and suspended particulate matter, which often serve as
primary transport vectors for heavy metals within stagnant
pond environments (Gomes & Valente, 2024). The result
shows there was an elevated levels of turbidity above the
NESREA standards for Dam 2, Dam 3, well 5, well 6 and
well 7 respectively. The turbidity which represents the clarity
of the water column, is influenced by the presence of
suspended particles that can attenuate sunlight penetration,
thereby inhibiting photosynthesis and reducing the dissolved
oxygen concentration necessary for aquatic life (Patrick et al.,
2023).

> Arsenic, As.

Table 3 Arsenic Concentrations in mg/L

Samples Conc. mg/I
Dam 1 0.021
Dam 2 0.013
Dam 3 0.012
Well 1 0.026
well 2 0.01
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Fig 3 Graphical representation of the concentration of
Arsenic

The arsenic concentrations presented in Table 3 range
from 0.003 mg/L to 0.026 mg/L. When evaluated against the
NESREA standard of 0.05 mg/L, all recorded values across
the Dam and Well sites fall significantly below the maximum
allowable concentration, indicating compliance with this
regulatory safety limit. Despite these findings, the frequent
interaction between stagnant mine pond water and local
groundwater systems warrants continued vigilance, as
geochemical leaching remains a long-term threat to potability
(Tse et al., 2026). Beyond regulatory compliance, it is critical
to investigate the potential for cumulative toxic effects, as
persistent exposure to sub-threshold concentrations of
metalloids can lead to bioaccumulation in locally irrigated
crops (Obasi et al., 2021). Furthermore, the solubility and
mobility of arsenic are often modulated by redox conditions
and the presence of competing ions, which may fluctuate
seasonally during the rainy period (Moubchir et al., 2023).

> Lead Pb
Table 4 Lead Concentration
Samples Conc. mg/I
Dam 1 0.026
Dam 2 0.016
Dam 3 0.027
Well 1 0.09
well 2 0.027
well 3 0.012
well 4 0.014
well 5 0.043
well 6 0.03
well 7 0.003
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Fig 4 Graph Showing the Concentration of Lead in Relation
to NESREA Limits.

The concentrations of Lead across the surveyed sites
ranged from 0.012 mg/L to 0.09 mg/L, as presented in Table
4 and figure 4. When evaluated against the NESREA
maximum permissible limit of 0.1 mg/L, all samples fall
within the regulatory safety standards. However, the
relatively higher concentration observed in Well 1 (0.09
mg/L) warrants cautious monitoring to ensure the water
remains within safe limits for domestic and irrigation use,
preventing potential long-term heavy metal toxicity.
Furthermore, the observed spatial variation in lead levels
suggests that localized geological characteristics and varying
degrees of historical anthropogenic disturbance continue to
influence heavy metal mobility within the aquifer (Owusu et
al., 2024). Elevated lead concentrations in similar abandoned
mining contexts have elsewhere been linked to localized
ecosystem poisoning and adverse impacts on the food chain,
necessitating  longitudinal — assessment of  potential
bioaccumulation (Akpa, 2026).

» Mercury Hg

Table 5 Mercury Concentration in mg/L

Samples Conc. mg/I
Dam 1 0.018
Dam 2 0.011
Dam 3 0.013
Well 1 0.017
well 2 0.02
well 3 0.037
well 4 0.018
well 5 0.006
well 6 0.013
well 7 0.008
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Fig 5 Graph showing Mercury Concentration in Relation to
NESREA Limits.

The mercury concentrations presented in Table 5 range
from 0.006 mg/L to 0.037 mg/L. When evaluated against the
NESREA permissible limit of 0.0005 mg/L, all recorded
values across the Dam and Well sites significantly exceed this
standard. This widespread non-compliance indicates a
substantial environmental concern regarding mercury
contamination in these water bodies. this disparity and non-
compliance to NESREA standard will greatly affects the
health of local residents who rely on these sources for
domestic purposes, as long-term exposure to mercury is
strongly linked to adverse neurotoxic and developmental
outcomes (Alao et al., 2024). This high levels of mercury in
the Koroshi Jos region necessitates immediate mitigation
strategies, as such elevated concentrations present significant
noncarcinogenic health risks through chronic ingestion
(Gwira et al., 2024). Persistent mercury contamination in
groundwater is especially hazardous due to the potential for
bioaccumulation within aquatic food chains and the
subsequent risk of biomagnification in local subsistence diets
(Aruf et al.,, 2024; Ogueh & Aladin, 2024). Given these
findings, the prevalence of mercury levels far exceeding
safety thresholds underscores the urgent need for
comprehensive remediation, as similar legacies of mining-
induced pollution have been correlated with severe systemic
health impairments such as tremors, gingivitis, and
compromised renal function (Arthur et al., 2023; Muhammad
et al., 2024).

» Cadmium Cd
Table 6 Cadmium Concentration in mg/L
Samples Conc. mg/l
Dam 1 0.005
Dam 2 0.022
Dam 3 0.021
Well 1 0.011
well 2 0.011
well 3 0.007
well 4 0.018
well 5 0.011
well 6 0.022
well 7 0.014
IJISRT26AUG626
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Plot showing the concentration of Cadmium Cd, mg/L
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Fig 6 Graphical Representation of Cadmium Concentration.

The cadmium concentrations presented in table 6 range
from 0.005 mg/L to 0.022 mg/L. When evaluated against the
NESREA permissible limit of 0.01 mg/L, several recorded
values across the Dam and Well sites exceed this standard,
indicating potential environmental concern regarding
cadmium contamination in these water bodies. Notably, Dam
2 (0.022 mg/L), Dam 3 (0.021 mg/L), Well 1 (0.011 mg/L),
Well 2 (0.011 mg/L), Well 4 (0.018 mg/L), Well 5 (0.011
mg/L), Well 6 (0.022 mg/L), and Well 7 (0.014 mg/L) are
above the regulatory threshold. This non-compliance is
significant, as long-term exposure to cadmium is linked to
adverse health effects such as kidney damage, bone
demineralization, and an increased risk of various cancers
(Alao et al., 2024). The presence of elevated cadmium levels
necessitates urgent monitoring and mitigation strategies to
protect public health, especially given its potential for
bioaccumulation in the food chain (Ogueh & Aladin, 2024).
Furthermore, chronic ingestion of water containing cadmium
at these concentrations poses a significant risk for systemic
toxicity, including potential damage to renal tubules and
hypertension (Jelili et al., 2021). Such findings align with
documented trends in other Nigerian mining districts, where
cadmium levels frequently surpass health-based guidelines,
exacerbating risks of respiratory impairment and skeletal
disorders (Chris-Onoh et al., 2026; Oiganji et al., 2023). The
widespread contamination reported across these sampling
sites mirrors patterns identified in other artisanal mining
environments, where mineral processing activities serve as
primary drivers for heavy metal loading into surface and
groundwater resources (Mbet et al., 2025).

V. CONCLUSION

This research confirms that abandoned mining sites at
Koroshi Jos represent significant reservoirs of hazardous
heavy metals, with concentrations of mercury and cadmium
consistently exceeding established environmental safety
thresholds. The persistent leaching of these toxic elements
into local water sources necessitates the immediate
implementation of rigorous remediation strategies and
stringent regulatory oversight to mitigate long-term
neurotoxic and systemic health risks for surrounding
communities (Acheampong etal., 2025; Garkida et al., 2025).
Future policy interventions should prioritize the geochemical
monitoring of water resources and the enforcement of waste

WWwW.ijisrt.com 1304


https://doi.org/10.38124/ijisrt/26aug626
https://jenni.ai/citation?d=z%3A5VlLjBxHGV6HBCUSCAlxgAhBJWyU3WSn572zYyW21694wY4d7MQCBKK6u3q6PNVd467unZlEkRxhDkgoEkouSEjkxAXBBQGyRCROOQAR4cIRIR%2FhEC6RkCwB31%2FVPY99JMY%2B5rC7%2Faj6X9%2F3%2F%2FX%2Fva%2FdWvnkIIiLdLgTTlZbQdhot1qNWrPLu7VOwKMa3%2BzzWrTFey2%2B1eGb3fZA6YDnOru1cuTaiA%2FE80Xii8xvNiKdyYFMH0xGYXRODmKFn9xgmbQ7pE7N67dWHgh9X09urTwYxYIW3Dn%2B7xde%2BPvKykqoRJTfOfHY6o9wsxLkenTnxJNvHnkLN2Iswzy%2Bc%2BLKH3%2F7e9wuqH3k%2FxT41NvH6aYSeO4bb5P8jxL4n8%2B9yA4R2Hrj02RSJfC5X65%2B9%2F4s3Hz4%2FKKFV94t7sbCDxHY%2B8k%2FlmP4u%2FuMYb%2F5gxNLAie08j4EHn3nSXo1d%2Fn1e3D5K78mt5zAZ775zpLLf%2FgvKbsPgc%2B%2BL5Zc%2FsvmPaC8KPD4zU8sufybv91dDC%2BSiLlAYqUTeOKHL5BJM4F%2FWqN39yFw%2B6W3lmL43tm7A%2BVQgSfZv5aI%2Fee%2F3qeFJ%2F95fAmU935Bt4sCxfVC52L60K%2BuxCITqE9ig8mcScNkMtJZztOc5ZqZvAinjKchy8SgUDwXLBZ8d8pYInKumBK7QmFPyvJY0BqUMjwOM5kOZTpgY%2BzIrCAeQQDPQjYqfCUDEqPy2GM9tpOM8MBVQaajUpIpVI5bJ3hpD8ukGTLYPVsVZTpx6%2BKpkYEOYpFAooLhXOGJYSbWYxYjbizQaSDSPJvrO3cB74sgZtywUzFEySJha6ey9Q12ioflXYi784KHbO2Sj0uKyE4G69bOivWPcH%2BDjWMJ8THkGzlIZQTbEF4Eeu43EJjv3xOiKzE8YCHPOQQaFmRFILEKWsUuVwUkQJV1H5CmOb3bH7AqtEbAWd8A4EAYj20Hgc5CK0DDgIRnQ%2B4rrAHwUpgNZgWHYpAJQRJgNA9yF7YaYpnzRKbwMtyLeShGIg1nCFqi0DbsMUUyIq%2FplkeRCGi72%2FWtPjQ2Gxus1fm2x84iKDJ1tm4wMYHFcH9ZwF4znBwEGD8FOQvFGSJShkIaUwgDqI1GEO0GicdMFbAcuwLCayjDVDjaK4ntiH2C1HGwGzjJZJbJ3EIHu8xIECBqaj11BlipvEwWMhDAWPcrgpEoKLT88tiZyUibIrMhjosE1vsCsTSEiiLa0XJJhCPPHO%2FtpUyDTHADP3ylNbIL76wgIhQPbXrQ3pDir0e1BHYQQ4XiU5u3QSxVmIn09o0fG%2BZnHPH22Dk9prBt7CMM4xCd6pxxNSYBocgzWcqEqc70MtTjWAB7PsRvUmQShIjxRBcpJbYLUZk5oSYtUBGiQhDhKZlQbSg1YjlCMPKxIGl44SRQoEQVtDXav279pBUWcpmjSJXVRFiSsTXEZgSJlLHkO3ACMqnln1VaFUKwA1GssspRlwpIQlXCFT7ORiIzwIOy2ifbrDXAIdc2aTJdoNo4MkAVwkBKrxcSJRTCyzy1OSyyKWzOcyUokqjDaVkxEB%2BzT4HHwrHOhrdWPhtzwJIhHaef%2Bsx2ecmeg%2BI0dHrhry6yAIXBos2Zq3yKZRopvqAbp0ZGwVIyEgxdrE9s9tiLKeKRF5RYamrJYHfaUjJY0EOk0BEozrB2BAqWqQUN4MOUjXhGkDswYLwKl7IGy0p6UsihjWB3LBhxhJlBppKQBwd04ssUlwOha0LB8MwWeoASg%2F3EgHgaZgecAFxp5JMMq0MC78CdXYG4gLgy3RUmlwM64DhAiqB1RJlqWfCyTqkUkvXXC66IWjOuuQDDNxcKU8BW65JjIpkIc11pL51atJ0wktC8S0JdiQcNGSoXMakUYGUl2iDtnG21Zdtssi8CUoaT6FRVoi
https://jenni.ai/citation?d=z%3AtVhLjBxHGV6jBIFAiIeAYEVRgaKwFrO90zM7Mztx4niyXnsdex9k17G4ANVd1d3l6elq92Nm2%2BJgCyHFXCLBgRMSJ6LAhQugPSBF3DjBBc6IK4dcACHtAb6%2Fama2J%2FZawSskW9Nd9b8f3%2F%2F3Pjha%2BnjoR2UyvC4OX%2FRbLu97nd5Kv%2Be6K2tex13pi2Z%2FpbkuvLYXNHkr8MNY%2B7zQ2dHSuTspD%2BVOOfJkFrjNZqfvBjpToUqeGaUi2FJhFON%2FkYNUGS6lk%2Fydo6WPCc%2FTh0dLzwSRJILj1%2F7tvvv%2B0tKSiGVQHF%2F%2B%2BsOHl%2FHmFzo9vtz%2F9C%2FoRU6UKKLjy%2Fuv%2FIYoa6qfO%2F8%2FSrz47h%2FxfCLx0g9%2FdkaJl6796a91iRf7dHcWiZfv3luQeOk6exqJb5OjVuLg%2Ff%2Fcr0t8%2BSdPZWNN4sZnfkRGnXj9ve%2BeUeKVb39xQeKrR2e1cfOX75FRJ9XzVQrCWSRePXbq1TN45Q%2F0ehaJW39%2FbzHXF%2Bj1LBLf6L%2BzEMf%2Bp56qZ2oSbzz8AjXJSfV0z2rjzb%2F8fCEzr37prBW%2B89I3Fvv6jbNWz27%2Bu4WeeeGTj0iUd0tdyOqZXx1EkmUyL%2BMiZ4BBtiEYTwTb89hEZpJNVBGphBXQmjHu%2BzItuBdLJriKKxarkSocthUankHeYJGeyLHMGkwe%2BlIKKYiVcTFWOZ4XuGCKzHSZs7T0YjWFWRbxsWQJbBMsgqOMZ7lMlM98nfgyKbIpGWwSmUqGKgnZhBcyY7kuM1%2Bam5FK6DxXBd6Xb5dZzGTBeOw0WKvprl9kGxHsVbp22nIvOGwghCLxPI6rBlMFjMmZJ2WCCKU6I5uKiBdMxbEMeUx6ZGY0XoNAboJA7h7wbDjhbFTCcJXyWBUVK8l%2FOOyXWcWWt8ILbHmfq9Fc95VSskIbdsGTEA7NiFOdww3cReWIJyySPC6iBktm4VMJ3B8jNrCc5RQhGSpwmEga6wVSEutUCjiV%2BHEpKDqkaVslfMQLzjZ0MpOAf9tWc4NNIuVHDForFmqkNRmBCFk%2BkWIcR9pJF%2BUmUFI47KZOwhVYNUIZwPwShQT752XCVE4pRlR9PYJIKhNP%2BhwxIrMqaKysSM4SRLpQeFSjlPsFmWcj4DAq3Yjf45lgVM0KtjEkjE%2FrmelgQT3YxhAtCx6DCGcp6MAD5cjgVRUSXWfFbdo%2B2GmYgobR85ZokORU%2BmRPXD3eAMtrflBGLOejNKZApRp5si3mRyoWmUwaZO1Eggq%2FdLFIzFpdc%2BrpAm0gTIciJeShh2SYBNYjGJZKSLBLctylJAnTVZCXoHl45qtEh6aZbARZpvKhiQTPc%2B0rFI4wDT%2FtKLRcXo5SUxUnOPC46nYoRo%2FxYG1tpdd6xAkK5iwGFmWQEf2RvHKYmOhseLT0%2BYh7VOt%2BUT37L8oDChbiCjRAKSr4PpZ5oVA6UwQKpfYjOUJAYujmxCgzdc%2BgiTVIJwVHQ9sT6ArRXImwkbhb2iZGBKz3SN0MZchUhMLemnZAYWgUGRMKYY3HsAA%2FSqCYZIziyawROhElVRI4GwwnviqBBiMeJjI3j7kW5jeFsNweFafItedwS4CZULhW6jCV3Kt4gkCy5Y2dC7OYU90BWgiYYHpvbcFlk0mZO2wX4ctYipBBHsFdjYlQAA%2Fp1hNdyzxAaiEbzMP1%2FMWPYmzdAk9o1hSwiieEkeDLmpxuOexWPoMqKI%2B0WISMytzc2t%2FcG1BCFqraGElwZToGejMgE9MlBs9gBHgyrDWvLNTVpxYG3u2t3QWNRQQAiHSMNqEQpltsec3p%2F%2B3%2Bj3tO70KDUHTuOFt2O03cuM31Fvv9r%2FdXN0agOCgzT2HI0LWzRtftvtNhOwe3cLk9yz1dktR2v4PLUbh6E7
https://jenni.ai/citation?d=z%3AzVhbiCRXGZ7cZEn0QULUh0gOJsqume7p6u7p6Q4hO7OZSWbY3ezM7mzmIQRyqs6pqjNdl95zqmamV9BVQQgIPgQjKl6zQcFXfVghiRCj5kUDxgcFYxAkqGAIGBAWgt9fVX2p3mmzS%2BfBgZnp6nPOd%2F57%2Fd%2F%2FpStzH%2FIcP426G%2BLgvror7SXHFpWG47qVZl3WKx23VqvUhW3ZzUVbWk3HC2KHJ7G%2BMnfTbo978rE0tKW2rYYba%2BWp6NawJ9x15fkBfhODbSo7oeLIfPXK3M3CtuODK3O3ur6kDVePv%2FvHz39%2Fbm5OBNJNri5vPPv2m3hykrh3dfn8UvoLPMh9JRL%2F6vLa5ecu4XHs2g%2FfKODXjuDzCPA5%2FtSMgG99uSzhD9lsgI8f%2F1hJwsvbyzMCPvtjQhgB%2FnZGGz7%2BrwdoaWTD4DoAl%2B%2B856ExwI%2B%2F%2BgkyfA7I%2FvS9EuDlb0%2Bo%2FJHDAG9%2F6m2COAxweeudklO%2BdWJCwimA%2F6RthwGefO2nJRt%2B88%2FXI%2BHRdy7RtsMAt9l9FCdDwOePkMDvAwinfI62HeaUSRs%2B97eJOLxRwHu%2FYZUAn%2F%2FBpA3lhTROZP%2FWYNuXzOEiVGnInDhyZJToPN8ZUxFLsLzPE6mZ4WEvkIZpHnmSuToOWa1aqzVZ6C2cYkmcPXWyp3nG9n3l%2BCyUHDg8CJiWTqyFFGyPBylQ5IEj8UTwIT9QIW6nffE%2BtwPJAhWqhMVuhtnIbzAyYXaf2XHiZ8ceO7e6s8V4JFj2uLN%2Bpsq2fWUgtVAoWbgk8XkyrlzCQxVlyjHsYz0tDdRl2JRGhru4V%2B7JAAI7Oja53LnWgg2r4DzrxUZFHv4lOKx4wHzJAwillenizphuMmkoNURxxwyIK1MDKJRaJrSKuoRCn%2BNQmkQ5rJdqYEtTZY8or8qsepU9quM0Evn5kndyUclEuH2vD0snnCSHOTKRcwlVlJgCrFFl56ACAQnFPc1DOux9YPhN4Kfa5Q7CCZaOU0SMH%2B%2FTvg%2FikuznlORiMkj3uO6PorGdxwo8ur66wyyLndE%2BYyuPnigCtG4NN5zF%2BiI742taptAphRTCqYhCcldAF8N%2FQMgB5tm%2BgstLGIwdHd1wLIM5sQ7DDNdp2VoqlvMEIA0RIoDOLoMNYRGNmEKUw1qF8lxLFkmu852Jj7j140BUc4OQYJz59NLuQ80DRFJmyEH4k5mxDQYwBC4H8aqMQSYinrlG9KUB1ziPlHd8FQgto3lkZhajCiLkuZI715E6ou9Jw0g60hiVwBv4BvluUuyky6CO8uBzaIqoxrdVJvZj3b0y91Gf2wYOdJLeWaByjUqxQjIEMuAO4UmxipNevVZvVWqtMEtdFUm9EbnxlblbPJ4mfqzNJRitB5hH8IvqQuaViUoCeXDPqtSe2uS6y45umIRHdhqw85GC%2FhC2fywgSK3sFOcM2qibRcRDif%2BuixoR9OUZL5W%2B9HAgClalUVpKtiakL3QcyLlrD7grAYc38xPdNSPZSgQZo35%2BwPW52RTuvx0l0FTd5ohY7Vu16mK9bS1clFEs4qq1VLM6jXpDKGNHl%2FDXRJeCuCejlcwkG8I0O81ae7HVajQbVqfdWGy2az5t4FC4u9NsWou1dqdjdXD2DH93N%2FNvZshdGLJZqbUrDcsPUL5TvAdsGYW91A6UQaDldr0p08kcYi%2FPpHbS75G%2B3SxaArmNx5uQgTJ2T6Lijn9NwRf0sTdwVCLFif7DyP9kLtHSRfghfMQO4sDk3xYO0yvwujEh1WPUg52sWGylPMDtWQqeoLo%2FqDAUeeOlEVG7tg89pJ8tIeGkRj5vx%2FtUsLG64tlc%2B%2FE8W5VBwtk5xCvemnFPOeaLaKJd1GAEGES2leCNzA4XNv2%2BwYskQN1UJLWRrpKByDfZcBTtSt
https://jenni.ai/citation?d=z%3AzVhfiFxXGd%2FEGBRfpEhrqeCRlprSmdk7d2Z2dkJrstlNsku6ycYkDU0RPffec%2B89O%2FfeM7l%2FdmZikdhWig8%2BKIKIIr4FitKnPkStSh9axSIFEYoPKlJBEFtBikqQ%2BvvOmZmdm90xm%2BTFh2Tn3nvO7%2Fv%2Fnd93nr0%2BdzBwwyLprnmDhxY7rtOq%2B1bVWmy3q03bbVY73OlUO9ZC2%2FV5q77otoNIuTxX6fW5fZs9HojTReyI1KlbvkplIJMDcc%2FzV2UQRviXZ1gm9Q6pkuzr1%2Bf2e46jBtfnDvihoAU3jvz7dy9%2BYW5uzouEn984Wn%2F1%2FM%2Fx5Oaqd%2BNo%2B0t%2FwO850ZdeHt44unFWfR%2BPU2I%2FfGvA6vsvswlg54G3%2FjgFePZd%2Fe32AEsaHv7RrwhhAviZv9%2Blho899cq0yWf%2F8uxeNPxP96skdzfAx%2F%2F10jTg6eT1o7cGPHrgU2EJ8CdXJ4BHvnWNELZ9%2BM4eAHeY%2FFNSygAe%2Fc562YdP335QSoBLm6%2BVAF%2B6RkG%2FC8Bjh49MAx558xK543bT5inykwFc%2FtCPp%2FNw43u%2Fvn3AkobLbzVLib126i6DsnLthyXAL752l4DH%2B58uJfY7r9PjrfOQ07LdAE%2BcoAydAJ48uLIHwJ1B2a6Uk%2FfeX%2Bo2j7fuJG1eIa1GgH%2F%2BRsnkF9%2B8kyhPAa6%2B%2FJES4Nuv3myyuFyoXAwP%2FPV8KFjMBzIuYtYTaSyzTDqRYJHYEhFTPnPDVMUSX2XGrJrVYnEw%2FwR72q5XmG1%2FrsYIIA9TIVgqsp5wc7klGE8Fz1jI8TOEttsgrkpckeSp6fOsH4oE7%2BIeNngsV0CCmCznicdTr8aeENwr7yGVrFrdaIG1OcSXF0xbIRPmpTLpyiRgfZ6LdDfIjJYRzgwzIPESTyU39vAoYmLgCuGRxqSudpVxBBkrsvwmjfoA8VWReCSoLwBwaclmXgHNAug3ZBnE0DqZh6xRa1ns3Z%2B9MuVseEPrF6k%2BgUPkpeXJ%2Fr7IS%2FvrNbtV3m9Ui3a6cqQNlEN02CmeKC3qFM8zmXDmk6mOyPsCQSL52rq0pE7KtnhUCMRapIIEUfhkkEhf4mUk8xxR2CLvaYm0VSeE1iZXA%2BnKHPZLqGVCoCKRVjk9mgwM4TuHFJj4%2FGm7gdRrIvUuLVXIt7nQoTWeHaWESqKheaGdwlmikqonsCyGaZQaWm%2BKbSxSt0AQyr4ZeZewpjxcShSTHQgrZGd54Q1rbAkCFVYYZYxXprNF7F5jCJVlsWhcWq1RWYlkS6YqiaEVj7RQnhtInmXKhU8Bqu0b2wDrtwQllAmBy5McmYeQQa%2BbFK%2Bx5XIRTLmCapeihL%2F1qXS0jYKIOhzn5FwmAjW65s82zA0jsD0PqbCjiG1YbLI7Q8n1VErGOEO2NFTcQ%2BXqLRn26s6APlGZWGF8i1ic4qnyY3aMo8DxkBX9UZHuWqBeX6Xd63P3hNzJoIibD%2Fd%2FhdyMghc8dUMTRF2tnkooh1iQUtma9BpbbKpF553RBElIiQZdqMS1gtsfdcqPfjmqyFmLdWMDQSu9oaA0y2QOH40bTcXY5hUoQvRCQOHLaRkIfDOZoZxN06LQQika6JxICZGZ5Kc9hYbrqSgqjMcT1KuLNBpJ1DlQMbXiukVPxwWfQ34FnXdHgmk%2FwmVyi%2Bp13AEkGrebEzY9wY8IV5JryfSCZNTYBk95TJWHzlDAy3Bvb7WC6EaScjNmDjDINHqXeMVIiF6hirTCVs5U2LEzKxW2TP9NUgrKK6oLvsVlpEs6kXmqAsoUl3t03NBqc%2FBUdMepbGc4LOBRl0cSm6hTwInj9gCb6TN5UWY5iggy4JphRjnJ01RiAUUSThfURShAZO65qaLzpO8Dk%2FrYJAx4PzlqyDU63wBWi7jr
https://jenni.ai/citation?d=z%3AzVhfiFxXGd%2FEGBRfpEhrqeCRlprSmdk7d2Z2dkJrstlNsku6ycYkDU0RPffec%2B89O%2FfeM7l%2FdmZikdhWig8%2BKIKIIr4FitKnPkStSh9axSIFEYoPKlJBEFtBikqQ%2BvvOmZmdm90xm%2BTFh2Tn3nvO7%2Fv%2Fnd93nr0%2BdzBwwyLprnmDhxY7rtOq%2B1bVWmy3q03bbVY73OlUO9ZC2%2FV5q77otoNIuTxX6fW5fZs9HojTReyI1KlbvkplIJMDcc%2FzV2UQRviXZ1gm9Q6pkuzr1%2Bf2e46jBtfnDvihoAU3jvz7dy9%2BYW5uzouEn984Wn%2F1%2FM%2Fx5Oaqd%2BNo%2B0t%2FwO850ZdeHt44unFWfR%2BPU2I%2FfGvA6vsvswlg54G3%2FjgFePZd%2Fe32AEsaHv7RrwhhAviZv9%2Blho899cq0yWf%2F8uxeNPxP96skdzfAx%2F%2F10jTg6eT1o7cGPHrgU2EJ8CdXJ4BHvnWNELZ9%2BM4eAHeY%2FFNSygAe%2Fc562YdP335QSoBLm6%2BVAF%2B6RkG%2FC8Bjh49MAx558xK543bT5inykwFc%2FtCPp%2FNw43u%2Fvn3AkobLbzVLib126i6DsnLthyXAL752l4DH%2B58uJfY7r9PjrfOQ07LdAE%2BcoAydAJ48uLIHwJ1B2a6Uk%2FfeX%2Bo2j7fuJG1eIa1GgH%2F%2BRsnkF9%2B8kyhPAa6%2B%2FJES4Nuv3myyuFyoXAwP%2FPV8KFjMBzIuYtYTaSyzTDqRYJHYEhFTPnPDVMUSX2XGrJrVYnEw%2FwR72q5XmG1%2FrsYIIA9TIVgqsp5wc7klGE8Fz1jI8TOEttsgrkpckeSp6fOsH4oE7%2BIeNngsV0CCmCznicdTr8aeENwr7yGVrFrdaIG1OcSXF0xbIRPmpTLpyiRgfZ6LdDfIjJYRzgwzIPESTyU39vAoYmLgCuGRxqSudpVxBBkrsvwmjfoA8VWReCSoLwBwaclmXgHNAug3ZBnE0DqZh6xRa1ns3Z%2B9MuVseEPrF6k%2BgUPkpeXJ%2Fr7IS%2FvrNbtV3m9Ui3a6cqQNlEN02CmeKC3qFM8zmXDmk6mOyPsCQSL52rq0pE7KtnhUCMRapIIEUfhkkEhf4mUk8xxR2CLvaYm0VSeE1iZXA%2BnKHPZLqGVCoCKRVjk9mgwM4TuHFJj4%2FGm7gdRrIvUuLVXIt7nQoTWeHaWESqKheaGdwlmikqonsCyGaZQaWm%2BKbSxSt0AQyr4ZeZewpjxcShSTHQgrZGd54Q1rbAkCFVYYZYxXprNF7F5jCJVlsWhcWq1RWYlkS6YqiaEVj7RQnhtInmXKhU8Bqu0b2wDrtwQllAmBy5McmYeQQa%2BbFK%2Bx5XIRTLmCapeihL%2F1qXS0jYKIOhzn5FwmAjW65s82zA0jsD0PqbCjiG1YbLI7Q8n1VErGOEO2NFTcQ%2BXqLRn26s6APlGZWGF8i1ic4qnyY3aMo8DxkBX9UZHuWqBeX6Xd63P3hNzJoIibD%2Fd%2FhdyMghc8dUMTRF2tnkooh1iQUtma9BpbbKpF553RBElIiQZdqMS1gtsfdcqPfjmqyFmLdWMDQSu9oaA0y2QOH40bTcXY5hUoQvRCQOHLaRkIfDOZoZxN06LQQika6JxICZGZ5Kc9hYbrqSgqjMcT1KuLNBpJ1DlQMbXiukVPxwWfQ34FnXdHgmk%2FwmVyi%2Bp13AEkGrebEzY9wY8IV5JryfSCZNTYBk95TJWHzlDAy3Bvb7WC6EaScjNmDjDINHqXeMVIiF6hirTCVs5U2LEzKxW2TP9NUgrKK6oLvsVlpEs6kXmqAsoUl3t03NBqc%2FBUdMepbGc4LOBRl0cSm6hTwInj9gCb6TN5UWY5iggy4JphRjnJ01RiAUUSThfURShAZO65qaLzpO8Dk%2FrYJAx4PzlqyDU63wBWi7jr
https://jenni.ai/citation?d=z%3A5VlLjBxHGV6HBCUSCAlxgAhBJWyU3WS357W747ES2%2BtXvGDHDnZiAQJR3V09XZ7qrnFV985MokiOCAckFAklFyQkcuKC4IIAWSISpxyAiHDhiFCOcAiXSEiWgO%2Bv6p7HPhJjH3PYcVd31f%2F8%2Flf5lVtLD%2FSVjnihza2lI9eHvC%2BeLbNQmLDVTLSRfZnfnw3j5Lzspwp%2FhcU26U5IndvXbi3dF4ehHt9auj9JBW24feLfzz3396WlpViJpLh98pHlH2GxFBV6ePvk428ceRMLMZJxkd4%2BefWPv%2F09lnNsH%2Fo%2FCT7x1gla1ATPf%2BMtov9RBP%2FzuefZIQTbr3%2BaRKoJPvPL5e%2Fem4RbD16Yl%2FDqO%2BWdSPghBLs%2F%2BceiDX93jzbstX5wcoHgmHbeA8Fjbz9On2Yqv3YXKn%2Fl16SWJ%2FjUN99eUPkP%2FyVm90Dw6ffFgsp%2F2boLL88TPPHqJxZU%2Fs3f7syGl4jEjCCh0hM8%2BcPnSKQpwT%2Bt0Ld7ILj9wpsLNnz33J055VCCp9i%2FFoD957%2Feo4Sn%2FnliwSnv%2FoKW8wTFjVIXYvLAr66mwgjkJ7HGZMGkZTIbalPwvGCFZrYo4wnjecyM6JeKF4Klgu9OGMtEwRVTYlconMlZkQrag1SG17GR%2BUDmfTbCCeMI8QQEuInZsAyVjIiMKtKAddlONsQLnwWZTipKtlQFlp7wwhlmpB0wyD3dlRid%2BX3pxMpIR6nIQFFBcK7wxjKb6hFLYTcW6TwSeWFm%2FM5fxPcyShm37HQKUrLM2Mpps7rGTvO4WsVYXRA8ZiuXQzySRXYMpFs5J1Y%2FQv01NkolyKegb2U%2Flwlkg3lh6Jne8MDs%2FB4TXU2hAYt5wUHQssiUkcQucBW7XJWgAFZOfbg0L%2BjbfoPVprUCyoYWDo6EDdh2FGkTOwIaAmTcDHiosAeOl8KuMUc4Fn0jBFGA0DwqvNnWYcuCZzKHlvFen8diKPJ46kEHFDqGM7bMhqQ1LXmSiIiO%2B1Pf6oFjq7nG2hvfDtg5GEXmXtY1JsaQGOovEtgrhqcDA%2BOvJGXB2MAilSmktaWwcLXVMKI7IPGaqRKS41RE%2FhrIOBce9kriOGyfIXS82y2UZNIYWTjXQS47FOQQNXGaegEcVV4FCwkIxzj1a4ARKTB0%2BArY2fFQ29I4E6dlBulDAVta8ooi2NF2SYAjzTzu3aPMIyO4hR6h0hrRhW%2BOEAGKxy486GxM9tfD9QxyEEKF4hMXt1EqVWxE%2Ft7NH1sWGg57B%2By8HpHZ1vYBhnGQznXBuBoRgVgURlY0IaoXvTL1KBXwPR%2FglxjZDCZiPNNlToHtTVRFTqyJC1jEyBAEeAomZBsKjVQOYYxiJIgaPngKZChRG22Fzq86PWmHc7kskKSqbCIcyNgKbDMERYpY0h1%2Bgmdyhz%2FHtE6EQAesWEeVhy4lkIyyhE98nA2FsfAHRXVIsjlp4IdCu6AxukS28WAAK5iBmN4oJVIoiFdx6mJYmAlkLgolyJLIw3mVMWAfu49BwOKRNoNbS59NOdxiEI6TT31mu3pkz4BxHnu%2B0FeXJkJicN7mzGc%2BxYxGiM%2FxRtUwZCwlE8HQxYaE5oA9n8MeRUmBpSYODO6kSyX9OT4ECp0A4gx7h4BgFVrgADxM2JAbcrl3BoRX8ULUYFsFTzI5uJHbPQqGHGZmoKkk6EEBnYUyx2Nf6HWhILhxiR5OSYF%2BQkA6ic0BFYArjXiScV0k8A3Y2RWwC4Ar811hC9mnAsfhpARchxSpDgUv6pxSIUl%2Fo%2BSKoDXFmjcwdPOmsCVkdSp5JJKIENen9kqpednJRxKcd4moT%2FGAIUPmIiRVBBytTFuEnZdtfVE2F%2BzzDqnMSXCqM9EACc1BHnqSePPbZ3WD1Kr11wBHWJoYbgW7AnIgFyLpoACQsP
https://jenni.ai/citation?d=z%3ArVZNbxxFEN1AQBEfB4QEHJDSEgglkrO7s%2Bv4IwdiGztxlCh2kk18Tc9MzUx7e7o33T1eL0jIwBWJA1IQcOAjicQP4OIbVy6IK0hIXBBCSESRyMkXXs9sbK8xIpFjyfb2dNWrqlevava9zdpTqdQRd9ps1g6t9nhKF4s8JBMG7UQbkQp1OO%2FFyaJIM4lfZ2EmSg%2Bhlf1ws%2FZEHIZ6fbN2OMnIG2ydvv%2FTu1%2FWarVYUuK2Zs7dvPsrTpHTva2Zq5PFdzhQX8Qu25pZuH1rA8ddYZ97VMCPjuDzDuAtfv2AgL9%2FMJrh1%2BxggNdOvzSS4e3OzAEBb37jEXYAfzggh9f%2BOuWvdjiUDwE48%2BLRN3cBvvz9K574CpD9%2FMUI4O3P95T8%2FH6Az1y%2F6yH2A5y5dG%2BkKZ%2FN7cnwPwD%2F9Gb7AZ7%2F8dsRDj%2F95WEyPHZvw5vtB9hhr3udbAPeOeIT%2Fh9ANOUdb7ZfU%2FZyeOu3PTp8VMDXPglGAO98tZdDulFoR4PDspMRi3iciyJnkVYRKWeqeWdMKOZw3eeODLM870myzHCVEkuMzlmz3myOszxtXGBOl6fp8jTGWD8TUcZy4sDhUjJDkTYxxWyNywIotB4RTh4%2B5%2BsiR3Rvp%2Fs8lMSkyIVjOikx21UES46FAxZql5VuF6%2FMr1xiXMWsPK4sLtVZJxMWWccCKwtBXMbd7uIcz4Uqi2OwYz1DFuUyGBXK8gRxaY0kEo6MtlXeVdUx296CY6ynrVAp%2Fjk4Cy5ZRlwiKSNsFzG1j2SLnAxSSXYRiJCFBRRWLYuNUF2P4j%2FrnKwTEesVBthk6%2ByMSOssaNXZWaMLFVf%2BI92pUvUUIfraAEw77jMHHWXKVYZCOTsEa9fZFZTggWLBU8Nz75w%2BNvxx4Bcm4RHkBKZ1AcVkuu%2FtHkeQ8ucC8XivSNe4GeyocarSCjq6OL%2FCgoAtmYyx2bNzQ4G2gm2Dy7g%2FyZYy46%2B9dEYkBTkNVejbJX1g9A8IFcAY6wu0fASDsWM7EY6XMHOLIGb73l8Hk8PragB8hZAIoMtg4BCMGGgKKgdbw%2BK5IaaIm8rSZdBtpmVcrwjxiXGW%2BZf2AGWuQ0klkQ%2Fk72mGGQiwHpwe6FVYi0mEnrmB%2BgrJDfwx8lEmZGxIjWEyS40KpFDNStXciIzyz32FiiKyVjh0A08w77aApQ%2BGckSKnqNSqBpP6yzua9PdrL2Q8dCigZHrXQYqN9gUsz4HSZJHHo%2FieXimrWZr4kRzIi9HVygy51SiN2tPprxwmTZ2A6T1AHMGv9gunl5ywklaPzpPJhXL3HTZsXPWcRUWkl1VAvUj2cFx6SGNCAv42ff9dlU8J%2FxPEuwIOaCltKCMUjgoOU9WGCK2EFMWGy2p9m%2BHZFZydLPy6C5YYrMKOapB5ZBk3C7Hyd%2BRiPGl6nAUa9EPmvWTramg8TYpHet6MNkMptutdixsqDbw16qNTPdIcdTTXRkfD042p6ang2lcLfH7q2X7Sp5WwdP4iebUiXaQSWznAms%2BJJX3ilAKCx1VtB0qU7b70JHaInSDni%2BnW4pBUgfHQxgw0sl5LNTdj7225AC2MhKO4rnBWxhvV3OGEqgL6ohX0GZbPR32w8yiqdbmft1i3FfKXXCp4BLRywmb82v9wQLxwtq9%2BSDKhT7qoKy8wjyRwbh2dN%2FvY9zOpiE3mR5j8yQdZ1cgR7wUdU9EFt96n06wYqEfpByKmLdLHm4sZwOL94TEWhQ%2Ba0uJIBlXRiH64K2KBbUmjFY%2B8R1TGCSdIJhoj5dG62%2BM1uNzXNZSFuWO26mcLN6BtHX6j4%2Bf9a%2FqDKzvChm32kGrwnu1whtGK%2FE6FGVKS50OYt%2BpI1Fh5PpE5lzPnmo0Yq92zHG3rk1ad6ZBqoHuN8Qq2S5vDJvXCCYnJ6aaza4fw2u%2B
https://jenni.ai/citation?d=z%3ApVhNbyPHEeUGm0UOQXIIAjhIDn1IHCkgKQ4pieQuEkver%2ByuYwm76xjwyT3TPTMt9XTPdvdQpE%2FrJMg%2F8DHH%2FIQcdDGC%2FICckrvPOSS5%2BKSLX%2FWQ1KdtGAZEaT66q6tevXpV1MennTtFVjbm%2BImY%2FzydpiM%2BTbZ729lA4Nc06U1zsd0bDGQ%2BmUwGk0meFdpmPFh32rl1VPNCvttUqXTpaDe3ThXK3K5qkf9WFaXGJ3gsU3GHssb%2F%2BbTzHZGmdn7auZ2XkhacvXX21z%2B97nQ6Qss8nO097U9x08mCrc%2F2Jv%2Ff%2Fww38kSJUJ7tPfzxX2jlhWNvf0ODdz%2F89MNLBkd7387gvX%2F%2FlF6dG%2FwX2f8WBn%2F9ZH7Rw7f%2F9j9C4OsN%2FoF2rQz%2B5zMKqzX4m0%2F%2FSdZXBh988I%2B%2Ff73Bvd3vu4sGL3q495NPLmH4s19eDVm%2BamyQi9uPH84zKYUyBbOOBdtkJV3X0lXKe5VqyVLrhHRMq2PJQqk8Y%2Fhw5lVhmM1ZKbkOJRPcFFgFhmGRhAFbYy93tjEiPmG15pnsMu5xzFxltHG2YJUMXHuWccN4ljVVo3mQTBlWNhWesQA3GumjYc60hXNBVZJtPMN712XDwWB8jz16eLjfZcl0mmz22XPpGx08s4adwJhjnldwxrONl5wCGm7CvlAgvGQz7hYUcGZNJk1wsQiYljMJpxBdbbVuAjfB99kjuHDR6S5TgbCwqZduJilMHhjXmm1oyUUXQYlKNRViBgYfKZNtsrQJ8AvuK2fNJmMywk8AKXcJ9daFLjtRAJfMsY3DdHNtk7GN%2BwK3K8ts4wOYK%2FnsejAzrglAhwTRS5bKcCKlYYP%2B9iRBLnAxHo9YVWzpLq4HyXb7cLAziQ%2FjGXQ%2FGC1fJO1zJ30ts6Dg6AKOlgpuU1hs45EkX4glNwG7duXck8FgGI8h48M%2BexIiyVRVW0fg07kVrJCJCDIRyqvQtFaJhaiJGw%2BLWfQWjMFfbPPyMvHgjPKAh6%2BIHG0406ZbziN1zmGHV3SUXoCZxOI2A2DqYr0ks3AbrIdNhwrQ3iJQreAMYEQgqcRSlyljC2nIAgXDxUw6%2BFaXC6%2BstgXoqZnMcwBMnrMKlUm%2B%2BaaqV0ET%2FUymGyGZkDXS4XFE4ewJwgAGcBveyUrxLisXIFeQBsZNF8VaQQrIGScNzglN2lCBUCy1RdysUkY6rtVHa4RT0BYl9A5FJgPDD9f9WH8j1Jw4se74tPOjkqce%2BGdhcSfsF1wZ3yYr5dkxPCMxaPNAsQSnUA9L%2B%2FRMGZR5BYc8wqaCN2ILfzT51QAdOEzLGpdys3KtdjZD5CsTgpJua6KXxBG2UhJVFJmqUJoLkpb93AFeAh7prDmQiYlGyNAmYlYN0%2FBCKMSycpF8kGZGBCcq4nWrDfQORNWkJ9RAyRHeBFvZlAqCcPGlreEEFURcuyT1Otp1fPDtoEix1dsue1dBUBVHNZgZDrRusYpx3axXD9aHQPA8E8hUy0uuoJCtBtKttwrQLsXwRIKdgR%2Bj%2FnJnK5TT%2FLo5LzUyAVbFJUKBj2BMAMpgUlgQw3HgcluwJ7BFDUD6Vn5jJwAvJUoqenCpQK8IbOsybcGOKOBUSThBtCLIa6S6BiKQbY8dgjsBVX75ZQm7EZtWq9EGFsxY04MSCQuBJlmGeMISKcXlNF9Mbhe7CI7LfLrSZaK31yO9JDueyhn%2BRGVfizhJCyxB4sDra81gc5XTK0cV3EvbgMlrKNfm7x%2FEPfcPhkC3ouZpgYlDHKlcWKr266e0kMaygG7YEzx1qx5H9bGUX4v3NGSu07%2BmM6pfzZbsiE0CAMQDSngpS6sFYQF9bNOK0sIJpEeAgOC%2FiAIZNhFDGEaFqgoKe4LFJMl1bOc4%2FlxLEGElIQ6myBvKzkXFiFCsjbXqsIjN
https://jenni.ai/citation?d=z%3A7VrNbyRHFfdCgCgnhIQUSA4lgaJZNDOeL8%2FamwMMtnfX2Q87601Wyq2mu7q77Oqu3qruGc8eoiUg8QdwQNwi%2FoYc2Asg5QRn7oicORIJCQ78XlX3TM%2FG5iMoUg5zyLq75lXV%2B%2Fi9937VlQ%2Beb3010kbGMvuGeFLqQixeevNRIpienomgkDM8RaxIpGW2KMMFm3PLCs24tcLiCZKBzgKRFYYXUmeWxK1QmCtClgg%2BW7BUFFxZxgt2tzQlO%2BBpl9EWRthSFdip4DKDtE30nJaE4C38yrMYg5HRKet1ezsd%2FLuzk%2Bdpm00snvvDDv7ZdQP7JYmMMTAcu4GTKQ3sMoyMxvg9pNc%2B3noD9%2Fs8kUqw97LlcB%2FDTa0smwtDtqU5N1BjLoukzW5NjhnPQvbg8PTh4QQewQs3ofUzQ15wTJ8JrjCjsqONXZyCNA96rHmLKUjDNW6vSJcQgW%2BnAuPOuTxjuTCptFZOoa%2BSqSwuXwFe9zbth2R9220HP8kMESuEYZanOVb1W03FQuN3HgQiL%2Fhy6S47vAhoZ6dnqUKszp1K5zLMxAIWpjyGSfBRLqGANguWG40FUtvGXoER3MJ2I%2B05qaTKLGYBh77GazTVGfwkLYnZN1ki4%2BQFezDrHm3q9w94aSkKcSYdFiXCIU0KcewH5UwmsQMW5FOpICIwHJJHdE5CXDH4roTZ8EMA%2F4RGIBreU3oGV1zk2pbwCGycGCsyGbCUL6p97TmmwWmE6zbGTCj1jNugVNwsrYAeTSunioch%2FN20WmZhGcDuNcX4NNMm5V7rdf0QF429slgtuuy%2BhnpWt5nwsVkFPOBhKkugmaLkd%2BKVDQmHs8RFITJbuU3JoEpQpDtLyhTYQnoqgrXIZtLorFLMlsC1zLxHF35dqwOpOwKh0imW5zZHgjutqQL4yoA84d1wrs35861vJXxqEdKg2JSTTTnZlJNNOfl85UQRplAbwgOgLh70BkjKfop5LsfNURbp51tfi3lZJNrYZ4BdjppzC%2F%2FBYkpf4QL2iihkocTFjbd0aTIoBXN5DiOoTARSwLdOr3XNYRPgSS%2FRTKsyFa%2B%2Bli%2B3vqfhAG2eb12TOaQeUnl5vvUVGUljixOMfOfljxPF6%2Bc%2FKJpp5LTEJPszSIYZT2lGFPFUqkV8LGOenUkRw8NZfPhUnEuBAGoltj4rHZ0WQinuhacH3avkxF2eLGqx06vFJkkqQi%2BWTBQvQ8DFC0cJtydh9GkgQ%2Ft866Ug1HLeRxkc9kfbZwBs2p0NbkiM9HcA4Wn2DP%2Fa7AM5GO%2Fsdfqjvb3qaac3SHQu4Hxxcf54NNzd3Rvv7fTHED%2Fmn565MLkonyHKw06%2F1xn24L8sLuG%2FqcjOUSQQvEC8Y9TFQVIUub25vT2fz7v8TKuuBBK2obO46OZJ7jXb5qaQgRLboZ5nSvNwe7CzCwhtD0bD8d5ubMtpscjJDeeV5CO8XgOqhY7uYrHmMDUdtYCsCiR60Y8X%2B6ivxVZhRIS8B4DCx%2Bh81o3WcHt3kueGI7EJQ4S5U50Kdsd1sfu%2BiwHydRdrs7e0hQiwzO51b3cnqLwKDuElOy3wt80eyFgYyaNC5zKwoO5fj0KdAo5QaypDPnRhfXKSLCzSU7FTD20rIoKSF5oOvFR5uIb1ShQC0aN%2BfzwcOaGLNx67av92SYUFOYkcOdFKla62TlzTpgWERYUR%2F%2FjhX%2F7%2B4YdbW1sJPNvYMhwM%2BwO%2F3ut%2BvWo3t94jESSZVjqGc78ge3r94Z7f%2FzXv%2FIpCwPmNjK%2BN%2BPNHv%2F7R5Ub03CJy6YGQ4PNyUAKR1wmRAGR40UWGdLWJt6%2FIknNiSO8KQ23g2mdPX6%2Fkj1bsSMy4KuExu1ZhXT%2B0DK0G5Wu6WKdFsCk21PqrPu1yxtX3B9xyw%2BecPRa2YKdIRZQiCV
https://jenni.ai/citation?d=z%3A7Vc9cxy3GT4mcZLJTKo0cYoMqswpc3e8D1EUnUJzpE4hbZO%2BiFI04w67%2B%2B4uuFhghQ%2FerZPCTpHJX2KXn5JfEFeu3PgB9k46SmLjxg0LkgD2xYvn%2FXgegN%2Fc9H6eayMKoX5Fr7121H70nxclscaQJZUS0zkriV%2B3rCbHpWVCsRV3ZJjV3qRk2Uq4EotzVfEBu9DGlSuyjl2IgozAUqMtrDgrjF4JVQRv0pUs1fBu1Ii9KIVl1vmsZdzCNFg7IKC1I%2BXC%2BTB1vBaKO6EVk3RN0g625w8YVxmjVDu9FqmWuhApl8wIW%2BFUa3UqADeLMN%2BLJDNCVQFUF1JudB3PxmFhldS1MFrVwDFir7qoed3IEDUZ5CZxXCg4jxutM8RrAAoeQjrYc3FNZoDI%2BVfBXaNVtsHbiIaGiTaKuqNDGmibBcVl%2BxW87qIdAG4qfRb8pDyrha9Z%2FyR7MEB2EiQUEx0mJZB030z81jQA3T%2FxmIRQWP8ZYViTSb1pWf%2B0wEyJtCLJ%2BhcCE0k8Y%2F1lgmEACuAp63%2BpMPVOSBED4excpCgnvya2lNzWfDh3ODdli1pYG6p02VDqgIVC0vrny%2BF8cfmgi7ImrrryK2diTS3r18X%2B5w%2B6rJ7g%2FPFoPH6EM090HE%2FHYQxHYX0axj6MJ9MjjJ9RGM%2Fi%2BmkRxtPxAcYX4u3eZRLGB5MwDmF9iUzAbnIITEstJWJ701odik0vZszbEHKo6Wmsx3mox86mM5XRGplcnsH3u2aLay5917dbu0WwCxiC7VMqDEWSndxq8lDaEXtO1ksHdpR6BSSnRQik24wkcctqfqVN5IcRiXfagDr6Nl9AQCNqboRsuzbd9HZwgiEZoGyMBpNinDx14lo4QTYWy9KOt8CiW9RPUchAb2Z9Yh1XTrxhHmCUvuYo7TbUHTIBEzdOpF5yE2Ahhi0TByxD01h87OLkhQl2zgecHiUZIb9oHbSzYxCO1HgQXIbzRGBmcM8oz9F9IF%2FoNeshZdu0GC1ZJmxaclNgNSYkQLGBdLup%2BWBKgmQEYo%2F%2BpBLb%2FIVt%2FnxGLVtpk9lP2PwdX4N3SNy8aRuhMhHlK6Z0wF6dfhH4ulO5UQan1U3vdyVHdg1g3GvzvTbfa%2FO9Nt9r80%2BuzZKnAQNlT2FSTMfTR8PxrI42oXBnKtc3vY8K7l2Jyn8tkQBgfYYfgJmMHh0SyOhpj5xwktbTs8v58TH7FMULANFz6NQgxSHexdvq4NtlKkKSbX6tpa%2FpN82bQz%2FXKYf7m96eaHhBz7kq6Kb3M5ELY90SK3slBCGOfit3G%2FPfsMoUr4N1niNI2WbnCeShQJ1UPa%2B1ZfOq4UqvdIYyUe%2F9DfmFFRWvui35MSkLRb3L9q86w33T2crjQOeWLSqtirt2FGeJ4aWouy30EqTxd9lWlyVVK61anvnOvjxrebUCz%2B4EdInLQW8AJU%2FnnV1ecrvM8u9Skdmb3i%2FSTIv1HyaQqsdHh%2FtoJZ4Mr0pC7WdQvscH6N1EfY3fVn0jJkezw%2BFsOntU6oZQUlpXrx4%2BHD%2BG3XQ8gdEX%2FLur2AKxg67g5WA4ngxnE9RIFR41SpD6xidS2HLbUHsR9%2Bs5bhkKkr7pF1uBRpH3L41cvyyda%2Bwn%2B%2Ft8Y3a1sRppU%2BxvJvux4Yafni72I90lDXMv5dDhah82Wb5%2F%2BHQyPZkcHE6PpkcjLBTQEdc2IWnVZscLTPdABtL5Z6DM7nKglGxhK1MBbTpuT7RXbg%2B3cA4BR%2Ftmr%2FC2sXH19082JPjHImpD6P73eA9Wdvr22nMpXAs6q809EGUFe27rH%2BRAgg8SvK1rr25pxAfeQrnTjUjtv256v8yhcuATwCci47Mu5cuytfHxsqUf5YJk1hkl02m0qhYK%2F0gT%2FKkCy%2FmLCdqgc7D%2B4%2F
https://jenni.ai/citation?d=z%3A7VnLbiS3Fe3x2Ek2ycK7BEHAbAIpkLqrX5ImCJC0pfGMbGkkT8sRnB27yKqimkXWkKyWehbBOPAyHxHkL%2FQT%2BYQE2WfrlTc5JKulbo00E9swYBgCJKEfJO%2Fr8NxzS3%2B9bD3MtBG5UD%2FmL2rt%2BPzdfx4KJVROaOrETDjBLRGKMD7jUlf%2BC0Wd0MoSKaacPBM5N4ISZsSME55qpUuRktzoc1eQSe2IzhxXxHBbS%2BdP4momjFYlV45KnJsbysKJG6Sixom0ltTIOXGF0XVekILT2ZyU3K%2FG8Y6WInqAk8k5ddz4w3VtUm7b5KQQllhXszmh1nL8MJzE%2Fc4UFk3jO7YunWs34Fgqa%2BbDSykrRV2StV22vkEkp4ysHU%2FwMoVDzTcGb6lixAdC1j7k6z6w6IulZSWRswyLg%2BUDqnIq%2FR8Cz70FKxz3Gz6gUpCD9pP2aIOcUEMnlIwdDtlYZLVNPrV%2Bw8iFpI4mVpsqhD6ueOqMrgqNr7gzc7I2Go3hlbdIFZVzizwYFI1KZMCKXIlMpFQ5wi9SzhlFOkIaTrWRjDzFOtTryORUiZcxvWunT4%2FWQ5iNOzDr8JYaRgAasmeEmnr3TkPgn9QIx8GRZ%2BO900%2FWAY9SOOQBK2Oauu1ksDUkVVWSGSqVtPtJkvi30UjMdNJO%2BoOdpUVJt1nUJqeFkJyUPpWKW07WDlXcqkQ65RKWBcx6oPrQSyoUQp8AtuceTNwWWjKUmgKicBXh2zotABOieI6Qgd8ZlbWvHXxOdVUhqrXdOtp4CYSQtT%2FDIirncWi0vCq2UAzJdTBX4Q4pJ4DVUAXA2cO2oFJylUeAcpL59Sq3pFaMG5tqw0PhapNjM9zBQd4H64xII8Bz3AqnUWeu8E3K%2FfUJfiFQzkSsWMmprREocRpYcwJRcY9zX1oj7BTBX4dcIwCdB%2F%2BYALC8J7EQyIQhjJY0BxRxi3SK8%2BHSucA5ld%2BGUBiAVGlvbuXSFSIvJH5ReR8RAyhgC1gD6Oceb7aBkHiJIwDdQrPgB7z2xv3d2LRAt4croRXM0bSIHEQZQ3DhRsSbtGk4suI9CwistJR1SAQWL64QO9dmetl6v6ATpBOkds9w9wx3z3D3DPeDYThJU2%2Bdsz2syXtJb7jZ7ZaBSIAPs490Xrbey2kNT4x9BdRWYL4P8YuUJO3uNhfW1vwd7oST%2FCL5CEyDyvpQDsFoArlLRSXBSSjOOBUcF4sc7n882j8YHYw%2FG2czLeuSP6yuTB5oQEWby9YDUSHFz4Fnftl6BwEb647xyc8ftgtJF6%2B3ZECbAJfCwS%2Bwkila%2Bh1ZBi6U8%2FwJNVPBKM9ROHW2R2eCwTdLGUrFW7dsODI1V3MeN8g9XHncnscln965pTjUBS2BtMbIZ7pGTjMyat%2B1gx9wIRuf1B6XVYHYSXAubskKao9Z9mUqmL1svZsyLS5%2B1U3aw53h9k6nFFOK%2FdLObXvWF732cGswRK4n6hX%2BWvW56D3a2d7s9Xa2Cl1xVIRfTE8Hg27S294ZbvWw6Ih%2BeRZqF0p%2FFkqf%2BOojuSqvkdwJV9NF7%2FjUyIsnhXOV%2FV2nw89ildtzCrhtRje0yZfd6oRmJXmH6XMlNWUd72JnMOj1c1tP3Lzy2Zg2q07w9gGgyXX2MW7%2F8se%2BA8k51soU4GcfzHd1rVzLGZ5x4%2BHEwNFTGz59r4HhF%2BPKX3ncDDQGoHG0oHzAElyOxnYYGubuSsPEtYhcPY7tMjappQbVtP4x%2FNh4e3vKHARBaj%2B%2FbP0oY%2BBUoRDEBEjsByy8OC7gkveuuRYADIDG4qJJdzusqnZ1WdXBqbgK32Un3V53GL%2B%2F%2BPUTHuMEG6KpgyPwQWAucgh%2BgL88MOhXf%2Fjvy%2F%2F8sdVqFcj%2BkiHW3U564ajzEZIOWvHsvK8clyCqkF9fq5%2Bk

Volume 11, Issue 8, August — 2026
ISSN No:-2456-2165

management practices to curb the unchecked expansion of
mining-induced environmental degradation (Sayyadi et al.,
2025; Umeh, 2025). Moreover, integrating community-based
surveillance programs will be essential to track the
longitudinal health outcomes of residents exposed to these
contaminated water sources (Akpa, 2026). Establishing
interdisciplinary frameworks that combine geochemical
remediation with toxicological risk assessment remains vital
for curtailing the broader carcinogenic and renal impacts
often associated with prolonged heavy metal exposure in
mining-affected regions (Adekiya et al., 2024; Raimi et al.,
2021).

Ultimately, these findings serve as a critical baseline for
developing sustainable water quality restoration plans,
ensuring that the legacy of mining does not compromise
future ecological integrity or public safety (Olalekan et al.,
2022). Continuous monitoring of these hydrologic systems is
essential to track the efficacy of future detoxification efforts
and prevent further migration of toxic plumes into adjacent
agricultural zones, thereby safeguarding both local food
security and broader environmental health (Odukoya et al.,
2021), (Igelle et al., 2024).

RECOMMENDATIONS

Based on the empirical evidence regarding the
persistent mercury and cadmium concentrations exceeding
regulatory limits in the Koroshi Jos mining area, the
following measures are proposed to mitigate environmental
and public health risks:

» Strengthen Regulatory Oversight and Enforcement:
Environmental protection agencies must intensify the
enforcement of waste management protocols for mining
operations to prevent the discharge of toxic tailings into
water bodies (Umeh, 2025). This includes mandating the
installation of effective treatment systems for mining
effluents before release.

» Implement Targeted Remediation Strategies: Given the
high concentrations of heavy metals, immediate
remediation of contaminated water sources is required.
This involves exploring site-specific technologies, such as
chemical precipitation or bio-remediation, to reduce metal
loads in both surface and groundwater to safe levels
(Garkida et al., 2025; Olalekan et al., 2022).

» Enhance Public Health Surveillance: Local health
authorities should establish continuous monitoring
programs for populations residing near mining sites.
Systematic screening for indicators of heavy metal
exposure—such as renal impairment, neurological
deficits, and bone demineralization—is critical for early
clinical intervention (Akpa, 2026; Raimi et al., 2021).

» Public Awareness and Alternative Water Sources: It is
essential to educate local communities about the dangers
of consuming water from contaminated sources.
Providing access to alternative safe water supplies and
promoting household-level filtration techniques can
significantly reduce immediate exposure risks (Chris-
Onoh et al., 2026; Gwira et al., 2024).
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» Long-term Environmental Monitoring: Future policy
interventions should prioritize longitudinal geochemical
surveys to track the migration of toxic plumes. Continued
research into the bioaccumulation of metals in the local
food chain is necessary to safeguard the long-term food
security and ecological health of the region (Odukoya et
al., 2021; Sayyadi et al., 2025).

Furthermore, collaborative efforts between government
agencies and agricultural stakeholders should focus on
developing standardized guidelines to restrict the use of these
mining affected water sources for irrigation, as such practices
directly facilitate the transfer of heavy metals into the local
food supply (A et al., 2024; Samuel & Ochube, 2021).
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