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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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I. INTRODUCTION 

 

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 

investigation specifically analyzes the concentrations of 

metals such as cadmium, mercury, Arsenic and lead within 

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 

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 

et al., 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. 
 

 
Fig 1 Map of the Research Area with GPS Points. 

 

II. 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 

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 & Scăețeanu, 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; Yüksel 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 (Fernández‐

López 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 (El-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 IQ 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). 

 

III. 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. 

 

IV. 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 

 

 
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 

https://doi.org/10.38124/ijisrt/26aug626
https://jenni.ai/citation?d=z%3A7VnLjhvHFaXkvDbZZJUAgVMJEkBCSIrkPISRERgzY0USLNkDjRIB3lV3VXeXWF3VqqoeDr2yYmSXbbYB%2FAfaeDEbf8PoD7IK8gNGFtn43Komh5yHP8CgAGmG3VX3ce65L%2BrNWe%2B9wjpVKvNT%2Bbq1Qc5%2F%2Fr%2BD87fv3kxLZ1sjHrBHVgtWK6NMyZRnnAnlgzJ5YNwI9u7N%2BTd1o8%2B%2Ffvd31jibS%2B%2F7TJkTq0%2FoAj0PjuQFZQ0LMq%2BMet1Kz0LFA2u9ZMGeqpzllaxVzrVnWk0lxL77khslZD8dbCxO5k4FOsOkOVHOmlqagE9kgsmlMzDOdwZxJwUk47Jc2G4LZvHR0WfpVjSdf9M00g3ZM%2BtDul63BppgpDJMyBOpbUMS6F1rgqM3d6RvZK641nMoIetw1rWQy7g7%2F%2Fr8rb%2FbZ07ibd3mFYPvCU824wE2eNs6YMWAPdmoHBO2lsA1Z0ZK4YfsBSz3oRWkDC94ppWv4FSlyiq5HDg84RFXTUZ6cpEcTiqyOavIkBOYIIETlDlbryKSwnISXR2yx3YGKY4Alw7ueNbwNldhTmKVgaV1UkZxhBBVN1EAveYuKM8NnC9X2HKT08Qb7r0FfIE8amtukq06AKo2xCAk%2BEkTkYgIIECDptXRChj8afZK5rBf%2BgcRrbx1DowA6idKzhhXNVhmGUhkgiooTPD8Isaw7hI%2Ba6jC%2FmR8sj1ip4xoPeIPP1exIzv3Cwdq3kgXcpn0r7jteSEBLr1Z%2Bg5MNcREB8n2az1PtmQgM2skTEv%2B4gyJKp2cg9gwmYcWYewwv%2BDTnCIb5QK8lCQF%2FEppJlrKx2iptjN2B%2Bw01gzoOJIeON5lBSAh74i563mI9Ed%2BR4rcmDcr7OIwB5fTa0QueccyGWZSkoirWK%2BgtYgagNG6pZv9DmSIrvkccsBf0DIHbA5pCJCICNHua%2FhPpWNJkDW%2FcLc1iK40Ar9e2IKCIZH5omOfk57sckh2GIbnVtsygp1xCiBcO3r%2B5PjZPpuMJqOYbmwq5zPrhGczwgTFEOX2Bu8%2B6HLoyoMuwB9cTiOn%2FBRP10O0yNkhO2qzZ1L02XGsfy0C81JmlMrHOTzNUXcfHhyff3X%2BL9S20GfPl949gtYF1JI9MbDByHDhAfFniQSBfR0ZIa7VAcjta72oWgi7CfNBqJykYprrVlCWdCWwsQqqAGMbElUv5W5sEF6VRhWUh4ghOUa9hX4iFLFxRFDIwvjWz8HpGq5fTnxvle6v49tnjYZY%2FIzVy6gaWkGBa5iUpDmVtWGZTcuwkberytlMIViXnDnK%2Bmwfqg4RoMdlP37%2BDASfVQqgorex4LjxjXUECQq9QxV0qcqkHte1ABuxW%2FTpVaMu2kgO2BGfWFlg3GEbz9dWUNRQB5at5SijvEaIFbEJ5uFNTPXUhIit3AHeWczwZZ4bC4GIqm1sKQ0a3GoKHS%2BkkZwEEjzqkO8QqviJRDqTrlTKFdW6lK4ZWiPjmbcuwyvquF66E4t%2BSk40KEi4AMuKdoWA5EzSRRFFKq6jH8eCWjr0kzm787hEI8%2B5qFVbszuHAp8WeNLYgEft3RiSqbEz9CtLlYfQpcEgjjZ4xF%2B3wChn1pWgjodTyX4UtNWbRHFXEG6RFU0194rKSORuN10hnp4mCgiAs41KoUMwzOfzWlJ5jiU4Wekkbol2WZQLzBB4UzeVyhQYlE5hXJNgUkbxBhyUk1fyDxNI7BaUehpVewBL60V%2FImiJU%2Bs4UjvEYHj%2BNtUE6ZRtEc1FgYJlmY7pl5RRHuEKBrk%2BZqDWLR0XvOYlas5UCQPECq40FCbTuy7TlTeBJjKPVMorpQWmgSF7mixYsRScXCKecxpBKZioHDRLUInkypHAaxQsbF5XceRkaajmzDDDmZWmfRUT6ky%2BLRDj1MW78XnZ8xehbVAEc41AecXh
https://jenni.ai/citation?d=z%3A7VnLjhvHFaXkvDbZZJUAgVMJEkBCSIrkPISRERgzY0USLNkDjRIB3lV3VXeXWF3VqqoeDr2yYmSXbbYB%2FAfaeDEbf8PoD7IK8gNGFtn43Komh5yHP8CgAGmG3VX3ce65L%2BrNWe%2B9wjpVKvNT%2Bbq1Qc5%2F%2Fr%2BD87fv3kxLZ1sjHrBHVgtWK6NMyZRnnAnlgzJ5YNwI9u7N%2BTd1o8%2B%2Ffvd31jibS%2B%2F7TJkTq0%2FoAj0PjuQFZQ0LMq%2BMet1Kz0LFA2u9ZMGeqpzllaxVzrVnWk0lxL77khslZD8dbCxO5k4FOsOkOVHOmlqagE9kgsmlMzDOdwZxJwUk47Jc2G4LZvHR0WfpVjSdf9M00g3ZM%2BtDul63BppgpDJMyBOpbUMS6F1rgqM3d6RvZK641nMoIetw1rWQy7g7%2F%2Fr8rb%2FbZ07ibd3mFYPvCU824wE2eNs6YMWAPdmoHBO2lsA1Z0ZK4YfsBSz3oRWkDC94ppWv4FSlyiq5HDg84RFXTUZ6cpEcTiqyOavIkBOYIIETlDlbryKSwnISXR2yx3YGKY4Alw7ueNbwNldhTmKVgaV1UkZxhBBVN1EAveYuKM8NnC9X2HKT08Qb7r0FfIE8amtukq06AKo2xCAk%2BEkTkYgIIECDptXRChj8afZK5rBf%2BgcRrbx1DowA6idKzhhXNVhmGUhkgiooTPD8Isaw7hI%2Ba6jC%2FmR8sj1ip4xoPeIPP1exIzv3Cwdq3kgXcpn0r7jteSEBLr1Z%2Bg5MNcREB8n2az1PtmQgM2skTEv%2B4gyJKp2cg9gwmYcWYewwv%2BDTnCIb5QK8lCQF%2FEppJlrKx2iptjN2B%2Bw01gzoOJIeON5lBSAh74i563mI9Ed%2BR4rcmDcr7OIwB5fTa0QueccyGWZSkoirWK%2BgtYgagNG6pZv9DmSIrvkccsBf0DIHbA5pCJCICNHua%2FhPpWNJkDW%2FcLc1iK40Ar9e2IKCIZH5omOfk57sckh2GIbnVtsygp1xCiBcO3r%2B5PjZPpuMJqOYbmwq5zPrhGczwgTFEOX2Bu8%2B6HLoyoMuwB9cTiOn%2FBRP10O0yNkhO2qzZ1L02XGsfy0C81JmlMrHOTzNUXcfHhyff3X%2BL9S20GfPl949gtYF1JI9MbDByHDhAfFniQSBfR0ZIa7VAcjta72oWgi7CfNBqJykYprrVlCWdCWwsQqqAGMbElUv5W5sEF6VRhWUh4ghOUa9hX4iFLFxRFDIwvjWz8HpGq5fTnxvle6v49tnjYZY%2FIzVy6gaWkGBa5iUpDmVtWGZTcuwkberytlMIViXnDnK%2Bmwfqg4RoMdlP37%2BDASfVQqgorex4LjxjXUECQq9QxV0qcqkHte1ABuxW%2FTpVaMu2kgO2BGfWFlg3GEbz9dWUNRQB5at5SijvEaIFbEJ5uFNTPXUhIit3AHeWczwZZ4bC4GIqm1sKQ0a3GoKHS%2BkkZwEEjzqkO8QqviJRDqTrlTKFdW6lK4ZWiPjmbcuwyvquF66E4t%2BSk40KEi4AMuKdoWA5EzSRRFFKq6jH8eCWjr0kzm787hEI8%2B5qFVbszuHAp8WeNLYgEft3RiSqbEz9CtLlYfQpcEgjjZ4xF%2B3wChn1pWgjodTyX4UtNWbRHFXEG6RFU0194rKSORuN10hnp4mCgiAs41KoUMwzOfzWlJ5jiU4Wekkbol2WZQLzBB4UzeVyhQYlE5hXJNgUkbxBhyUk1fyDxNI7BaUehpVewBL60V%2FImiJU%2Bs4UjvEYHj%2BNtUE6ZRtEc1FgYJlmY7pl5RRHuEKBrk%2BZqDWLR0XvOYlas5UCQPECq40FCbTuy7TlTeBJjKPVMorpQWmgSF7mixYsRScXCKecxpBKZioHDRLUInkypHAaxQsbF5XceRkaajmzDDDmZWmfRUT6ky%2BLRDj1MW78XnZ8xehbVAEc41AecXh
https://jenni.ai/citation?d=z%3AtVZNbyRHGR4vJoo4JVEiVnCgFCLiTTz2tOfLA0jxrLNgkxibtbN7ru6q7i5PdVVvVbc9HXEwkAtI%2FAAkkDghIQTi6gMCceMPwA2hXDit9hIpUpwoed5uezybjfOhVQ5jd1W%2F9X487%2FM%2B1T87bT2RRGlpJtti%2BgIfjMSoG3bbUST67d5oGLZH%2FdGgHfEh7%2Feifm%2FQE4m2ES%2BsO20tHOY8kT8us1C6cL0fW6cSZRazXMRbKkk1foWHmapPKGv8L09b10QY2ulpazFOJRmcvfK%2Bvfm%2FVqsltIyLs41nXn%2F3BKuosPnZxu3nnvs9FvJYiSI92zj44683sJwLu%2FBFHf7hT%2BThwuGdZ3%2BC1eM43F8fk4cLh2%2B88BYl%2FBkON57qv3ylw3%2F9m17NMnxy%2BXOU%2FGkOD%2B5fo8XM4fd%2F%2Bo%2FHK%2FnOUytszuH4z4v07jEyfObD%2F8x3%2Bc6vPvhYyde%2BYIbP%2F2b7oab89Wtk%2BVkOP%2Fz%2F%2Fascvvj1B%2FMZvrGZfazL1%2BS90hayWnx6z2pdEtmZjRlPnIpKXZSOa%2Bat0uxYFSmLrIlspgpuCra14xk3gu1t%2BWWGEWJyyrNcy2UmJP4VkmUqcjZU8CDUkXReFUrC1kkPz8okrLBMZbkU9Cwj6ytfyIzFpYkoD9qlALmzosTOkSoqtnQrCSWTBeN6ZZmtddaCGyvsbiqdDKtlVqR4N1W%2B9v72yW8f%2FP1vUynePvkdJZh5qsyowtlEGsadpHo8FaMrekSOhRSUVcK9tKWfM0YeIVLMJCsNP%2BJK81BLMkWJuWdLm9wgmNRiLregg9wOkBLQlz53kgsgwd%2B0cJqnninDfBmljMexjCjyo6gLGeGYJ9goBdSnHEsr4azG7upFfnhmvIEIENelKZOqUMHrMot46QkQbX0NQYw6lQaajdOHolaKaiBL%2BFkaG%2FYd9prKqJrO6Hvsk8Afa28Rw7Zr4KWJJMUgdtSUsS7hRkUsr%2BkFrH2DuuPKoORQWSczUKDWWUb7hUyoCDihds7AmREEed21xJhZHp0%2B5ZHRJh1B7GWWSReVDoTZSm4sM03YL%2B2FN%2BqKIy4yVWbomsAGwOKzs6H0RXti7LFBc6fIO5MF1546rVUMclNRtkRoU7HGjixCq2HrpJZHnBCgKHX52h6jk7oMa8CBAhAqaCTQ%2FJqt5kg5azLsrrBtQ6wZoS3OSwJtaeyR%2FF64zLaaWdgUzHEzARyBL1C6QXu7Dj3Eu2GR1sOVAy%2FMm0Z7z4PkDihTeI0O1bOa8je5E0RxX4Y0AlHd7oP9V2%2FXjSXmimPrJqetpzWP8NZL8Sq1Bi8H7U6QoYkFtdBtm9ietr6a8BLAOH%2BiMdLg4g%2Fws050V0Ydqbwv5VdkoQotp6t3rQPFfmRLZ4AD2rzT6ITVNqnqSm4qwBSlpt6JjwBfJq%2B%2FmM9Cvj67yBUp2W1uEglhVLFyvtjDzvWDFPNx%2FqjpnFNhiSP%2BLRJQwzOyj2OeKV0luxVSCy1odyTNvR%2BCrlXJdjUXpTm0laRhk61Hz6mxkGHpYdGcVPulEbxi45WrTshtjT401oc7vEBvjtnu1ebjDB4bc72rywmvrJCzA3HK%2FZ6I34mUwMfKE5GwavqNoLMSdDrDVR8Ea8Neu7PWbXe6%2FbVeuyeUD80J%2Fnrzc9XB11G7Oxp1VdAfwmQ0XNM2l2Zct3pbFMF60A0Gw0G33wuGg06nO1gfpmTB0cLJ3V43GK4PB2vdjsgzJdLuYDDqjoZDuN%2Fl7xzWDa%2F5cgi%2BwH%2FQXuuhJSYp0ZJQmiwvQ5ARut3QZ6EuffqtfVAVzXRsP1IkJS%2FfJOlCSmyHNCIBW4sqJ4wmHCIWaXmA5QKkQ9r4NWXE%2FDZNrq5gqyMSwpvVpi1NsVg4CQUk7wJUnPh69%2FqNc3r%25
https://jenni.ai/citation?d=z%3A7VpLjBxHGV6D8ziERAIhxY%2BICorDrjIz2zM7Ow%2FHIV6v1484tpesIVIOgZrumu7ydneN%2BzGzE4HkPMSVC6DACW5ccoCbOXEBcYlAQgJOCeLAjceBECRLEd9f1T3TPTsbJxlF4rCSH9vdVX%2F9j%2B%2F%2Fq%2Br797U7S5%2Ftq0i6MnxA3EpVIsYPXjwTxmunB1%2B9JPhwzAKRcJ%2FZKkx4IEOeSBUyj8fMjbiTct8fs56wVSAYZ550PTzH0g1lX9o8TJjrqx6myzhOBXPwN1FMJrGWJ0PMZ2JPxokIbcFkyBJPMBEOZaTCQGA6Dx3Wk4rbdhqkvlk8H2areIyZQVxhAxXL0GWO8EUiIqnSmEUy3o1pNS8NODQW3E%2B8GrvhSXwTQylGjMtAj5DhUMSJdHkC9SA5VmlkCxLLE2%2FEx%2FiJ9EjUnrSVr1xYBouCAbdhiOqT7NxPMYtT22Nwj82dQKZBhfmCOxV8jew0GhtJPIpFKO0KE35qSwdmQXmsLKNMT3JPjHCQW2I9ZeDzNJY9X7BAalXJE3ESQWdXirjGLqQRJESBikRFW5EZKfYGPt7BULyjgDET7VnNyxF%2BmuH%2FNMJrV0xMHkQK6sSZRoiuF6mBcskUBl%2FIITTDx9wDMnRSaCgpxgEAALHwJFaAtZkf3EjaqW8WGkQkAwtQkEQsZtwqxAASEa1YSb%2FCRjA8MlL6SjnM9jhsMt7W3lSzuKnQi2rAM2xqB9J0mxyLGUXUZlHQGKpgWdtPtVSbR45UQx5Dax4xR8aCwx8VFoo0mvgJr1XkiCjDTSTgOCclBxH8ASKZjGtsw3HgLxVSCpmI8ewNRQbOk%2FAsIdnGEgg1NIBz%2B5EK2DV8gl8rE1eT1UgCrEvOpQx5iQd9HnG2kxCqtZ2lDM6S6GIkeMKujDh7AdpFtPJmpOLYPMbZ9DQka%2BwpjGQMkwYq0vpjgEmGWUQNlO%2Bn%2BWqOGApfDUg9o8IkziX7gFr4PktDGwFDmocqIITBhkJp0H7GDxpWtDJN0WUGeRupodQB49pssZcQ8I0ZCQTRJ0yJkDsqrMYDYVPk2TD1QxHxnvQNkmnJDAoqTajIkdKKAgVXaF9AdayGvKQyVEy7IfdTuAZCfPjYGZs6RwvPTeASyjyRlTrKaD4YmwrgjRNEIBCOzPA88iTqgY6EQTDSDVnAoU0FdsdJVfT7wuAuViYUQJCKoCTwSFNQHVScRgYhuWKEIFPdauxyguQdoN7LV7Lg4xMCz6lga5xCfxhBa%2FABdOHQnnJ%2FqPwhSQIIpA2Aw3tBGgL5CKLLXdgRJlldFbYXTutqGCLBjKpI4j62FJ2PB%2BxEEwt9pNTlkL7CjQQKCgdqfYzaEyJXaVokeymFBHLJkn14KC6TJ2qFuShsBCWoGntqBLjSI9IDQyn%2Fcock0B1FxMOmoAtVYSspIgnD4ZHMQixasqfGzo2nPjW7AoKOukj5BG0BVbI2ZiMJWVnNxLdJfDOzMxiaTCAFGFAKfKCA8ECMVLSrgSBD%2FIvF8zixgO9S3uvq7AwR5RlgzaQgttYsloX6fWbVnB8cWubO0uc93iOg28nh0eLwaHF4tDg8WhweLQ6PFodHi8OjxSc%2FWvgov7RfOOcJ5A2r0apaa4G2VyLPLmPtO0tHXZ4mnori274B3QX8Rfm0al0LdifIrAt1y7JeQKrxyPb6AFYaiIcHEznPK3hTRXeWjsgBlHmBh664s%2FQZZDSCu403j37X83n%2Boz8BAtZ8A%2BOcEA7B%2F%2F0%2BouCPxfNcjQVycihC7xzv8T4A5KC4i6X9g29e97nbowHZjN1tOoCwG1yO1EGTvOtuGobAaDblBgxCZRRso3bQFLGxC4yZ8eF11xMwW%2FUQv3PZlD4ydNvp%2FxuniRg%2BtR0l975Ut2r1RqvTWe2TA1GxtANr9ZZVb3Zqa6jivfA2%2Fo3DV2XDaraq9abV8KAJ9iSxt%2Fti
https://jenni.ai/citation?d=z%3A7VpLjBxHGV6D8ziERAIhxY%2BICorDrjIz2zM7Ow%2FHIV6v1484tpesIVIOgZrumu7ydneN%2BzGzE4HkPMSVC6DACW5ccoCbOXEBcYlAQgJOCeLAjceBECRLEd9f1T3TPTsbJxlF4rCSH9vdVX%2F9j%2B%2F%2Fq%2Br797U7S5%2Ftq0i6MnxA3EpVIsYPXjwTxmunB1%2B9JPhwzAKRcJ%2FZKkx4IEOeSBUyj8fMjbiTct8fs56wVSAYZ550PTzH0g1lX9o8TJjrqx6myzhOBXPwN1FMJrGWJ0PMZ2JPxokIbcFkyBJPMBEOZaTCQGA6Dx3Wk4rbdhqkvlk8H2areIyZQVxhAxXL0GWO8EUiIqnSmEUy3o1pNS8NODQW3E%2B8GrvhSXwTQylGjMtAj5DhUMSJdHkC9SA5VmlkCxLLE2%2FEx%2FiJ9EjUnrSVr1xYBouCAbdhiOqT7NxPMYtT22Nwj82dQKZBhfmCOxV8jew0GhtJPIpFKO0KE35qSwdmQXmsLKNMT3JPjHCQW2I9ZeDzNJY9X7BAalXJE3ESQWdXirjGLqQRJESBikRFW5EZKfYGPt7BULyjgDET7VnNyxF%2BmuH%2FNMJrV0xMHkQK6sSZRoiuF6mBcskUBl%2FIITTDx9wDMnRSaCgpxgEAALHwJFaAtZkf3EjaqW8WGkQkAwtQkEQsZtwqxAASEa1YSb%2FCRjA8MlL6SjnM9jhsMt7W3lSzuKnQi2rAM2xqB9J0mxyLGUXUZlHQGKpgWdtPtVSbR45UQx5Dax4xR8aCwx8VFoo0mvgJr1XkiCjDTSTgOCclBxH8ASKZjGtsw3HgLxVSCpmI8ewNRQbOk%2FAsIdnGEgg1NIBz%2B5EK2DV8gl8rE1eT1UgCrEvOpQx5iQd9HnG2kxCqtZ2lDM6S6GIkeMKujDh7AdpFtPJmpOLYPMbZ9DQka%2BwpjGQMkwYq0vpjgEmGWUQNlO%2Bn%2BWqOGApfDUg9o8IkziX7gFr4PktDGwFDmocqIITBhkJp0H7GDxpWtDJN0WUGeRupodQB49pssZcQ8I0ZCQTRJ0yJkDsqrMYDYVPk2TD1QxHxnvQNkmnJDAoqTajIkdKKAgVXaF9AdayGvKQyVEy7IfdTuAZCfPjYGZs6RwvPTeASyjyRlTrKaD4YmwrgjRNEIBCOzPA88iTqgY6EQTDSDVnAoU0FdsdJVfT7wuAuViYUQJCKoCTwSFNQHVScRgYhuWKEIFPdauxyguQdoN7LV7Lg4xMCz6lga5xCfxhBa%2FABdOHQnnJ%2FqPwhSQIIpA2Aw3tBGgL5CKLLXdgRJlldFbYXTutqGCLBjKpI4j62FJ2PB%2BxEEwt9pNTlkL7CjQQKCgdqfYzaEyJXaVokeymFBHLJkn14KC6TJ2qFuShsBCWoGntqBLjSI9IDQyn%2Fcock0B1FxMOmoAtVYSspIgnD4ZHMQixasqfGzo2nPjW7AoKOukj5BG0BVbI2ZiMJWVnNxLdJfDOzMxiaTCAFGFAKfKCA8ECMVLSrgSBD%2FIvF8zixgO9S3uvq7AwR5RlgzaQgttYsloX6fWbVnB8cWubO0uc93iOg28nh0eLwaHF4tDg8WhweLQ6PFodHi8OjxSc%2FWvgov7RfOOcJ5A2r0apaa4G2VyLPLmPtO0tHXZ4mnori274B3QX8Rfm0al0LdifIrAt1y7JeQKrxyPb6AFYaiIcHEznPK3hTRXeWjsgBlHmBh664s%2FQZZDSCu403j37X83n%2Boz8BAtZ8A%2BOcEA7B%2F%2F0%2BouCPxfNcjQVycihC7xzv8T4A5KC4i6X9g29e97nbowHZjN1tOoCwG1yO1EGTvOtuGobAaDblBgxCZRRso3bQFLGxC4yZ8eF11xMwW%2FUQv3PZlD4ydNvp%2FxuniRg%2BtR0l975Ut2r1RqvTWe2TA1GxtANr9ZZVb3Zqa6jivfA2%2Fo3DV2XDaraq9abV8KAJ9iSxt%2Fti
https://jenni.ai/citation?d=z%3A7VrNjxxHFV9jQyIhOICEzIeUIglRPmZmZ2ZnZ3edKPF6bccbx%2FHiXSchISg13dXd5e2uand1z84ghEyAKAcuSHBAKIJrrhyQfEFIHLggDnwoBy78AQQUKVGQLCF%2Br6qnt3u9Sxw2vu3BiWem6tX7%2BL33fu8lr92c%2B1ToRYXaXvcnD474UtAX%2FaX2Mvd4e9BbWGmvBKLfXhiK3mKw2F8ciMUw1h7PdXZz7ti1lIfiuSIZiSzo97vDhX6gMxlKdSJJ%2FeCCDKMYf3KDo9LeklqZH9%2Bc%2B4Q%2FGunJzbkTQSTowK2n3vvM5PTc3JwfiyC%2Fdfq%2B8ZlX8cnLdXrr9Npv3qAPYkf6eXTr9Nmtx3%2BLj7Wnj31EgWevT%2F7%2BsQo894BpaPjKz%2FDpUAL%2FmjQ0fPHYITU8%2F8a3bjQ0XDukwKdPvdjQ8OW3Sf5hBP5js%2BnD3i8PJ%2FDCL85SFCqBV35HJw8hcP3rTzZ8%2BLw6pMBnji9TFCqBm39hhxT460eaPvwhxejDBY5rAtc%2FeJUuOYEPffonpFIl8CX%2FzoB9oMCH%2F%2FzdRlA237wzHx4o8LGfh3Ucrv70V3eGw7rAZ%2F74Ll1yAjvho%2FTTTODaDXVnmXKght03rxKSK5Ov%2FvuQQenf84W6hme%2F%2BdZegeJ6oXMxPf6fVc%2FTmS9VyHLNrm6ycxurjJmcK59nvmmxPBIs4ROZFAnjcax3%2BCgWzNPKEyrPbLlmqOhsY9Riqzh%2FIWwxtua3GCSwtYzxTLBup9tbbNl%2F2X92%2B%2B5f%2BI5OdTs9loTzz7ZYJkwqvFyORTxl7OXBKx12QfDxlCUi57FhucBx6JlqY4QxjLMIvmAjqWMdSo%2FHLOJx0I5lINjDseA%2Bwxf2WPW1Dthit9tlU8Ez8wjzMuHLXFipMFVmTGnVhkBfhBn3rbFM8bzIRIt5vDDkKfzc5p5XJEXsHEBW4MuEh0oG0MN%2BKZV1XqA11PAijs%2BkUulqIzKpC8OEGstMqwTehPokKBI8ziNysUGUBBxt4ItF%2BOKszOAd%2BiXnXt7CC6Ew9FaLIQJSwUr3NIzE00aQrMp7iIsYCyibM4SxGUL8KA2uwcFwrjRaQTdEJwgoHKQxLHHHY%2FhDZGPS3UxNLhK2I6FuUuROkrUhFErk0mM%2Bh0%2FgOangaG6dZ0Vl0myTlh6HEgAJhVVAFY2LuCbsu4a9PGyxJRh%2BXoYd1gM8UiAEWgAJEDLmzoUlOKwQG0KCh6TI5XoiPZlPyeFRkfBSO7pc83sHwAVGILqI4dWRAJ6hokC0rMY7HGbucChIisUISU7OlDn5zMskDIVX8EQmEqAJB2fe51kSFABlLQodtokokBtz4UXKAhcBpjQZCXpNJmkMOaoEJWTq8SyQTgZzARtlmvvIEy%2FmMDeQOA%2Bsp9HUSE%2B3vUgkVq8Sm7MEIRGR9uHbZTjW39HZ9s25z0d8ZBBbL5%2Be%2BH0t4xzUEokE2IUVE54uIw%2FlAGsAR9nEoh8NWScYGOCIbIwQ9hxGnyPkUUbgEcGuF1zl8JuAGXXnWGXtX2MtoaMpvIiM8qJMJ7JIWjaDWjiSeUU2pYz03fdAzbaIXT3x6OncutQCwH3JM08qh68WIYR8zas0dIpWOGFUKzpsTWQ55S08mekRhQmS0hjKGwQXYRFjHY%2FheF%2FQS8GUhKY8j3b4FDI1C6hUW7%2FMsDCDdpWiUCoLOaF%2BlqYpH89SztdIbCqviOAMXYhEh50RVIys1yWkNaoIMDGCmaGqChcipuBAj40lH8kYGeE8RXUg5iPIp09QTWc5gnq9QKEhWYSyxsNMF3kKJq%2BzBCZAQ9xMUwARcDMUXxFLBxcY0IT9VoRsycRYih1btR3tt1amaEXAA%2FACcypf47XGy0ETKmV5JYSKSU4%2FN0sptEKGVeUZVxAO7cFpVrS9u5u7MV
https://jenni.ai/citation?d=z%3A7VrNjxxHFV9jQyIhOICEzIeUIglRPmZmZ2ZnZ3edKPF6bccbx%2FHiXSchISg13dXd5e2uand1z84ghEyAKAcuSHBAKIJrrhyQfEFIHLggDnwoBy78AQQUKVGQLCF%2Br6qnt3u9Sxw2vu3BiWem6tX7%2BL33fu8lr92c%2B1ToRYXaXvcnD474UtAX%2FaX2Mvd4e9BbWGmvBKLfXhiK3mKw2F8ciMUw1h7PdXZz7ti1lIfiuSIZiSzo97vDhX6gMxlKdSJJ%2FeCCDKMYf3KDo9LeklqZH9%2Bc%2B4Q%2FGunJzbkTQSTowK2n3vvM5PTc3JwfiyC%2Fdfq%2B8ZlX8cnLdXrr9Npv3qAPYkf6eXTr9Nmtx3%2BLj7Wnj31EgWevT%2F7%2BsQo894BpaPjKz%2FDpUAL%2FmjQ0fPHYITU8%2F8a3bjQ0XDukwKdPvdjQ8OW3Sf5hBP5js%2BnD3i8PJ%2FDCL85SFCqBV35HJw8hcP3rTzZ8%2BLw6pMBnji9TFCqBm39hhxT460eaPvwhxejDBY5rAtc%2FeJUuOYEPffonpFIl8CX%2FzoB9oMCH%2F%2FzdRlA237wzHx4o8LGfh3Ucrv70V3eGw7rAZ%2F74Ll1yAjvho%2FTTTODaDXVnmXKght03rxKSK5Ov%2FvuQQenf84W6hme%2F%2BdZegeJ6oXMxPf6fVc%2FTmS9VyHLNrm6ycxurjJmcK59nvmmxPBIs4ROZFAnjcax3%2BCgWzNPKEyrPbLlmqOhsY9Riqzh%2FIWwxtua3GCSwtYzxTLBup9tbbNl%2F2X92%2B%2B5f%2BI5OdTs9loTzz7ZYJkwqvFyORTxl7OXBKx12QfDxlCUi57FhucBx6JlqY4QxjLMIvmAjqWMdSo%2FHLOJx0I5lINjDseA%2Bwxf2WPW1Dthit9tlU8Ez8wjzMuHLXFipMFVmTGnVhkBfhBn3rbFM8bzIRIt5vDDkKfzc5p5XJEXsHEBW4MuEh0oG0MN%2BKZV1XqA11PAijs%2BkUulqIzKpC8OEGstMqwTehPokKBI8ziNysUGUBBxt4ItF%2BOKszOAd%2BiXnXt7CC6Ew9FaLIQJSwUr3NIzE00aQrMp7iIsYCyibM4SxGUL8KA2uwcFwrjRaQTdEJwgoHKQxLHHHY%2FhDZGPS3UxNLhK2I6FuUuROkrUhFErk0mM%2Bh0%2FgOangaG6dZ0Vl0myTlh6HEgAJhVVAFY2LuCbsu4a9PGyxJRh%2BXoYd1gM8UiAEWgAJEDLmzoUlOKwQG0KCh6TI5XoiPZlPyeFRkfBSO7pc83sHwAVGILqI4dWRAJ6hokC0rMY7HGbucChIisUISU7OlDn5zMskDIVX8EQmEqAJB2fe51kSFABlLQodtokokBtz4UXKAhcBpjQZCXpNJmkMOaoEJWTq8SyQTgZzARtlmvvIEy%2FmMDeQOA%2Bsp9HUSE%2B3vUgkVq8Sm7MEIRGR9uHbZTjW39HZ9s25z0d8ZBBbL5%2Be%2BH0t4xzUEokE2IUVE54uIw%2FlAGsAR9nEoh8NWScYGOCIbIwQ9hxGnyPkUUbgEcGuF1zl8JuAGXXnWGXtX2MtoaMpvIiM8qJMJ7JIWjaDWjiSeUU2pYz03fdAzbaIXT3x6OncutQCwH3JM08qh68WIYR8zas0dIpWOGFUKzpsTWQ55S08mekRhQmS0hjKGwQXYRFjHY%2FheF%2FQS8GUhKY8j3b4FDI1C6hUW7%2FMsDCDdpWiUCoLOaF%2BlqYpH89SztdIbCqviOAMXYhEh50RVIys1yWkNaoIMDGCmaGqChcipuBAj40lH8kYGeE8RXUg5iPIp09QTWc5gnq9QKEhWYSyxsNMF3kKJq%2BzBCZAQ9xMUwARcDMUXxFLBxcY0IT9VoRsycRYih1btR3tt1amaEXAA%2FACcypf47XGy0ETKmV5JYSKSU4%2FN0sptEKGVeUZVxAO7cFpVrS9u5u7MV
https://jenni.ai/citation?d=z%3ArVhNbBxJFbaXJEJIXFhptUh7KMFqE1h77BnbsWcXsZnYE2cSZ2bweGOtOEB1V3V3Zaq7Ol3dYw8SKPwcEAd%2BxIUDB2574bzInJC4cEFCiANwQIgTUi5clkukFd%2Br7hnPxEnQavaQuGeq6tV73%2Ffe917Pd8%2BWroR%2BVCTDjjh9XezIRlMEjdWgIb3VzYaor3pbzfXV%2BmbgNerbgjc3ZKiNz3OTnS0tP0h5KLtF7MnMb2zsBCZToUouxakIbqsw0viXW%2BxT7ogyif352dJLwvPM6dnSpSCStOHJOx%2Fppd8tLS0JLYP8yY2rH%2FzgV%2Fjk5yZ9cmP75tdpSZ4okUdPbgzW3%2FwnPs7c%2B6mPabD5%2BtI3Zw1u%2FIw%2BLmDw7Ss%2FvjFrcO0PtPP%2FG3zp0XMMfuXxX%2BdC3khp5wIefvWP38bz1OArf%2FoNfVzA4I3jn8552Li%2BICmt296cwfrLbDGDN5tbZOFjk%2FJcg7tv%2Fn2O5cbxggb3Xvs10frJJXb7s9%2BZM7hwyO2P%2BvMsewvm4a3%2F%2FHc2Dwdr7y%2Fo4f6%2FXpkzWP%2Fcghje%2FvO%2FZ9Pm3sMf0toCBju%2F%2F%2B1c2tT%2FsaDBOx98gz6cp81nFsTw7vt1Au3cw18u6OHBLy7Nk%2FK3p2tZPixMLsdXVgaFHzHfJDmPVeL6A0tMzkyix4wHgfRzy%2FJIMv6wwKrPpG%2Fs2OYyZswrcsa1NSw1Vlpm5UhmkkWS6zximbJDnDSM2o7GDXFcJCpX2JhJPVZJiDvIspXshOcyY9YUmY9ldDDGRKaSIW3iiWAqQ09zvtXYEfmisb%2F01QTMFlnA%2FYkVP%2BIZ9%2FGkLNy1TBSSvOBJHmUmNaFMEARTSaALmdB1Kk6x304D1CqQKywoMviWMaFsVqQ5eUIolMEAA21CRY8e1xxm2LWe5loOecIkgVJbYayx3tj4Uo05j4UMMy6mLpeu4kKt8vEKkzaVvuIakKuEhUYLBjJc9JnkdoUlEp5aleNYyQZ5rWUsQdvEZmWtss0tKLG0gcUyj4xwHktbY47w82UErmJCiBWJkJnNCXC6IhqLDHAZP5IxsMzGF7F23MCCLeCap9z1xN4ceXPsHcqw0DxjsUEuYFKp9sgR14T%2BM9AhCACQhatAiByVCbwAqfDR8kBii7NR5R3OnxOVmhTXnSeOzQsxpmwXBVIEziesZ4uEDQjZq3YO%2BkyGNCwxFk2mKBxwOe4Ma10AKgRf5g%2BdmAdnyq5KfF0I2gAXR2PiA1WDPBuCxwPJxQrb5SJWRYwHJGn5RCEZSkFQ1qaIyxTkOUujsVV%2ByQsFOeKZ4p52hRVzhHSi8gh%2FEC2M8EzgqphoUpb5WUGJ5lgi8MIC62Q5zAz4fwp5uJAWnkZRlOBO%2BANzAB0YKJ%2FqmfaVJ3Oka%2B6SLs2MLwV4wjLIylAyMRYEMKRqFAIrcGdOd1y24GAMZQKYcB8rCKwyjhNOIVjMEwiZu%2BZi2U2qrgN7QkBwSGUoaUYqM4mrGF2Fs1LmkPGVWYV%2FCZD3WcC9DH%2BQRrOSBeic0pWKiCCYN37K5kyJ11irSrXA%2BIU91zqSvnIGj1TKPJmfSJngylih9K36FoSH0sXEeHDoAzvk2NWnnZylfIRYCFVKjVJOkYRgyLJUc5DIUjUy5GBmACXlhZCAs8ry6Q0qGUlbcoc9fqQ0KEpQE2CxfG%2BoMXFisuHZ0ssR9yAIuGV8%2BSdHEbABNZJnpCsqLhkWUo%2FoNjxS3CkoLQsYwPI01QrbIC5lLgNfEDiHJiK1Mhu5i1dcRiMSJ5MBkUSwTjAdmAKrx%2FCedVUI4Uc2UGLJ07xE0eU%2B9BLV4rAvNYrnHKtcw4EyhV0%2BQ4HnlJV0A6UR0vXgJc1kBP1RiA3IK3lC8aRSZqvlR0TFM3QRULPCfA4yKA%2BQQRWfmYo5ameCV5
https://jenni.ai/citation?d=z%3AjVbbbtzIERWSTRAgP1EvAUbAiOKMNbc4CKC17Nhe2FpEWhh5bJLNYVvNbm5fZjx52kV%2BJD8RIH7Nl%2BVUk3ORYgf7oqHI7qpTp6pO1c%2Bfz35dW6fWynwjf4w2yN03%2F7xvJHWvaSN0lORkaV0lK6qF1p62KjTKUMARH4SphKvSkbaVhk85YdaSbE3zbEbB0hI%2FcECVU%2BZBmTVtRZCOcJPEj1EEVVLnbBXLoDYq7Gh0d%2FueaJpPFs%2Fpw%2BtbflqeZ3TfKH%2FA5Km0UVdUSBIe3n3UgWpnWyIfXS1KoI7G1jWxY1mKHQOybi0M3LUiAAGs4aI0ODuEMyAbXTvVWmcTxO%2Fkg2QI8%2Bf0zjYCQVYkAwmdjfF6mgMZoJ2wZYsglGG24LqwoWGWgrLGUxVBwbp35UXbaf6vBTZjAzVig2DMjhR%2FKIcrPpYNhyhKVVkPBmjbSIPojY8MZbRn6HmP9AhtMjtB%2FBQyIx6IBC%2BwdkL%2FdJblOf3nX3eXZXtOW%2BmYmD7nnXSt8l4VWpJWrQLn%2Fz%2BxWtW4nTI6zfMvJPSR6z2BXroNg05pwSEfYrU7yXgIThUx4AjKi9kMToqA8gvUaYG%2FVGrr8br%2F6tQGsLaNApVDqSiDb6IsYxt1Yppp2AofgFZoOyTp%2BATfDgZx6GAwoxen2AETX5FJI6mRQnPe1dqoGqnkEgPeIYIUXcqpAY6KUw0SB9PgI4hWmR4UU8n1oUwNZthMgiU9fphesKzZ%2BXB5KN%2BXDp%2F46hsvRMl0P2O6oytUdaAZXcN9yoSGrURJzTnrfGuZTXN6f%2F9DRm8MtdYowDtmd%2B8yHMwJFMgBYJVKJaGxoNe5hDpR423LdR991%2BvEoQ37MFXpbN%2BgvvX7jux9FhbpH922eEQwKwRTba17%2BHz2%2B0YUPjhRht1v%2F%2F3GoBhhM2XTPIF7IJppr6izWsd0UsuNhKhxEKVTIFXoVNT9dZQLMo8IklS4zTEtiIP7XHArRC%2FBLxcbqmAjlRk%2FrlvjVYU2QrmyUDQ7r0pbNhIhwxm0D20VlPRjKhCJdApv2UUdzRqPRYT4QgpAyYfYCforV994qGfWROHCvgLeikL1B%2FoAfCOrMV0X8aMY03u1ZuMZfUixJQVCHaQOL0GIhHN4ZRUNWwshOD%2BqVGfRMj4xk0rQe%2Bk9d9zxHaJQtmIkXn3iwgmNp9FbYaJwqBdLbyN6AwI0OQdjbPQwPsABSieC416a%2Focj4UQrU7E45EvoxKUIQ5aCbOFcoCTRm31VpyimV9kijaDpPJvPXozpBuJlNWuL%2FbRbo%2BhHN7fn%2FdmrLJ%2Fz0Vm2WlG7vtRj%2BlYdEQznK9lyZkbf3t7MhotQyyu%2BOM8mS76X8Sg4RbEYLC%2By6WpML5lmNChsPtK%2BpLosueOTTk33U2OmOdr3ZaqNe3jwoAXttXvqLZ1eZFeLnsybW4QCvGMGxnePresbuz2RqUCVqmuUA%2FfsqPtTnuUzNNtruwXpKLkTnvHPKQI2K78S2ehl9uIc462COH7N2V6E0lLxpOZG3Z8HINdapxOtFJjyiPikLjgUvHnkAoYfBdTb%2BbKzvl7hA%2BQFTniNwo7u4i%2FwQEau0flQ7dGd0DgptRYUdl2jkFCPIkHYjRLcRXjzvZexsjjGGi9dxGZlvUgc3TXoQb7sO%2BAYur3vQIXKRDVjduIc9MIEBCErdGujtA90FwTaQlu0RRlhGATgB%2F2ftNboHTHUiw5bQoJ6sA69LaEuBBJsNHgHHyebSC9SffMifJx2awV1RGNrsYlQpeuMDEvH8FRhZBq8%2Fl5il8JJFVsqG7fzFh2CZ8b%2FKnrh%2BAP6xnfW4SkFmRwOeJhhKJz6euRJCvY7Go532MtgFqGuOdRDVg6hDpYO4yMN6jHP2i1Y599ha8WcZ50aVsXHo%2BKUmySRFFSLgh9GCK
https://jenni.ai/citation?d=z%3AjVbbbtzIERWSTRAgP1EvAUbAiOKMNbc4CKC17Nhe2FpEWhh5bJLNYVvNbm5fZjx52kV%2BJD8RIH7Nl%2BVUk3ORYgf7oqHI7qpTp6pO1c%2Bfz35dW6fWynwjf4w2yN03%2F7xvJHWvaSN0lORkaV0lK6qF1p62KjTKUMARH4SphKvSkbaVhk85YdaSbE3zbEbB0hI%2FcECVU%2BZBmTVtRZCOcJPEj1EEVVLnbBXLoDYq7Gh0d%2FueaJpPFs%2Fpw%2BtbflqeZ3TfKH%2FA5Km0UVdUSBIe3n3UgWpnWyIfXS1KoI7G1jWxY1mKHQOybi0M3LUiAAGs4aI0ODuEMyAbXTvVWmcTxO%2Fkg2QI8%2Bf0zjYCQVYkAwmdjfF6mgMZoJ2wZYsglGG24LqwoWGWgrLGUxVBwbp35UXbaf6vBTZjAzVig2DMjhR%2FKIcrPpYNhyhKVVkPBmjbSIPojY8MZbRn6HmP9AhtMjtB%2FBQyIx6IBC%2BwdkL%2FdJblOf3nX3eXZXtOW%2BmYmD7nnXSt8l4VWpJWrQLn%2Fz%2BxWtW4nTI6zfMvJPSR6z2BXroNg05pwSEfYrU7yXgIThUx4AjKi9kMToqA8gvUaYG%2FVGrr8br%2F6tQGsLaNApVDqSiDb6IsYxt1Yppp2AofgFZoOyTp%2BATfDgZx6GAwoxen2AETX5FJI6mRQnPe1dqoGqnkEgPeIYIUXcqpAY6KUw0SB9PgI4hWmR4UU8n1oUwNZthMgiU9fphesKzZ%2BXB5KN%2BXDp%2F46hsvRMl0P2O6oytUdaAZXcN9yoSGrURJzTnrfGuZTXN6f%2F9DRm8MtdYowDtmd%2B8yHMwJFMgBYJVKJaGxoNe5hDpR423LdR991%2BvEoQ37MFXpbN%2BgvvX7jux9FhbpH922eEQwKwRTba17%2BHz2%2B0YUPjhRht1v%2F%2F3GoBhhM2XTPIF7IJppr6izWsd0UsuNhKhxEKVTIFXoVNT9dZQLMo8IklS4zTEtiIP7XHArRC%2FBLxcbqmAjlRk%2FrlvjVYU2QrmyUDQ7r0pbNhIhwxm0D20VlPRjKhCJdApv2UUdzRqPRYT4QgpAyYfYCforV994qGfWROHCvgLeikL1B%2FoAfCOrMV0X8aMY03u1ZuMZfUixJQVCHaQOL0GIhHN4ZRUNWwshOD%2BqVGfRMj4xk0rQe%2Bk9d9zxHaJQtmIkXn3iwgmNp9FbYaJwqBdLbyN6AwI0OQdjbPQwPsABSieC416a%2Focj4UQrU7E45EvoxKUIQ5aCbOFcoCTRm31VpyimV9kijaDpPJvPXozpBuJlNWuL%2FbRbo%2BhHN7fn%2FdmrLJ%2Fz0Vm2WlG7vtRj%2BlYdEQznK9lyZkbf3t7MhotQyyu%2BOM8mS76X8Sg4RbEYLC%2By6WpML5lmNChsPtK%2BpLosueOTTk33U2OmOdr3ZaqNe3jwoAXttXvqLZ1eZFeLnsybW4QCvGMGxnePresbuz2RqUCVqmuUA%2FfsqPtTnuUzNNtruwXpKLkTnvHPKQI2K78S2ehl9uIc462COH7N2V6E0lLxpOZG3Z8HINdapxOtFJjyiPikLjgUvHnkAoYfBdTb%2BbKzvl7hA%2BQFTniNwo7u4i%2FwQEau0flQ7dGd0DgptRYUdl2jkFCPIkHYjRLcRXjzvZexsjjGGi9dxGZlvUgc3TXoQb7sO%2BAYur3vQIXKRDVjduIc9MIEBCErdGujtA90FwTaQlu0RRlhGATgB%2F2ftNboHTHUiw5bQoJ6sA69LaEuBBJsNHgHHyebSC9SffMifJx2awV1RGNrsYlQpeuMDEvH8FRhZBq8%2Fl5il8JJFVsqG7fzFh2CZ8b%2FKnrh%2BAP6xnfW4SkFmRwOeJhhKJz6euRJCvY7Go532MtgFqGuOdRDVg6hDpYO4yMN6jHP2i1Y599ha8WcZ50aVsXHo%2BKUmySRFFSLgh9GCK
https://jenni.ai/citation?d=z%3A7VVdbuM2EA7aoi16inkqvKgj%2FyQbO%2B1iAUd2YreJbcReBO0bLdESN5SoJanY3qcUPUJPk%2BO0J%2BlHykkcbLYHWAQwYIoz883fx5k%2F7%2Fa%2BXiotEpF%2Fxz%2BUyvLNt%2F%2FMU06F5obnllZKX9OKGYpUHpeR5TEtNpSpXFiY5QlZKK%2BY5ZqWWmVkV1zecMrYe6XJipwykQMNxmarhrupxImVNLP4r9NYaZtSCHeaSRqLhGvBqHairq%2BVqdMJ09cw%2Bvf2bzpnsSCWx%2FSrMv5ipkqbvqLSIC7kQUIjF2aFygNyaXwomRR24zNgxnD8YhcBAskMqSUV6caISO1HKc9EBPcF0yzjkBsPGOuNd6iZyDdkODMqNx5b6P81NmWUwuUvNC%2F1QsQIok7FsE5znhVcM1tqZD6QPLLam4ZVfcWNC7c2CF%2FVKfSJ0GAdpSxPOL4LFnlx6OVzZWHYF8Yo1DxGMaRAmWvz%2FuxBOitNwfN4Vzp7lDJ5jfqgl8Cc9x6uh0zHOWqFyyEuHz1M1puE51TrT1x491lvb%2Fs8c5WqhZM%2BpCdCSZU8Jz%2Fx8mmqTJGi%2F1SbTt6YcvH28E3D%2FeFcvD3Ydx%2FFWyjOSrnVm32q137UC1MJRsbQC6WXbUUE2akst7LTXZFDV7EoM6qNmRf8tBX4nk9RDGO8%2BLen0hXXHDS64cY6uqEyVqHZEdcWPNl5E%2Ff8e8pNKkpdKLAxoKsnajv8WQm8Cc0TtMI4dGGNo7lHcvhbCMfhHeAt6%2Bi0N2lcDSeN08G0R8YiG49joGWWGw%2Bg8d6F5pl75Q7UgSN2loCPpXT8DGioVvyG6zrhsyIxrVIBF9oREk8OT77VDVr%2BLbY7waGvW%2Bt1cOxvIOrWKX6gj6qI0G5u5e2j4MBb4Kb9iJEljfNnGNpqVn5aB1s37cqmddSpLKy3KB6I5dCdQhfunMFR8LoyaOJQmYCL5Fx63wdB1%2Bt17oM5xqHSKx6o0ApaFSoOlTrMqsAOg6MDr08LheahmM9OjzpKj0fp3jqXKKjj0lKVUEObF5zYQmGCuhbtNLai030nSYoMhKhmnLFl7FuqOfroGhupDG11vEEdPBKmsBvWbg7fQ6WqlBjmvBqenm4RK70zEMiozHPLU%2B2RlQz4UrCFRIA%2BWKvWInLnnXgBF2lVbMMDS4VLFRtEa47J7zzwdSoWwmky7JLkc%2B74mrn9gZEN1xRJztz%2BiDFVPAoMcItkcb6HNqkoEBj2EJgGOLDaqFJH3I97n3sQu612t%2FdDyhYGOyeyL0vvZem9LL2Xpfey9F6W3pe69CSL8I20%2B%2FhM2s326%2F1WS2LDYRYvSiw289fd3ldxjjDwv1wiCLlJLtiy3DDBEyST87OALoJYK8n3PtXlvU25YJVmccGSmEuY0Ix95Bv2OaP4D%2FeovI0MU6Yd599p9NHrRxjed3vfRLESN47A7W6r8ZHnKlbB4dFRt9nu4J0t8lv32vLbVGHqM8nX11eH7W6nfdDpHB%2B%2Fh6iskn6PpFv7zcP9ZifBMLWbAoHscSssbNR0%2BPtsFE72w%2BHgYhT2zikc9i574XxwOZrNR%2BGMJqc0H43pYjQejc9oOhn36aoHMb2bDfp0Ormk0eXl6Kw3H03GBMXpOaS9dzSb4x%2BjejCeXwJ2PDoDZG9pVSEicxu7ML6PSi3XP6bWFubnRgPpBkonjedT%2Fg8%3D


Volume 11, Issue 8, August – 2026                                           International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                https://doi.org/10.38124/ijisrt/26aug626 

 

 

IJISRT26AUG626                                                                  www.ijisrt.com                                                                                        1302  

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. 

 

 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 

 

 
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/l 

Dam 1 0.021 

Dam 2 0.013 

Dam 3 0.012 

Well 1 0.026 

well 2 0.01 
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well 3 0.022 

well 4 0.003 

well 5 0.024 

well 6 0.009 

well 7 0.011 

 

 
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/l 

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 

 

 

 
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/l 

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 

 

 
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 et al., 2025; Garkida et al., 2025). 

Future policy interventions should prioritize the geochemical 

monitoring of water resources and the enforcement of waste 
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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). 

 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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