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Abstract 
A field comparison between pristine savanna and a disused tin-mining site on the Jos Plateau reveals a 

landscape transformed beyond recognition-pockmarked with unreclaimed pits, stripped of topsoil, and 

loaded with heavy metals that leach into streams used for drinking and irrigation. This research 

assessed the environmental impact of artisanal and small-scale mining (ASM) on soil and water quality 

at 36 sampling points distributed across three active mine sites, three abandoned sites, and six control 

locations on the Jos Plateau, Plateau State, Nigeria. Soil samples (0-30 cm) and stream-water samples 

were analysed for six heavy metals (Pb, Cd, Cr, Zn, Cu, As) by ICP-OES. Mean soil lead concentration 

at active mining sites was 284.3 mg/kg-seven times the Nigerian Federal Ministry of Environment 

guideline of 40 mg/kg. Water lead levels exceeded the WHO drinking-water standard at 83% of 

mining-adjacent sampling points. All six metals showed a strong log-linear decay with distance from 

the nearest mine (R-squared = 0.89-0.96), with concentrations falling to background within 10-14 km. 

The contamination index and ecological risk assessment classified 67% of mining-area soils as posing 

high to very high ecological risk. These findings call for mandatory environmental management plans, 

even for small-scale operations, and targeted remediation of abandoned sites. 
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Introduction 
A field comparison between two landscapes barely 5 km apart on Nigeria's Jos Plateau tells a 

stark story. On one side, intact guinea-savanna grassland with deep, red laterite soils 

supporting millet and groundnut. On the other, a moonscape of open pits, tailings piles, and 

turbid streams draining through abandoned tin and columbite workings that date back to the 

colonial era and continue in artisanal form today [1]. The Jos Plateau, sitting at roughly 1,200 

m elevation in central Nigeria, was the country's primary tin-producing region from the early 

1900s until large-scale mining wound down in the 1980s, but artisanal operations have 

persisted and even expanded since then [2]. 

Artisanal and small-scale mining (ASM) is often portrayed as a livelihood of last resort for 

rural communities, and it does support an estimated 500,000 people across Plateau State [3]. 

But the environmental costs are rarely accounted for: unlined waste dumps expose sulphide-

bearing minerals to oxidation, generating acid mine drainage that mobilises heavy metals 

into soils and waterways [4]. Previous research on the Jos Plateau documented elevated lead 

and cadmium in mining-village soils [5], but the spatial extent of contamination-particularly 

the distance over which concentrations return to background-has not been systematically 

mapped. 

 

This research aimed to 

a) Quantify heavy-metal concentrations in soil and stream water at active and abandoned 

ASM sites compared with unimpacted controls. 

b) Determine the spatial decay of contamination with distance from mine centres. 

c) Evaluate ecological risk using standard contamination and risk indices [6]. 
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Limitations 

Several constraints affect interpretation. First, the research 

covered a single sampling season (dry season, February 

2023); metal mobility may differ during the wet season 

when increased runoff and lower pH promote leaching. 

Second, soil samples were taken only from the 0-30 cm 

horizon, so the depth of contamination is unknown. Third, 

speciation analysis-which determines whether metals are in 

exchangeable, reducible, or residite fractions-was not 

performed, so bioavailability cannot be inferred directly 

from total concentrations [4]. Future work should include 

seasonal replication, depth profiling, and sequential 

extraction. 

 

Material and Methods 

Material 
Thirty-six sampling points were established across the Jos 

Plateau in Plateau State: 12 at three active ASM sites, 12 at 

three abandoned sites (inactive for 15-40 years), and 12 at 

six control locations at least 15 km from any known mining. 

At each point, a composite soil sample (0-30 cm, five sub-

samples within a 10-m radius) was collected, and where a 

stream lay within 200 m, a 1-L water sample was taken in 

acid-washed HDPE bottles. All samples were transported to 

the laboratory within 48 hours. The research was conducted 

under institutional approval from the New Delhi Institute of 

Earth Sciences (Protocol NDIES/2023-004, approved 10 

January 2023). 

 

Methods 

Soil samples were air-dried, sieved to <2 mm, and digested 

in aqua regia (HCl:HNO3, 3:1) following ISO 11466. Water 

samples were acidified with 2% HNO3 and filtered through 

0.45-micrometre membranes. Both matrices were analysed 

for Pb, Cd, Cr, Zn, Cu, and As by ICP-OES (Thermo iCAP 

7400). Contamination was assessed using the geo-

accumulation index (Igeo) and the potential ecological risk 

index (RI) of Hakanson [6]. Log-linear regression tested the 

relationship between metal concentration and distance from 

the nearest mine centre. Statistical differences between site 

categories (active, abandoned, control) were tested by 

Kruskal-Wallis H test (alpha = 0.05). 

 

Results 

 
Table 1: Mean heavy-metal concentrations in soil (mg/kg) by site 

category 
 

Category Pb Cd Cr Zn Cu As 

Active Mine 284.3 8.7 142.6 387.1 213.4 47.8 

Abandoned 198.6 5.4 97.3 264.8 148.7 34.1 

Control 18.7 0.4 24.1 52.3 28.6 6.2 

Guideline* 40 1.0 100 200 100 20 

 

*Nigerian Federal Ministry of Environment soil quality 

guidelines. Table 1 shows that active mine soils exceeded 

guidelines for all six metals, with lead at 7× and cadmium at 

8.7× the limit. Abandoned sites showed lower but still 

elevated concentrations, indicating that natural attenuation 

over 15-40 years has not returned soils to safe levels. 

 

 
 

Fig 1: Heavy metal concentrations in soil and water at Jos Plateau mining sites 

 

Figure 1 compares soil and water contamination side by 

side. Lead and zinc dominate in both matrices, while 

cadmium-though present at lower absolute concentrations-

exceeds its guideline by the widest margin, reflecting its 

high toxicity threshold. 

https://www.geojournal.net/


International Journal of Geography, Geology and Environment  https://www.geojournal.net 

~ 158 ~ 

 
 

Fig 2: Soil lead concentration as a function of distance from the nearest artisanal mine (log-linear fit, R² = 0.96). 

 

Figure 2 demonstrates the rapid spatial decay of lead 

contamination: concentrations halve roughly every 2 km and 

reach background levels (below 40 mg/kg) at approximately 

12 km from the mine centre. 

 

Discussion 
The contamination levels documented here are consistent 

with, and in some cases exceed, values reported for ASM 

sites in Ghana [7] and the Democratic Republic of the Congo 
[8]. Lead at 284 mg/kg in active-mine soils is particularly 

concerning because children in mining villages are exposed 

through soil ingestion, dust inhalation, and contaminated 

water-pathways that have been linked to elevated blood-lead 

levels and neurodevelopmental harm in Jos Plateau 

communities [5]. 

The persistence of contamination at abandoned sites (198.6 

mg/kg lead after 15-40 years of inactivity) underscores the 

slow pace of natural attenuation in laterite soils, where 

strong metal binding to iron and aluminium oxides limits 

leaching but also prevents concentration reduction [4]. 

Active remediation-such as soil washing, phytoremediation 

with hyperaccumulator plants, or capping with clean fill-

will be needed to bring these sites below guideline levels 

within a human lifetime. 

The log-linear distance-decay relationship (R-squared = 

0.89-0.96 across all metals) offers a practical screening tool: 

any community within 10 km of an active or recently 

abandoned ASM site should be considered at risk and 

prioritised for health and environmental monitoring. 

 

Conclusion 
This research established that artisanal mining on the Jos 

Plateau has contaminated soils and stream water with heavy 

metals at levels far exceeding Nigerian environmental 

guidelines. Active mine sites recorded soil lead at seven 

times the safe limit, and concentrations remained elevated at 

abandoned sites even after decades of inactivity. The strong 

distance-decay relationship identified here provides a simple 

spatial criterion for risk screening. 

Practical recommendations include: mandatory 

environmental management plans for all ASM operations, 

remediation of abandoned sites within 5 km of settlements, 

routine blood-lead screening of children in mining villages, 

and enforcement of buffer zones between mining activities 

and water sources used for drinking or irrigation. 
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