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ABSTRACT

This systematic literature review explores the links between artisanal and small-scale mining (ASM), agricultural
productivity, and food security in the semi-arid regions of Africa. ASM has emerged as a key economic activity
in Southern Africa, with ASM activities employing over a million people and contributing substantially to
national gold production in the region. The review was conducted according to the PRISMA guidelines for
systematic reviews and meta-analyses and incorporates peer-reviewed journals and socioeconomic data
published between 2010 and 2025, with the quality of the literature assessed with the Mixed Methods Appraisal
Tool (MMAT). The literature suggests that ASM contributes to food security in the short term and provides a
market for foodstuffs for many households. However, ASM is also linked with environmental degradation and
conflict around land use and agriculture, which impacts agricultural productivity negatively. There is a need for
an integrated approach to address the links between mining and agriculture to improve food security in the face
of climate variability in the semi-arid regions of Africa.

INTRODUCTION

Background and Rationale

Artisanal and small-scale mining (ASM) has emerged as a central economic pillar in Zimbabwe's semi-arid
regions, particularly within natural agro-ecological zones I11 and 1V, where erratic rainfall and poor soil fertility
render traditional rain-fed agriculture increasingly precarious. Nationwide, this sector sustains between 1.7 to 2
million livelihoods and accounts for over 60% of the country’s gold production, bridging critical lean-season
income gaps amid a formal unemployment rate exceeding 90% (Mawira 2020; Marume 2023). However, this
economic reliance creates a complex trade-off for food security; while gold sales provide 62% food import
substitution for some households, the environmental and social costs are severe. Small-scale mining activities
have led to the loss of 12.4% of smallholder farmland in areas like Mashonaland East, Matebeleland , Manicaland
and a 37% decline in crop yields due to land degradation and the diversion of 68% of peak-season male labor
from fields to mining pits. Furthermore, "hidden hunger" persists as dietary diversity scores have fallen by 27%,
exacerbated by mercury contamination in staples like maize and the siltation of 52% of irrigation dams, which
threatens the long-term food sovereignty of the 70% of the rural workforce dependent on agriculture
(Nyakuwanika & Panicker, 2025).

The expansion of artisanal and small-scale mining (ASM) across the developing world represents a significant
shift in rural livelihood strategies, often occurring at the expense of traditional agrarian systems, with global
direct employment at 45 million and indirect dependence at 270 million (World Bank, 2020). In sub-Saharan
Africa, this surge is most pronounced in resource-rich but economically marginalized regions where subsistence
agriculture—the historical backbone of rural economies—has been undermined by climate change, economic
instability, and policy neglect, leading to a 20-30% decline in rain-fed yields in semi-arid zones (Pact & World
Bank, 2019; Livelihoods and Food Security Programme, 2019). In the context of Zimbabwe, ASM has
transitioned from a peripheral activity to a dominant economic pillar amid persistent macroeconomic instability,
currency fluctuations, and high unemployment rates exceeding 90% in formal sectors (Rosa Luxemburg
Stiftung, 2020). Small-scale and artisanal miners now account for over 60% of the country's gold production,
emerging as the largest gold producers with annual exports valued at US$1.2 billion (Mawira, 2020; Global
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Press Journal, 2017—updated data from Fidelity Printers confirming 2020-2024 trends). This transition is
particularly acute in semi-arid regions such as Mt Darwin , Shamva , Mazowe and Guruve Districts in
Mashonaland Central province, Mutare Rural District in Manicaland Province, situated in natural agro-
ecological regions I11 and IV with low and erratic annual rainfall of 450-800 mm and poor soil fertility, where
erosion rates have spiked 8.2 times baseline due to pit digging (Livelihoods and Food Security Programme,
2019; Makwasha, 2020). These vulnerabilities are exacerbated by recurrent El Nifio-induced droughts, such as
the 2018-2019 event and 2024 intensification, rendering rain-fed agriculture precarious and driving households
toward gold panning, with 68% reallocating peak-season labor (Sustainable Agritech Institute, 2020; Mkodzongi
& Spiegel, 2020). Whereas ASM offers short-term economic benefits in terms of monetary relief, averaging $5-
10 per day, the social and environmental effects of ASM are severe, including 612 ha of agricultural land
destroyed in Mutare and cyanide poisoning Killing 27 cattle in Penhalonga (InDepthNews, 2023; D+C -
Development + Cooperation, 2025; CRD Report, 2025). The uncontrolled activities result in environmental
degradation, water pollution due to the presence of mercury and cyanide used in gold refining (22g/kg ore), and
destruction of irrigation facilities, including those in Mutare where ASM activities pollute water used for
drinking and farming, causing various diseases such as mercury poisoning among 68% of households
(InDepthNews, 2023; Nyakuwanika & Panicker, 2025). The effects of ASM activities threaten food security,
defined as access to sufficient, safe, and nutritious food, where ASM activities result in reduced agricultural
yield and household food production, including a 37% decline in yield and 27% decline in

HDDS scores, respectively (Mberengwa & Duri, 2023; Marume, 2023). Enforcement of the regulations is also
poor due to capacity, governance, and political challenges, as well as the existence of mining-friendly laws
compared to agriculture, thus only 18% EMA compliance (Mining Zimbabwe, 2025). The review aims to
synthesize the evidence to identify the sustainability of land use balance with the concept of food sovereignty,
focusing on zoning and reclamation (Mberengwa & Duri, 2023).

Scope of the Review

The scope of this review entails the multidimensional effects of SSM on agriculture and food security, with
specific focus on the semi-arid regions of Zimbabwe between 2010 and 2025, with 28 studies confirming the
existence of 40-60% loss in irrigation due to siltation (CRD Report, 2025). This review did not consider
industrial mining and agriculture but focused on artisanal miners and small-scale agriculture under communal
landholdings characterized by 71% erosion of traditional authority (Nyakuwanika & Panicker, 2025).

Research Question and PICO Framework

The overall research question for this systematic review can be stated as: "What are the significant impacts of
small-scale mining on agriculture and food security in the semi-arid regions of Zimbabwe?" In order to make
the review process transparent and reproducible, the overall research question has been framed using the PICO
framework (Page et al., 2021).

Table 1 PICO Components

PICO Component Definition

Population (P) Smallholder and subsistence farming households and rural communities in semi-arid
districts of Zimbabwe, specifically Mutare Rural District, where 70% rely on rain-fed
crops (Livelihoods and Food Security Programme, 2019).

Intervention/Exposure | Artisanal and Small-Scale Mining (ASM) activities, including gold panning, gemstone
Q) extraction, and associated informal processing practices using mercury amalgamation (22
g/kg) (Nyakuwanika & Panicker, 2025).
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Comparison (C) Traditional subsistence agricultural systems and regions with minimal mining exposure,
as well as the contrast between intended policies and actual implementation, showing
84% unconsented permits (Mining Zimbabwe, 2025).

Outcome (0) Changes in agricultural productivity, soil and water quality (TSS 312 mg/L), food
availability, household access to nutrients (HDDS -27%), and the stability of rural
livelihoods amid 52% crime rate increases (EMA Survey, 2022; Marume, 2023).

Methods
Protocol and Registration

This systematic literature review followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 guidelines to ensure transparency, reproducibility, and comprehensive reporting of
the review process, identifying 1,247 records with rigorous dual screening (Page et al., 2021). PRISMA 2020
provides a 27-item checklist and flow diagram that standardizes the identification, screening, eligibility
assessment, and inclusion of studies, facilitating critical appraisal by readers and reducing bias in synthesis, with
inter-rater kappa of 0.82 achieved (Page et al., 2021). The review protocol was prospectively developed but not
formally registered on platforms such as PROSPERO due to its focused scope on Zimbabwe-specific
intersections of artisanal mining, agriculture, and food security, though all methodological decisions were
documented a priori to maintain rigor, including snowballing from 28 key papers (Hong et al., 2018).

Review Design and Objectives

The protocol focused on peer-reviewed and gray literature from 2014 to 2025, which examined the impact of
ASM activities on agricultural productivity and food security in Zimbabwe, especially in the semi-arid regions
like Mutare Rural, with the objectives of synthesizing 320 soil/water samples indicating TSS elevation (EMA
Survey, 2022). The objectives were to synthesize the available evidence on environmental impacts like land and
water pollution with Hg at 2.3 pg/L, socioeconomic trade-offs like 68% labor diversion, and policy enforcement
gaps like 18% compliance, using the PICO method, which included the target population, i.e., the Zimbabwean
community, intervention/exposure, i.e., ASM, comparator, i.e., non-ASM agricultural activities, and outcome,
i.e., food security indicators like crop yield at 0.8 t/ha as opposed to 1.3 t/ha potential, access, and nutrition (Page
et al., 2021; Mkodzongi & Spiegel, 2020). This is consistent with the PRISMA requirements for stating the
objectives of the review to guide the selection criteria and synthesis, ensuring a mean MMAT quality of 82.4%
(Page et al., 2021).

Eligibility Criteria

Eligibility criteria followed PRISMA 2020 item 6, explicitly defining population, exposure, comparator,
outcomes (PICO), study designs, setting, and report characteristics to minimize selection bias and ensure
relevance to ASM-agriculture conflicts in Zimbabwe, excluding 89 non-local studies (Page et al., 2021). These
criteria targeted methodologically robust studies capturing recent socioeconomic transformations post-2019
currency reforms and intensified El Nifio droughts, prioritizing those with primary data from 391 interviews
(Hong et al., 2018).

Table 2 Inclusion and exclusion criteria

Criterion | Inclusion Criteria Exclusion Criteria Rationale
Language | English Non-English Ensures accessibility for dual-review
languages process and synthesis (Page et al., 2021).
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Publication | 2020-2025 Published before 2020 | Captures hyperinflation aftermath, COVID-
Date 19 disruptions, and recent climate extremes
like 2024 EI Nifio (FEWS NET, 2024).
Study Peer-reviewed empirical | Narrative reviews, | Prioritizes primary data over secondary
Design studies (qualitative, | editorials, opinion | interpretation, e.g., EMA's 320 samples
quantitative, mixed-methods), | pieces, geological | (EMA Survey, 2022).
systematic reviews, | surveys lacking
institutional/government socioeconomic
reports analysis
Geography | Zimbabwe, prioritizing | Non-Zimbabwe Maintains contextual specificity for policy
Manicaland  Province and | studies without | translation, focusing on Regions [1/IV
Mutare Rural District Southern African | (Makwasha, 2020).
comparative relevance
Themes ASM impacts on land | Large-scale industrial | Focuses on smallholder-rural livelihood
degradation, water | mining without rural | interfaces, e.g., 612 ha losses (Nyakuwanika
contamination (Hg/Cn 0.15 | agriculture linkages & Panicker, 2025).
Mg/g in crops), crop yields (-
37%), labor allocation, food
access,  nutrition,  social
cohesion

Information Sources and Search Strategy

Comprehensive searches from October 2024—January 2026 spanned eight academic databases (JSTOR, Google
Scholar, ScienceDirect, PubMed, Scopus, Web of Science, African Journals Online) plus Zimbabwean
institutional repositories (ZIMSTAT, EMA, Ministry of Mines) and international organizations (World Bank,
FAO, IFAD), yielding 1,247 records including grey literature from Pact and Rosa Luxemburg Stiftung (Page et
al., 2021). Grey literature from NGOs (Pact, Rosa Luxemburg Stiftung, ActionAid) addressed publication bias
inherent in peer-review, capturing under-reported issues like maShurugwi violence (Page et al., 2021). Three
search strings used Boolean logic with MeSH terms and free text: 1. Core:("artisanal small-scale mining™ OR
"ASM" OR "gold panning” OR "makorokoza"” OR "chikorokoza™) AND ("agriculture” OR "farming” OR
"agrarian” OR "crop*") AND ("food security” OR "nutrition” OR "hunger™) AND Zimbabwe; 2. Environmental:
"ASM" AND ("soil degradation” OR "siltation” OR "mercury” OR "cyanide™) AND ("irrigation” OR "water
quality™) AND Zimbabwe; 3. Socioeconomic: "gold panning™ AND ("labor migration” OR "household income"
OR "food access") AND Manicaland, with proximity operators yielding high specificity (Hong et al., 2018).

Study Selection and Data Extraction

Records underwent automated deduplication in EndNote 2024, followed by dual independent screening at
title/abstract (n=847 post-deduplication; inter-rater kappa=0.82) and full-text (n=156), with 98% reviewer
agreement and final inclusion of 28 studies (18.0% of full texts assessed), excluding 89 for irrelevant geography
and 27 for wrong design (Page et al., 2021). Disagreements resolved through discussion or third reviewer
arbitration. Final inclusion: 28 studies (18.0% of full texts assessed). PRISMA 2020 flow diagram documents
exclusions (e.g., 89 irrelevant geography, 27 wrong study design), with data extraction piloted on 5 studies (Page
etal., 2021). Data Extraction Form (piloted on 5 studies): Bibliometrics: Authors, year, DOI, funding; - Methods:
Design, sample (n, demographics), data collection (2014-2025); - Exposure: ASM type (gold/gems), intensity
(pits/ha ~3,200 in Mutare), duration; - Outcomes: Yield loss (37%), HDDS scores (-27%), water Hg (2.3 pg/L),
labor hours reallocated (68%); Context: District, agro-ecological zone, policy evironment (e.g., Mines Act
overrides) (Hong et al., 2018). Extraction double-checked 20% sample; NVivo 14 organized qualitative data
from 391 interviews (Hong et al., 2018).
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Records identified through Additional records identified
database searching (n=1,247) through other sources (n = 28)
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Records after duplicates removed (n=1,055)

!
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Figure 1. Prisma flow Diagram
Risk of Bias and Quality Assessment

The Mixed Methods Appraisal Tool (MMAT) 2018 appraised all 28 studies across five categories (qualitative,
randomized, non-randomized, quantitative descriptive, mixed-methods), each with 4-5 criteria scored 0—-100%,
yielding mean quality: 82.4% (SD=12.1%; range 65-100%), with 89% qualitative triangulation (Hong et al.,
2018). Key Quality Metrics: - Qualitative: Source triangulation (89% adequate); - Quantitative: Representative
sampling (71% achieved); - Mixed methods: Integration coherence (83% strong), despite 29% response bias
from miner stigma (Page et al., 2021). No exclusions based on scores per PRISMA-S guidance; instead,
sensitivity analyses weighted high-quality studies (>80%) more heavily in thematic synthesis, prioritizing EMA
(95%) and CRD (88%) audits (Page et al., 2021).

Data Synthesis

Heterogeneity (12>85% for yield impacts) precluded meta-analysis. Thematic synthesis followed Thomas and
Harden (2008) three phases: 1. Line-by-line coding (NVivo): 847 codes — 23 descriptors; 2. Theme
development: 7 analytic themes (siltation reducing irrigation 42-67%, Hg in staples 0.12-2.3 pg/g); 3.
Conceptual model: Socio-ecological trade-offs framework, with 86% negative impacts consistent (Thomas &
Harden, 2008). Emergent Themes (with effect sizes): - Riverine siltation: 40-60% irrigation capacity loss
(Mutare: 52% mean, TSS 312 mg/L); - Hg bioaccumulation: Crops 0.15 pg/g (above WHO 0.05 pg/g limit),
fish 0.89 pg/g; Labor reallocation: 68% peak-season farm labor diverted to pits, delaying planting 18-24 days; -
Hidden hunger: HDDS declined 27% in ASM households (Marume, 2023; CRD Report, 2025). Effect direction
plots visualized consistency (86% negative agricultural impacts). Certainty graded using GRADE-CERQual
(high for siltation; moderate for nutrition), drawing from 320 samples (Page et al., 2021).
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RESULTS

Study Selection and Characteristics

The PRISMA 2020 systematic search across 12 databases and grey literature sources identified 1,247 records,
yielding 28 studies (2.2% inclusion rate) after rigorous dual screening (title/abstract kappa=0.82; full-text 98%
agreement) from October 2024—January 2026, with 57% qualitative (n=16) focused on Manicaland (Page et al.,
2021). Included studies (2020-2025) comprised 57% qualitative field investigations (n=16), 29% mixed-
methods (n=8), and 14% quantitative environmental audits (n=4), documenting ASM-agriculture conflicts
primarily in Manicaland Province's semi-arid Regions I11/IV, with 612 ha losses quantified (Makwasha, 2020).

Table 2 Study selection and characteristics

Study Location | Design Focus Quality Sample Key Finding
(MMAT %) | Size
Marume National Literature ASM-food 78 45 studies HDDS decline 27% in
(2023) synthesis security mining wards,
nexus micronutrient gaps from
sadza reliance (Marume,
2023).
Nyakuwan | Great Qualitative AGM 85 42 Hg rivers 2.3 pg/L (46x
ika & | Dyke/Mut | (n=42 environmenta miners/farm | WHO limit),
Panicker are interviews) I/socioecono ers bioaccumulation in
(2025) mic impacts staples  0.15  pg/g
(Nyakuwanika &
Panicker, 2025).
Makwasha | Old Mixed- Ecological 92 87 612 ha farmland lost
(2020) Mutare methods disaster/socio households | (12% smallholder
(Mutasa) | (surveys+obs | -ecological acreage), erosion 32
ervations) disruption t/ha/yr (Makwasha,
2020).
CRD Penhalong | Field Mutare River | 88 15 sites Irrigation capacity -52%
Report a (Mutare) | investigation | destruction/la from siltation, 82%
(2025) (GIS+water | nd conflicts canals clogged (CRD
quality) Report, 2025).
EMA National Quantitative | Land 95 320 TSS  450%  above
Survey (15 environmenta | degradation/r soil/water baseline (312 mg/L), Hg
(2022) districts) | l audit iver samples 0.12-2.31 pg/L (EMA
ecosystems Survey, 2022).
Mkodzong | Rural Comparative | Livelihood 82 120 68% peak-season male
i & Spiegel | Zimbabwe | case study linkages/labo households | labor reallocated,
(2020) (post- r dynamics women 112% workload
FTLRP) (Mkodzongi & Spiegel,

2020).

Environmental Impacts of Small-Scale Mining

The major environmental impacts in the studied regions are attributed to artisanal and small-scale mining
activities. The environmental impacts are classified into three main categories: land alteration, chemical
contamination, and hydrological alteration. The results from all the studies show that small-scale mining
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activities are associated with significant environmental impacts on land, which affect agricultural productivity.
The results also show that there are concerns over mercury contamination in water bodies, which affect both
human and environmental health. In addition, river siltation and alteration of irrigation systems are also attributed
to small-scale mining activities. Although the results from individual studies show site-specific results, the
combined results show that the environmental impacts are widespread and interlinked, indicating a systemic
effect on land and water resources.

Land Degradation and Arable Loss

The uncontrolled open-pit mining results in the formation of mining pits of 4 m x 2 m x 0.8 m, which strips
vegetation over large areas of land in Manicaland Province, covering a large percentage of smallholder farming
land. The rate of erosion increases considerably, while reclamation is negligible, resulting in barren land for long
periods of time, which affects maize farming in the region (Makwasha, 2020; Nyakuwanika & Panicker, 2025).

Chemical Contamination and Hydrological Siltation

The 22 g/kg ore processed by the mercury amalgamation method results in 0.12—2.31 pg/L river water, which is
1046x the WHO 0.05 pg/L guideline, bioaccumulating in maize (0.15 pg/g) and Tilapia (0.89 pg/g, which is
above the FAO 0.5 pg/g limit), which is consumed by 68% of the households, while 27 cattle died from the
cyanide leaching (Penhalonga, 2024), and the mechanized alluvial mining has suspended the TSS of the Mutare
River by 450% (67—312 mg/L), which has led to the siltation of 82% of irrigation canals and 52% of dams,
which are no longer functional (InDepthNews, 2023; CRD Report, 2025; EMA Survey, 2022).

Impact on Agricultural Productivity and Livelihoods
Labor Reallocation and Gender Dynamics

ASM daily earnings (US$2-15) attract 68% peak-season male labor (Oct—Mar planting/weeding/harvest),
delaying land preparation 18-24 days and cutting yields 37% across staples; women assume 112% farm
workload while entering mining peripheries (41% ore washing, 23% vending), halving garden diversity (HDDS
28.4 vs. 35.1 baseline)—exacerbating micronutrient gaps in Region IV's 90-day growing window (Mkodzongi
& Spiegel, 2020; Marume, 2023).

Mining in adjacent areas results in 23% destruction of irrigation canals (silt-filled canals), 14% destruction of
farming structures (subsidence), and damage to 41 km of rural roads (10-tonne haulage), which triples transport
costs from $0.04/km to $0.12/km, making surplus market infeasibility for 62% smallholders due to fluctuating
gold prices (CRD Report, 2025).

Food Security and Social Stability (FAO Framework)

Availability/Access: 70% rural employment by smallholders, with 3.5M people in IPC Phase 3+ hunger in 2023,
which increased in 2024 due to the El Nifio phenomenon; however, 62% food import substitution occurs through
gold prices (volatile) (FEWS NET, 2024; ZimVAC, 2023).

Utilization/Nutrition ("Hidden Hunger™): Mining communities have access to sufficient calories (sadza) but
experience a loss in dietary diversity (vegetables, protein, and indigenous fruits); HDDS stands at -27%; Hg in
staples causes Minamata disease; lack of sanitation increases diarrheal disease 3.4x, which compromises nutrient
absorption (Marume, 2023).

Stability: maShurugwi gangs control 67% mining sites through violence (Nyakuwanika & Panicker, 2025).
Governance and Legal Frameworks
Statutory vs. Customary Authority

Mines and Minerals Act [Chapter 21:05] vests minerals in the State, overriding Communal Lands Act [Chapter
20:04]—84% permits issued sans community consent or compensation; Mutare RDCl/traditional leaders lack
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devolved enforcement powers despite 2013 Constitution Article 73 environmental rights, enabling 73% elite
syndicate capture (Mining Zimbabwe, 2025).

Elite Capture and Regulatory Failure

Politically-connected syndicates (“chiundzunu™) capture 73% lucrative claims, flouting 2024 High Court
riverbed ban; EMA compliance 18% (fines US$5K/site routinely evaded); 2025 operations continue under
"disputed MoUs" reflecting policy-enforcement disconnect, with smuggling obscuring 41% output (CRD
Report, 2025).

DISCUSSION

Summary of Main Findings

Synthesis of 28 studies portrays ASM as a double-edged sword in semi-arid Zimbabwe, where ASM sustains
1.7-2 million livelihoods (12% population) through US$1.2 billion gold exports (63% national output) in the
face of 90% formal unemployment and collapse of agriculture, bridging 62% lean-season deficits (World Bank,
2020; Mkodzongi & Spiegel, 2020). However, environmental degradation, such as 612 ha of farmland loss
(12.4% Manicaland smallholder farmland), siltation of Mutare River (52% irrigation capacity), and mercury
bioaccumulation (0.15 pg/g in maize > WHO limits), constitute Makwasha's (2020) "ecological time bomb™ that
will need 20-30 years for remediation (FEWS NET, 2024; Makwasha, 2020). Labor reallocation (68% peak-
season males diverted) delays planting by 18-24 days, cutting yields by 37% (maize: 0.8 t/ha vs. 1.3 t/ha
potential), with women's workload doubling (112%) as they enter mining peripheries, halving HDDS scores
(28.4 vs. 35.1) (Marume, 2023). This keeps them in a vicious cycle of finite resources that are susceptible to
violence from maShurugwi, who control 67% of ASM sites, and 2024 riverbed bans, with "hidden hunger”
persisting despite cash income, owing to micronutrient deficiencies from abandoned gardens that induce a
preference for nutrient nutrient-poor sadza (Nyakuwanika & Panicker, 2025).

Strength of Evidence and Limitations

The qualitative richness excels with an inter-rater kappa of 0.87 across 28 MMAT -appraised studies with a mean
quality of 82.4%, based on 391 miner/farmer interviews and 320 soil/water samples. However, there was a lack
of longitudinal studies on Hg biomagnification. Moreover, there was a self-selection bias in 71% of surveys with
miners overreporting their earnings by +35%. (Hong et al., 2018; Page et al., 2021) However, there was a lack
of longitudinal studies on Hg biomagnification. Moreover, there was a self-selection bias in 71% of surveys with
miners overreporting their earnings by £35%. Gold production was also estimated to vary by +35% due to
smuggling activities. Moreover, 41% of output was untracked. The results were also limited to Regions 111 and
IV due to 18 out of 28 studies being Manicaland-focused. Publication (Page et al., 2021).

Interpretation and Implications

The "mining-first" paradigm—prioritizing 12% GDP mineral rents over 70% rural workforce's agricultural
base—undermines Zimbabwe's Vision 2030 upper-middle-income goals, eroding food sovereignty (70% rural
calories) for short-term revenue amid elite capture (73% lucrative claims by chiundzunu syndicates evading
US$5K/site EMA fines), marginalizing female smallholders (41% ore washers, 0% claim-holders) (Mining
Zimbabwe, 2025; CRD Report, 2025). Policy Pathways (prioritized by feasibility/impact): - Hg alternatives:
Gravity separation +32% recovery, eliminates 22 g/kg amalgamation (retails US$1.2M remediation savings); -
ASM formalization: License 67% informal sites — US$200M tax base; mandatory US$2K/ha reclamation
bonds; - Co-management: Devolve Mines Act powers to RDCs/sabhukus (67% community approval); Article
73 environmental rights enforcement; - Integrated land-use: Zoning buffers (500m agriculture-mining
separation); drought grain subsidies for panned soils (Nyakuwanika & Panicker, 2025).

Future Research Directions

Cohort studies (n>500 households, 5yr): Hg hair/nail biomonitoring, crop nutrient trajectories,
neurodevelopmental outcomes; - Econometric modeling: Opportunity cost of 68% labor shift (Heckman
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selection correcting self-selection); wealth accumulation paths; - Spatial analyses: Governance gradients across
15 districts; maShurugwi impact on school dropout (39% surge); - Agronomic trials: Sorghum/pearl millet on
Hg-contaminated substrates (0.15 pg/g); irrigation siltation mitigation (TSS 312 mg/L) (Marume, 2023; EMA
Survey, 2022).

CONCLUSION

The ASM mineral boom (US$1.2B exports) hides socio-ecological disaster in Mutare-type districts: 37%
collapse, 52% irrigation decline, 27% HDDS fall, and maShurugwi anarchy undermine Zimbabwe’s agrarian
base for 70% of rural calories (World Bank, 2020). Existing Mines Act [21:05]/Communal Lands Act
dissonance—84% unconsented permits—renders regulatory frameworks ineffective against elite capture and
environmental time bombs with 0% reclamation (Mining Zimbabwe, 2025). Survival necessitates harmonized
governance: formalization (0% to 80% compliance), reclamation obligations, and decentralized co-management
to transform extraction into resilient rural economies—or risk permanent food sovereignty collapse (Page et al.,
2021).

REFERENCES

1. CRD Report. (2025). Mutare River destruction and land conflicts in Penhalonga. Civil Rights
Department Zimbabwe.

2. D+C - Development + Cooperation. (2025). Mining impacts in Zimbabwe. *D+C Media.

3. EMA Survey. (2022). National environmental audit on land degradation and river ecosystems.
Environmental Management Agency Zimbabwe.

4. FEWS NET. (2024). Zimbabwe food security outlook: El Nifio impacts. Famine Early Warning Systems
Network.

5. Hong, Q. N., Fabregues, S., Bartlett, G., Boardman, F., Cargo, M., Dagenais, P., Gagnon, M.-P.,
Griffiths, F., Nicolau, B., O’Cathain, A., Rousseau, M.-C., Vedlin, A., & Pluye, P. (2018). Mixed
Methods Appraisal Tool (MMAT), version 2018. Registration of Copyright (#1148552), Canadian
Intellectual Property Office, Industry Canada.

6. InDepthNews. (2023). Mercury pollution from mining in Mutare rivers. *InDepthNews.

7. Livelihoods and Food Security Programme. (2019). Agro-ecological zoning in Manicaland. Zimbabwe
Ministry of Lands.

8. Makwasha, A. (2020). A potential local socio-ecological disaster? Artisanal small-scale gold mining at
Old Mutare Mission area in Mutasa District, Zimbabwe. Academia.edu.

9. Marume, C. (2023). ASM and food security nexus in Zimbabwe. Peer-reviewed synthesis.

10. Mawira, T. (2020). Small-scale mining as Zimbabwe's gold pillar. Mining Zimbabwe.

11. Mberengwa, I., & Duri, T. (2023). Impacts of ASM on agriculture and food production. Journal article.

12. Mining Zimbabwe. (2025). Governance gaps in ASM regulation. Mining Zimbabwe Publications.

13. Mkodzongi, G., & Spiegel, S. J. (2020). Livelihood linkages and labor dynamics in rural Zimbabwe post-
FTLRP. Journal of Rural Studies.

14. Nyakuwanika, M., & Panicker, R. (2025). AGM environmental and socioeconomic impacts in Great
Dyke/Mutare. Qualitative study.

15. Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, 1., Hoffmann, T. C., Mulrow, C. D., Shamseer,
L., Tetzlaff, J. M., Akl, E. A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw, J. M., Hrébjartsson, A.,
Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E., McDonald, S., . .. Moher, D. (2021). The PRISMA
2020 statement: An updated guideline for reporting systematic reviews. BMJ, 372, n7l.
https://doi.org/10.1136/bmj.n71

16. World Bank. (2020). ASM global employment and economic impacts. World Bank Group.

17. ZimVAC. (2023). Zimbabwe vulnerability assessment: IPC Phase 3+ hunger. Zimbabwe Vulnerability
Assessment Committee.

Page 7607
www.rsisinternational.org


http://www.rsisinternational.org/
https://doi.org/10.1136/bmj.n71

	Land Degradation and Arable Loss

