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EXECUTIVE SUMMARY 
The extractive industry in Mozambique plays a crucial role in the national economy. In the second quarter of 
2024, the Mozambican economy grew by 4.5%, compared with the same period of 2023. This growth was 
driven by the good performance of the extractive industry, with growth of 17.48%. According to the Economic 
and Social Plan and State Budget (PESOE) 2025, this sector had a weight of 15.02% in the Gross Domestic 
Product (GDP), in the fourth quarter of 2024.

Gold mining in Manica is an activity with predatory characteristics due to negative social and environmental 
effects, such as environmental pollution, the increase in food insecurity, the loss of means of livelihood and 
social conflicts related with the expropriation of land.  These bad practices have worsened social inequalities 
and poverty in the host communities, and cause scepticism among local populations regarding the credibility 
and effectiveness of government institutions.

Although the national media have published various denunciations concerning environmental pollution in 
Manica province, arising from gold mining, the government authorities, and the Public Prosecutor’s Office in 
particular, have performed poorly faced with the socio-economic problems resulting from mining.

To contribute to mitigating these problems, CIP undertook a study to analyse the quality of the water in 
the Nhamacuio, Mbonde, and Mussapa Pequena rivers and in the Chicamba Real reservoir and its effects 
on the surrounding communities. The study was held between August 2024 and August 2025. A mixed 
approach was used, combining qualitative and quantitative methods. The quantitative method consisted of 
collecting samples of water and sediment, on 9 and 10 August 2024, to assess the quality of the water in the 
Nhamacuio, Mbonde and Mussapa Pequena rivers, and in August 2025, to assess the quality of the water in the 
Chicamba Real reservoir. The qualitative method consisted of applying techniques of investigative journalism, 
documentary and bibliographical consultation, direct observation in the field, and interviews with various 
stakeholders to assess the social impacts. The main limitation of the study was the lack of collaboration from 
the company HWA Minerais Lda, and from the Tsetsera Association of Informal Miners to obtain information 
about how the entities that mine gold operate. These bodies did not reply to the requests for interviews
, submitted by the research team. The team also resorted to aerial images taken by drones, and questionnaires 
administered to the host communities.

A further limitation was the lack of identification marks on the areas where the companies operate, plus the 
secrecy surrounding their behaviour, which made it difficult to map the gold mining companies along the 
Revuè river, in Manica district. As an alternative strategy, aerial images taken by drone were used to identify 
the gold mining areas near the Revuè river.

The study found that the company HWA Minerais Lda., which began gold mining in 2023, is operating without 
an environmental licence. The company only drew up its Environmental Impact Study (EIA) in November 
2024, a year after it began its activities. This shows there is a high risk of corruption between the company and 
the Government, since no company in Category A should start its activities without an environmental licence 
for the operation, and much less without an EIA.

The study also identified the invisible cost of gold, as shown by the pollution of the Nhamacuio and Mbonde 
rivers, and the contamination of the Chicamba Real reservoir, resulting from the exploitation of gold by 
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companies and mining associations, adjacent to the above-mentioned water resources. The Bandire Mining 
Society, the Tsetsera Association of Informal Miners and the Zanida Minerals Company, practice open cast 
mining. They use mercury in an uncontrolled manner, they discard the waste directly into the environment 
without prior treatment, and they have no system to treat liquid waste.  For its part, the company HWA Minerais 
Lda is working without an environmental licence for its operation. As a result of these bad environmental 
practices, the Nhamacuio and Mbonde rivers show levels of mercury that are 8 and 16 times higher than the 
permitted limits, respectively. The Chicamba Real reservoir is contaminated by mercury with a concentration 
at the maximum limit stipulated in Decree No. 52/2023[2].

Pollution by mercury is a threat to public health and to the environment, since mercury is a toxic heavy metal 
which can damage the kidneys, liver, brain, hearts, lungs, colon, and the immune, respiratory and neurological 
systems. The problems resulting from mining include social conflicts due to land expropriation, the blocking 
of the Nhamacuio river by the companies Zanida Minerais and HWA Minerais Lda. As a result, the flow of the 
river has declined, reducing its multiple uses and the number of fish in the river.

To a lesser extent, the study identified some positive aspects from gold mining in Sussundenga. The company 
HWA Minerais Lda created some jobs for local youths. In the area of social responsibility, it opened two 
standpipes and built a football field. For its part, the Tsetsera Association of Informal Miners is supplying 
birds, seeds, fertiliser and pesticides for members of the communities who practice farming and breed poultry. 
The association is also contributing to the rehabilitation of the Nharimba Primary School and assists sick 
people. Faced with the negative impacts, the government is apparently adopting a passive stance which has 
worsened the quality of life of the communities and environmental integrity. It has fed a development model 
centred on restricted benefits while compromising environmental sustainability and collective social welfare.

Given the negative results of the study, it is becoming crucial that all the parties involved, the Government, the 
Attorney-General’s Office (PGR), the Bandire Mining Society (SMB), the Tsetsera Association of Informal 
Miners (AGT) and the companies HWA Minerais, Lda and Zanida Minerais– Sociedade Unipessoal, Limitada 
(Zanida Minerais) should comply with their duties to safeguard social rights and environmental integrity. The 
following lists some of the recommendations for the various bodies, namely:  

 (1) for the Mozambican Government – inspect every quarter the environmental quality of the gold mining 
companies and associations; limit the mining areas and prohibit gold mining near bodies of water, such as 
rivers and lakes; and reform the legal provisions that regulate environmental quality standards.   

(2) to the PGR – investigate and hold responsible those guilty of environmental crimes and violations of the 
human rights of the host communities; build the skills of judges, prosecutors, and the national administration 
of conservation areas in matters of corruption and environmental crimes.

   (3) For the SMB and AGT – adopt clean technologies and replace the use of mercury by methods such as 
sodium borate; make available on the Web page the environmental control and monitoring reports; implement 
an effective waste treatment system; rehabilitate the soils and rivers polluted by mercury, in which they may 
apply remediation using Typha capensis or other Nature-Based Solutions (SbN); respect the rights of the host 
communities and establish a Local Development Agreement.

(4) For the companies HWA Minerais, Lda and Zanida Minerais – make available on the Web page the 
environmental control and monitoring reports; respect the rights of the host communities and establish a Local 
Development Agreement.
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1. Introduction

The extractive industry in Mozambique plays a crucial role in the national economy. In the second quarter of 
2024, the Mozambican economy grew by 4.50%, compared with the same period in 2023. This growth was 
driven by the good performance of the extractive industry, with growth of 17.48%. According to the Economic 
and Social Plan and State Budget (PESOE) 2025, this sector had a weight of 15.02% in the Gross Domestic 
Product (GDP), in the fourth quarter of 2024.

In Mozambique, gold mining is an economically significant activity, particularly in Manica, Sofala, Zambézia, 
Tete, Nampula, Niassa and Cabo Delgado provinces. The contribution of gold in the extractive industry is 
significant and has grown in recent years, reflected both in production and in the economic impact of the sector. 
According to the PESOE of the Third Quarter of 2024, gold production recorded a growth of 41.2% compared 
with the same period of 2023 and a rate of achievement of 92%. The growth of production has been driven 
by greater control over artisanal mining, and by the good performance of the producing companies, mainly 
Mutapa Mining Processing, MMC Resources and Daima Mozambique, SA, all located in Manica province. 

Manica province stands out in Mozambique’s gold production. Between 2021 and 2024, the province was 
responsible for the production of 1921.42 Kg of gold, corresponding to 51% of the total production of the 
country in that period. 

Although gold mining provides economic benefits such as state revenues and jobs, it presents challenges 
because of the predatory practices  used, which have caused damage to the local communities such as the 
loss of means of livelihood, the destruction of habitats and mercury pollution. Measures to mitigate these 
challenges can be based on the employment of a sustainable economy which develops an economic model to 
meet the needs of people, ensure social justice and protect environmental integrity.

In Manica, gold has been heavily mined in the districts of Manica, Gondola, Báruè, Macossa, Guro, 
Vanduzi and Sussundenga. This practice is responsible for the pollution of the rivers in the region. In the 
province, 20 companies, 10 associations and over 8,000 artisanal miners are registered as dedicated to 
gold mining. Average production is estimated at 700 Kg of gold per year, in all of Manica province. The 
current work is a case study of gold mining by the Bandire Mining Society, the Tsetsera Assocation of 
Informal Miners, and the companies Zanida Minerais – Sociedade Unipessoal, Limitada (Zanida Minerais)
 e HWA Minerais Lda. The purpose of the study was to assess the quality of the water of the rivers (Nhamacuio, 
Mbonde, Mussapa Pequena) and of the Chicamba Real reservoir and its effects on the affected communities, 
between August 2024 and August 2025. 

The report is structured into four sections, namely: i) the present introduction, which presents the problem, the 
objective, the methodology and the main findings; ii) the methodology, which describes the methods used to 
obtain the evidence of the social and environmental problems, including the limitations of the study; iii) the 
results and discussion, which presents the evidence acquired for the study and  the social and environmental 
information acquired during the field work; iv) the conclusions, which present an outcome of the central ideas 
of the study and v) the recommendations, which suggest practical actions to be taken to mitigate the environ-
mental and social problems deriving from gold mining in Sussundenga and Manica districts. 
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2. Methodology

The study adopted a mixed approach, combining qualitative and quantitative methods between the months of 
August 2024 and August 2025. The quantitative method consisted of collecting samples of water and sediment, 
on 9 and 10 August 2024, to assess the quality of the water in the Nhamacuio, Mbonde and Mussapa Pequena 
rivers, and in August 2025, to assess the quality of the water in the Chicamba Real reservoir. The qualitative 
method consisted of applying techniques of investigative journalism, documentary and bibliographical con-
sultation, based on consulting journalistic and scientific articles, technical reports, official documents, legal 
documents, government regulations, direct observation in the field, and other pertinent sources to undertake 
the theoretical framing and to facilitate the preparation of the field work. During preparation of the field work, 
in August 2024, it was not possible to consult the Environmental Impact Study (EIA) of HWA Minerais Lda., 
since the company did not yet possess one. The EIA was only submitted later, in October 2024, to the then 
Ministry of Land and Environment.

The qualitative approach also consisted of direct observation in the field, recording images and interviewing 
key stakeholders, namely: i) the legal coordinator of the National Environmental Quality Control Agency 
(AQUA), Danilo Liasse, ii) the Manica Provincial Director of Territorial Development and the Environment, 
Rafael Manjate, iii) the Director of the Provincial Service of Infrastructures, Mineral Resources and Energy, 
Silva Manuel, iv) the régulo (chief) of the Chinhamaedza community v) the representative and miners of the 
Bandire Mining Society; and vi) the owner of the Mira Lodge tourist resort, Carlos José. Questionnaires were 
also given to 135 members of the Chinhamaedza, Tsetsera and Munhinga communities, who benefitted from 
or were affected by gold mining. These included miners (40%), farmers (35%), traders (19%) and others (7%).

The interviews held were structured and semi-structured. Their purpose was to understand the social and en-
vironmental impact of gold mining in Manica province, as understood both by the local communities in the 
places where the resources are exploited and by the local bodies that manage mining. Furthermore, the ques-
tions asked of the local bodies that manage mining also sought to understand the mechanisms used and the 
challenges existing in preventing and fighting against environmental crimes.

The quantitative approach was implemented on 9 and 10 August 2024, to as-
sess environmental quality. To this end, samples of water were collected repeatedly (n=3)
from three standpipes, and water and sediment samples from the Nhamacuio, Mbonde and Mussapa Pequena 
rivers.

The samples from the standpipes were labelled as PA, PB and PC. PA and PB are the standpipes near the Ban-
dire Mining Society and the companies HWA Minerais Lda. and Zanida Minerais – Sociedade Unipessoal, 
Limitada, while PC refers to the standpipe distant from the companies and the association.

The samples from the river were labelled P1 to P5. P1 refer to the point on the Nhamacuio river near the mining 
areas of the Bandire Association of Informal Miners and of the companies HWA Minerais Lda. and Zanida 
Minerais – Sociedade Unipessoal, Limitada; P2 and P5 refer to control sites on the Nhamacuio river, far from 
the Bandire Association of Informal Miners and of the companies HWA Minerais Lda. and Zanida Minerais 
– Sociedade Unipessoal, Limitada; P3 refers to the Mussapa Pequena river; and P4 to the Mbonde river near 
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the mining area of the Tsetsera Association of Informal Miners (Fig. 1). On 20 August 2025 a sample was 
collected from the Chicamba Real reservoir to assess the quality of the water and was labelled as Point A of 
the Chicamba reservoir.
After collection, the samples were labelled, packed into a thermal box at 4°C and transported to the reference 
laboratories in Maputo. The criteria for the selection of sample sites were based on areas close to and distant 
from the mining undertaken by the companies Zanida Minerais – Sociedade Unipessoal, Limitada, HWA 
Minerais Lda., by the Bandire Mining Society and by the Tsetsera Association of Informal Miners.

Figure 1: Map of the study area.

Source: Drawn up by the author (Mery Rodrigues), 2025.

The purpose of collecting samples of water and sediment was to determine in the laboratory their physical and 
chemical parameters. The criterion for selecting the areas was based on areas with and without gold mining, to 
gauge, in a comparative manner, the possible environmental changes that gold mining by the Bandire Mining 
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Society, the Tsetsera Association of informal Miners and the company Zanida Minerais may be causing to the 
environment.

To guarantee the quality of the data and the validity of the study, measures were adopted such as the triangulation 
of data, peer review, cross-checking of information, and attention to the credibility and reliability of the sources.

The main limitation of the study was the lack of collaboration from the company HWA 
Minerais Lda. and from the Tsetsera Association of Informal Miners to obtain data about how 
the gold mining bodies are operating. These bodies did not reply to the requests for interviews
 submitted by the team of researchers. To mitigate this limitation, the team resorted to documentary research, 
to aerial images from drones and administered questionnaires to the host communities.

Furthermore, the company HWA Minerais, Lda. refused to sign an acknowledgement that it had received the 
letter requesting an interview, claiming that it did not possess a company stamp. The refusal is an indication of a 
lack of willingness to collaborate, which strengthens the trend of this sector not to make information available, 
a factor mentioned by the Extractive Sector Transparency Index in all its editions. The letters requesting 
interviews were submitted on 3 April 2025, to the Tsetsera Association of Informal Miners (appendix 1) and 
on 9 April 2025 to the company HWA Minerais, Lda. (appendix 2). So far there has been no reply.

A further limitation was the lack of identification marks on the areas where the companies operate, plus the 
secrecy surrounding their behaviour, which made it difficult to map the gold mining companies along the 
Revuè river, in Manica district. As an alternative strategy, aerial images taken by drone were used to identify 
the gold mining areas near the Revuè river.
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3. Signs of illegal gold mining by the company HWA 
Minerais Lda
The company HWA Minerais Lda. has been operating since 2023 without an Operating Environmental Licence: 
that is, the company has been mining illegally since 2023. And by October 2024 it had not yet submitted its 
Environmental Impact Study (EIA). According to the provision of Article 20, paragraph 4, of the Regulations 
of the Environmental Impact Assessment Procedure ²the start of operating any activity without the issuing of 
an Operational Environmental Licence is forbidden on pain of a fine².

From cross-checking the data made available by the National Institute of Mines (INAMI), concerning the 
charts of the production and sale of mineral resources in Mozambique, against the information obtained at the 
National Directorate of the Environment and Climate Change, it was possible to ascertain that, between 2023 
and 2024, the company HWA Minerais Lda. produced 11.07 Kg and sold 9.20 Kg of gold, equivalent to about 
47.7 million meticais. But this situation is regarded as illegal, since there is no evidence that, by early June 
2025, the company possessed an operating Environmental Licence.

By starting its operational activities without first obtaining an operating Environmental Licence, the company 
HWA Minerais Lda. violated the provision in Article 20, paragraph 4, of the Regulations of the Environmental 
Impact Assessment Procedure, taken together with Article 1, paragraph 11, of the Environmental Regulations 
for Mining and Article 44, paragraph 1, line a), of the Law on Mines, which make the start of mining 
operations conditional on the existence of an operating environmental licence and a certificate confirming the 
environmental viability of the proposed activity. The licence is issued by the ministry which supervises the 
environmental area, currently the Ministry of Agriculture, Environment and Fisheries.

According to the legal coordinator of the National Environmental Quality Control Agency (AQUA), Danilo 
Liasse, the company HWA Minerais Lda. possesses a provisional environmental licence, issued on 6 September 
2023 and valid until 6 September 2025. H owever, this licence does not authorise the start of activities, since, 
according to the provision of Article 20, paragraph 1, line a), of the Regulations of the Environmental Impact 
Assessment Procedure, it is used only as the initial stage for the preliminary assessment of environmental 
impacts. The company still needs to obtain an operating environmental licence.

On 5 May 2023, a team from the Manica Provincial Environment Service (SPAM), represented by two technical 
staff, namely Meque Mucusse and Loice Cararadza, began the environmental pre-assessment on the project 
to mine gold and associated minerals, located in the Munhinga locality, Sussundenga district. The proponent 
was the company HWA Minerais Lda.The pre-assessment of the project of the company HWA Minerais Lda. 
by the technical team of the Manica SPA resulted in classifying the activity in Category A+, which requires an 
Environmental Impact Study (EIA) prior to obtaining an environmental licence.

In July 2023 and October 2024, the company held the first and second public consultations. On 11 November 
2024, it submitted the Environmental Impact Study Report (REIA) to the then Ministry of Land and 
Environment, for analysis and approval by this government body. However, by 2 June 2025 (the date when 
the research team was at the premises of the National Directorate of the Environment and Climate Change to 
consult the REIA), it was still under analysis, and the licence had not yet been granted.
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The operation of the company HWA Minerais Lda. without being fully authorised, is not just a violation of the 
mining and environmental legislation, but also shows failings in transparency, in inspection capacity and in 
responsibility for mining. 

 4. Effects of gold mining on water resources and on the 
communities in Manica province
Gold mining in Sussundenga and Manica has caused significant negative social and environmental impacts. 
Among these are pollution and the reduction in the flow of water resources on which communities depend for 
domestic consumption, irrigation of their fields, drinking water for their livestock, and fishing. These uses are 
fundamental for the livelihoods of the people living in Sussundenga and Manica districts, guaranteeing basic 
conditions for food, generation of income and maintenance of sustainable ways of living.

4.1. Nhamacuio, Mbonde, Mussapa Pequena rivers and the Chicamba 
Real reservoir contaminated by mercury and arsenic

The laboratory results on the samples of water from the Nhamacuio, Mbonde and Mussapa Pequena rivers and 
the Chicamba Real reservoir showed that there are heavy metals, such as mercury and arsenic, in the water.

Mercury pollution was detected in the rivers adjacent to the mining areas of the Bandire Mining Society 
(SMB), the Tsetsera Association of Informal Miners (AGT) and the companies HWA Minerais Lda. and Zanida 
Minerais – Sociedade Unipessoal, Limitada (Zanida Minerais).

The concentration of mercury at Point 1 adjacent to the mining area of SMB and of the companies  Zanida 
Minerais and HWA Minerais Lda, was 0.008 over 0.001mg/L of the Decree 52/2023, and at Point 4, adjacent 
to the Tsetsera Association of Informal Miners it was 0.016 over 0.001mg/L (graph 1), which shows there is 
mercury pollution in the Nhamacuio and Mbonde rivers, respectively. This pollution is a threat to the health 
and safety of the users since the water is used for domestic consumption, irrigation and fishing.

T he concentration of mercury detected in the Chicamba Real reservoir was 0.001mg/L (appendix 4), a figure 
which is at the maximum limit permitted under Decree No. 2/2023. This result indicates contamination by 
mercury in the reservoir, which is a warning for public health since the water is used for public supplies, 
irrigation and fishing, and compromises aquatic biodiversity.

Mercury is highly damaging, even at low concentrations. It can accumulate in aquatic life and cause serious 
damage to human health through food. This fact shows that the river presents high contamination by mercury, 
which is a serious threat to the environment and to the life of the local communities who use the water of the 
rivers in question for their daily needs: domestic consumption, personal hygiene, cooking, cleaning domestic 
utensils and cleaning the house.

T he health problems resulting from the ingestion of mercury include damage to the kidneys, liver, brain, 
heart, lungs, colon, and to the immune, respiratory and neurological systems. Some of the miners and farmers 
interviewed told of health problems, such as vomiting, diarrhoea, stomach pains and headaches after drinking 
water from the Mbonde river. This fact shows the need to adopt urgently measures to protect the public health 
of the communities who live near the rivers and other polluted aquatic ecosystems.
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The arsenic detected in the Mussapa Pequena and Nhamacuio rivers, at points 3 (0.005 of 0.1mg/L) and 5 
(0.009 of 0.1mg/L), respectively, present figures within the limits stipulated in Decree 2/2023. Studies show 
that arsenic is often released during the mining and processing of gold minerals. Prolonged exposure to arsenic 
can result in damage to health, including cancers and cardiovascular diseases.

Graph 1: Concentration of heavy metals in mg/L in the water of the Nhamacuio, 
Mbonde, and Mussapa pequena rivers and in the Chicamba Real reservoir.

Source: Drawn up by the author (Mery Rodrigues), 2025.

The samples of water collected from the Nhamacuio and Mbonde rivers present high values of suspended 
solids at Points 1 (8260 mg/L) and 5 (1550 mg/L) (appendix 3.1). The high concentration of suspended solids 
at Point 1, with 8260 mg/L, can be explained because it is an area adjacent to mining. This point may be 
suffering the influence of surface run-off and the discharges of the sub-products of gold mining, since the 
samples were collected on 9 and 10 August, after it had rained.

The increase of particles in the water can lead to an increase in turbidity, which damages aquatic ecosystems 
because it reduces the amount of light entering the water and interferes in primary productivity and in 
the subsequent trophic levels, such as fish, which are important for the survival and subsistence of local 
communities. 

It is important that the National Environmental Quality Control Agency (AQUA) should constantly monitor 
the quality of the water of the rivers to identify possible changes in its physical and chemical composition, 
particularly in areas near mining operations where there is the greatest risk of acid drainage from the mine
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4.2 Greater concentration of lead and mercury in the sediments of the 
Nhamacuio, Mbonde and Mussapa Pequena rivers

The samples collected from the sediment of the rivers under study, the Nhamacuio, Mbonde and Mussapa 
Pequena, show a greater concentration of lead and mercury at Point 4, with 0.296mg/Kg and 9.43mg/Kg 
respectively (Graph 2). Point 4 is adjacent to the mine of the Tsetsera Association of Informal Miners, which 
may be suffering the influence of surface run-off and discharges of mining sub-products. 

Lead and mercury are toxic heavy metals which endanger public health and the health of the ecosystem.

Graph 2: Concentration of lead and mercury in mg/Kg in the sediment of the Nhamacuio, Mbonde, and 
Mussapa Pequena rivers.

Source: Drawn up by the author (Mery Rodrigues), 2025.

The concentration of lead and mercury was greater in the sediment than in the water, showing that these metals 
have a greater tendency to accumulate in the sediment. The bioavailability and exposure of these metals to 
aquatic organisms are controlled by their concentration and distribution between the water and the sediment.

Mercury is a metal present in the earth’s crust at an average concentration of 0.08mg/Kg. The concentration of 
mercury in the sediment was higher than 0.17mg/Kg  at all the points studied. The concentrations of mercury 
in the sediment at the points of the rivers studied were extremely high, at  4.1mg/Kg (Point 1), 3.7mg/Kg 
(Point 2), 6.04mg/Kg (Point 3), 9.43mg/Kg (Point 4) and 3.52 (Point 5), (appendix 3.2) much higher than the 
maximum limit stipulated in Canada. These figures show that the Nhamacuio, Mbonde and Mussapa Pequena 
rivers are heavily polluted. Mozambique has no regulations that limit the concentration of mercury in the soil. 

The pollution of sediments causes adverse biological effects in aquatic organisms ,  including lethality, reduced 
fertility, and compromised development of the initial stages of development of benthic aquatic organisms such 
as gastropods.

Heavy metals remain in the sediments for lengthy periods and pose a significant threat since they accumulate 
in food chains, from their absorption by the first trophic level, that of the primary producers such as algae and 
macrophytes, up to the final aquatic trophic level, that of fish.
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Fish are important for the diet and subsistence of communities. The contamination of an aquatic system by 
mercury compromises the biological integrity of the fish. This metal can lodge in various parts of their bodies, 
such as the flesh, the liver, the kidneys and the gonads, compromising their descendants. 

High concentrations of mercury in fish, of above 0.5mg/Kg, affect their survival and that of the human beings 
who eat them, contaminating the most sensitive groups, namely children, the elderly and pregnant women. 

Gold mining affects the quality of the water and the biodiversity in the surrounding habitats. Contamination of 
the water and the sediment by heavy metals reduces the demand for water. When the water is used for various 
purposes such as farming, livestock and domestic use this can result in food insecurity. The contamination can 
cause health damage to the kidneys, liver, brain, heart, lungs and colon, and to the immune and respiratory 
systems. It can even lead to death. 

The contamination of water by heavy metals from gold mining can also reduce the biodiversity of wild animals 
from ingesting contaminated water. Arsenic, although detected in low quantities in the Mussapa Pequena river, 
sounds a warning for greater control of the quality of the water because this river crosses the Chimanimani 
National Park (PNC), where there are various animal species which drink the water of this river for metabolic 
processes.

4.3  Quality of the water from the standpipes in Muhoa locality

Th e physical and chemical parameters of the standpipes (image 1) near to and distant from the Bandire Mining 
Society and the companies Zanida Minerais and HWA Minerais Lda., are within the standards set by Ministerial 
Diploma 180/2004[42], except for the pH.

The standpipes near the mining areas have an acidic pH, below the legally permitted limits, and contain arsenic 
(Table 1 and appendix 3.3). The acidic environment favours the solubility of heavy metals, such as arsenic, 
increasing their toxicity.

Although the concentration of arsenic is within the national standards, the World Health Organisation says 
that the recommended limit of 0.01mg/L for arsenic is regarded as provisional and efforts should be made 
to keep concentrations as low as possible. The  Government of Canada intends to update the reference value 
to 0.005mg/L based on the meta-analysis of epidemiological studies which confirm the association between 
prolonged exposure and increased risk of lung cancer. Furthermore, the target for the Maximum Level of 
Contaminants (MCLG) for arsenic in the Primary Drinking Water Standards of the Environmental Protection 
Agency of the United States is zero. 

Arsenic is toxic and, in addition to cancer, it can cause problems for the skin and the 
circulatory system. Considering that the presence of arsenic in drinking water is a significant 
public health risk and the current reference value may become obsolete, a gradual revision 
of the arsenic limit envisaged in Ministerial Diploma No. 180/2004 is suggested, initially 
reducing it from 0.01 mg/L to 0.005 mg/L, with a view to total elimination (zero) in the future.
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Table 1: Physical and chemical parameters of drinking water in Muhoa.

Parameter

F 1 

(P A)

F 2 

(P B)

F 3

(P C) Ministerial Dipl. 180/2004
pH 6.22 6.41 6.93 6.5 - 8.5

Arsenic (As) 0.006 0.004 <0.001 (LQ) 0.01
Cyanide (CN) <0.01 (LQ) <0.01 (LQ) <0.01 (LQ) 0.07

Mercury (Hg)
<0.001 
(LQ) <0.001 (LQ) <0.001 (LQ) 0.001

F=  Standpipe                        
LQ-  Minimum quantifiable 
limit

Source: Photo by the author (Mery Rodrigues), 2024.

5. Effects of gold mining in Sussundenga and Manica 
districts

The study found that the Bandire Mining Society, the Association of Tsetsera Informal Miners and the company 
Zanida Minerais are associated with the pollution by mercury of the Nhamacuio and Mbonde rivers, through 
the discharge of wastes from the washing of the gold into the rivers, constituting a threat to public health.

The contamination by mercury in the Chicamba Real reservoir is affecting negatively the local economy. The 
Water Treatment Station (ETA) and the owner of the Mira Lodge tourist resort report significant financial 



17

losses, both from the increase in costs for the treatment of water for public consumption and from the reduc-
tion in the number of guests because of the contamination of the water. Other problems associated with the 
contamination of the water in the reservoir include the reduction in fishery resources important for diet and 
subsistence; the reduced visibility in the waters of the reservoir which has increased the number of crocodile 
attacks; and social conflicts.

Furthermore, the miners do not use Individual Protective Equipment (EPI) during their activities. The fact that 
they are using mercury without protection is a risk to health at work

The communities resident in Chinhamaedza, Tsetsera, Munhinga and Manica district, are exposed to mercury 
which is a toxic substance that affects public health. The ingestion of mercury by inhalation or through con-
taminated foodstuffs may result in fatigue, insomnia, nervousness. It may also cause damage to the kidneys, 
liver, brain, heart, lungs, colon and to the immune and respiratory systems. Children and foetuses exposed 
to mercury during gestation may suffer impacts in their cognitive development, affecting memory, attention, 
language, motor and visual-spatial skills1.

The results of 136 interviews held in the localities of Chinhamaedza, Tsetsera and Munhinga (57% men and 
43% women, including miners (40%), farmers (35%), traders (19%) and others (7%)), show that 94.9% are 
aware of gold mining in the region, particularly of the operations undertaken by the company Zanida Minerais, 
HWA Minerais Lda, the Bandire Mining Society and the Tsetsera Association of Informal Miners.

About 87% of the interviewees are in favour of gold mining, mainly because of the social responsibility ac-
tivities undertaken by the bodies involved in the mining. The company HWA Minerais Lda. has created some 
jobs for local young people, and, in the context of social responsibility it opened two standpipes and built a 
football field. The Tsetsera Association of Informal Miners provides birds, seeds, fertiliser and pesticides for 
members of the communities who practice farming and breed poultry. The Association also contributed to the 
rehabilitation of the Nharimba Primary School and provides assistance to sick people.

About 11% of the interviewees do not agree with gold mining in places near their communities because they 
consider the activity a risk of polluting the rivers and because they feel excluded from sharing the benefits of 
mining, particularly access to employment.

Most of the interviewees agree with gold mining but are probably unaware of the heavy pollution of the rivers 
by mercury arising from bad mining practices. The negative effects of gold mining by the Bandire Mining 
Society, the Tsetsera Association of Informal Miners and the companies Zanida Minerais and HWA Minerais 
Lda. include:

•	 Reduction of the use of the Nhamacuio and Mbonde rivers due to contamination by heavy metals and the 
alteration of the colour of the water of the rivers. According to the interviewees, 10 years ago the rivers 
were colourless, but currently they are reddish or murky. These rivers are used for supplying water for 
drinking, personal hygiene, cooking, cleaning the house, irrigation and pastures2. The patent contamination 

1  USEPA (2024, 05 de Dezembro). Health Effects of Exposures to Mercury. https://www.epa.gov/mercury/health-effects-exposures-mercury [acessado 
a 11 de Maio de 2025 as 14:55h].
2  According to residents of the Chinhamaedza, Tsetsera and Munhinga localities, livestock are no longer grazed at the Nhamacuio and Mbonde rivers 
due to the pollution and the reduced flow. Currently, the animals drink water from the standpipes and other sources.
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is a risk for the health of the users. Since the rivers are contaminated, there is a greater likelihood that the 
fish are also contaminated by mercury and arsenic, constituting a warning and an environmental and public 
health concern.

•	 Blocking the course of the river by the companies Zanida Minerais and HWA Minerais Lda, reducing 
the flow of the Nhamacuio river (image 2, right). This reduction in flow has had significant negative 
impacts for the local communities, namely reduced availability of water for consumption, irrigation and 
for livestock to drink, as well as the decline in the number of fish, whose survival depends directly on the 
hydrological balance of the river.

Image 2: Blocking the course of the Nhamacuio river, by the company HWA Minerais Lda., highlighted in red 
(on the left) and partial view of the river bed (on the right).

 

Source: Photo of the author (Raúl Massingue), 2025   	 Source: Photo of the author (Mery Rodrigues), 2024

•	 Decline in fish, which are important for diet and subsistence. The population say that the amount of fish 
caught in the Nhamacuio river, such as Tilapia (known locally as ²Chicamba², ²Pende² and ²Makacana²) 
and African catfish (known locally as ²Mussopho²), has declined in the last 10 years, and at some points in 
the river, fish are no longer found because of the significant reduction in the flow of the river.

•	 Social conflicts related with the invasion of mining areas and the lack of transparency in the management 
of the funds of the Bandire Mining Society. As an example, the demonstrations organised by local miners3, 
in February 2025, involved land disputes in the gold mining area. Residents of the Munhinga locality 
allege that the President of the Bandire Mining Society granted part of the space worked by the local 
miners to the company Zanida Minerais, without the knowledge of the miners. Apart from this motive, at 
stake is the accusation of 10 members of the Bandire Mining Society that funds have been diverted that 
were intended for community development, such as the construction of schools and hospital.

3  The interviewees suggest several measures for solving the land dispute, namely: i) The Government should give support to improve the relationship 
between the Bandire Mining Society and other members of the community, including Bandire miners; ii) the company Zanida Minerais should employ 
local miners and should enter into dialogue with members of the affected communities; iii) the Society should provide accounts for the sums received 
and the government should inspect them; iv) the Bandire community is requesting the replacement of the current President of the Bandire Association.
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6. Challenges in the responsibility for environmental 
offences in Manica

The poor technical capacity of the institutions for promoting environmental conservation, together with cor-
rupt practices behind the irregular concessions of mining licences, is reducing transparency in environmental 
policies, ensuring that the Mozambican environmental legal framework 4 for preventing and fighting against 
environmental offences resulting from the extractive industry is not effective, thus allowing environmental 
offenders to benefit from a high level of impunity.

Data obtained at the Manica Provincial Service of Infrastructures, Mineral Resources and Energy, during the 
field work, show that from 2019 to August 2024, the inspections undertaken in the mining, electricity and 
fuel area in the province recorded environmental irregularities which resulted in the imposition of 15 fines 
against the offending companies (Table 2). The total value of the fines was 8,680,180.00 MT (eight million, 
six hundred and eighty thousand, one hundred and eighty meticais). Of this total, only 24.24%, equivalent 
to 1,959,220.00 MT, was paid by the companies involved5, showing that even when offenders are identified, 
holding them responsible is not effective. 

Table 2: Penalties for offending companies that operate in Manica (English translation of headings: Licence; 
Company; Value of fine in meticais; Amount paid in meticais).

Licença Empresa Valor da multa em MZN Valor pago em MZN
3990C Explorator, Lda 555.240,00 555.240,00
3990C Explorator, Lda 442.800,00
3373C Clean Teach Mining, Lda 590.400,00 590.400,00
3373C Clean Teach Mining, Lda 442.700,00
3373C Clean Teach Mining, Lda 185.080,00
220C Two Fulls, Lda 590.400,00 150.000,00
220C Two Fulls, Lda 185.080,00
8878LPM Helin Mining, Lda 185.080,00 92.500,00
10418LPM CCM Stone, Lda 185.080,00 185.080,00
3421C Companhia Mineira do Gile, SARL 555.240,00
10418LPM DEPHFA- Sciedade Unipessoal, Lda 185.080,00 250.000,00

Wing Koon 1.980.000,00
TCO 1.962.000,00
Nova Ponte 600.000,00 100.000,00
Mini Mundo 36.000,00 36.000,00

8.680.180,00 1.959.220

Source: Manica Provincial Service of Infrastructures, Mineral Resources and Energy.

The Manica Provincial Directorate of Territorial Development and the Environment initiated, for administrative 
sanctioning, a suit against the company Labanmon International Mining, Lda, which mines gold in Mavonde, in 
Manica district, for obstruction without just cause, under Article 28, paragraph 1, of the Environmental Impact 
Assessment Regulations, which sets a fine of between 30 and 150 times the minimum wage for offenders 

4  Environment Law of 1 October 1997; Law on Mines of 18 August 2014; Regulations on the Environmental Impact Assessment Procedure, approved 
by Decree No. 54/2015 of 31 December; Environmental Regulations for Mining, approved by Decree No. 26/2004 of 20 August; Penal Code, approved 
by Law No 24/2019 of 24 December.
5  Information obtained from an interview with the Director of the Manica Provincial Service of Infrastructures, Mineral Resources and Energy in 
August 2024.
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involved in this practice6. Labanmon International Mining, Lda was punished with a fine of 986,700.00MT 
(nine hundred and eighty-six thousand and seven hundred meticais)7.  

Despite the irregularities identified, and which resulted in administrative sanctions imposed both by the Manica 
Provincial Directorate of Mineral Resources and Energy, and by the Provincial Directorate of Territorial 
Development and the Environment, no case of suspected violation of environmental norms, according to 
the two directorates, was channelled to the Public Prosecutor’s Office to take measures for possibly holding 
offenders responsible under the criminal law. 

The Penal Code, in Article 317, paragraph 1, sets the punishment of a prison term of up to two years and a 
corresponding fine for all those involved in practices which culminate in pollution of the environment, namely: 
producing any toxic or polluting substances, depositing them in the soil or subsoil, placing them in the water 
or atmosphere, or degrading the environment in any other way8. 

In the specific cases, the Bandire Mining Society and the Tsetsera Association of Informal Miners meet the 
conditions to be covered by Article 317, paragraph 1, of the above-mentioned legal provision on criminal 
responsibility for practices that pollute the environment, given that the concentration of mercury in the 
Nhamacuio and Mbonde rivers, where they have developed their activities, is 0.008mg/L and 0.016mg/L, 
respectively. This is 8 and 16 times higher than the standards laid down in the Regulations on Environmental 
Quality Standards and the Emission of Effluents, fixed at below 0.0001mg/. 

According to the Director of the Manica Provincial Directorate of Territorial Development and the Environment, 
Rafael Manjate, the difficulty in demanding that mining companies be held criminally liable for environmental 
crimes is due to the lack of technical equipment and of staff specialised in sampling techniques in the 
institutions responsible for inspecting the mining sector in the province9. The lack of technical, financial and 
material resources for inspection is a chronic problem that CIP has already reported in various research papers. 
This shortage of resources creates an environment that favours corruption and illicit practices, worsening still 
further the environmental problems in the region.

This limitation does not exist only at provincial level. The fact is that the National Environmental Quality Control 
Agency (AQUA), set up by Decree No. 80/2010, of 31 December, with powers to control the environmental 
quality of the air, soil and water, through a reference laboratory for the environment10, does not yet possess a 
laboratory to gauge environmental quality from physical, chemical and biological analyses in the mining areas 
and thus accompany the environmental monitoring reports submitted by the companies. 

According to the legal coordinator of National Environmental Quality Control Agency (AQUA), Danilo Liasse, 
to overcome technical challenges, AQUA has strengthened its institutional capacity through partnerships with 
national universities that possess laboratories for environmental quality analyses11. 

6 Information obtained from notice no. 461/PM/CExP/DPTA/GD/2024, sent by the Manica Provincial Directorate of Territorial Development and the 
Environment following the letter from CIP requesting information.
7  Ibid.
8  See page 5736 of Law No. 24/2019 of 24 December, the Law which amended the Penal Code and revoked Article 2 of Decree-Law No. 182/74, of 2 
May and the Penal Code approved by Law No. 35/2014 of 31 December.
9  Information obtained from an interview with the Director of the Manica Provincial Directorate of Territorial Development and the Environment on 
30 August 2024.
10 See page 336 — (364) of Decree No. 80/2010, of 31 December, which set up the National Environmental Quality Control Agency (AQUA).
11  Information obtained through an interview with the legal coordinator of AQUA on 1 July 2025.
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The technical difficulties of AQUA on the one hand make the host communities of the extractive resources 
more vulnerable to environmental impacts and, on the other, make the effective application of environmental 
norms difficult, which harms environmental justice. Furthermore, this situation makes room for corruption, 
particularly when the companies themselves which are subject to inspection hold the means for undertaking 
analyses which will later be validated by the inspection bodies.

Also, in pursuing responsibility for environmental offences, environmental criminal law faces several 
challenges in implementation, namely:

i.	 Complexity of the material: environmental law is a complex legal field, with extensive legislation 
that is frequently being updated. The technical nature of environmental crimes requires specific 
knowledge both by judges and prosecutors, and by lawyers and inspection agents, which may make 
correct application of the law difficult. 

ii.	 Difficulty in allocating blame: in many cases, the identification of those responsible for environmental 
crimes is complex. Responsibility may be shared by several individuals or companies, or it may be 
difficult to establish a clear causal nexus between behaviour and environmental damage.

iii.	 Lack of resources: investigating and prosecuting environmental crimes requires significant financial 
and human resources. The lack of investment in environmental bodies and in monitoring systems 
makes it difficult to identify and punish offender.

iv.	 Economic pressure: the pressure for economic development may lead to regarding environmental 
legislation flexibly and to impunity for environmental crimes. The search for quick profits and the 
lack of environmental awareness among some sectors of society contribute to the persistence of these 
crimes. 

v.	 Environmental awareness: the lack of environmental awareness among the public at large is a further 
obstacle. Many people do not understand the importance of environmental protection and do not 
denounce environmental crimes for lack of knowledge or of interest.

vi.	 Slowness of the legal procedure: legal cases concerning environmental crimes tend to be long and 
complex, which may discourage the victims and make it difficult to obtain fair compensation.
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7. Conclusions

Gold mining in Manica, while having the potential to contribute to economic development (such as job cre-
ation and corporate social responsibility activities), presents high invisible costs. Mercury pollution in the 
Nhamacuio and Mbonde rivers has reached alarming levels. Mercury and arsenic have been detected in the 
water of the Chicamba Real Reservoir, compromising public health, food security, and aquatic biodiversity. 
Additionally, water fountains located near gold mining areas are contaminated with arsenic, which may pose 
a long-term risk to public health.

Gold mining entities do not have effective waste treatment systems, particularly for the removal of heavy met-
als to prevent environmental contamination. The Bandire Mining Company, the Tsetsera Miners’ Association, 
and Zanida Minerais are linked to mercury pollution in the Nhamacuio and Mbonde rivers, with concentrations 
8 and 16 times above the limits established by national legislation, respectively. Mercury contamination in the 
Chicamba Real Reservoir originates from gold mining activities along the Revuè River.

The mercury found in the water represents a serious threat to public health. The risk is even greater for com-
munities in the districts of Sussundenga and Manica who rely on water resources for domestic consumption, 
irrigation of agricultural fields, and subsistence fishing, making continuous exposure to mercury a public 
health and environmental justice issue.

The company HWA Minerais has been operating gold mining activities since 2023 without an environmental 
operating license, in clear violation of the Environmental Impact Assessment Process Regulation. Further-
more, the company blocked the Nhamacuio River flow, leading to reduced water availability for domestic use, 
irrigation, livestock, and fishing.

The Provincial Directorate of Mineral Resources and Energy of Manica and the Provincial Directorate of Land 
and Environmental Development of Manica do not refer suspected cases of environmental crimes by gold min-
ing entities to the Public Prosecutor’s Office. On the other hand, many companies do not pay the fines imposed 
for violating environmental legislation and continue to act with impunity.
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8. Recommendations

To promote sustainable mining, it is fundamental that all the stakeholders involved behave responsibly and in 
a spirit of cooperation. Hence, it is recommended:

i)	 To the companies HWA Minerais, Zanida Minerais, the Bandire Mining Society and the Tsetsera 
Association of Informal Miners:

ii)	 Comply with national environmental legislation, with the legislation on human rights and on 
labour and with good practices in gold mining;

●        Provide their workers with individual protective equipment (EPI);

●        Adopt clean technologies and replace the use of mercury with methods such as flotation, gravitic 
concentrators, and sodium borate for the company and non-toxic methods such as sodium borate and 
panning, or manual washing for SMB, AGT and Zanida Minerais;

●        Provide training for the workers in sustainable mining and safe methods for handling toxic substances 
during the activity;

●        Draw up and publish quarterly reports on the quality of the effluents discarded into the environment;

●        Suspend mining in the districts of Sussundenga and Manica;

●        Make available on the web page the environmental control and monitoring reports and reports on 
the implementation of local development;

●        Respect the rights of the host communities and establish a Local Development Agreement (ADL);

●        Implement an effective waste treatment system using nature-based solutions (SbN), such as plant-
based remediation, micro-remediation and remediation from algae;

●        Monitor the concentration of heavy metals, such as mercury and arsenic, before releasing them into 
the environment;

●        Rehabilitate the areas polluted by mercury, such as soils and rivers. For this, the method of plant 
remediation from Typha capensis or other SbN may be applied;

●        Restore the soil in exploited and abandoned areas;

●        The association should collaborate with other associations and guarantee transparency in the 
management of funds received for local development.
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iii)	 To the Ministry of Mineral Resources and Energy:
iv)	 Provide training for the miners, including women, in sustainable mining techniques, occupational 

health and safety, and Mozambican legislation on human rights and the environment;

●        Publicise the good practices developed by companies, associations and other gold mining bodies;

●        Limit the mining areas and ban gold mining near aquatic ecosystems, such as rivers and lakes;

●        Solve and manage disputes between the mining concerns and the affected communities. 

v)	 To the Ministry of Agriculture, Environment and Fisheries:

•	 Set up environmental education initiatives for the host communities and demand that gold mining com-
panies undertake environmental education campaigns and basic training for some members of the host 
communities as part of their social responsibility;

•	 Finance the construction of laboratories for the National Environmental Quality Control Agency (AQUA), 
so that this inspection body can gauge environmental quality based on physical, chemical and biological 
analyses in the mining areas and thus accompany the environmental monitoring reports submitted by the 

companies. 

vi)	 To the Ministry of Finance and the Ministry of Planning and Development:

•	 Create fiscal incentives for companies that adopt clean technologies;

•	 Guarantee transparency in the management of the funds transferred to the communities, by publishing on 
the web pages of the Ministry of Mineral Resources and Energy, the Ministry of Finance and the Ministry 
of Planning and Development the details of the amounts deposited by all the companies of the extractive 

industry 

vii)	 To AQUA:

•	 Fine the company HWA Minerais Lda. for operating since 2023 without an environmental licence;

•	 Hold regular inspections of environmental quality;

•	 Publish on the web page reports on the inspections undertaken throughout the country;

•	 Compare the results of the environmental quality report with the reports on environmental quality from the 

mining companies, societies and associations. 
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viii)	 To the Attorney-General’s Office:

•	 Investigate and hold responsible those who commit environmental crimes and violations of the human 
rights of the host communities;

•	 Train judges, prosecutors and the National Administration of Conservation Areas about corruption and 
environmental crimes, including their impacts on the communities, ensuring that cases concerning envi-

ronmental damage do not go unpunished. 

ix)	 To Parliament:

•	 Revise the law on the environment, which is almost three decades old, and bring it into line with the cur-
rent demands of protecting the environment, taking mining into account. The law should give autonomous 
treatment to the problem of mining and should allude to climate change since mining has impacts on the 
climate as from the destruction of vegetation without counter-balances and the emission of pollutants into 
the atmosphere;

•	 Revise Ministerial Diploma 180/2004, of 15 September, which regulates the quality standards of water 
for human consumption. The Diploma should include limits for chlorophyll “a”, and restrict the value of 
turbidity and arsenic from 5 NTU and 0.01 respectively, down to zero;

•	 Approve regulations on the Standards of Quality for soil and sediments of rivers and lakes, taking into con-
sideration the various anthropogenic activities and their impacts on various sectors: agriculture, livestock 
and fisheries, and on the quality of the water. For example, in gold mining areas parameters such as levels 
of mercury, arsenic, lead, cadmium and other heavy metals in the soil are indispensable;

•	 Step up the inspection of the Government’s actions concerning mining;

•	 Hold working visits to the companies that exploit natural resources and to the communities, through the 
Parliamentary Commission on Agriculture, Economy and the Environment;

•	 Include in the questions to the Government themes concerning illegal mining and bad practices in the 

exploitation of natural resources.  

x)	 To the academic world:

•	 Conduct nationwide studies on the environmental quality of water resources near mineral resource ex-
traction areas;

•	 Carry out a study to assess the concentration of heavy metals in community water fountains;
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•	 Conduct a study to assess the concentration of heavy metals along the Chicamba Reservoir;

•	 Conduct studies to evaluate the concentration of heavy metals in fish from rivers in Manica Province;

•	 Conduct studies on the abundance and diversity of fish in rivers within Manica Province;

•	 Test the capacity of native species to remove heavy metals like mercury and arsenic from soil and water, 
for potential use in phytoremediation;

•	 In partnership with the National Institute of Health, carry out toxicological analyses and biomonitoring of 

heavy metals—especially mercury and arsenic—among communities living near polluted rivers.

xi)	 To Civil Society Organisations and Community Based Organisations:

•	 Raise the awareness of the host communities to the risks of mercury for health and for the environment;

•	  Promote transparency in mining, using discussion forums about mining in Mozambique;

•	 Work to hold environmental offenders responsible by denouncing them and divulging bad practices;

•	 Promote the holding of independent studies with the support of universities or research centres.

xii)	 To the international community and cooperation partners:

•	 Support scientific research into environmental quality in mining projects;

•	 Support forums for swapping experiences about alternatives to the use of mercury in mining and measures 
to ensure just and sustainable mining;

•	 Give financial support to the Government and to the environmental agencies to acquire the institutional 
capacity to promote environmental conservation;

•	 Support sustainable practices, guaranteeing that the mineral resources contribute to the economic and so-

cial development of the country in a just and sustainable manner.
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10. APPENDIXES
I-	 Letter requesting an interview with the Tsetsera Miners’ Association
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II-	 Interview Request Letter to HWA Minerais Lda
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III-	 Resultados laboratoriais

1. Physico-chemical parameters of the water from the studied rivers (points: P1 to P5
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2. Chemical parameters of the sediment from the studied rivers (points: P1 to P5)
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3. Physico-chemical parameters of the water from the studied boreholes (points: PA, PB, and PC)
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4. Physico-chemical parameters of the water from Chicamba Real Reservoir (Point A)
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