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Abstract - Mining has great potential for environmental impacts if control and mitigation actions are neglected. Its licensing process is
based on environmental and mineral legislation and on the knowledge on possible effects of the pressure from this type of activity on
natural resources. The complexity of legal technical requirements, together with particular environmental aspects related to mining
activities commonly result in delays in the licensing processes and difficulties in monitoring and mitigation of potential environmental
impacts. Here we present and discuss criteria to establish environmental quality indicators for small-scale open-pit mines (SSOPM) that
extract sand, clay, limestone, basalt and diabase. The criteria framework, consisting of 65 criteria, was developed using documentary
analysis, literature review and expert consultation through the Delphi decision-making method. The main expected result of this study is
the development of an environmental quality assessment index, which can be used for monitoring the environmental quality of mining
activities, contributing to environmental licensing and to the execution of preventive and remedial actions, and for the guidance of
supervisory and licensing bodies as well as by the entrepreneurs themselves.
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1. Introduction

Mineral exploration, although essential for development, presents potential environmental impacts and, therefore,
requires techniques capable of predicting, evaluating and mitigating these impacts. The growth of anthropogenic pressure,
especially on natural resources, has triggered global discussions in recent decades. The mining sector is one with a high
potential for negative impact on the environment and generation of significant pollution [1]. Therefore, mineral extraction
and associated activities should receive special attention.

Mining activities may negatively affect the natural resources through dust dispersion, soil erosion and pollution, changes
in the quantity and quality of surface and underground water resources, air contamination, changes in the quality of the soil
in adjacent areas, geological and geomorphological disruptions, loss of soil, vegetation and biodiversity, landscape change,
eco-systems modification, among other impacts [2-5]. Therefore, it is necessary to implement an environmental management
plan and a pollution mitigation strategy to control the impacts caused by mining activities. Such actions can be measured
and monitored using environmental indicators [6].

The application of sustainability principles to mining activities is challenging, because this type of enterprise represents
the act of withdrawing and consuming limited resources, which is incompatible with the vision of sustainability [7]. To
overcome this degree of irreversibility, mining enterprises need to invest in social and human well-being and mitigate the
environmental impacts generated. During the operation of this type of enterprise, several environmental aspects are directly
or indirectly affected and, as a result, environmental quality must be constantly monitored so that economic development
follows a path compatible with the conservation of natural resources in a harmonious way. Thus, the study of methodologies
and tools for monitoring and environmental inspection is extremely important as it helps in the efficiency and agility of the
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environmental licensing process. Research topics related to sustainability in mining, environmental indicators and
criteria for environmental quality assessment have increased recently [6, 8-16].

The assessment of environmental sustainability is a major challenge and, therefore, is widely discussed. The use of
environmental indicators is one of the available alternatives for this assessment as they provide simplified and clear
information about the current condition, trends and changes in the environment [17, 18]. The use of indicators is a
strategy used for the presentation of information in a concise, simplified and scientifically reliable way [19]. They are
able to provide clear information about complex systems to policy makers and assist in decision- making [20].

The object of this study are small-scale open-pit mines (SSOPM) that extract sand, clay, limestone, basalt and
diabase. The term "open-pit mine" is used by some authors [21-23] while "quarry" is used by others [21, 24-27]. In
literature, the term "opencast mine" [5, 28-30] and “open-pit quarry” [31] are also used. Regardless of the terminology,
these are mines that are open on the earth's surface and not underground.

For this study, SSOPM is defined as an enterprise with a valid operation license or permit for the extraction of clay,
diabase, basalt, sand and limestone, with an extraction pit of up to 500.000 m? and total volume of extraction in situ up
to 20.000.000 m3. In this way, using documentary analysis, literature review and expert consultation through the Delphi
decision-making method, a criteria framework that influence an environmental quality indicator of SSOPM mines is
discussed.

2. Materials and methods
The criteria framework was developed using documentary analysis, literature review and expert consultation
through the Delphi decision-making method.

2.1. Documentary analysis and literature review

Documentary research and analysis was carried out, from March to July 2022, to collect valid Operating
Environmental Permits of SSOPM operations located in the Municipalities of Rio Claro, Cordeirdpolis, Ipetna and
Santa Gertrudes, state of Sdo Paulo, Brazil (BR). This region was used in this study, since these municipalities are
included in a sectoral plan to reduce atmospheric emissions from SSOPM and mineral processing activities. The data
were obtained from the public registry of the Environmental Agency of the State of Sdo Paulo (CETESB) and the
Brazilian Mineral Agency (ANM). Additionally, a complementary study was carried out in April 2023 in London,
United Kingdom (UK), to collect Environmental Permits and Planning Permissions of active quarries.

Environmental quality criteria were correlated to the conditions of Environmental Permits and Planning
Permissions. Literature review was used to incorporate criteria that had not been considered. Thus, an environmental
quality criteria framework was developed.

2.2. The Delphi method

This tool is characterized by multiple iteration or rounds of questionnaires answered anonymously by the
participants of a group of experts on the subject under study. The responses are processed, by a coordinator that
investigate central and extreme tendencies, and fed back to the respondents. The rounds continue until a consensus has
formed [32-36]. The minimum number of experts participating in studies using the Delphi method is 10 [37-39]. In this
study, a group of 10 experts in SSOPM environmental licensing was formed. All experts have more than 6 years of
experience in this subject.

Microsoft Forms was used to collect the analysis. In round 1, a questionnaire was developed based on documentary
analysis and literature review. The questionnaires in round 2, 3, 4 and 5 were developed based on the discussions in the
previous rounds. In each round, a questionnaire was sent to evaluate the importance or not of each criterion for the
environmental quality of small mines. During the rounds, experts could argue about their choices and the choices of
other experts.
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3. Results and discussion

44 environmental quality criteria were proposed from the analysis of 85 valid Operating Environmental Permits of small-
small-scale open-pit mines (BR). 19 Environmental quality criteria were proposed after analysing the Planning Permissions
Permissions of 3 active Quarries (UK). The literature review contributed to inclusion of 4 other criteria. Thus, the partial 67
67 criteria framework was proposed.

The partial criteria framework was submitted to the 10 experts for analysis through questionnaires in Microsoft Forms
and using the Delphi method. The analysis resulted in the exclusion of 7 criteria, the inclusion of 6 new criteria and the
unification of 2 criteria. After 5 rounds, consensus was reached that 65 criteria are needed to the environmental quality of
SSOPM. The final criteria framework is presented in Table 1 and Table 2.

Table 1: Environmental quality assessment criteria framework for SSOPM (subjects no. 1 to no. 8).

Subject

Criteria

1.Solid waste and tailings

1.1.Classification and storage of solid waste

1.2.Destination and/or disposal of solid waste

1.3.Tailings

2.Noise and vibration

2.1.Sound pressure level (SPL) of blasting operations

2.2.Resultant particle velocity (Vr) of blasting operations using explosives

2.3.Level of noise emitted by the activities of the enterprise

2.4. Transparency/disclosure of blasting activity schedules with explosives

combustion
greenhouse

3.Fossil  fuel
(burning) -
gases emission

3.1.0peration and adjustment of equipment that burns fuel, aiming at proper combustion

3.2.0peration and adjustment of mobile sources of emission

3.3.Fuel storage and fill up operations

3.4.0il change operations and maintenance of machinery, equipment and vehicles

4.Dust emission

4.1.Mineral storage

4.2.Mineral processing

4.3.Internal and external mineral transportation

4.4.Compliance with sectoral emission reduction plans

4.5.Mineral drying

4.6.Particulate matter emission control from internal and external mineral transportation

4.7.Vegetation at the site boundary as dust barriers

4.8.Dust control from external transport of machines and vehicles*

5.Water resources

5.1.Drainage

5.2.Settling basins

5.3.Water quality of natural surface water resources

5.4.Springs

5.5.Water table

5.6.Water impoundment

5.7.Water Reuse

6.Sanitary sewage

6.1.Separation, treatment and disposal of sanitary sewage

7.Erosion

7.1.Slope drainage system

7.2.Drainage arrangements for rainwater containment and runoff control

7.3. Surface slope of the mining pit

8.Demarcation

8.1.Demarcation of areas authorized for extraction and areas of environmental preservation

*Criteria suggested by the experts
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Table 2: Environmental quality assessment criteria framework for SSOPM (subjects no. 9 to no.20).

Subject

Criteria

9. Restoration

9.1.Measures of control, recovery and environmental monitoring

9.2.Topsoil, subsoil, or overburden from stripping

9.3.Activities after restoration

9.4.Technician with the knowledge of and expertise in degraded area restoration

10.Slopes

10.1.Slope stability

10.2.Project for the implementation and operation of the mining benches

11.Safety in operation

11.1.Safe distance between the extraction area and other structures, facilities and
preservation areas

11.2.Safe distance between the extraction area, power transmission lines, highway, road
and gas pipeline

11.3.Rock blasting operations with the use of explosives

12.Protected areas

12.1.Conservation reserve and conservation area that protects water resources (registration
and regularization programs)

12.2.Restoration commitments

12.3.Native and exotic vegetation

12.4.Archaeological assets

12.5.Nature reserves and buffer zones*

12.6.Speleological heritage*

12.7.Paleontological heritage*

13.Documentation
requirements

13.1.Conditions of the environmental permit or planning permission

13.2.The enterprise identification

13.3.Unique Taxpayer Reference (UTR)

13.4.Federal Technical Registry of Potentially Polluting Activities and Users of
Environmental Resources

14.Vehicle movements and
cleaning

14.1.Vehicle movements

14.2.Vehicle cleaning

15.Authorized operations

15.1.Extraction aiming a phased basis

15.2.Mineral export limit

15.3.0peration hours

15.4.Commencement of works and operation

15.5.Authorized operations

16.Junctions and alterations
to the Public Highway

16.1. Junctions and alterations to the public highway

17.Schemes and plans to be
submitted and approved

17.1.Best operating practices and procedures

17.2.Contaminated land reports, when potential contamination is verified

18.Energy

18.1.Energy consumption

19.Violation of
environmental regulations
and penalties

19.1.Violation of environmental regulations and penalties

20.Local communities

20.1.Traditional communities*

20.2.Proximity to residential clusters*

*Criteria suggested by the experts
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4. Conclusion

The results of this study present valuable contributions to the licensing process and environmental monitoring of
SSOPM. The 65 criteria, which were proposed based on Operating Environmental Permits, Planning Permissions, literature
literature review and validated by experts, may be used as indicators of the environmental quality of SSOPM. As a future
study, it is intended to analyse the level of importance of each criterion for the environmental quality of SSOPM.
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