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Introduction
The United States (U.S.) has a vast legacy
of economic prosperity and innovative
technological development stemming
from its historic mining activities. Minerals recovered from our federal and public
lands have been used to improve many
facets of American life. These minerals
provide vital ingredients in a wide range
of everyday products that provide economic and national security. Unfortunately, another legacy associated with historical mining lies in its significant degradation of the environment (1, 2). More than a
century of mining has created thousands
of Abandoned Mine Lands (AML) sites
with hundreds of millions of tons of solid
wastes (3, 4). Today, estimates of abandoned mines near 500,000 in the United
States (5). In 2015, Congressman Raul Grijalva from Arizona introduced legislation
that would increase the funding to reclaim
these inactive mines and it would reform
the General Mining Law of 1872. The
proposed Hardrock Mining Reform and
Reclamation Act of 2015 (H.R. 963, 114th
Congress) requires reclamation bonds for
cleanup liability. This legislation could be
improved if it took into account the need
for a qualified and trained workforce in
environmental and geosciences to reclaim
abandoned mines. This paper identifies
initiatives and programs that can be used
to prepare the next generation of environmental scientists and geoscientists, while
increasing the participation of underrepresented groups in earth science, particu-

larly women and minorities. The policy
recommendations will focus on providing
academic access to these professions to
Hispanics in the U.S. Southwest region
where a critical need exists to restore AML
sites through reclamation.

A National Environmental
Justice Issue
AMLs exist across private, federal and
state lands adding to the complexity of
the issue. Environmental damage occurred because historic mining operations
were not subject to our current environmental protection laws (e.g., the Clean
Air Act (1963), Clean Water Act (1977), and
Comprehensive Environmental response
Compensation and Liability Act (1980).
The issue of AMLs proves significant in
Southwestern states of New Mexico, Arizona, Utah, Colorado, Nevada and California. A rapidly growing population in
the Southwest continues to encroach on
areas of historic mining activities, creating
a greater potential for adverse effects to
human health and the environment (6).
These abandoned mines and associated
mining wastes may pose both physical
and chemical hazards; there is an increased exposure to people and risks of
accidents and injuries from AML legacy
sites (7, 8).
The typical kinds of environmental problems stemming from AML sites include:
contaminated/acidic surface and ground

water, and stockpiled waste rock and mill
tailing piles (9, 10, 11). Highly acidic water
rich in metals acts as a serious problem at
many abandoned mines; they pose significant risks to surface water and ground water (12, 13). However, the potential chemical hazards vary greatly from one mine to
the next. Each abandoned mine and associated mine waste piles need to be evaluated individually to determine the risk.
In addition, the physical hazards are the
most common source of death and injury
(14). These AMLs often contain structures,
tunnels, and waste piles, which attract
adventurous explorers who are usually
unaware of the potential dangers (15).

Projected Workforce Trends
Geologists, soil scientists, environmental
scientists, environmental engineers or other qualified professionals play a key role in
the well-being of our nation and they can
assist in AML reclamation activities. Employment of environmental scientists and
specialists has been projected to grow 11
percent from 2014 to 2024, faster than the
average for all occupations (Bureau of Labor Statistics) (16). Heightened public interest in the hazards facing the environment,
as well as the increasing strains placed on
the environment by population growth,
will spur demand for environmental scientists and specialists. The geoscientist
profession will also experience a growth
in employment. From 2014–2024, predictions show that an additional 10 percent
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Demand for workers at all levels will remain strong for the foreseeable future and these jobs will
continue to pay well, the average median annual salary for geoscience-related occupations in
2013 was $83,311 (19).

of geoscientists will be needed to meet
employment demand (The Bureau of Labor
Statistics) (17).
The need for environmental protection,
and responsible land and resource management is projected to spur demand for
geoscientists in the future. According to
data collected by the American Geological Institute, the geosciences continue to
be a lucrative employment option within
the current workforce (18). Demand for
workers at all levels will remain strong for
the foreseeable future and these jobs will
continue to pay well, the average median
annual salary for geoscience-related occupations in 2013 was $83,311 (19). In an

economic climate where other professions
will experience a decline in demand, the
number of mining jobs will increase that
include AML reclamation (16, 17, 18).

Participation of Women and
Underrepresented Minorities
Women have made substantial gains in
the environmental science and geosciences fields over the past several decades,
and now they hold almost a quarter (24.5
percent) of these professions in 2014
(Department of Education) (20). However, compared with women, the gains
of underrepresented minorities in environmental science and geosciences have

Figure 1 U.S. Geoscience Degrees Granted 1973–2014

been modest, less than 12 percent of the
workforce identified as Black or AfricanAmerican, Asian, or Hispanic or Latino
(Department of Education) (21). Regardless of field, women, who make up 50.8
percent of the U.S. population, have made
substantial gains in secondary education
over the past several decades and now
receive between 57 and 58 percent of
bachelor’s degrees (22, 23). However, the
federal workforce—and the academic
programs that produce graduates—does
not yet mirror the ethnic, racial, and gender diversity of the U.S. population. For
example, underrepresented minorities
(African-American, American Indian, and
Hispanic or Latino of any race) composed
29.8 percent of the U.S. population in the
2010 Census, but received only 9.3 percent
of bachelor’s degrees awarded in 2012
(22, 24).

Academic Readiness
of Hispanics

Trends in number of geoscience degree (defined in this figure as encompassing environmental
science, hydrology, oceanography, atmospheric science, geology, geophysics, climate science,
geochemistry, paleontology; environmental, exploration and technical engineering; and
geoscience management) awarded at U.S. 4-year colleges from 1973-2014.
Source: Wilson (2014).
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Hispanics comprise the largest minority group in the United States, making
up roughly 17.4 percent of the country’s
population (55.4 million) in 2014 (22).
According to a recent study by the Pew
Hispanic Center, Hispanics now also represent the largest minority on college
campuses, they make up roughly 19 percent of all U.S. college students ages 18
to 24 (25). Notably, over half of all Latino
undergraduate students in higher education (62%) have enrolled in 13 percent of
institutions in the United States identified
as Hispanic Serving Institutions (HSIs) (26).
HSIs are defined in federal law as accredited and degree-granting public or private
nonprofit institutions of higher education
with 25 percent or more total undergraduate Hispanic full-time equivalent (FTE)
student enrollment (27). In 2014–2015,

Concerns over pollution, environmental degradation, and health issues, can significantly
influence Hispanics in the Southwest and across our country to pursue careers in earth science
and environmental science to address AML reclamation.

435 institutions existed that met the HSI
enrollment criteria, and they enrolled 1.75
million undergraduates. Of the 435 HSIs,
172 offered graduate degrees (90 offered
doctoral degrees as the highest degree,
and 69 offered masters degrees) (28). Over
68 percent of HSIs are public degreegranting institutions, and they are located
in 18 states and Puerto Rico (28). In addition, in 2014-2015, there were also 310 institutions that are identified as emerging
HSIs, these institutions had between 15
and 25 percent undergraduate FTE Hispanic enrollment (29).

Training the Next Generation
Supporting a future pipeline of trained
professionals that are capable of examining AML sites and their associated environmental, health, and safety issues proves
critical. However, the number of graduates
in these environmental and geosciences
fields that can address this issue is decreasing, and lacks diversity. In 2013, about 40
percent of whites/Caucasians ages 25 to 29
had a bachelor’s or higher, in comparison,
just 15 percent of Hispanics among the
same age group had a bachelor’s degree or
higher (30) As the Baby Boomer generation
starts to retire, the United States will face
the loss of a large number of experienced
earth science and environmental science
professionals in industry, academia, and
the government. However, the current
pipeline of STEM-capable students and
workers proves inadequate to meet AML
workforce needs (18). The National Academy of Sciences (NAS) published a report
that stated that there is a growing demand
for geosciences and engineering professionals by the mining and energy sector
(31). The current educational system is not
producing enough qualified workers to
replace the retiring generation (18).

Training Programs
To help increase the number, quality, and
diversity of the AML workforce, federal
agencies and the private corporations
that hire these professionals could invest
in a variety of education and training programs that can attract and retain students
in these fields. Educating the public about
the importance of reclaiming AMLs and
the career opportunities this sector offers
future scientists is critical for Hispanics living in the Southwest. Efforts to broaden
the participation of unrepresented groups
in the workforce to reclaim abandoned
mine lands are needed to address this
pressing environmental hazard. Addressing
these issues requires a skilled workforce
that draws on the talents of all citizens,
including women and minorities historically underrepresented in earth science
and environmental sciences professions.
Increasing the participation of minorities
in these fields, will require not only effec-

tive practices within individual programs
but also attention to linkages between
programs and socioeconomic inequities
such as uneven access to mentors or financial resources. Individuals should first
be introduced to potential careers in the
environmental and earth science field. Secondly, learning about the topics in the field
and getting hands-on experiences. Finally,
individuals should prepare for a career by
acquiring specialized knowledge, skills, and
expertise as well as by exploring different
employment options. Concerns over pollution, environmental degradation, and
health issues, can significantly influence
Hispanics in the Southwest and across our
country to pursue careers in earth science
and environmental science to address AML
reclamation. Today, an extensive number
of abandoned mines exist on federal lands,
as over 100,000 inactive legacy mines reside in the Southwest (Figure 2).

Figure 2

Map of Known Abandoned Mine
Lands (AML) on Bureau of Land
Management (BLM) lands only.
From BLM AML Inventory website.
Downloaded on March 21, 2014.
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Programs that raise awareness of earth science or that increase access to education and training
(e.g., social and professional networks, financial assistance for study) may be especially fruitful
for federal agencies looking to increase diversity.

Overview of a Successful
Training Model
Educational funding is limited, so it is imperative that agencies and industry model
existing program that have been successful at attracting or retraining minorities
and women in STEM fields. The Hispanics
Leaders in Agriculture and the Environment (HLAE) program at Texas A&M University has been identified as a successful
program that has increased the number
of minority students graduating in STEM
fields. This federally-funded program took
a comprehensive approach that included
the integration of students into college
academic and social systems, that include
the development of knowledge and skills,
support, mentoring, monitoring, and
advising. Unfortunately, this program
ceased in 2012 due to federal budgetary
constraints. The additional factors that
were important for creating success for
this program included the requirement
of a research or training component (e.g.,
by providing research experiences to students) that stimulated interest through
hands-on research and the development
of student cohorts that provide mutual
support. The HLAE program provided
scholarships and stipends to master’s
and doctoral students to pursue career
in agriculture and environmental fields; it
also provided students the opportunity
to network, by facilitating the student’s
participation in national conferences to
present research results, social activities,
peer-to-peer support, and mentoring programs. These professional preparation opportunities help socialize students within
a discipline, promote academic success,
and prepare them for careers. Recognizing and emulating this successful program
could help realize great benefits. The creation of a similar program with a focus on
preparing the next generation of Hispanic

environmental scientists and geoscientists professionals in the AML workforce
is needed for us to address this national
workforce issue. These programs open
doors of opportunity to underrepresented
minorities, but they could also help attract
and retain students of all backgrounds.
Additionally, studies suggest that a variety
of interventions are needed to increase
the participation of underrepresented
minorities in the science, technology,
engineering and mathematics (STEM)
fields, including (a) research and internships experiences that expose student to
real-world work hands-on experiences at
the graduate and undergraduate level;
(b) networking opportunities; (c) financial
assistance to support undergraduate and
graduate study to gain specialized knowledge, skills, and expertise; and (d) efforts
to lower barriers to participation, such as
developing outreach activities to cultivate
future students (32).

Policy Recommendations
The information presented in this paper
can be used by government, academic
and professional society managers of
earth science education and outreach programs. Recommendations to strengthen
the diversity in the Abandoned Mine Land
workforce include:
A. Amend the Hardrock Mining Reform
and Reclamation Act of 2015 (H.R. 963,
114th Congress) to include education and
workforce training opportunities that attract young people, including ethnic minorities and women, into STEM programs
that lead to careers in the AML reclamation field, in environmental science and
geosciences. Policy-makers should support university research that contributes
4

to workforce development by enhancing
the education pipeline.
B. Federal agencies should provide increased research funding to current and
emerging Hispanic Service Institutions
with environmental and geoscience programs (e.g. The University of Arizona,
University of Nevada, Reno, and the New
Mexico Institute of Mining and Technology), with matching funding from industry
and specific requirements to incorporate
two outcomes from the research: (1) advancing technology to drive innovation
in AML reclamation, and enrich graduate
and undergraduate education; and (2)
developing university faculty who work
on the cutting edge of AML research to
enhance the quality of higher education.
C. Congress should provide the Department of the Interior (DOI) with legislative authority to support research-based
programs to increase underrepresented
student participation in STEM, with a focus on AML reclamation and direct DOI
to establish a nation-wide pilot in partnership with the private sector. This goal
could be achieved through the creation
of a Long Term Ecological Research (LTER)
Program on AML sites with funding from
the National Science Foundation (NSF) in
collaboration with DOI would be greatly
beneficial to the field of land reclamation
and to the future workforce. The goal of
an LTER is to address ecological questions
that cannot be resolved with short-term
observations or experiments (37). These
long-term interdisciplinary studies prove
essential in achieving an integrated understanding of how populations, communities, and other components of ecosystems interact as well as to test ecological
theory. Currently, 25 Long Term Ecological
Research Programs exist; however, none

A strong and pressing need for a qualified and trained workforce in environmental and
geosciences to reclaim abandoned mines exists, especially in the Southwest where more than
100,000 AML currently reside.

of these programs address the issue of
abandoned legacy mines.
D. Research programs that address AML
reclamation can be used by agencies to
identify potential partners and share effective practices for attracting and retaining traditionally underrepresented minority students. These industry-education
partnerships can produce a STEM competent workforce in environmental science
and geoscience fields. In particular, programs that raise awareness of earth science or that increase access to education
and training (e.g., social and professional
networks, financial assistance for study)
may be especially fruitful for federal agencies looking to increase ethnic, racial, and
gender diversity in the public-sector.
E. Federal agencies should promote collaborative efforts with industry and professional societies, focused on diversity to
assist in connecting students to education
and training opportunities, providing students with another avenue of information
on available positions. Research experiences for undergraduates and paid internships provide students with technical and
non-cognitive skills that improved communication, team work, project management and leadership. Another recommendation falls under the idea that any federally-sponsored programs adopt the use of
peer and professional mentors; they can
play a key role in providing information,
guidance, and support at critical decision
points in students’ careers.

Conclusion

Endnotes

A strong and pressing need for a qualified
and trained workforce in environmental
and geosciences to reclaim abandoned
mines exists, especially in the Southwest
where more than 100,000 AMLs currently
reside. This need presents significant opportunities for Hispanic students looking
for a viable career with anticipated growth.
This paper has identified initiatives and
programs that can be used to prepare the
next generation of environmental scientists and geoscientists, while increasing the
participation of underrepresented groups
in earth science, particularly women and
minorities. Reinstating programs like HLAE
and creating coalitions of partners from
federal agencies, private companies, universities, and professional societies would
stretch federal dollars and bring a wide
range of expertise to training the next
generation of earth scientists. Such efforts
contribute toward meeting national goals
of developing a robust and diverse STEM
workforce.
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