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COMMENTARY Open Access

Reporting back environmental exposure
data and free choice learning
Monica D. Ramirez-Andreotta1,3*, Julia Green Brody2, Nathan Lothrop3, Miranda Loh3,4, Paloma I. Beamer3

and Phil Brown5

Abstract

Reporting data back to study participants is increasingly being integrated into exposure and biomonitoring studies.
Informal science learning opportunities are valuable in environmental health literacy efforts and report back efforts
are filling an important gap in these efforts. Using the University of Arizona’s Metals Exposure Study in Homes, this
commentary reflects on how community-engaged exposure assessment studies, partnered with data report back
efforts are providing a new informal education setting and stimulating free-choice learning. Participants are
capitalizing on participating in research and leveraging their research experience to meet personal and community
environmental health literacy goals. Observations from report back activities conducted in a mining community
support the idea that reporting back biomonitoring data reinforces free-choice learning and this activity can lead to
improvements in environmental health literacy. By linking the field of informal science education to the
environmental health literacy concepts, this commentary demonstrates how reporting data back to participants is
tapping into what an individual is intrinsically motivated to learn and how these efforts are successfully responding
to community-identified education and research needs.

Keywords: Biomonitoring, Exposure assessment, Environmental health literacy, Risk communication, Arsenic, Heavy
metals, Informal science education, Free-choice learning

Background
Biomonitoring efforts are widely used in environmental
exposures assessments beyond occupational and clinical
settings to help identify and assess chemicals observed
in the environment and in humans and to inform
public-health decisions and regulations [1]. Due to inno-
vations in technology, increased sensitivity in methods,
access to resources, and institutional support for
community-engaged research, there has been a tremen-
dous increase in the number of human biomonitoring
studies [1, 2]. With these types of studies comes an add-
itional level of responsibility to translate the data and
findings and address environmental health literacy
(EHL) goals.
Using the University of Arizona’s Metals Exposure

Study in Homes (MESH) extensive report back effort as

an example, this commentary highlights how reporting
back environmental exposure data is carving out a new
informal education setting (learning outside of school
classrooms) and is stimulating free-choice learning -
learning that is occurring within these settings and that
is driven by the needs and interests of the learner rather
than an external authority [3]. By taking an in-depth
look at exposure study participants’ understanding of
results and their resulting actions, this commentary con-
tributes to exposure science and expands the concept of
EHL and science education by viewing report back as a
free-choice learning experience. Lastly, it is proposed
that such documentation of learning and action would
be an effective method by which to assess report back
efforts and, in effect, evaluate a community’s EHL.

Literacy
Thus far, scholars have defined literacy in terms of sci-
ence [4], health [5], critical health [6], public health [7],
and the environment [8]. Health literacy implies the
achievement of a level of knowledge, personal skills and
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confidence to take action to improve personal and com-
munity health by changing personal lifestyles and living
conditions [5]. Public health literacy is defined as the
degree to which individuals and groups can obtain,
process, understand, evaluate, and act on information
needed to make public health decisions that benefit the
community [9]. Environmental literacy is the capacity
for individuals and groups to make informed decisions
concerning the environment; to be willing to act on
these decisions to improve the well-being of other indi-
viduals, societies, and the global environment; and to
participate in civic life [8]. Recently, efforts have sought
to merge existing explanations and define EHL. Thus far,
the Society for Public Health Education defines EHL as
the ability to “integrate concepts from both environmen-
tal literacy and health literacy to develop the wide range
of skills and competencies in order to seek out, compre-
hend, evaluate, and use environmental health informa-
tion to make informed choices, reduce health risks,
improve quality of life and protect the environment”
[10].
Literacy as described above, stresses understanding, in-

formed decision-making, and action. However, health lit-
eracy efforts traditionally assess basic literacy skills such
as reading, writing, and arithmetic, and are geared to-
ward compliance with recommended clinical care. In
this context, health literacy is seen as a patient “risk fac-
tor” that needs to be managed within the process of pro-
viding clinical care [11] and tends to stay within the
traditional disciplinary boundaries of medicine and
health promotion [6]. This approach does not view
health literacy as an asset or a form of health action
(personal, social, environmental) and does not focus on
or assess individual and/or community efforts regarding
knowledge integration, informed choices, actions to im-
prove personal and community health, and methods to
reduce risk. When health literacy is viewed as an asset,
with roots in public health [11], practitioners can then
implement and evaluate “health literacy in action.” This
is not only defined by functional literacy, but also com-
municative/interactive and critical literacy, which can
then assess whether an individual/community is taking
action to improve health, exerting greater control over
factors that determine health, reflecting greater auton-
omy and empowerment, and engaging in a wider range
of health actions [6, 11]. These actions include personal
behaviors to social action to address the social, eco-
nomic, and environmental determinants of health. EHL
is an evolving concept that spans and synergistically uni-
tes various disciplines such as, but not limited to, risk
communication, social science, public health, health pro-
motion, and communication [12]. Interestingly the field
of science education, specifically the subfield of informal
science learning/free-choice learning, has not been part

of the dialogue thus far, and this is a great loss. Efforts
to understand how, when and where learning is occur-
ring are at the forefront of informal science education
efforts. Measuring these types of changes can be challen-
ging and new methods are needed to improve and evalu-
ate literacy in action, specifically EHL.
Informal science education, defined as science learning

opportunities that people experience across their lifespan
outside of school [13], contributes greatly to an adult’s
science learning. In fact, over the course of a lifetime,
the average person spends 5 % of their time in school
[14] and research suggests that nearly half of the public’s
science understanding and learning derives from free-
choice learning [13]. In a study to determine what
sources people relied upon for science and technological
information, 74 % of respondents attributed “some or a lot”
of their learning to “life experiences,” followed by “books
and magazines –not for school” [15]. Data indicates that
lifelong learning is intrinsically motivated and largely under
the choice and control of the learner [13, 15, 16]. It seems
ideal to harness the power of free-choice learning to im-
prove EHL.

Free-choice learning in environmentally compromised
communities
Informal science education methods are particularly
valuable when working with communities impacted by
hazardous waste. Communities neighboring contami-
nated sites are learning on their own about the contami-
nants of concern at hazardous waste sites and the
associated health effects, and this type of learning is a
multi-faceted phenomenon that is place-based and
socioculturally mediated. As suggested by Falk and
Storksdieck (2005), free-choice learning is a cumulative
process involving connections and reinforcement among
the variety of learning experiences people encounter in
their lives [17]. In that way, learning is both a process
and a product, suggesting a vibrant and contextual
model of learning [17], requiring both creative and in-
novative evaluation methods [18].

Community-engaged exposure assessment studies
as informal education settings
There is already an established infrastructure of organi-
zations providing opportunities for free-choice learning
beyond and outside of the formal education system.
These include broadcast and print media, libraries, mu-
seums, science centers, zoos, aquariums, botanical gar-
dens, environmental centers, and community
organizations [13]. Although environmental health issues
are discussed broadly and may be addressed in the above
organizations, there are no infrastructures dedicated to
environmental health, particularly for discussing con-
taminant fate and transport, exposure assessments, risk
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characterization, and the challenges of establishing a rela-
tionship between exposure(s) and health outcome(s).
These topic areas make EHL and free-choice learning es-
pecially important to communities neighboring hazardous
waste, pollution emissions, and resource extraction activ-
ities. Residents of environmentally compromised commu-
nities typically want additional information regarding their
environmental health, and due to this gap in infra-
structure, such communities have begun partnering
with research organizations and universities to con-
duct community-engaged research projects [19, 20].
These partnerships are establishing new informal educa-
tion infrastructures that support and stimulate free-choice
learning. Collaborative research efforts are increasingly di-
rected toward understanding the environmental determi-
nants of chronic disease, and biomonitoring is becoming a
key methodology by which to provide the scientific basis
for prevention of environmental exposures and motivating
action [21].

The need for report back efforts in mining communities
Evaluating exposures and increasing EHL in mining
communities is especially crucial. Mining and smelting
activities are the primary source of metals entering the
environment [22]. In the U.S. alone, approximately
550,000 abandoned mine sites are responsible for gener-
ating 45 billion tons of waste, and many of these sites
are in arid and semiarid regions [23]. Studies have ob-
served an inverse relationship between the environmen-
tal and biomonitoring levels of arsenic and heavy metals
and the distance from metal smelters and other mining
operations to home or school environments [24, 25]. In
an exposure study conducted near the Tar Creek Super-
fund Site, a former lead and zinc mine, half of the homes
sampled had indoor dust concentrations of arsenic, lead,
cadmium, and zinc greater than those observed in soil
[26]. Due to their common occurrence at hazardous
waste sites, toxicity, and potential for human exposure,
metals like arsenic, cadmium, and lead are among the
Agency for Toxic Substances and Disease Registry’s top
ten contaminants of concern [27]. Particulate emissions
associated with mining operations are commonly associ-
ated with significantly elevated levels of one or more of
these contaminants [25, 28].
In Arizona alone, there are more than 80,000 aban-

doned mines [23] and the arid and semi-arid Southwest
climate creates great potential for dust emissions and
long-range transport of arsenic-contaminated aerosols
from these former mining operations [29]. Climate
change will exacerbate the risks posed by mining in arid
and semi-arid environments, primarily due to land use
changes, increased average temperatures, and drought
conditions [30]. The Town of Dewey-Humboldt, Arizona,
comprised of 3,894 people [31], is sandwiched in between

a 153-acre site of legacy mine tailings waste with arsenic
and lead concentrations exceeding 3,000 milligram per
kilogram and a 189-acre legacy smelter area [32]. Dewey-
Humboldt, AZ is home to the Iron King Mine and
Humboldt Smelter Superfund Site, a hazardous waste site
added to the US Environmental Protection Agency’s
National Priorities List in 2008. Soon after listing, mem-
bers of the Dewey-Humboldt, AZ community partnered
with the University of Arizona (UAZ) on community-
engaged environmental health research initiatives to
characterize the extent of anthropogenic and naturally oc-
curring of arsenic and metal contamination in their resi-
dential areas (e.g., Gardenroots, [33–35]). The Metals
Exposure Study in Homes (MESH) project was developed
in response to community concerns about exposure to
metal(loid)s such as arsenic, lead, cadmium, nickel, beryl-
lium, aluminum, and chromium. MESH assessed metal
concentrations in multiple environmental matrices and
their associations with levels of exposure in local children
(1–11 years of age) [36]. After the completion of the
MESH study and data report back efforts, participants
were asked to reflect upon the report back experience,
their understanding of results, and actions in response to
their results. Not surprisingly, MESH participants de-
scribed activities that are aligned with the EHL goals. Par-
ticipants used the MESH data to inform what actions to
take to reduce their child’s exposure; they posed new
research questions; and suggested novel ideas on how to
report the data to inform them even further. These out-
comes reflect participants’ ability to comprehend, evaluate,
and use the provided environmental health information to
make informed choices and reduce health risks – meeting
the EHL literacy goals defined above. Challenges described
by the MESH participants included: access to and net-
working with other participants, more face-to-face en-
gagement with the research team, additional information
related to all the metals analyzed, and a spatial representa-
tion of the data. Though MESH participants described
challenges associated with the report back process, the
outcomes of the project are still aligned with EHL goals.
Practitioners and researchers can learn from the reported
challenges to improve their future report back efforts.
These outcomes reflect the findings of past studies de-
signed to take in-depth look at participants’ report back
experience, their understanding of results, and actions in
response to their results [21, 35, 37–40]. These past stud-
ies have shown that participants can: learn a great deal
[37]; interpret scientific results to affirm lay knowledge;
absorb new information regarding other pollutant sources;
and gain an understanding of the complex health
messages related to environmental quality [35, 38]. Partici-
pants can also increase their understanding of environ-
mental science and the scientific method; establish new
networks; participate in other environmental projects; and
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leverage their results to hold government officials to more
stringent cleanup standards [35].

Evaluating the outcomes of reporting back
environmental exposure data
By evaluating the outcomes of report back efforts, new
ways to assess EHL can be illuminated, providing a
wider set of parameters to more adequately and success-
fully reflect health literacy. MESH was one of eight bio-
monitoring studies selected as part of the Personal
Exposure Report-Back Ethics Study, a larger project
that examines how: a) researchers report back data;
b) Institutional Review Boards evaluate such proto-
cols; and c) participants understand and use results.
The PERE research team is among the first to report
levels of emerging (i.e. limited toxicological data) and
known contaminants to individuals and communities
and is leading the field of report back practices and
methodologies [21, 35, 37–40]. Frameworks such as
clinical ethics, community based participatory ap-
proach, and the exposure experience have been ap-
plied in the past for analyzing participant responses
[21, 38, 39, 40]; based on this work, a set of best
practices have been developed to guide academic-
community research collaborations [39]. The exposure
experience, which builds on the concept of “illness
experience” [38], considers how: 1) individuals, com-
munities, and populations are becoming increasingly
aware of environmental issues, especially those related
to their immediate environment, and are learning
about contaminants in their bodies; and 2) the eco-
social context, which encompasses participants' past
experiences with pollution and how those frame their
responses and actions [37]. We know that the distri-
bution of environmental pollution varies across popu-
lations and places [41], and these geographic and
social differences, and even differences in contami-
nants of concern, will inform their responses to data
about chemicals in their homes and bodies.
In the case of Dewey-Humboldt, AZ, some community

members take pride in the mine, which is a large part of
their eco-social context. Even the town seal has a graph-
ical depiction of the mine and metal smelter, alongside
an agricultural field and the town hall. These idiosyncra-
sies need to be considered when designing report back
efforts and evaluating their effectiveness to raise EHL
and see positive changes at individual, programmatic,
and community/social-ecological level. For example, a
community member who has lived in Dewey-Humboldt
her whole life states: “Well I would [have concerns] if
we had like a chemical plant, or something like that
around here. But, I mean, just the mine. That mine’s
been there forever.” In a recent assessment at the Iron
King Mine and Humboldt Smelter Superfund Site after

MESH and “Gardenroots: The Dewey-Humboldt Arizona
Garden Project” [33–35], Ramirez-Andreotta et al. (2015):
evaluated community inquiries at the time the site was
listed and five years later; assessed what community mem-
bers were most concerned about at a the site; whether
these concerns changed; and if these concerns were ad-
equately addressed through accessible sources of informa-
tion. Further, it was hypothesized that the changes in
concern and inquiry over time would demonstrate a pro-
gression of the community’s environmental health under-
standing (transitioning from knowledge acquisition to
application) as a result of the community involvement and
engaged research efforts [42]. Key findings of this study
were that a cross-sectional analysis at multiple points in
time can better describe the social–ecological develop-
ments within a community and that changes in concern
can demonstrate broader community recognition of the
fundamentals of environmental health research (i.e., from
understanding the source to potential exposure pathways
and exposure mitigation) [42]. Researchers showed how
community concerns changed over time as a result of the
US Environmental Protection Agency's outreach and
UAZ’s community-engaged research activities; and that
such documentation at contaminated sites is a novel
method in which to assess EHL efforts.

Conclusions
A recent national study observed that 29 % of former
lead smelters are located in areas prone to natural disas-
ters (floods, earthquakes, tornadoes, and hurricanes),
and these locations are at high risk for (re)dispersing
toxic chemicals during such an event [43]. The recent
Gold King Mine Spill near Silverton, Colorado, where
three million gallons of water and waste (e.g. cadmium,
copper, lead, arsenic) were inadvertently released into
Cement Creek, a tributary of the 126-mile long Animas
River [44], reminds us that these mining sites and the
wastes they contain are not latent. Legacy mining sites
may appear to be dormant, and it is crucial to work with
communities to characterize the fate and transport of
pollutants off site and to report exposure assessment
data back to residents in order for them to translate the
results into action. Using the MESH study as an ex-
ample, this commentary contributes to exposure science
and expands the concept of EHL and science education
by describing how community-engaged partnerships are
creating a new informal learning setting, where report
back efforts are supporting free-choice learning. In these
newly carved out settings, free-choice learning is occur-
ring at the local level and is a product of conversations
taking place between environmental health researchers
and community members regarding their personal ex-
posure data. These efforts are building a foundation for
a sustainable and informal learning continuum, while
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meeting the most crucial steps in EHL efforts – em-
powerment, intervention, and increasing awareness.
Free-choice learning is responsible for over 50 % of an
adult’s learning - it is time for EHL efforts to recognize
the role of free-choice learning and to build upon the in-
trinsic motivation that individuals have to ultimately
protect their environmental health.

Abbreviations
EHL: Environmental Health Literacy; MESH: Metals Exposure Study in Homes;
UAZ: University of Arizona.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
MDRA prepared and drafted the commentary. JGB and PB designed the
overall Personal Exposure Report-Back Ethics Study and contributed to the
writing. ML and PIB are MESH Investigators. NL, ML, and PIB created the re-
port back materials for the MESH participants. All authors read, provided
comments, and approved the final manuscript.

Acknowledgements
The Personal Exposure Report-Back Ethics work was supported by NIEHS
grant number R01ES017514 and the Metals Exposure in Homes Study was
supported by NIEHS P42 ES04940. The authors are grateful to the members
of the Dewey-Humboldt, Arizona community for welcoming us in their
homes to conduct the interviews.

Author details
1Department of Soil, Water, and Environmental Science, University of Arizona,
1177 E Fourth Street, Rm. 429, Tucson, Arizona, USA. 2Silent Spring Institute,
Newton, MA, USA. 3Mel and Enid Zuckerman College of Public Health,
University of Arizona, Tucson, AZ 85721, USA. 4Institute of Occupational
Medicine, Edinburgh, UK. 5Department of Sociology and Anthropology and
Department of Health Sciences, Northeastern University, Boston, MA, USA.

Received: 25 June 2015 Accepted: 5 December 2015

References
1. National Research Council. Committee on Human Biomonitoring for

Environmental Toxicants. Human Biomonitoring for Environmental
Chemicals, Washington, DC: National Academy Press; 2006.

2. Morello-Frosch R, Varshavsky J, Liboiron M, Brown P, Brody JG. Communicating
results in post-Belmont era biomonitoring studies: lessons from genetics and
neuroimaging research. Environ Res. 2015;136:363–72. doi:10.1016/j.envres.
2014.10.001. Epub 2014 Nov 25.

3. Falk JH. Free-Choice Science Learning: Framing the issues. In: Falk J, editor.
Free-Choice Science Education: How We Learn Science Outside of School.
New York, NY: Teacher’s College Press, Columbia University; 2001.

4. National Research Council. National science education standards.
Washington, DC: National Academy Press; 1996.

5. Institute of Medicine. Health literacy: a prescription to end confusion.
Washington DC: National Academies Press; 2004.

6. Chinn D. Critical health literacy: A review and critical analysis. Soc Sci Med.
2011;73(1):60–7.

7. Gazmararian JA, Curran JW, Parker RM, Bernhardt JM, DeBuono BA. Public
health literacy in America. Amer J Prev Med. 2005;28(3):317–22.

8. North American Association for Environmental Education. http://naaee.org/
sites/default/files/envliteracyexesummary.pdf. Accessed 6 June 2015.

9. Freedman DA, Bess KD, Tucker HA, Boyd DL, Tuchman AM, Wallston KA.
Public Health Literacy Defined. Am J Prev Med. 2009;36(5):446–51.

10. Society for Public Health Education. What is Environmental Health
Literacy? 2007. http://www.sophe.org/environmentalHealth/key_ehl.cfm.
Accessed 4 May 2015.

11. Nutbeam D. The evolving concept of health literacy. Soc Sci Med.
2008;67(12):2072–8.

12. Hoover A. Connecting Disciplines to Inform and Develop the Emerging
Field of Environmental Health Literacy. 2014. http://www.niehs.nih.gov/
research/supported/translational/peph/webinars/health_literacy/ Accessed
May 5 2015.

13. National Research Council. Learning Science in Informal Environments:
People, Places, and Pursuits. Committee on Learning Science in Informal
Environments. In: Bell P, Lewenstein B, Shouse AW, Feder MA, editors.
Board on Science Education, Center for Education. Division of
Behavioral and Social Sciences and Education. Washington, DC: The
National Academies Press; 2009.

14. Falk JH, Dierking LD. The 95 Percent Solution School is not where most
Americans learn most of their science. Am Sci. 2010;98(6):486–93.

15. Falk JH. The Contribution Of Free-Choice Learning to Public Understanding
of Science. Interciencia. 2002;27(2):62–5.

16. Falk JH, Storksdieck M, Dierking LD. Investigating public science interest and
understanding: evidence for the importance of free-choice learning.
Public Underst Sci. 2007;16:455–69.

17. Falk JH, Storksdieck M. Using the Contextual Model of Learning to
understand visitor learning from a science center exhibition. Sci Educ.
2005;89:744–78.

18. Dierking LD, Falk JH, Rennie L, Anderson D, Ellenbogen K. Policy Statement
of the “Informal Science Education” Ad Hoc Committee. 2003. J Res Sci
Teach. 2003;40(2):108–11.

19. Brown P, Brody JG, Morello-Frosch R, Tovar J, Zota AR, Rudel RA. Measuring
the Success of Community Science: The Northern California Household
Exposure Study. Environ Health Persp. 2012;120(3):326–31.

20. Silka L, Renault-Caragianes P. Community-University Research Partnerships:
Devising a Model for Ethical Engagement. J High Educ Outreach Engagem.
2007;11(2):171–83.

21. Morello-Frosch R, Brody JG, Brown P, Altman RG, Rudel RA, Pérez C. Toxic
ignorance and right-to-know in biomonitoring results communication: a
survey of scientists and study participants. Environ Health, 2009;8(6). doi:.10.
1186/1476-069X-8-6

22. Lee JS, Chon HT, Kim KW. Human risk assessment of As, Cd, Cu and Zn in
the abandoned metal mine site. Environ Geochem Health. 2005;27:185–91.

23. U.S. Environmental Protection Agency. 2004. Abandoned mine lands team:
Reference Notebook. http://itepsrv1.itep.nau.edu/itep_course_downloads/
TWRAP/15_tlefSuperfund/FedGuidanceMatl/AMLinfoAMLTeam.pdf. Accessed
1 May 2011.

24. Sullivan S. Tainted Earth: Smelters, Public Health and the Environment. NJ:
Rutgers University Press; 2014.

25. Meza-Figueroa D, Maier RM, de la O-Villanueva M, Gomez-Alvarez A,
Moreno-Zazueta A, Rivera J. The impact of unconfined mine tailings in
residential areas from a mining town in a semi-arid environment:
Nacozari, Sonora, Mexico. Chemosphere. 2009;77:140–7.

26. Zota AR, Schaider LA, Ettinhger AS, Wright RO, Shine JP, Spengler JD.
Metal sources and exposures in the home of young children living near
a mining-impacted Superfund site. J Expo Sci Environ Epidemiol. 2011;
21:495–505.

27. Agency for Toxic Substances and Disease Registry. 2013. Available: http://
www.atsdr.cdc.gov/spl/. Accessed 15 July 2014.

28. Csavina J, Field J, Taylor MP, Gao S, Landázuri A, Betterton EA, et al. A
review on the importance of metals and metalloids in atmospheric dust
and aerosol from mining operations. Sci Total Environ. 2012;433:58–73.

29. Sorooshian A, Csavina J, Shingler T, Dey S, Brechtel FJ, Sáez AE, et al.
Hygroscopic and Chemical Properties of Aerosols Collected near a Copper
Smelter: Implications for Public and Environmental Health. Environ Sci Tech.
2012;46(17):9473–80.

30. MacDonald GM. Water, climate change, and sustainability in the southwest.
Proc Natl Acad Sci. 2010;107(50):21256–62.

31. U.S. Census Bureau 2010 Census. http://factfinder.census.gov/faces/nav/jsf/
pages/community_facts.xhtml. Accessed 04 May 2015.

32. EA Engineering, Science, and Technology, Inc. Remedial investigation report
iron King Mine Humboldt smelter superfund site. Dewey–Humboldt,
Yavapai County, Arizona. 2010. Available: http://yosemite.epa.gov/r9/sfund/
r9sfdocw.nsf/3dc283e6c5d6056f88257426007417a2/
9ff58681f889089c882576fd0075ea2f!OpenDocumen. Accessed 28 April 2015.

33. Ramirez-Andreotta MD, Brusseau ML, Beamer P, Maier RM. Home gardening
near a mining site in an As-endemic region of Arizona: Assessing As
exposure dose and risk via ingestion of home garden vegetables, soils,
and water. Sci Total Environ. 2013;454–455:373–82.

Ramirez-Andreotta et al. Environmental Health  (2016) 15:2 Page 5 of 6

http://dx.doi.org/10.1016/j.envres.2014.10.001
http://dx.doi.org/10.1016/j.envres.2014.10.001
http://naaee.org/sites/default/files/envliteracyexesummary.pdf
http://naaee.org/sites/default/files/envliteracyexesummary.pdf
http://www.sophe.org/environmentalHealth/key_ehl.cfm
http://www.niehs.nih.gov/research/supported/translational/peph/webinars/health_literacy/
http://www.niehs.nih.gov/research/supported/translational/peph/webinars/health_literacy/
http://dx.doi.org/10.1186/1476-069X-8-6
http://dx.doi.org/10.1186/1476-069X-8-6
http://itepsrv1.itep.nau.edu/itep_course_downloads/TWRAP/15_tlefSuperfund/FedGuidanceMatl/AMLinfoAMLTeam.pdf
http://itepsrv1.itep.nau.edu/itep_course_downloads/TWRAP/15_tlefSuperfund/FedGuidanceMatl/AMLinfoAMLTeam.pdf
http://www.atsdr.cdc.gov/spl/
http://www.atsdr.cdc.gov/spl/
http://factfinder.census.gov/faces/nav/jsf/pages/community_facts.xhtml
http://factfinder.census.gov/faces/nav/jsf/pages/community_facts.xhtml
http://yosemite.epa.gov/r9/sfund/r9sfdocw.nsf/3dc283e6c5d6056f88257426007417a2/9ff58681f889089c882576fd0075ea2f!OpenDocumen
http://yosemite.epa.gov/r9/sfund/r9sfdocw.nsf/3dc283e6c5d6056f88257426007417a2/9ff58681f889089c882576fd0075ea2f!OpenDocumen
http://yosemite.epa.gov/r9/sfund/r9sfdocw.nsf/3dc283e6c5d6056f88257426007417a2/9ff58681f889089c882576fd0075ea2f!OpenDocumen


34. Ramirez-Andreotta MD, Brusseau ML, Artiola JF, Maier RM. A Greenhouse
and Field-Based Study to Determine the Accumulation of Arsenic in
Common Homegrown Vegetables. Sci Total Environ. 2013;443:299–306.

35. Ramirez-Andreotta MD, Brusseau ML, Artiola JF, Maier RM Gandolfi AJ.
Building a co-created citizen science program with gardeners
neighboring a Superfund site: The Gardenroots case study. Int Public
Health J. 2014;7(1):139–53.

36. Beamer PI, Sugeng AJ, Kelly MD, Lothrop N, Klimecki W, Wilkinson ST, et al.
Use of dust fall filters as passive samplers for metal concentrations in air for
communities near contaminated mine tailings. Environ Sci Process Impacts.
2014;16(6):1275–81.

37. Altman RG, Morello-Frosch R, Brody JB, Brown P. Pollution Comes Home
and Gets Personal: Women's Experience of Household Chemical Exposure.
J Health Soc Behav. 2009;49(4):417–35.

38. Adams C, Brown P, Morello-Frosch R, Brody JG, Rudel R, Zota A, et al.
Disentangling the exposure experience: the roles of community context
and report-back of environmental exposure data. J Health Soc Behav.
2011;52:180–96.

39. Brody JG, Dunagan SC, Morello-Frosch R, Brown P, Patton S, Rudel RA.
Reporting individual results for biomonitoring and environmental
exposures: lessons learned from environmental communication case
studies. Environ Heal. 2014;13(40):1–8.

40. Brody JG, Morello-Frosch R, Brown P, Rudel RA, Altman RG, Frye M, et al.
Improving disclosure and consent: “Is It safe?”: new ethics for reporting
personal exposures to environmental chemicals. Am J Public Health.
2007;97:1547–54.

41. Morello-Frosch R, Pastor M, Porras C, Sadd J. Environmental justice and
regional inequality in Southern California: implications for future research.
Environ Health Perspect. 2002;110 Suppl 2:149–54.

42. Ramirez-Andreotta M, Lothrop N, Wilkinson S, Root R, Artiola J, Klimecki W,
et al. Analyzing Patterns of Community Interest at a Legacy Mining Waste
Site to Assess and Inform Environmental Health Literacy. J Environ Stud Sci,
doi:10.1007/s13412-015-0297-x.

43. Wang Y, Kanter RK. Disaster-related environmental health hazards: former
lead smelting plants in the United States. Disaster Med Public Health Prep.
2014;8(1):44–50.

44. USEPA. Emergency Response to August 2015 Release from Gold King Mine.
Available: http://www2.epa.gov/goldkingmine. Accessed 5 November 2015.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Ramirez-Andreotta et al. Environmental Health  (2016) 15:2 Page 6 of 6

http://dx.doi.org/10.1007/s13412-015-0297-x
http://www2.epa.gov/goldkingmine

	Abstract
	Background
	Literacy
	Free-choice learning in environmentally compromised communities

	Community-engaged exposure assessment studies as informal education settings
	The need for report back efforts in mining communities

	Evaluating the outcomes of reporting back environmental exposure data
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



