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Abstract
Ci=
Background:

=R
1) Environmental health literacy (EHL) is coalescing into a new subdiscipline that combines key
principles and procedural elements from the fields of risk communication, health literacy,
environmental health sciences (EHS), communications research, and safety culture. These

disciplines have contributed unique expertise and perspectives to the development of EHL. Since
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1992, the National Institute of Environmental Health Sciences (NIEHS) has contributed to the

evolution of EHL and now seeks to stimulate its scientific advancement and rigor.
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Objectives:
HE :

2) The principal objective of this article is to stimulate a conversation on, and advance research
in, EHL.

2) COMXOEFEMIFEHL CDOW O a2 —2 a3 % e, MREZHERIUESETT,

Discussion:
B
3) In this article, we propose a definition of and conceptual framework for EHL, describe EHL in

its social and historical context, identify the complementary fields and domains where EHL is
being defined and implemented, and outline a research agenda. Extensive reviews of web and
literature searches indicate that the concept of EHL is evolving rapidly, as are the definitions of
its scope and inquiry. Although several authors have outlined different frameworks, we believe
that a more nuanced model based on Bloom™ s taxonomy is better suited to EHL and to future

research in this area.
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Conclusions:

e

2

4) We posit that EHL can potentially benefit the conduct and outcomes of community-engaged
and health disparities EHS research and can ensure that the translation of research findings will
lead to greater understanding of specific risks, reduction of exposures, and improvement of
health outcomes for individuals and communities. We provide four recommendations to advance

work in EHL.
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Defining the Scope and Purpose of Environmental Health Literacy (EHL)
BRIEFRRE TS —(EHLOEHE &S HRIDES R

5) Fundamentally, environmental health literacy (EHL) begins with an understanding of the link
between environmental exposures and health. EHL has recently coalesced as a new subdiscipline
combining key principles and procedural elements from the fields of health literacy, risk
communication, environmental health sciences (EHS), communications research, and safety

culture (Biocca 2004; Chinn 2011: Edwards et al. 2013: Fitzpatrick-Lewis et al. 2010; Nicholson

2000). Each of these disciplines has contributed unigue frameworks and perspectives to the

development of EHL as a distinct subfield and is likely to continue to inform the evolution of EHL.

5) BEAMIC, RRFREY 72— (EHL) [JIRIGIRFE S @EEROBIDODGEHY 21T & 2 Ehbin
HERT, EHL IR o2 — VA2 20— a3y, RIEHRERS (EHS) . 322125 —
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YI5 42T EL TR—3N/cbdD T (Biocca 2004; Chinn 2011; Edwards et al. 2013;
Fitzpatrick-Lewis et al. 2010; Nicholson 2000)s CMH &2 DT« 2T U VIR Y T 7 1 —IL K &
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DL L TWS EHL IR E 5 A K WS LD ICRAE T,

6) The purpose of this article is to propose a definition of and a conceptual framework for EHL, to
understand EHL in its social and historical contexts, and to identify the complementary fields and
domains where EHL is being defined and implemented. This commentary acknowledges the value of
current academic efforts to delineate the progressive nature of EHL that begins with an individual” s
understanding and proceeds to the ability to create new information because similar to health literacy,

EHL is not a static achievement, but an evolutionary process.
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7 ) Another purpose of this article is to highlight the role that the National Institute of Environmental
Health Sciences (NIEHS) has played in advancing the concept of EHL and to outline a research agenda
that will move forward and stimulate the development of research on this topic. Similar to the validated

benefits health literacy can provide in biomedical settings (Benjamin 2010; Lin et al. 2004), we propose

that EHL can potentially benefit the conduct and outcomes of community-engaged and health
disparities environmental health sciences (EHS) research as well as efforts to promote environmental
justice. We also propose that EHL can ensure that the translation of research findings leads to a
greater understanding of specific risks, reduction of exposures, and improvement of health outcomes

for individuals and communities.
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W2 NS Z & T, R T T2 —NMAEYEFINE=O F CIRIEE TS 58N WS &
%P E 2 T(Benjamin 2010; Lin et a CREBIEUTOZ EERELR T, RIEIERS THEET S
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8) Our extensive literature searches of PubMed (http://www.ncbi.nlm.nih.gov/pubmed) and Web of

Science (http://apps.webofknowledge.com) confirm that the field is evolving rapidly, as are definitions

of the scope of inquiry and purpose of EHL. Academic endeavors to date have focused primarily on
elucidating the attributes of EHL and on the stages of becoming literate about environmental health

concepts and issues (Kaphingst et al. 2012; Serensen et al. 2012). These academic efforts have built

upon conceptual frameworks from the fields of health literacy and risk communication to define the

progression of understanding from basic knowledge to comprehension and application (Colucci-Gray et

al. 2006; Guidotti 2013: Nutbeam 2008). Addressing gaps in education and promoting EHL among health

care professionals via curricula and educational module development is another major theme that

emerged from the literature review (Barnes et al. 2010; Gehle et al. 2011).

8) PubMed (http://www.ncbi.nlm.nih.gov/pubmed)d5 KT Web of Science  (http://apps.

webofknowledge.com) (C K SAL/Z B DILFIHE XBMRZEMN ST O C E 2R T S EN TS E T, L
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9) A review of the existing literature related to EHL makes it clear, however, that raising EHL is more
than simply the stages of an educational process. It also represents a philosophical perspective, a public
health policy to improve literacy and health literacy in the general public, and a set of strategies to

empower individuals and communities to exert control over the environmental exposures that may lead

to adverse health outcomes (Estacio 2013; Minkler et al. 2008; Mogford et al. 2011; Zoller 2012).

9) LN LELDDHS EHL IFBIFEOXHOL E 1 —I[C&> (. BICHBREOEREUL TH S C
ENHLNISN TWET, LE2—FXEEFHEE, AREAVCRERL (BY. UT 72—k
U—mEOBRY 52— dELLDEL TWEKT, TNIENUNEEZREY D K AICELSH]
BEMED & SIRIGIREZZHH T S/TCDITMEAP I 1 =5 1 —[CHERZH5 A S ARBIRL TWERT
(Estacio 2013; Minkler et al. 2008; Mogford et al. 2011; Zoller 2012),

1 0) Environmental health literacy integrates concepts from both environmental literacy and health
literacy to develop the wide range of skills and competencies that people need in order to seek out,
comprehend., evaluate, and use environmental health information to make informed choices, reduce
health risks, improve quality of life and protect the environment. (Society for Public Health Fducation;

http./ www.sophe.orqg/environmentalhealth/key ehl.asp)

10) BRIGERIED 7 = = —[digtg ) 7 = > —E@FE D 7 = > —Dj & D& it L. A DILFIHD X
FNPEEN RS EL SEL TOET, €DIFHIEL T NCIIENSE8EEEL TS5 TT
o BIREIICE O ETE, IGIRICE D0 CERETTL ., BFEV XDl LA DEENRL T IF
BBeFSIEDDIFLFRIBIFIREIR L. FREL, L. [T S/0EEAF T, (Society for
Public Health Education, hittp://www.sophe.orqg/environmentalhealth/key ehlasp)

11) Existing definitions of EHL, such as the one that the Society for Public Health Education(SOPHE)
first outlined in 2008, often include language connoting the evolutionary nature and stages of EHL

(Hatfield 1994: Nutbeam 2009); however, we propose a baseline definition that emphasizes the

underlying issue: an understanding of the connection between environmental exposures and human
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health. As we discuss later, this understanding is only the first stage of a hierarchy of increasing
literacy. We believe that this baseline definition enables EHL to be described through related
disciplinary perspectives such as health literacy, risk communication, EHS, communications, public
health, and the social sciences. As EHL evolves, it will be measured and applied in many ways depending

on the disciplinary lens, the aim, and the audience.

11) 2008 FICAREEBREFE(SOPHE) AW 6 T EHL OEFROEHEZIZ~ LK LTz EHL OEHFDIE
F(EUIXUIF EHL oL g M8 & Bfs a2k LXK I, (Hatfield 1994; Nutbeam 2009) ; L/ L. Fh/Z
BITER G DMmE W ONT "RIRERSE S ADRROBODGHNAY 2 L >HhUEEET 7 W DEAR
M7FERERELE T, BN RICGERT DL, ZOBEBIIEBIICHICHEMT S 7T —0
R DBFEICAHENT 2 CTL & Do CORANGERICK > TR — VAV A1 20— 3
Vo EHS, 32— 32 AREE H2RFOLOGRET ST 1 2T VOEEEEL T,
EHL AMEON S R BIFMEC TWET, EHL [FZ Db & EBICFERNL VX RIEED K D755
AHERRT L) o B, SIECKRG T 52 <OEA TR, ICHSNSTL £ D,

The Historical Roots of Environmental Health Literacy

BIGRE 75> —DEEHNIL—Y

12) There are a number of different sources of the emergence of environmental health literacy (Figure
1). Risk communication, one of EHL" s roots, has deep historical origins and can be traced to the
display of symbols in ancient cultures to connote tribal and state affiliations on the battlefield. More
recent historical examples of risk communication also utilized symbols to connote danger: the well-
known skull and crossbones symbol used initially by pirates and then later as the symbol for poison,

and the color red that is widely used to indicate “stop” or “danger’ (Hancock et al. 2004). World

War Il expanded the symbolic vocabulary for dangerous and toxic situations, and the postwar era
adopted much of this military iconography in high-risk and dangerous settings related to toxic
chemicals, imminent danger, poison, and, increasingly in the 1950s, as symbols for nuclear energy’ s

threat (Matthews et al. 2014; Young 1998). Symbolic representations are recognized as an effective and

appropriate method of communicating hazards; however, cultural differences in risk perception and in
the interpretation of specific colors or icons has led to the consideration of universal symbols and to
research evaluating the optimal formats for communicating environmental risks (Chan and Ng 2012;

Lesch et al. 2009).
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12) IRIBRIED 552 —DRIFEICIIZ < DEREZE DR HY XTI (Figure 1) o EHL DIL—YD—DTh
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R d 2DHICIALfERH SN CWSIREB DM Td (Hancock et al. 2004), =5 _/RHEFRECIE, BT

AEFRRITHSL TRy JIHEENNHS N E L, €L CRE. e\ AT CEaERED

hC. BltOOHILFIE. t ek, o ICHEMICEEL. 1950 FARICER T RIVF—Das 71

LD VRV E L TEZLSDEDOVY—IHEH I E LIz(Matthews et al. 2014; Young 1998),

Ry DIRERBIEINT — R EAn AR Ty 5 k& L CGROHNTWERT  LHL, UATD

I E ARG B TZIIBIERL S ORIRIC S & ULOHEIS T RILBO = VRV OB PIRIRY A0 &

LA DEBED T 4 —~ v b 7\ & & W2 CJ (Chan and Ng 2012; Lesch et al. 2009),

The Cultural Context: Streams Leading to the Coalescence of Environmental Health Literacy

Scientific Enterprise

Rewvelations of research misconduct
Regulation of human subjects research

Emergence of bioethics
Emergence of environmental science
NIEHS and EPA founded

Early CBPR research

Patient registries created

Emergence of environmental health sciences
Environmental justice research

Occupational health and safety research

Technological and Related
Regulatory Developments

Nuclear energy
Large scale technological disasters

Regulation of Superfund sites
Concepts of environmental remediation and mitigation

Computers in academia and government
Development/regulation measures of exposure
Identification of environmental risks

GIS mapping/ satellite imagery/visual representations of risk
\ NIOSH founded

Community-engaged research (CEnR)
Concept of social determinants of health
Growth in academic-community partnerships

Emergence of citizen science

Concept of environmental health disparities
Proliferation scientific information on Internet
Ubiquitous use of computers, maobile devices

Development of personal monitoring devices

Mobile devices and apps
Environmental 3

Health
Literacy

Development of safety culture
Emergence of social media
Community activist websites and blogs
Federal Plain Language movement

Widespread media coverage environmental disasters
Film Genre: post-apocalyptic theme

Revelations of biomedical misconduct

Public uses of Internet; personal laptops

Patient empowerment movement

Resources for cultural competence in communications

Patient-physician communication research
Concept of Shared Decision Making in medicine
Health literacy validated to improve health outcomes

Institutionalization of diversity/equality
Concept of cultural sensitivity

Emergence of environmental justice movement
Earth Day established

Federal programs for basic literacy
Increased college attendance

Relation atomic energy and human disease
Film Genre: atomic energy mutation theme

Cultural Context

Occupational safety education and trainings
Expansion of federal educational resources for public
Concept of numeracy

Environmental risk communication emerges

Concept of scientific/health literacy

Health communication curricula
Development of risk communications/PSAs
Development of health communication field

Communication Modalities
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Figure 1
The cultural context: streams leading to the coalescence of environmental health literacy.
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The Cultural Context: Stream Leading to the Coalescence of Environmental Health Literacy
ALMISAR © IRIBEE D 75 2 —DERND R
Scientific Enterprise

B¥mrorz o b

Revelations of research misconduct
WFGRIETRADFER

Regulation of human subjects research
NI RER T DA

Emergence of bioethics

HanfiRO 15

Emergence of environmental science
RIGRIFDRIFE

NIEHS and EPA founded

FILSINT2 NIEHS & EPA

Early CBPR research

A I3 1 25 4 — 2B & T 5SMAWTTE
Patient registries created

BTSN BHEERE

Emergence of environmental health sciences
IR R ORIF

Environmental justice research
IRIRIEFROMIT

Occupational health and safety research

IRZE Dl & 22 9T
Community-engaged research(CEnR)

A1 =54 —NBEDHBMT (CEnR)

Concept of social determinants of health

TRER IS DWW T DM SRTETESROMEE
Growth in academic-community partnerships
FHE DI 1257 4= N= =2y TOFRE
Cultural context

AR SR

Emergence of citizen science

hERRFORIFE

Concept of environmental health disparities
BRI A& A= O

Proliferation scientific information on internet
A 25 =%y b ETORZNIBROIEIHE
Ubiquitous use of computers, mobile devices
dVEa—%. ENAIVEZEDRL T SFIA
Widespread media coverage environmental disasters
JEFBPH IC R 3 AT 1 VOB DIRIR I E

Film Genre: post-apocalyptic theme
MEv>IL18) HROBYDEBRDT —Y
Revelations biomedical misconduct

MR F RIS EEITRDOFRER

Public uses of internet; personal laptops

AVH =%y RORROER MARZ Y Ty~
Patient empowerment movement


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/figure/f1/

[HEFEE] 432 RS

BEOEIN DRENDE S
Institutionalization of diversity/equality
kI /AFEEOBIEAL

Concept of cultural sensitivity

XA E DR

Emergence of environmental justice movement
IRIRIFFaES) DORIFE

Earth Day established

AL EHBROH T 9)

Federal programs for basic literacy

HEgny ) o5 o — oA 700 > A
Increased college attendance

Bmliehlby DHEE

Relation atomic energy and human disease
JRF71 & ANDFR & DRIfR

Film Genre: atomic energy mutation theme
B2 v )b R FNICKBEARERD T —V

Environmental Health Literacy
RIEEE) T —

Technological and Related Regulatory Developments
Bl il & Bt g S HHI D FE

Nuclear energy

I RIVF—

LLarge scale technological disasters

RAMETEHAT D K & S

Regulation of Superfund sites

REVELE DI

Concepts of environmental remediation and mitigation
IRIGcEE SRR OIS

Computers in academia and government
FREBALCHTSAVEL—FH—
Development/regulation measures of exposure

WeE = DR E RAED FEIE /1

Identification of environmental risks

RIS X0 DFRE

GIS mapping/satellite imagery/visual representations of risk
U200 GIS #BIVER/ g /A E N Eor

NIOSH founded

BTSN NIOSH (EINL T3 £ 4 A woe )
Development personal monitoring devices
BABEZY ) Ve DFE

Mobile devices and apps 2 0)
ENAIEESSEHBN—Y TOIS I TV AT L (?)
Development of safety culture

XA LDFE

Emergence of social media

HEM AT 1 7 DBRIFE

Community activist websites and blogs

A1 74 —dBEFRODITIYA ~hETOyJ
Federal Plain Language movement

HEBBUG DTG SBDIZHOES) (FE7EHEDTZHDES))
Resources for cultural competence in communications
A2 2250 =2 a3l TFB eI DIz dDE R}

Patient-physician communication research

W2 188 2 2017 &F 12 B

10



IHEFEE] £43 2 RS B 1882 2017&E 12 B

BEREHEDOII 10— 3 VIS

Concept of Shared Decision Making in medicine
EFICHTSEARRRE2 1) Oft=

Health literacy validated to improve health outcomes
BERY D N LESET SRS NIRRT 52—
Occupational safety education and trainings

HZE Foze¥E Ll

Expansion of federal educational resources for public
NIRODIZH DIEF BT DB ERDILMNY

Concept of numeracy

AR RN D=

Environmental risk communications emerges
RIBUZAO A2 20— 3 VORIF

Concept of scientific/health literacy

B/ RERY 22— ol

Health communication curricula

BRI 2ZH5—2a3 DA Fa1T A
Development of risk communication/PSAs 2 2)
D201 20— ay/AHY—EXFRORE
Development of health communication field

BRI 2 Z25—2a N BHORE

Communication modalities

A2 —2 3 8l

13) More recent impetus for the development of EHL began in the late 20th century with the
recognition that risks to human health came from a number of different environmental sources and
had varying levels of immediate toxicity that could not be sufficiently communicated via an icon or

symbol (Hancock et al. 2004). This understanding of complex risk was encapsulated in the 1960s with

the publication of Silent Spring (Carson et al. 1962) and was further elucidated by Rachel Carson’ s

testimony to Congress on pesticides in 1963. Although much of the data that she presented was known
to the scientific community, Carson was the first to explain to policy makers and the general public the
far-reaching consequences of the introduction of chemicals into the environment in such compelling
and convincing terms. Through her vision of a compromised environment, “Carson, the citizen-
scientist, spawned a revolution”  (Griswold 2012) that led to the rise of organized environmental

activism.

13) EHL OFEOTIEDOZA WL 2 0 HicEYHh oI UK LI, TDOHERICE. £ bOREAD XY
N < DA FERBEOMIEENSELCSZE. TL T PAAVP VRV THRICEADS I ED TS
M- IR TR LNV DOBERN/ESEN 2R > W E WO RMAAETRN TEh B T (Hancock et al.
2004), COOEMIIE A0 EMRT S C EXAEDE Carson et al. 1962) DR E EEHICT 9 6 044K
(SIS, S5ICT 9 6 SFICEBEDEHZCLATF o)L h—Y VODilEs CHIASN R LTz,
RHALIEZ<DOT—YERFII 1 25— \HIbNE Lic, W=V VIEEENEL-> ThY. s
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r26
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r24
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r26
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r26
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r11
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WS W CRIBIRADLFYE DB A D [LFRPH (S N S SR & IR FRk & P —#k D N7 (TR
LICEAIOMFECTLIZ, BIEICSH SNITRBICDOWTORLDLAEDOHZ®E L T, Mtz
Fa#EmEo. "THREFE THSh—Y UHNE W EE(Griswold 2012)" & WA E T,

14) Concurrent with this new societal awareness of environmental risks, the NIEHS and the U.S.
Environmental Protection Agency (EPA) were established (1966 and 1970, respectively), and early
efforts to explore environmental sciences expanded into consideration of the effects of pollutants and
other environmental exposures on human health. Since 1970, EHL has been coalescing as a distinct field
in direct proportion to the federal commitment to provide information to the public, including EHS

research findings, and to the increased public awareness of environmental risks.

Articles describing the historical basis for the emergence of EHL often point to its roots in the health
literacy movement in the United States. However, EHL is more than an extension of health literacy, it is
the logical and inevitable outcome of the validation of health literacy to improve health outcomes and

treatment adherence (Benjamin 2010: Paasche-Orlow et al. 2005) and the extrapolation of that value to

the prevention of environmentally induced disease. The coalescence of EHL as a distinct subfield may
also be attributed to the recognition of the public health implications of environmental health research

with affected communities (Brown et al. 2012; Perez et al. 2012) and the need for research to identify

and address environmental risks. Recent reports show that health literacy efforts have evolved, and
these reports indicate recognition of the need to move beyond the health care setting and system

[Institute of Medicine of the National Academies (IOM) 2004, 2011]. EHL acknowledges this need and

addresses the health context of the individual and the community. The goals of EHL are consistently
focused on preventing illness by raising awareness of risks from environmental factors and by
providing approaches that individuals and communities can take to avoid, mitigate, or reduce such

exposures.

14) RIBU AT EWDH L WHESRFEREOME & &2 NIEHS &7 AU NEREIRIGERET (EPA)
MErsnELle (ENTn 196 69&197 00 » €L BWIRHMFORREEHIEI DL
LB E P DOERIGIEER [C K DR EDRSINELD > TOWEH Lee 19 7 0FLEK. EHL (&
HtEG DT E L TREXUDDHYE T, CHILEILBBIRH—D A7 EHS HIFEOIR & &6 ClE
HRORMICHERICRIS T XD ITE>Tc & &, B L W& T, AT Lai&kUEL T—
D NZHERET AV ICDW TR DS KD ICE 2L 2 EEBBIFRL TLE T,
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r24
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r57
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r58
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r32
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r33
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EHL BIFEDIELARIL 2B N CW S 7 AU DEREORER) > 2 > —0OFEAICTD)L—Y (2
) HEWCWET, UL, BHL [ZRERY 722 —0&EEBA TH Y., BE7 D N A S EEEH
(BENEBNITAEICSINT S E) adiET S12HDOMED 7T 2 — RO CURARE T D
k1 LCd Y (Benjamin 2010; Paasche-Orlow et al. 2005), ERIZICKYUFFREINDBRDTBHICTDEZ
BTS2 ECY) o EHLAPMAES T 74— LN EL GEET S & d, B2/ 125+
— CIRIGIRIEVTIE & O AREAENESL R E 0 S Z & Brown et al. 2012; Perez et al. 2012)& . BRiR
DA R U CHRU T T2 DOWIFR O [at S S nlaelthid U £ . maiDiRes CIE @R
TO—OEFHNELL TSR CEANRSNTVWE T, EUNAERT E. CNODIME>INIVAT 7Y —
DHREP VAT LGB A THECHEN 28 L CWE Z &2 L CWWE J [Institute of Medicine of the
National Academies (IOM) 2004, 20117, EHL [ZCOwFMH 285, HAE T2 1 =25 4 —DRERDIRN
[CEEUMHATWE T, EHL O T—)VIF—8 L TRBRTHBELC DY AV [COWTOREHES D, (#
ARG A2 =25 4 —HWTOKDGFEEE=R T, L, KRTSI LN TS TO0—T 2t 5

15) The cultural shift in the value of scientific literacy among the general public also stimulated the
evolution of the concept of EHL. Analogous to the rise of bioethics in the context of genetics research,
EHL arose in response to growing public interest in the environment as well as to scientific and
technological advancements that were increasingly available to the public. Furthermore, the emergence
of the Environmental Justice movement drew political attention to inequitable and disproportionate
environmental exposures faced by low-income, minority, and indigenous populations (Stokes et al.
2010). These and other concerns about environmental pollutants in air, food, and water also led to the
emergence of citizen science and the necessity for health risk communications related to environmental

exposures (Bonney et al. 2014; Conrad and Hilchey 2011; Minkler et al. 2010).

15) — D N2 DB CHESINSRFEN) 75 2 —DMEA UL IS 22T T g6 2 &ICk
U, EHL OBEZOELDMES N CS X Lz, AmmiEFhE ROk caY EhUeREIziS
(S, A DOBICHT « SRR ISE KR T DICDN T, EHL EAXDIRIGREICHE T SR 0HE X
5EELICEY LA > CWEEX LT, SHICREIEFRESOLEANMENA. Y1/ UT 1 —HDdWIET
DOEMITTEADN TN ALHEIMT DAAF CRS T T HIRERE IO L ClanicEZs S UE
L7z(Stokes et al. 2010)s K. BEYIVIKPOREBAEICDOWTO DK D FREOEATKEHER
FICmmhht, REREEAKSEED) AV D 125 —2 3 OB (3E S FE L7z(Bonney et al.
2014; Conrad and Hilchey 2011; Minkler et al. 2010),
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r57
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r58
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r32
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r32
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r33
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r64
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r64
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r15
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r45
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r64
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r15
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r45
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16) Scientific and technological developments also contributed to the evolution of communication
modalities related to environmental risk that are not dependent on reading ability. In this context, the
emergence of EHL can be considered the next stage in risk assessment and a reflection of advances in
the fields of exposure assessment and exposure biology. In the 1980s and 1990s, technologies were
developed to measure environmental toxicants, standards and regulations were established for
chemical exposure and  “levels of concern,” and there was an increase in the availability of
computer-based visual representations of risk. With the widespread adoption of computers in the 1990s
and the development of geographic information system (GIS) mapping software, computer-based visual
representations of risk and the ability to link relative risk to geographic locations emerged as an

accessible and cost-effective communication modality for the public (Lahr and Kooistra 2010;

Severtson 2013). The field of risk communication was an early adopter of visual representations of risk.
Such communications represented the most rapid means of translating evidence into risk messages
and offered a modality that was both understandable and meaningful for individuals with varying levels

of basic and scientific literacy (Hermer and Hunt 1996; LePrevost et al. 2013).

16) Rl » HifioREFENHRITEADFB NI I A INEWREY AT 11 20— 3>
FROENRICES L TEE LTz COXIRTO EHL OAIFEEY ZUFHIICEH 1T 2ROERE S BEET
i EBEAMFORE COESERMLIZbOEEALNET T, 1980 FH & 1990 FAUCIE, ERIEHOD
FYREDIZO DB DOFFENEAE Uz, (EFMIIREEE RO LAV 1 U CRAE S HHIATHIE =
N. SHICAVE2—HICLSU AT OREILOBEZNEDIEINLE LTz, 1990 FRICE TV E2—~D
JEFPH COE R EHIRIEIR 2 AT L (GIS) [CKDHIRIERY 7 bDiE(LE EBIS, UATICTDWTD
AV Ea1—4% EOrENZERPREET 51 A0 SR EOANE & & D7RIF S8 BEN—X D A7 ICE > TT
7O AR CEAMIROH S I 22— a e L THIRL TEE L/z(Lahr and Kooistra
2010; Severtson 2013)s U AV A2 =0 —2 3 >ONHEHN ) A0 O /EF Rz TRALEL
oo COXDEAI AT —2 a3 HEHllE ) A0 Ay E—JICHRRT SR bEVWHATHY., €L C
REERNGRFY 55 20— UANUNICZE L THEAICE > TR TS, AR ARt Lo
"¢ (Hermer and Hunt 1996; L ePrevost et al. 2013),

17) The roots of EHL can also be traced to widespread public awareness of human-made technological
disasters that caused large-scale environmental pollution  (Brennan 2009). Since the 1980s, media
attention to such accidents has been so extensive that one need only mention the Bhopal chemical spill,
LLove Canal, the Three Mile Island, Chernobyl, or Fukushima nuclear accidents, or the £xxon Valdez or
Deepwater Horizon oil spills to elicit images of severe and pervasive contamination. The impact of these

disasters was communicated by newspaper photos of oil-soaked marine birds or workers in HazMat

14


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r38
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r61
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r29
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r40
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r38
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r38
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r61
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r29
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r40
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r9
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suits, televised images of billowing clouds of oil gushing from the wellhead, or YouTube videos of tar
balls on the beach. Public attention to such extreme polluting events is heightened by the ever-
increasing amounts of information on the Internet about the negative health impacts of the multiple

exposures we all experience throughout our lives (Murphy et al. 2010).

17) EHL ®JL—YI(E, RIFBEEEFERNE MDD > TLE S IEITEE TH S T & DAL IS
Ko Taodhniel &llimzas L CWvE L7z(Brennan 2009), 1980 ALK, €DK D EFHRAD AF
1 7OFEIEHEY ICBIAE CLIZO T, @l C. MDIANDHERD A A— ittt SN
HUFX LTz TDEDICAT « ZIIARN—IULFEORLS . 5T « FvHILD . A=A
B, FoIL/IAU, BEREEN. TV - N7 4 X8, Fleds1—T9F—=—45— K74 X
VOOV TOAZIRY EFTWE LT TNHDREDEZE(LMEANDBE DL FLER

(HazMat suit) ' D055@1¢EOMBEEE, MENSESHSA A IVOEIRED T L EE S N /ziEifE,
F2IFLDH —IVR—IVD You Tube DEFT ALK > TrA BN K Uiz, ThcbBhAEZE L TR
T OERMDIEED X T 7 14 TIRBBEADZECONTDA VY —F% v MERHIFEAE /& <ML TWE
I D CT(Murphy et al. 2010). DX DZHEMBELISTHLE L IZHRBANDO—EDO AT OFHEEH 5N TWE
I

The Social Context Underlying the Development of EHL

EHL DFEREDERE & 76 S 2Bk

18) Although several authors recognize the various roots that have come together and flowered into

the emergence of EHL (Baur 2010; Huber et al. 2012), there is little in the literature that explores the

larger cultural context that underlies how the public understands environmental health risks. As efforts
are made to promote the value of EHL, it will be important to comprehend and address public
understanding and misunderstanding of environmental risks and how this knowledge has been
informed and defined by cultural media (i.e., books, films, television) (Frayling 2005; Kennedy et al. 2011;
Moore 2015; Murphy et al. 2010).

18) MANDEHEL EHL OAIFEE & B ICHIfES tieh2 eIV —Y Z286 TS & L7ehi (Baur 2010;
Huber et al. 2012). WML T—RD AL HIRIERER ) A0 iR d S DM & WD ILEE S LR X ke
PERT 2 XhIEIFEEAERATEY Tt e EEIH EHL DifEZ &) CWEKT DT, — D ANZ DIRIE
DAV I Ef5E. T LU CCORBNEDLDICL TR AT 7 (BIAIEL. EPY. M),
TLEVaY) Ko THIbsnishCen ezt l. IYUME C &I1F&EE T (Erayling
2005; Kennedy et al. 2011; Moore 2015; Murphy et al. 2010),
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r50
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r50
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r30
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r21
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r37
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r48
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r50
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19) Films have historically explored and exploited public awareness of the negative aspects of
increasing environmental exposures. Film studies of cinematic trends have consistently recognized the
thematic prevalence of  “nuclear anxiety” in films from the 1950s and the plethora of films that
depicted the horrendous “atomic mutations and mass devastation” resulting from nuclear exposure
(Newman 2000). Films produced since the 1970s, in contrast, have focused on pollution more generally
and the threats posed by toxic waste, contamination of the food chain and water supplies, and the
increasing reality of diminishing resources (Frayling 2005). Unfortunately, cultural expressions about
the outcomes of environmental pollution, as depicted in movies and books, have too often portrayed

such scenarios in overly dramatic or unrealistic terms (Murray and Heumann 2014). Despite a Tew

examples of positive outcomes (e.g., A Civil Action, Sitkwood), the majority of cultural depictions of
diminishing resources do not reflect optimism that science can  “fix” pollution. Rather, the
postapocalyptic film trend reflects a pervasive attitude that our current actions will lead to barbaric
societies where diminishing resources have been completely depleted and climatological changes have

spun out of control (e.g., Mad Max, The Hunger Games, The Day After Tomorrow).

19) Bl FIE 2 CO<ERIBIRED £ 7 1 5B mICOWT—DONZ DEREFELIITIFEY ., JEHL
TEREVAXT, MmO LY ROMFEH THXRT & 1950 FRELK. "BOAE OFEDE
R ERBES A USRS L "BEAETE ERERIE" i\ 2Efl & WA 5 1FE% < OMEDE
ATROHHNET (Newman 2000)s 1970 FACLIER ICIE, FIVFSHU/2IRELS X T LIRS, KWU—
ReBSBG & s FEEY). BYNEHEEKIRDBEL, B L DDHEERICOVNTOIRZ TWSEHENTD

eI BEICESND CHN TWET (Frayling 2000), HEEN S, MUBIDED ITIHN TWD K DR
BRIRBZDY I R HAICDWCOXENEWNOILIZH XY ICE LIFLUIEEEICZEAN 1o, KITIFIE
RENGFSE RSN TE X Le(Murray and Heumann 2014), SENE 7D M HLD . =DHIIC
b d BIAIE. BN F7o2ar'D Dby K1) DE<IEYDDHSERICDL
TOREBOALNHRE (FRIENERE BRI D" LW OREMmERML CWEth, TLA, R
D&Y D% N IB OB 0] (FALTZ B DEEDITE IC K > TG < HEY DD H SERN L ICHIE
L. [REZEFHNHIEHABEC/E DB G ACHS EWOERDENY kL TWET BAIE v
Ny O NI =L Ty e P T H— - EODTY)

20) The scientific community recognizes that media, and most recently social media, play a key role in

public understanding of environmental risk (Fitzpatrick-Lewis et al. 2010; McCallum et al. 1991).

Publications and news reports that are evidence based and reflect an understanding of science
represent positive examples of media representation of environmental risks. However, the media can

misrepresent environmental risks (and indeed have done so), tending to focus on the most dramatic

16


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r52
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r21
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r51
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r52
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r21
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r51
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r19
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5382009/#r44
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aspects of exposure events and disasters, and presenting news about the outcomes of environmental

health science research as a means of driving specific political agendas (Jaspal and Nerlich 2014a,

2014b). These information challenges must be considered as efforts are made to build EHL, especially
when attempting to raise public understanding of actual versus perceived risks from environmental

exposures.

200 A7 4V, A CIEMEAT 4 PHIRED AT 2DV CO—RED N7 DI ICE R EE 2RI L
TWaE, B3 125 0 —([E&8H WK T (Eitzpatrick-Lewis et al. 2010; McCallum et al. 1991), 1%
B ADIZDOWCD AT « ZOHENGRROME LT, GHRLCEDE, B ORMaM L9 R
PZa—ALKR=KMNHUEXT, LH L. AT 7ERIEV AV &> (mASZEbdbYEXRT (FE
TOEDICIFESNIZCELHYFKLID) o LEAE, TNEBEFHPCXEORL NSV T 1 v I7RIK

LNIDOWTDOZ 1 —A%FE L TWWEJ (Jaspal and Nerlich 2014a, 2014b), $F(ICIRIEEEICK VRIS
NIEU AT ICHT DIREZE—RDOANZICHBESEL D EAAD EEIC. CNHDIFEROBEEL EHL &
VTS D1z ITNEINEEDE L (BEINFZTNIERY Ft A,

21) Ultimately, evidence-based environmental health risk communications can help to provide more
accurate evidence to counterbalance media and cultural representations of environmental degradation
and its impact on human health. Furthermore, raising EHL can help individuals to navigate the
abundance of information, of varying quality and veracity, that is available on the Internet (e.g., on-line
blogs, chat rooms, other forms of social media) and can empower them to decide what choices are best
for their health and that of their families (Wilcox 2012). More important, improving knowledge about
environmental health risks can be used to promote a more optimistic view of the potential that exists
to reduce, mitigate, or eliminate the worst environmental exposures and improve the health of both

humans and the environment.

21) REMICIE, BER(LE & NOREADEZEICDOWTD AT « PERBEESULMFIROND >V A% &
BIZHIRHLCE DWW eRBRE ) A0 22 2 20— 3 VAR U IRV EIRIL T 2 FB 04T 5
CENTEEXT, SHIC. ARLDDHD EHL IEA V5 —%ky ~ BAF. Ao T0OJ, Fv
v Mb—L HEDOAT 4 7OTOMORN) TRAHNSERGR. 2T SEE IFfSZHERT 5
EETEENTEET, TDOETEHL FH 5 EXBEORRICHICEDXI DTERNTRLLI VWO ZE
RHDWERZTHZA S ENTETED TY (Wilcox 2012), FEDIRIGREFEZME/NL. L. BREL T
ANERBORESIZ0 LS TS ICERERE 27 ([CDOWTONRMZD LSt aJfEtD d 481
FRTEZHET S CEN—BEREZE T,
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EHL Methodology and Approaches
EHL OAFESRE Y TO—F

22) EHL builds on, synthesizes, and encompasses validated tools and methodologies from existing
fields of research such as health literacy, risk communication, and education. Although the
development of these approaches is most closely based on health literacy concepts and practices,
several authors working in this emerging field conceptualize EHL as a process that individuals and
communities embrace as a means of critical reflection within their local socioeconomic context rather
than as a type of health literacy that incorporates specialized knowledge of environmental factors

(Chinn 2011: Sykes et al. 2013). This concept of critical reflection was initially proposed by Nutbeam as

one of three phases of learning and processing that reflect the evolutionary nature of health literacy
(Nutbeam 2008). Although a number of articles cite this three-stage conceptual framework for EHL, we
propose adapting Bloom™ s taxonomy of educational objectives as a more nuanced model for the

evolutionary nature of becoming more literate about environmental health issues (Bloom 1956) (see

Figure 2).

22) EHL [ZRHREY 7o —, YRV A 125~ 3 >, HBEEW O KO GBREOMEAHNSENE
FEROhHAGEEEL, AL GERLE T, Thoo7 /O0—FOREIIHED 722 —0ias
EITICHRBBEICEDOWTWEITHA, COAFENICHIR LB EMIET 2 AN DEETZBIE EHL
RDED TSIl TWE T, AP 1 =5 « —HIRBEROFMFFEHE IV IAC H LY 1
DOfEFRY 7o 2—E L LY, ©LAO—N)Vatt AN SUROP CHEHIN R BIRE O oF B &
L TZIFANST O ATHSE(Chinn 2011; Sykes et al. 2013) L CTWET, ZOHCHIR/EBEIRIEOEEE
(FEERY 7 22— O b GEMTE = T 55/ EEImBdiEo 3 Fman—>o& LU TR IC Nutbeam (2
Ko TIRESIN TEE L7c(Nutbeam 2008), 2 < DI EHL (Cx9 6 3 BBEDOEEENE T L— LD
—J%&5IHL CWEITH, ALBIFRBREMBEICOWTRY YT T —hEE SHEREEE D26
(C. KRUBMIDICERZDETIVE L THBRIZICOW D I Ib— LD ERAT 2 2 EaRELET
(Bloom 1956) (K2 ZH) .
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Level of Breast Environ. Pesticide Nano- Lead in

EHL/EHS Topic Cancer Autism | Asthma Justice Exposure material Water

Figure 2

Conceptual model of environmental health literacy adapted from Bloom (1956), representing the

potential for different levels of EHL across various environmental health science topics.

T2 DIRIBRIERT O b Ey 7 AICH 125 EHL OB 7R LAIVISH T S p]aelt &2 J Bloom (1956) 7/
HAETSNITIRGRIEY > 2 > — OB TS )b

Level of EHL/EHS Topic
EHL/EHS D@D L NJL
Breast Cancer : FLHA

Autism  : EBIE

Asthma : Iii2

Environ. Justice : IRIFIEF
Pesticide Exposure : f23IRTE
Nanomaterial > /N7 U>Jb
Lead in Water @ JKFHRD$h

Create : Bli&
Evaluate : =T
Analysis : 2t
Apply : i
Understand : %
Recognize : 52584

23) Since its publication, more than 5,000 authors have found Bloom™ s taxonomy to be a useful
construct (Flinders 1996). Bloom’ s stepwise progression of six distinct educational stages is a fitting
approach for the development of targeted interventions for the various stages of EHL. The value of
this model for describing the evolution of learning and understanding is that it acknowledges an
individual” s potential for environmental health literacy at each stage. For example, those at the

earliest stage, “Recognition,” know that a specific substance is toxic and may affect their health
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without any other understanding of how this occurs, what levels are concerning, or how to mitigate the
exposure. This is, nonetheless, an initial stage of environmental health literacy. As the model suggests,
the goal of EHL is to continue to promote greater understanding, to improve an individual’ s
extrapolation of knowledge to other potential environmental risks, and to stimulate actions based on
the understanding of risk. However, the model is not meant to suggest a single path upward to total
literacy or an equal level of literacy about different exposures; like the disease-specific nature of health
literacy, an individual’ s environmental health literacy may vary from topic to topic. For example,
someone may have achieved a high degree of EHL related to asthma because of ongoing family
experiences with this condition as well as the widespread public information linking asthman to air
pollution, and yet possess a very low EHL regarding breast cancer and its lesser-known connections to

environmental exposures.

23) TOHITLR. b TAUEDEEILEICKY JIV—LADDIEFHAERGEAEEEZ Th O ZENRE N
s caF L7z (Elinders 1996), Bloom OIHfEE 6 DOHB KRS IR ICRIEL TWLW< &N, R~
IFEPSED EHL (S L CHIRE SNIENH AZFRESH S ICo0@El) Gy JO0—F EWAE T, COEST
IWDMMEIE, FAZ & EHET & ZEDELDERR &M< C & Th> ¢ Rk 752 —D&2D
BBEDME 2 Drliet R & Z & T, PIAIE. RLYHIDEREO TS (FACEEHERT S5 8)
OHpT R ICCTIRUTOZEEMSCETT, M GEYEEIE CHhY. €L TTomENN
ML TELLSD. EOLNIVDBRES L TWhWah, KLEEWNCEEZER T SNICDONWTTHhHY X
Jo LML, CNIEREHRED 52 2 —DHIHIDEREIZEWAX T, T IVARKRL TSR DT,
EHL O T—JVIF K URWRRRICE S O BERNGEIREE Y A NOHBRE OHE=dE L. AT D
ISR D {(rgheihtb L6 2&Cd, L., COTETIVIERERD) 752 —I1T LT ESIC
PN D —DDFEE, KICIIRZESEEICDOWTDRILANILDY 7T 2 —2m L TEWE A - Fil7s
SIE, R T 25— ICHETSIRICRAGMED X DS BADRIGRED > 2 2 — [dFE#EN S ahE
NEZLT DONELNGEWNLTT, MAIEL. HDANEmRIICEEL TEHWLLANILD EHL Zpk Uiz
FrleohH LE o TOHHE L TIDREM Tl EEIEORERPInE & R57AZEICEIFR L TS
—MDNZNCE R LIZBIRN D> TehHTd, €L THIANEELEMN A ERIGIEFE S DHEUHN
TOWEWBEREMCOWOEFEICIEWEHL Lhvb > TWah »7ehb LitdE A

24) The stages in the taxonomy also indicate the type of action individuals and communities might
take based on their level of EHL. These actions can be wide-ranging, from an individual decision to
avoid certain personal care products to a union movement to improve workplace conditions, each of
which might represent a single stage of environmental health literacy. An example that represents all

stages of this model could be a statewide movement to address potential health effects from hydraulic
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fracturing that builds from the recognition of the exposure to an extrapolation of a health risk to the
creation of policy to address the risk. Individuals who are proficient in EHL are able to recognize their
exposures and exert some manner of control over them rather than feeling asif “there’ s nothing |

can do.”

24) DFRICHETSEREE. FERICEAPII 2 =5 4 —Hcn<Tchd EHL O LNVICE DWW TGS

NOITEDY A Tem L CTWET, CTHDITBIEH SEART 7 Hane BT & 72D DOIEABRIIN S
B5 DINE = fE I S 12 DREIES) [ S K COLEH KA TWE T, LIZh > CELDITH)ITIER
BREY 5252 —D—D0KMEERL TWhWaDONME LNEHA, INTOERMERT T ILOEME L
TOKEERE DI K BRI EREZE ICHY M CINDIRICIAD S EB D D YU KT COESELY AT (C

HUFRHC T2 DEERIFY (CAT CERER DRED S A0 DIMBNEFSE T, EHL (24 L /2@ A
FEEERHL. £ T "TSHT&Eez0n EW O BWKY, CULARBEZEIRT S77AIC8
TS TL & Do

25) Environmental exposures most commonly affect communities as a whole; however, individual
health outcomes arising from these exposures are dependent on an individual’ s socioeconomic,

biological, and psychological susceptibility to these exposures (Lee et al. 2005; Quandt et al. 2004).

Therefore, efforts to promote EHL should include ways to measure literacy at individual and
community levels as well as a range of information that recognizes the psychosocial and demographic
heterogeneity within communities and the potential for distinct medical, psychological, or cultural
responses to a common source of exposure(s). To be truly effective, efforts to promote EHL should be
based on the types of awareness and knowledge needed, and they should use validated and culturally
sensitive strategies to best promote the uptake of information by individuals, communities, public

health officials, health care providers, or in regulatory or policy settings (Arcury et al. 2010; Ramos et

al. 2001). An understanding of environmental health risks could serve as a needed mediator to improve
media representations of environmental health science and in popular cultural representations of the

relationship between the environment and health (Fitzpatrick-Lewis et al. 2010). More critically, raising

EHL could be an important goal of science, technology, engineering, and math (STEM) educational
efforts in vulnerable communities and could provide future generations with the knowledge, skills, and

evidence to address environmental injustices that lead to health disparities.

20) IRIBIBFEIPHREL COI 22574 —([CROB—MNICEELEXT : LHL. ChoDEENSEL
SMENDEEY D N AITERICHT 2NN OSRERN. A=n. DEFNEEZEDZ TP
S CHfF L CWE T (Lee et al. 2005; Quandt et al. 2004), €D /=, EHL ZHEET S3E#(C(E = 1
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Z7 4 —OHTORH AN AORREHHAE — M OB OIREEFE RN OB GEEF R, (OISR,
H D WIS E DRI BEM 2388 D 5 ROEFHIC DOV CTIENY THEL, MASKRUIZ 22574 —L
NIVCHETBY T 52— RSTEaEENST TT, BIRN THDLOHICIE. EHL 2HEET S5
[FwdE e SN DFRMT D2 & EHHD T A TICRONZONIFRY A, IHICIHEROIYIALZ(E
HETDLEHICEA. T2 "5 0 —. ARBEHAUE, NVAT P TONAT—ICLDh HHIEZIE
BEREE ICHE W AR T Ery (SRR IS 2 O e A R W EBHNE T (Arcury et al. 2010; Ramos
et al. 2001), IRIEMARIED A0 OMBRIRIERERFICOVWTOAT  PORBE MO SH TS
NaEARE LT, T LU URIBEBBEOBIRICOVWTORRBRN TCHBENGFIRICEWTHRIODME LN
Kt A(Eitzpatrick-Lewis et al. 2010)s FREF< EHL ZhYU BT CW C&EMEss5 33 1 =5« —IC
SUDRF. B, TF. 5 (STEM) OHEEWEBOEE G T—)L THY AT T, Thdh U,
fRRRIE A BV C LR DRIEAIE (CHRYUT /2 H O, BpE. SHlEREROMRITIRM T 5 2 &N T
SEXE

NIEHS Contributions to EHL

NIEHS @ EHL NSk

26) NIEHS has played an influential role in the emergence of EHL since the early 1990s. Since then,
NIEHS programs have focused on building the capacity of researchers and community members to
work together to address the environmental health concerns of community residents and related
concerns about environmental justice and environmental health disparities. Although not specifically
stated, these programs have shared a common goal: to build and strengthen EHL. To further this goal,
NIEHS included community outreach, dissemination, translation, and education cores as required

components of key programs (Hursh et al. 2011). Moreover, the institute transitioned from

communication tothe public to communicating with the public. One-way communication strategies
changed to bidirectional and multidirectional approaches, including social media and other Internet-
based modalities, to ensure that all partners could contribute to a dialogue about environmental health

risks (Sullivan et al. 2003).

26) NIEHS (X 1990 SR HLEK. EHL ORIFEICH R ElEH > TS X Uz, TR, NIEHS 0

DIRGEREE, IR IS CRIIREDREICRE T SRRICIUMHA TS E LIz, BERICHENSTH
TWDTIN, INHOTOT T AIFEHL Z2EL, @it s/lcpnt@mon T—)Leta L (XU
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2o SHICCOT—IVICAN > T, NIEHS [F &GS TOT S AICREESNBRAEREL O
ZT 4 —OfRIbEE. Bk IR, €L THEBEORLEE S A COE UIZ(Hursh et al. 2011), €Dk
WHFERER L —MR D N2 NDIEHRIRZEN H—RED N7 E DIFRABNEBIT L X LIT, — RO ERIE
FEHER AR S KO AmICHizd 7 TO0—FIC&DY . £ 2ICIETNTOMBIAREREED AU (2
DWCOMEICEM CS S el I 27280, HEDAT 4 712V —%y b ESGA TOEK
I (Sue_llivan et al. 2003),

2 7) Community-engaged research (CEnR) programs at NIEHS have demonstrated how raising EHL
can also serve as a tool for empowering individuals to actively participate in efforts to address

environmental exposures of local or regional concern (Adams et al. 2011; Haynes et al. 2011). An

additional positive consequence for promoting EHL is raising general scientific literacy and numeracy

among the public.

27) NIEHS 0= 2 =5« —hB59 258 (CEnR) ZOJ T Al L TWW < EHL AiHtd 4 LY
(3T DR C I SIRIGHRTE [CHU Y M SIEBN CE DTSRI ICSINT S C & 2fe d FE LT, WS
AT DM EFEIEL TS X L/z(Adams et al. 2011; Haynes et al. 2011), EHL ZHEET S /2HDEIMI N/
AR S7EAS SR AL ORI CIEERNERF Y 5 52— S HENEERNEm) TLWE T,

28) Over time, these community-engaged programs fostered novel partnerships (Shepard et al. 2002),

taught researchers how to work collaboratively with community residents (Del_.emos et al. 2007),

empowered community groups to be actively involved in the conduct and dissemination of research

(Minkler et al. 2010), and trained teachers how to bring environmental health concepts into the

classroom (Moreno and Tharp 1999). The NIEHS experience shows that cultivating equity in

community-academic partnerships enables projects to develop effective and culturally appropriate
materials for local communities. Additionally, sustained support for CEnR, which includes capacity
building of all partners, allows projects to address environmental health disparities in vulnerable
populations, such as Latino, Native American, African American, and low-socioeconomic-status
communities. These programs have all addressed essential components of an EHL model that

emphasizes the importance of health literacy for public health and prevention (Freedman et al. 2009;

Serensen et al. 2012). These successes, and the continued need to raise EHL and public health

awareness of risks, have kept multidirectional communication and engagement as a central goal in the

NIEHS 2012-2017 Strategic Plan (NIEHS 2012).
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28) FfElOFEE EBIC, CHbDAI 1 =5 AR5 LIETOV S AT LWN— =2y T %
Bk L (Shepard et al. 2002), I3 1 =5  —DHEREHFE L TONITHEZIESD TO<HEIRFEH ICH
AF L7z (Delemos et al. 2007)s SHICTI 125 4 — « JIU—TITHADIEE &% K TTERIYICEID
5L D ICHEIRZS A (Minkler et al. 2010). kD ICEZE DR CERBREOEES ZHY ATVS/77AICDN T
##% L E L7z(Moreno and Tharp 1999), NIEHS Oftigld, A2 12514 —&EDFV 7 2 v 775/N—h
F—2wTORNTSIE@mH S ENMID I 1 25 4 —ISHRMTHY ., UbmICETHER Z 32
I5HpOTOT T MNER[FEICT 5 EanR L CWET, MMA T, IXNTON— N —DFENA L%
Sh CWD CEnR IS T 2ifkee7a 0 R—KE, 7022 MNCTST 2R AUNAN lEFZAUN
A P ITURRT AUNA, HESEANHAIORNT 2 1 =5 1 —D KD 7EMeg575(F RORIG IR A&
[CHVUHE C &2 RIAATWE T, ChHdXTOTOI T ARARBEETFHDIZHIC, BFEY TS
—OEEN BT S EHL ©5 )VOKRENEHEAZRISTH L. BUHA TS F U7z (Ereedman et
al. 2009; Serensen et al. 2012)s CHVSDRINITINA. U AZICDWTD EHL &AREA D8 Fri
FICE 6 D ERA. NIEHS 2012-2017 ki 7= V (ICH T2 FEFZ T—)LE L CEZARDERIzZE E S
RBH CE X LIZINIEHS 2012),

EHL as a Research Topic
MEDEEE L TDOEHL

29) The trans-National Institutes of Health (NIH) Health Literacy program exemplifies NIH recognition
of the need to explore fundamental issues in HL. For NIEHS, the focus is on validating effective ways
of communicating about environmental health risks. Although the term EHL is increasingly used by
investigators to denote a type of communications research, environmental health risk messaging is

understudied, and relatively little is known about

o whether there are specific stages of EHL that are amenable to intervention

e whether raising EHL correlates with improved health outcomes

e the relationship between EHL and resilience, for example, whether EHL increases the ability of
an individual or a community to cope in challenging circumstances

e the effectiveness of EHL resources and educational materials to inform intended audiences
(within the context of their existing beliefs and attitudes)

e different approaches for measuring success
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o the level of cultural acceptance of environmental risk messages in different ethnic and
socioeconomic settings

e the utilization and sustainability of evidence-based tools and approaches to raise EHL

e whether risk messaging about environmental factors leads to behavior change

e whether risk messaging leads to prevention, reduction or mitigation of environmental risk

factors.

29) b VA (18) KEEREEFTRNIIERY 25> —J70J 5408 L THL (BERYTZ2—)
DEARTITIDOBAFEDEZMIC DWW T NIH AREE L 722 SR W& 75 o NIEHS OEIRIIER
R A DA 2 20— 3 VIEDW DRGSR s ZE T EHL EWHHREIET S 2
“=2a RO A TRk I ICHICHFTBEICEL > CEKITXIHHASNDSLDICHE> TOWETHL IR
BAREY ZD DAy E—DBEHRREFEO THY, TOI LDV TRIFEAEMBN TWEE A,
UNCEDMErLE T,

IAISHIE TS S EHL OBARRGERED & S h E DD

R 9 6 EHL [FESNIC@EREY D b A EBKRL TWhamhE DD

EHL SMERGTEORIFRIE. BIAIE. EHL [FEEL VR E S X <WUF T SO ICRAKZEII 2=
T4 —DREN RO SME DD

TRESNESINE (HDE > CWSEEEBEATOXARNTC) (S E 72O EHL ER &
BREM DR

R HET S12HDERFL Y TO—TF

HEONEEH AT RICHITSRITY AT Ay E—TICDWTOXERIZED LNV

EHL ZpR St 272 ORHLICE DWW FBR E Y T 0 —TF OMA & Frfenl st
BRIRAFICDOWTDOU AT DAy E—DBENMTEZILEEHE DM

DA Ay t—UBENREY AT RRD T, B XIIEREMICES ZEICEDMESH

30) A key focus of EHL research will involve formal and rigorous assessment and validation to move
from projects that produce new educational materials to projects that explore the effectiveness of
educational resources. Additionally, research that explores EHL and advances the science of
environmental risk messaging will require transdisciplinary or team science approaches. Environmental
health scientists, individuals with expertise in community-engaged research, risk communication

specialists, health educators, anthropologists, experts in dissemination and implementation science,
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community partners in research, and  “citizen scientists” from affected communities will be critical

to the success of this research.

30) L WHBNIMH RV T VDY 2 7 b BHEBENEROBIMMNEHFETSTO0T I hNES

L. RIBURI DAy E—DORFEREcE OMRICIENT VAT 4 2T F U =KL ET— LD
FWFTO—TFhwRESNEK T, REREFFZE. 0222570 —CAEJTOHMHE. URAT T3
=23 vOHME, #RETIHEE. NEFE. EREEROBMFOHME, LD
T4 —N=hF— BRI 25— THREFEE" H SOOI ERFRE
ERIZTTL LD,

Conclusions and Recommendations

31) Examine the influence of sociocultural context on EHL. When research focuses on ways to improve
the EHL of individuals and communities, it will be important to understand the larger cultural context
for how the public understands risks and to address misperceptions driven by media and cultural
expressions. It is likely that media and films form the basis of beliefs and perception because they are
widely accessed forms of communication and are often easier for the public to understand, rather than
the more technical and scientific communication that investigators have historically disseminated.
Effective efforts to raise EHL. must therefore make risk messaging more understandable and more
relevant to individuals, and they must provide not only the results of research but also address existing

misinformation and misperceptions.

31) EHL ICRIZF T HEXALHIX R DZZDHE

([CURDMENT SMICDONWTORYRSEULXAREEIE I S &1 AT 1 ZORE ESULHER
RICK> THELES SN TSTRRMRICHUIHE S ENEREZTYUE T, A5 4 7 PBRE LSk & FRIND
RiteDO< oL 21EVWDNTWET, oL Tennh I =0 —2 3 VOERELHH
LCHYL WIFREDNELNICIAS CSRIUKRIMMN THEN T2 20— a > KU, TLA—KRD
ANZICESTUELIFIEE LT WS TT, LI - T EHL Z&& 5712 ORIRIEEE L. KU
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HELPd < D DOKUBAICEEEDH S AT DAy E—UBEEFOMEMEL CSEKLL, €
DIZHHFTDFER &R T S EM Y T/a < BfFORRPERRBICHRUMCLEZN S Y E T,

32) Develop conceptual models. As EHL evolves, measuring its stages will be beneficial. We have
modified Bloom’ s taxonomy to enable targeted interventions for each stage of attainment in EHL.
Our model should be tested and others developed or adapted, perhaps by utilizing or extending existing
instruments from related fields to accurately measure and quantify the stages of EHL. Ideally, models
should account for sociocultural context and how it influences EHL, and they should acknowledge skills

and empowerment at each measurable stage of EHL.
32) RIET SBEXHIGETI

EHL HUE(L T S ICDN T TOERMEZFNT © C EITRYEZ &ETT, FEHIE EHL 12D & bk
DODEHIECH SN AERREICT 12D ICTIV—LDRIRFEEIEL (X LI, WEEDOET VTS
NoENSThY, 5 TIE BT IIVERFED © WESRI S NxONIEGY Ft A, (s < EHL
DEFE & IEREICRHI L. B TR IZHICBAET oNBHSRIFDOFEREMM L. kT & Z&ICXk->C
FSN5D T, HEEWAE, T )VITHEUEE X RE €hht EHL SO CRE T S el
INSTI, L TETIVIEEHL O&ZDRIE TS SEIEICEWTAFTIVERS I Em) S Z & a2l
SN CY,

33) Use EHL as a tool for all partners. NIEHS embraces the evolution of EHL as an empowering
component of community-engaged and environmental public health research. EHL research should
include community partners in the research and provide capacity building and education at various
levels of literacy for individuals and communities at risk from environmental exposures. Such education
should extend beyond simply providing descriptions of specific risks to including some elucidation of
the pace of science, the uncertainty principle, and the relevance of various risk measurements (e.g., ppb
and levels of concern). Additionally, education and training of investigators in effective and appropriate
communication modalities and creation of active partnerships with affected individuals will improve the
development of culturally relevant messages. Health care professionals are another stakeholder group
that could benefit from targeted education and training to enable them to recognize symptoms caused

by environmental exposures and to diagnose environmentally induced diseases.

33) INTDO/N—=FF—DES5EEE L TD EHL DFIFH
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NIHES (322 2 =5 1 —hB5 9§ SRIGAREAMEIC =5 A Stei#Es= & L. EHL O b
ZITFANTOWET, EHLWERICIEO I 2 =25 4 —N—=hrF—ZA. fHASLCII 2571 —D2H
(CERIGHEERD U A Y DR IELNIVO ) T 5 2 —DREN ZEm 0 SBEMRE SN ZTINEGY Tt
No TDXDGFHBRRFOECHRE., MMEFFIFRE, 20U AVRE (BIAIE—E53 (ppb) PR
DLANIV) OBLEM ORI E SZCEIRREY A0 OFIE B ICHRMT S [EnY Tal. cneilA (A
(FONEITI, AT RO TEY/EII 2 = —2 3 A0 CHTEEOHE Lilikb. BN D
BN & DRERINTZ/N— b =2y T O YU atTa A ULMICRIED & S A v 2— D DFEREICDIEN
5 CL& Do BRI VOEMHIZED—DDAT IRV —DII—TTT, HHIFIRIBEEICK >
CTAEUSIEIRNER S, FWRHIRIC KL USRS S NI EeZH CS 6 KD (ST S/ DHE Lillin s -
BeFslencsonblindthi,

34) Conduct EHL research. NIEHS is committed to advancing EHL, expanding on existing efforts, and

addressing gaps in knowledge and practice. This commitment could include investigations to

e characterize the process for increasing environmental health literacy

e develop and validate measures of EHL at both individual and community levels

e assess the effectiveness of existing environmental risk messages

e measure the extent of behavior change based on health risk messaging

e create or adapt environmental risk messaging to increase the EHL of specific audiences

e identify statistical methods or develop models that correlate the role of EHL to improving the

understanding of complex risk and health outcomes.
34) EHL BFEDER

NIEHS [d EHL 23St BiFOEB /LT, HEEEITOBOF v v T8 5 &Lt hn
TWET, CNICEETFOMTEAEETN TWEKT,

CBRERED T T U — R @D DI O E RS B,

AL BLIRa 2 =F 4 — LU0 EHL O 23 m S, FEird 5,
cBEFOBEEY AT DA v — Y OMEE T 5,

EERE Y A7 EBIC S ATEVE L ORRE A RET D,

s K722 00#E O EHL 295K 212 DIRE ) A7 DX v —V%2RI0 | e SE D,

- EHL OB ZEHETR Y 27 LHEEET 7 N 1 AOBRO ) EIZBIRDT 5720 OREFHEMFIE A R L.
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ETNERRESED,

356) To be most effective, this research will require a transdisciplinary or team science approach,
community-academic partnerships, and sufficiently broad expertise to allow development and
dissemination of targeted messaging for local communities in modalities and languages that are
culturally and linguistically appropriate. Special attention could be given to improving the EHL of low-
literacy and non-English-speaking individuals or that of individuals living and working in health-
disparate and low-income communities. Additionally, these projects should broaden the identification of
relevant stakeholders and raise the EHL of not only affected community members but also that of
health care professionals, public health and lay health workers, decision makers, teachers, and

students.
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36) Coordinate federal resources. We recognize that NIEHS is only one player in the advancement of
EHL and must work together with our federal partners such as the National Library of Medicine, the
Centers for Disease Control and Prevention, the U.S. EPA, the National Science Foundation, and the
Agency for Healthcare Research and Quality. As a coordinated group, representatives of these
agencies could catalog and make available existing educational resources for the general public and for
researchers working with chronically affected communities. Such a compilation of resources could
provide a reliable, evidence-based source of information to the general public that may help to
counteract the unsubstantiated (mis)information available on the Internet or disseminated through the
media and films about environmental risks. This coordination will maximize the federal investments to
date and help to ensure that research builds on previous efforts and utilizes effective tools and

validated approaches developed in related fields.
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37) Finally, the concept of EHL has emerged and is being embraced by investigators as a relevant
research topic within environmental health sciences. We believe that the definitions and scope of EHL
will continue to evolve and that research will help define the optimal approaches for measuring and
raising EHL. Ultimately, efforts to improve EHL are intended to prevent environmentally induced
disease and to empower individuals to gain a sense of control through understanding the environmental

risks that affect their families and their communities.
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1979 FRROA—A BT P, FERICKEDXERUNZTET SHRCHE > IEFRKRDmRELIEA—ANTY

7 hEEA.

14) N H—4—L « « « Hunger Game
2012 FFICABISNIZ Y AU NEREIOF 72 3 VM, NEALEWDBOMEBEZR AL LIZERET AU TCHEL
24 AW LEDBAYNA NIV TS,
15) 74 « 7 I7H—+ hIEO—+ « « Day After Tomorrow
2004 FED ¥ A S, HBKRBEALIC K > CTHEIRGFNITKTIIISRELT & AL &gV a/N 2y 27 M
16) FJRME « « - reflection (reflexivity &[E L)
REAFFTVABLTOLDICHHAL CWS, FEERANATHLDITAICEET 215 E. TDITADIRMIC DL
TR - FH LIE T 2OMRtE L GERT S &, (P Z— - F 570X el )
17) IKIEWEREE « + « hydraulic fracturing
MEROITARTIIPIR CSHEHD - EBICH S 1 —IVITA/ 2 1 —IVA A VOO A BEIC R Y . EROIRMAEES
MRS LU D E[RIFFICTEZ DIRIERENRE S TS,
18) Bl D>~ +>/)b + + - Film Genre
Mt akEess (T8, M. A5 1)V OIHBORHEZEREAECHEZ A5 « 7 ERBRANBBRICHTALTZE D,
19) #bEko>H - - - Earth Day
HEKIRIREICOWEASHE U URESNIZEEEH, 4 H 2 2 HOHEROHA LS HIHN TS,
20) apps(automatic parts programing system) « « « QE#I/N—Y T OIS I VT AT LD ENE?
21) HaBEERE « -+ - shared decision making
EEE & BENRFIRILZ LS L C—RISABEAHZRET S &,
22) NHY—EZIEFH + -+« PSAs(Public service announcement)
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