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Introduction

The rise in popularity of social media presents new sources of scientific data and new
ways to enhance communication and citizen engagement within the field of environmental health
[1-3]. Social media is defined as “a group of Internet-based online and mobile applications...that
allow the creation and exchange of user-generated content and data” [4]. Common categories of
social media applications include: forums, message boards, social networking sites (e.g.
Facebook), blogs, microblogs (e.g. Twitter) and media sharing sites (e.g. YouTube) [5]. A
Statistics Canada report on Internet use found that in 2012, 83% of Canadians 16 and over use
the Internet [6]. Among Canadians that use the Internet, 67% visit social networking websites, a
9% increase since 2010 [6]. A recent survey by Media Technology Monitor found that nearly
one third of Internet users actively use the social networking site Facebook, and nearly one fifth
Internet users are on the microblogging platform Twitter [7]. As social media has become such a
prominent communication tool within popular culture, businesses, researchers, and experts from
a variety of diverse disciplines have been investigating ways to leverage social media for
communication, marketing, public relations and research activities [8-11]. The purpose of this
report is to conduct a review of the literature to examine the potential uses and effectiveness of

social media technologies in the field of environmental health.

Methods

A review of the literature in English, peer-reviewed journals pertaining to social media
and environmental health was conducted. The literature review was conducted using the
databases PubMed, Scholar’s Portal, BioMed Central and Primo (University of Guelph). The

search was conducted using the search string (“environmental health” OR “environmental public



health” or “environment and health”) AND (“social media” OR Twitter OR Facebook OR blog).
Avrticles were included if they discussed applications of social media related to environmental
health as a whole, or to various subfields within environmental health (e.g. food, water and air
quality, surveillance, emergency management). Sixteen articles were found to be relevant.
Information such as author, year of publication, study design and key points were extracted from

each article and summarized in the appendix.

Use and effectiveness of social media in environmental health: evidence review

In the evidence review the following four categories of uses of social media pertaining
environmental health were identified,
e information dissemination
e engaging the public, stakeholders and/or policy makers in conversation about
environmental health issues
e surveillance and outbreak investigation

e crowdsourcing for data collection.

Information dissemination

Thackeray and colleagues (2012) conducted a cross-sectional study to determine the
extent of social media use in public health departments in the United States [5]. The researchers
found that 60% of health departments used social media [5]. The most common social media
website used by the health departments was Twitter (~86.7%) [5]. On average, health
departments had 483 Twitter followers, 789 Facebook Friends and 40 YouTube subscribers [5].
The researchers found that health departments were primarily using social media to disseminate

information, of which approximately 8% of messages were related to environmental health [5].
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The authors recommend that health departments incorporate social media into their overall
communications strategy to maximize the potential benefit of social media as an information

dissemination tool [5].

Social media also has the potential for use in environmental health promotion and
education campaigns [12]. After conducting a survey that found that university students have
limited food safety knowledge, Mayer and Harrison (2012) developed a tailored food safety
education program on Facebook [12]. The program utilized recommendations made by students
during focus group discussions, such as the use of short videos and recipe demonstrations
incorporating safe food handling practices [12]. The researchers found that students preferred the
Facebook program over a traditional food safety class lecture [12]. Ninety-seven percent of
students reported that they would change their food handling practices after participating in the
program [12]. The success of this program demonstrates that social media can be used as a
platform for learning about food safety, and may lead to behavior changes that ultimately

decrease the risk of foodborne illness in young adults [12].

Lastly, several articles highlighted the value of social media as a low cost tool to rapidly
disseminate information to a large group of people [2, 5, 13-15]. This ability of social media can
be especially valuable for risk communicators and other health professionals in times of crisis,
such as during natural disasters and epidemics [2, 13]. Freberg and colleagues (2013) sought to
determine where people received their information from during the 2009 HIN1 pandemic using
a social media bookmarking tool [14]. The researchers found that the Center for Disease Control
and Prevention (CDC) was one of the most frequently bookmarked sources of information,
demonstrating that people rely on reputable government sources for information during a crisis

[14]. The CDC frequently updated their Facebook page during the HIN1 crisis with information
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about the disease and importance of vaccination [15]. Social media applications also allowed the
CDC to immediately respond to questions and address any rumors or misinformation [15].
Freberg et al. (2013) emphasize the need for health organizations utilize social media, as seen
with the CDC in the H1NZ1 crisis, to address public concerns and exert control over the messages
presented in social media in order to influence and manage public perceptions in times of crisis

[14].

Gaspar and colleagues (2014) note that in addition to being a useful tool to disseminate
information during a health crisis, social media can be used to inform researchers and health
professionals of how the public is coping with a crisis [13]. The researchers conducted a
psychosocial analysis of Twitter messages during an E. coli outbreak in Europe [13]. The
researchers found that evidence of coping strategies could be observed on Twitter, and suggested
that this information can be used to help health professionals shape their communications
messages to address specific public concerns and provide necessary information to help the
public respond to the crisis [13]. For example, the researchers found that more people expressed
avoidance in terms of purchasing and consuming various products like vegetables when the
source of the outbreak was uncertain compared to later in the investigation when the source was
identified [13]. The researchers suggested that having this information about public concerns
could allow health professionals to implement problem solving strategies, such as disseminating

information regarding proper washing of products [13].

As these articles demonstrate, social media can be a valuable tool for disseminating
information in a rapid, low cost manner to address public concerns and needs in times of

environmental health emergencies. In addition, social media can also provide a platform for



environmental health promotion and education campaigns tailored to the specific needs of the

desired target audience.

Engaging the public, stakeholders and/or policy makers in conversations about

environmental health issues

In the article by Thackeray and colleagues (2012) examining use of social media by
health departments, they found that most health units were using social media for one way
communication rather than to interact and engage with the public [5]. In addition to information
dissemination, environmental health professionals can leverage social media to engage in two-

way communication with the public, policy makers and other stakeholders [1, 3, 5, 14, 16, 17].

Martinello and Donelle (2012) conducted a content analysis of discussion postings in
Ontario university Facebook groups related to the environment and determinants of health and
found that health issues related to the built environment, air and water quality as well as
recycling were very important to these university students [3]. They also found that students used
Facebook to communicate their concerns to decision makers [3]. These researchers suggest that
Facebook can be a useful tool for facilitating communication between the public and decision
makers, as well as to foster community activism and civil participation related to environmental

health issues [3].

Williams and colleagues (2008) also identified blogs as a useful tool for encouraging
discourse about environmental health issues through the Sustainable Table project [16]. The
Sustainable Table project is an initiative of the non-profit organization GRACE Communications
Foundation with the goal of raising awareness of food-related issues such as antibiotic resistance

and pesticide use [16]. Through a survey and the evaluation of a blog developed as part of the



Sustainable Table project, the researchers found that users enjoy blog postings about action
oriented topics such as buying local and food-related health issues [16]. Blog users also used the
comment section of the blog to discuss action steps that could be taken to address food-related

health issues [16].

Social media has also been found to be an effective platform for knowledge exchange
between environmental health researchers and policy makers [1]. Grossberndt et al. (2010)
provide an overview of the European Union Health and Environment Network (HEVINET)
project — an interactive network that allows researchers and other stakeholders to interact with
policy makers through discussion boards, groups, newsletters, profile pages and other tools [1].
The HEVINET project involved 350 members from 46 countries around the world [1]. Nearly all
participants surveyed at the end of the project indicated that they would be interested in
continuing to invest in the portal [1]. Many individuals surveyed noted that they perceived
uncertainty regarding information about environmental health issues to be an issue for policy
makers, and therefore believe that cooperation and communication between scientists, policy
makers and stakeholders is essential in environmental health decision-making [1]. The
HEVINET social media portal addresses this issue by facilitating evidence informed policy
through collaboration and networking between researchers and policy makers [1]. The case of
the HEVINET project, the Sustainable Table blog and Facebook among university students
demonstrates social media can be a valuable tool for two-way communication between

environmental health professionals, researchers, the public and/or decision makers [1].



Surveillance and outbreak investigations

Over half of the articles analyzed in this literature review indicated that social media can
play an important role in disease surveillance and outbreak investigation activities [2, 4, 15, 17—
22]. According to Kass-Hout and Alhinnawa (2013), the highly networked and contextualized
nature of social media can be used to better understand clustering of health issues within a
population [15]. Abdullah and Wu (2011) demonstrate that the lifecycle of Twitter tends can be
modeled in the same way as infectious diseases, and suggest that Twitter trends can be used to
help identify outbreaks and predict outbreak dynamics [20]. In their scoping review of social
media for disease surveillance, Bernardo and colleagues (2013) note that 66% of the articles
reviewed found a good correlation between social media based surveillance and traditional
surveillance systems [4]. For example, studies have analyzed the content of Twitter messages for
key terms related to influenza and have shown that trends in Twitter discussion of influenza can
accurately model influenza rates [4]. Schmidt (2012) notes that Twitter has been found to predict

influenza outbreaks 1-2 weeks ahead of the traditional CDC influenza surveillance system [17].

One field within environmental health that could benefit from the incorporation of social
media based surveillance is food safety [18, 22]. Foodborne illness surveillance is limited by
underreporting [22]. A number of high profile foodborne illness outbreaks in recent years
highlights the need for improved surveillance systems [22]. Social media websites and messages
can be mined for indicators of an outbreak, can be used to distribute questionnaires during an
investigation, and can facilitate the ability of groups to self-identify foodborne illness and
common exposures [22]. For example, Kemble and colleagues (2013) present a case study of an
foodborne illness outbreak involving Group A Streptococcus [18]. Health officials were first

notified of the outbreak after students who attended the same banquet started discussing having a
;



sore throat on Facebook [18]. The number of cases identified in the subsequent epidemiological
investigation corresponded well to the potential cases identified through Facebook [18].
Researchers note that social media played a critical role in bringing the outbreak to the attention
of public health officials, and recommend the use of social media in the future as a tool for

informing outbreak investigations [18].

Social media has the potential to enhance disease surveillance and outbreak response
because of the ability to mine social media data to identify trends and reduce the time required to
identify an outbreak [19]. Other benefits of using social media for surveillance and outbreak
investigation is that it is low cost and freely accessible [15]. Social media can provide real-time
information on outbreaks which can guide public and environmental health decision making
[19]. The biggest challenges of using social media for outbreak investigations include
information overload and low sensitivity and specificity, which can lead to false positives and
false negatives [2, 4, 19, 22]. Bias as well as privacy concerns related to transmission of personal
health information are other challenges that must be considered when using social media as a
source of information for surveillance and epidemiological investigations [22]. Researchers
emphasize that social media based surveillance cannot replace current systems, and should be
cross-referenced with other sources to increase validity [4, 15, 19, 22]. Future research is needed
to investigate methods to improve sensitivity and specificity of social media based surveillance

techniques [4].

Crowdsourcing for data collection

Social media also presents new opportunities for environmental health research through

the use of crowdsourcing [15, 21, 23]. Kass-Hout and Alhinnawa (2013) define crowdsourcing



as “the act of taking tasks by a group (crowd) of people or community in the form of an open
call” [15]. User-driven, mass citizen participation is a revolutionary new way to collect data
within environmental health. Such forms of citizen engagement can allow for information on
almost anything, anywhere to be collected and analyzed in real time [2]. In the review article by
Boulos and colleagues (2011), the authors discuss a GPS integrated smart phone application that
uses street level audio recording to produce a map of citywide noise pollution as one example of

an environmental health application of crowdsourcing [2].

Another example of a crowdsourcing environmental health initiative is the Sri Lankan
based application called “Mo-Buzz” [21]. Lwin et al. (2014) provide an overview of this social
media application, which was designed to predict dengue fever outbreaks, engage the public in
surveillance efforts, and communicate health risks to the public [21]. The program uses
algorithms to predict dengue fever outbreaks based on weather, vector and human patterns, and
disseminates this information to the public [21]. Members of the public can also use the “Mo-
Buzz” application to report mosquito breeding sites, as well as signs and symptoms of dengue

fever to local health authorities [21].

The use of crowdsourcing for environmental health research and surveillance has similar
limitations to data-mining of social media for surveillance, including information overload,
validity, bias and misinformation [21, 23]. Lwin and colleagues (2014) also note that
encouraging collaboration among stakeholders from a variety of different disciplines when
developing and implementing social media applications involving crowdsourcing can be
challenging [21]. Despite these challenges, Boulos and colleagues (2011) note that the power and
uniqueness of crowdsourcing via social media lies in the ability for intelligent humans to actively

participate in an assigned task, and predict that this new method of data collection will become
9



increasingly common as mobile devices like tablets and smartphones continue to grow in

popularity [2].

Limitations

There are several limitations present in this evidence review. First, the results of the
literature review may have been limited by the search terms. By expanding the search terms to
include key words from a variety of fields within environmental health it may have produced a

greater quantity of articles and revealed additional uses for social media in environmental health.

Several of the articles in the literature review provided an overview of possible
applications of social media in environmental health, but did not provide a detailed evaluation of
the effectiveness of these various applications. In addition, use of social media applications
varies across demographic groups such as age and ethnicity [24], therefore applications of social
media that were found to be successful in the literature review may not be as effective when

implemented in different demographic groups or geographical locations.

Conclusion

In conclusion, social media presents new opportunities for enhanced communication
surveillance and community engagement activities in environmental health. Social media is a
rapid, low cost tool that can be used to disseminate information in a timely manner during
outbreaks, natural disasters and other crisis situations. The real-time nature of social media can
be used to inform decision-making in emergency situations. Social media also presents new
opportunities for education and two-way communication about environmental health issues at

the environmental health research-policy interface.
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Opportunities also exist for incorporating data mined from social media into surveillance
systems that have the ability to rapidly identify trends, reduce the amount of time to identify an
outbreak, and inform public and environmental health decision making. Crowdsourcing and
active citizen engagement via social media can present new sources of data for environmental

health research.

Future users of social media in environmental health must be cautious of the challenges
and limitations this new technology presents, including; biased information, information
overload, poor sensitivity and specificity, and the need for coordination of multidisciplinary and
multijurisdictional teams. Future research is needed to investigate ways to improve sensitivity
and specificity of crowdsourced data and data mined from social media sites. Future research is
also needed to examine the success of social media based communication in eliciting behavior
change and the overall effectiveness of various social media applications within the

environmental health field.
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Appendix — Article Summaries

Reference EH Applications of Social Article Key Points

Media Identified in Article
Mayer and e Information dissemination | ¢ Using a survey, researchers found that university students had limited food
Harrison (2012), safety knowledge and were at high risk of foodborne illness
quasi-experimental e Based off of survey results and focus group discussions, researchers
study developed a tailored food safety education program on Facebook for students

e Focus group recommended short videos and recipe demonstrations
incorporating safe food practice be included in the education program

o After the intervention, 97% of participants agreed that they will change the
way they handle food

e Students preferred food safety education program over traditional food safety
university lecture

¢ Social media allows educators to give students a venue for social interaction
and the opportunity to learn, share ideas and reflect

¢ Researchers conclude that the use of social media in food safety education
campaign can lead to behavior changes can reduce risk of foodborne illness

Gaspar et al. ¢ Information dissemination | ¢ Researchers conducted a psychosocial analysis of Twitter messages during
(2014), an E. coli outbreak in order to determine how people cope during a crisis

psychosocial e Using social media to assess how people are coping with a crisis can assist
analysis stakeholders in adapting communications to provide necessary information

and warnings
¢ Risk communicators can use social media to transmit important info to many
people promptly

Freberg et al. ¢ Information dissemination | ¢ Media, including social media, has the power to influence how public
(2013), analysis of | ¢ Engaging public, receives and perceives information about risk
social media stakeholders and policy ¢ Investigators sought to determine the types and sources of social media being
bookmarks makers in conversation used during the H1IN1 epidemic in 2009 based off of social media

about EH issues bookmarking services

e Researchers found that the CDC was one of the most frequently bookmarked
sources of information




Social media allows health organizations to engage with key stakeholders
and understand and address their concerns and perspectives on health crises
Important to recognize that health professionals need to exert control over
what is presented on social media and so that they can influence, manage and
construct perceptions

Williams et al.
(2008), case study

Information dissemination
Engaging public,
stakeholders and policy
makers in conversation
about EH issues

Article provides an overview of the Sustainable Table program developed by
a non-profit organization to educate the public on food-related issues like
antibiotic resistance, pesticide use and large transportation systems

As part of the program, a blog was created to educate the public about food-
related issues and encourage consumers to take action

Evaluation of the blog found that user comments tend to discuss action steps,
how to take action and how to make use of existing resources to address
food-related issues

Online poll show that people prefer action-oriented topics (like buying ad
eating local, health issues, sustainable food)

Blog found to be useful in encouraging discourse surrounding action

Thackeray et al.
(2012), cross-
sectional study

Information dissemination
Engaging public,
stakeholders and policy
makers in conversation
about EH issues

Researchers conducted a cross sectional study to determine extent of social
media use within health departments in the US

Found 60% of health departments used social media

~8% of health department social media (Twitter) posts were EH related
Most health departments only using social media to disseminate information
rather than engage public in conversation

Emphasize need for health departments to maximize potential benefit of
social media by incorporating it into overall communication strategy

Grossberndt et al.
(2010),
methodology
article

Engaging public,
stakeholders and policy
makers in conversation
about EH issues

Article provides overview of EU Health and Environment Network
(HEVINET) project

HEVINET is an interactive network portal that allows researchers & other
stakeholders to interact with policy makers — a “virtual meeting place”
HEVINET facilitates collaboration, networking and evidence-informed
political decision making

Nearly all participants surveyed indicated that they were interested in
investing time into the portal




HEVINET project success indicates that social media can be a new source of
two-way communication at the science-policy interface

Martinello and
Donelle (2012),
qualitative content
analysis

Engaging public,
stakeholders and policy
makers in conversation
about EH issues

Researchers conducted a qualitative content analysis by analyzing data
collected from archived wall and discussion postings on Ontario university
Facebook groups

Any posts related to the environment and determinants of health were
highlighted

Study found that environmental health issues (such as the built environment,
water and air quality and recycling) are important among university students
Through Facebook students engaged in dialogue, shared opinions, debated
and discussed strategies for improving environmental health issues
Facebook provides an opportunity for communication with policy and other
decision makers

Social networking and social engagement through Facebook facilitates shift
towards community activism and civic participation

Limitations of the study include lack of demographic information, only
examining posts in English and that the researchers had no way of verifying
that Facebook users actually were Ontario university students

Kass-Hout and
Alhinnawa (2013),
review article

Crowd-sourcing
Surveillance and outbreak
investigation

Information dissemination

Social media presents opportunities for user-driven innovations to monitor
and investigate disease trends

Many health issues tend to cluster in the population, and the highly
contextualized and networked nature of social media can help to better
understand such health issues

Data-mining from social media sources can be used to predict epidemics like
influenza, West Nile Virus and meningitis

Benefits of social media include that it is low cost, the information is open
source and timely

Social media can also be used for engaging the public and for disseminating
health information

Must cross-validate social media data with other sources to increase validity
Article provides examples, including screenshots, of websites that use
information mined from of social media for disease surveillance




Boulos et al.
(2011), review
article

e Crowd-sourcing

e Surveillance and outbreak
investigation

¢ Information dissemination

New opportunities exist in EH research with crowdsourcing through social
media

Crowdsourcing involves mass citizen participation to achieve goals (Ex.
Using street level audio samples recorded on smartphones with GPS to map
citywide noise pollution)

Citizen engagement and crowdsourcing allows for monitoring of almost any
issue, anywhere in real time

Other uses of social media include data mining of microblogging sites (like
Twitter) for rapid identification and insight into unfolding trends such as
outbreaks or natural disasters and other crises

Relevant and timely information can inform emergency management actions
and policy decisions

Social media can also be used by emergency management personnel for
rapid dissemination of information

Challenges of social media data mining and crowdsourcing include
information overload, bias and misinformation

Kemble et al.
(2013), case study

e Surveillance and outbreak
investigation

Article outlines an epidemiological investigation into a foodborne outbreak
of Group A Streptococcus among high school students in Minnesota
Outbreak was first suspected when students discussed being sick with strep
throat on Facebook

Social media played critical role in bringing potential outbreak to attention of
public health officials

Estimates of sick individuals based on Facebook corresponded with
estimates from epidemiological investigation

Researchers conclude that social media played a critical role in the
epidemiological investigation and recommend future use of social media as a
tool for informing outbreak investigations

Brownstein et al.
(2009), perspective
article

e Surveillance and outbreak
investigation

Authors suggest Internet technology becoming integral to surveillance

Data mining of social media can identify trends, reduce time to recognize an
outbreak and allow for visualization of online information about outbreaks in
real time

Having real-time, freely available information on outbreaks and other crises




can guide public and environmental health decision making

Although mining social media and other Internet sources can provide
valuable information, they cannot replace efforts of public health
practitioners

Limitations such as information overload, lack of sensitivity and specificity,
false reports

Bernardo et al.
(2013), scoping
review

e Surveillance and outbreak
investigation

Researchers conducted a scoping review on the use of social media for
disease surveillance

66% of articles reviewed found good correlation between social media based
surveillance and existing surveillance program

Developing social-media based surveillance programs requires
multidisciplinary, multijurisdictional collaboration

Social media can allow for communication between health professionals to
facilitate response to health crises

Social media can be used to supplement existing surveillance systems and
should be used for active engagement with users rather than just information
dissemination

Biggest challenges of social media for surveillance include false positives
and false negatives

Need for further research to improve sensitivity and specificity

Newkirk et al.
(2012),
commentary

e Surveillance and outbreak
investigation

Need for improved food surveillance systems due to numerous recent high
profile foodborne-illness outbreaks

Current foodborne illness surveillance systems limited by underreporting
Need rapid detection of outbreaks to reduce number of exposed individuals
Social media has potential to be mined for signs of foodborne illness in real
time

Can also be used to distribute foodborne outbreak questionnaires to facilitate
outbreak investigation

Social media can improve ability of individual groups to self-identify
foodborne illness as well as common exposures

Challenges of social media for surveillance include low specificity and low
positive predictive value as well as privacy concerns




Cannot replace traditional surveillance systems but can supplement them

Abdullah and Wu
(2011),
epidemiological
model

Surveillance and outbreak
investigation

Researchers found that life cycle of Twitter trends can be modeled in the
same way as infectious diseases
Modeling Twitter trends can help identify and predict dynamics of outbreaks

Schmidt (2012),
news/innovations
article

Surveillance and outbreak
investigation

Engaging public,
stakeholders and policy
makers in conversation
about EH issues

Social media can provide two-way communication in environmental and
public health research

Traditional surveillance technigues can take weeks to identify an outbreak,
whereas monitoring Twitter and other social media trends can serve as an
early warning system for outbreaks

Twitter is able to predict flu outbreaks 1-2 weeks ahead of CDC surveillance
average

Challenge with using twitter for surveillance is determining what
information is important, and excluding “noisy” (irrelevant) twitter messages

Lwin et al. (2014),
methodology
article

Surveillance and outbreak
investigation
Crowd-sourcing
Information dissemination

Avrticle overviews the “Mo-Buzz” social media application in Sri Lanka
designed to predict impending dengue fever outbreaks, engage the public in
surveillance efforts and communicate health risks to the public

The program uses computer algorithms based on weather, vector and human
data to predict outbreaks and inform the public and health officials

Citizens can use the Mo-Buzz application on their phones to inform health
authorities of mosquito breeding sites and report symptoms of dengue fever
The application can also be used to provide users with health alerts and
health protection recommendations

Identified challenges include validity of information from citizens and
encouraging collaboration among various stakeholders including researchers,
policy makers, telecommunications companies and health practitioners

The application is currently in the testing phase and researchers soon hope to
make the application available to the general public in the city of Colombo




