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Introduction

In the mid-20th century, the world entered the era of digital technology, which has profoundly in-
fluenced every aspect of our daily lives, including work, learning, and social interactions [1]. The
digital transformation began with binary computing systems and has evolved through various stag-
es, including circuit chips, personal computers, the Internet, the World Wide Web, social media
platforms, and smartphones [2]. During the early phases of this transformative period, interna-
tional organizations, as well as regional and national governments, were among the first to devise
strategies for adopting digital technologies and managing digital information. These plans primari-
ly concentrated on enhancing digital capabilities within administrative and economic sectors.

The coronavirus disease 2019 pandemic in 2020 accelerated the pace of digitalization, leading to
the widespread adoption of remote work, online learning, and e-commerce as lockdown measures
were implemented globally [3]. Virtual meetings replaced physical ones, and digital wallets be-
came more prevalent than cash. As digital systems became more compact, affordable, and diverse,
their use shifted from a luxury to a necessity. Consequently, access to digital technology has be-
come a social determinant of health, necessitating close examination and research from a health
perspective [4].

Digital environment

The term “digital environment” is typically defined as “the situation or space enabled by technolo-
gy and digital devices transmitted through the Internet or other digital means” [5]. However, an al-
ternative perspective suggests that the digital environment extends beyond digital materials since it
has influenced non-digital media, imbuing them with digital characteristics due to their ubiquity
and integration into daily life. Thus, the digital environment can be understood as encompassing
the entire continuum, from the tangible aspects of computing devices, programming and informa-
tion systems, and the network technologies that connect them, to the digital interfaces that result

from human interactions.

Digital environmental health
The field of public health known as environmental health examines the interactions between indi-

viduals and their surrounding environment [6]. This typically includes natural elements such as air,
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weather, water, chemicals, and radiation, as well as occupational able devices, personal health records, electronic medical records,
hazards in work environments and built environments that en- and telemedicine.
compass sanitation and hygiene facilities. Maintaining a balanced Advances in digital health have broadened access to healthcare
relationship with these environments is essential for promoting services, empowered patients to make informed decisions, en-
human health and well-being and for fostering sustainable, secure hanced patient education, and improved medication adherence
communities. [9]. Nonetheless, data from digital health monitoring devices can
In recent years, there has been a growing global concern about lead to adverse outcomes, such as diagnostic errors or treatment
the impact of digitalization on health, prompting numerous stud- delays, due to the complexities involved in interpreting the data.
ies across the health sector. However, these studies often occur in
silos, with experts working in isolation on specialized topics. The Digital platforms
evaluation of digital systems in healthcare falls under health sys- Exposure to environmental hazards has become increasingly
tem management, while the effectiveness of digital technologies complex, including particulate matter (PM), household chemi-
is explored in epidemiology and specific medical fields. Research cals, and biocides. This diversity complicates the collection of ad-
in psychology has also concentrated on the effects of digital de- equate data for assessing health effects, as variations in exposure
vice usage and exposure on mental health and child development receptors, duration, and intensity must be considered. The gap
[7]. The wide-ranging effects of digitization, fueled by its wide- between the data produced by fourth-industrial technologies,
spread availability and accessibility, are being investigated not such as the internet of things (I0T) and artificial intelligence (AI),
only in healthcare but also in fields such as economics, business, and the information on environmental hazards continues to grow.
political governance, and social sciences. It is crucial for environ- Additionally, clinical data from hospital treatments and self-re-
mental health studies to thoroughly examine how digitalization ported surveys are often outdated and unsuitable for secondary
changes our perceptions of the environment as a determinant of prevention efforts aimed at alleviating worsening disease symp-
health and to explore the health impacts of the digital world. toms. Therefore, it is necessary to obtain real-time data on envi-
ronmental hazard concentrations and health information specific
Digital health to exposure receptors. Aligning these datasets is crucial for a pro-
Digital health employs information and communication technol- active approach to mitigating disease symptoms (Figure 1 [10]).

ogies to effectively and accurately tackle a range of health chal-

lenges encountered by the general public [8]. This approach typ- The necessity of developing health

ically involves collecting data on individual health status, analyz— i m p a Ct assessme nt m eth Od S fo r
ing this information for preclinical or clinical assessments, and environmental hazards

providing personalized interventions or monitoring for specific

individuals or communities. As a result, a variety of tools have Conducting health impact assessments for residents in environ-
been developed, such as smartphones, mobile applications, wear- mentally vulnerable areas, such as those near industrial complex-
Increasing
environmental hazards
loT, ICT, Al, ML
—— |
One-time or intermittent
matching of existing Clinical information driven Environmental
environmental and clinical platform health service
information

b

Wearable device

Figure 1. Conceptual flowchart of a digital device-based health prevention strategy based on environmental exposures. loT: internet of
things; ICT: information and communication technology; Al: artificial intelligence; ML: machine learning. Adated from the book of Ko et
al. [10] with appropriate permission.
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es, thermal power plants, and limestone mines, is a critical inves-
tigative task. This task is mandated by the Environmental Health
Act and overseen by the Ministry of Environment. However,
these assessments, which are conducted annually or quarterly,
yield limited clinical data in comparison to the extensive infor-
mation on environmental hazard exposure. This imbalance re-
stricts the ability to perform adequate and rational health assess-
ments. Despite the significant costs associated with these analy-
ses, traditional health impact evaluations are inefficient for as-
sessing the long-term health effects of environmental changes
due to their reliance on one-time studies of biological samples.
While real-time monitoring data on indoor and outdoor envi-
ronmental hazards is continually being collected, there remains a
significant lack of personal health data, often due to the inade-
quate development of wearable devices. Furthermore, techno-
logical advancements in health assessments and prevention mea-
sures for various environmental incidents have been insufficient.
These incidents include respiratory diseases such as asthma re-
sulting from the Taean oil spill and exposure to humidifier disin-
fectants, lung diseases associated with coronavirus exposure, and
environmental disputes involving radon-emitting beds. For these
reasons, future research aimed at identifying the origins of envi-

ronmental hazards and related illnesses—including respiratory,
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circulatory, and neurological diseases—should be supported by
the development of continuous, long-term health monitoring
methods. These tools are essential for the real-time tracking of
environmental hazards. The Ministry of Environment is current-
ly conducting the “Children’s Birth Cohort” study to investigate
the causes and health effects of environmental exposure. This ex-
tensive study requires the development of non-intrusive, us-
er-friendly health monitoring tools that are capable of continu-
ously evaluating and mitigating the health impacts of real-time
environmental changes. These technological advancements are
crucial for aiding in the investigation and assessment of the
health effects of environmental hazards and for implementing
preventive measures based on these findings (Figure 2 [10]).
The main requirements for proactive prevention involve mini-
mizing exposure to environmental hazards and developing more
accurate receptor-focused exposure assessment methods. To ac-
complish this, it is essential to generate localized, spatial, and
three-dimensional (3D) building-specific concentration levels
that exceed the air pollution data currently provided by the gov-
ernment. Additionally, refining exposure trend forecasts based
on temporal patterns, especially for indoor air pollutants, is nec-
essary. It is also crucial to implement both tangible and intangible

delivery systems, such as digital service platforms, which can

{

Big-Data

Optimal
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Mobile-based
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Figure 2. Conceptual examples of digital environmental health. GPS: global positioning system, Al: artificial intelligence; COPD: chronic
obstructive pulmonary disease. Adated from the book of Ko et al. [10] with appropriate permission.
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connect the predicted or real-time monitored levels of indoor
and outdoor environmental hazards with the receptors. General-
ly, information technology (IT) systems of a digital platform are
designed based on a completed service architecture (or frame-
work). The architecture typically consists of both software (S/
W) and hardware (H/W) components, with the H/W configu-
ration usually derived from the S/W architecture. The S/W ar-
chitecture of an IT system generally comprises (1) data genera-
tion, (2) data collection servers, (3) data analysis, (4) databases,
and () service management.

Digital exposure assessment

The most effective method for evaluating exposure to environ-
mental hazards is biological monitoring, which utilizes biological
samples such as urine or blood. This approach provides the most
accurate measurement of exposure levels to environmental haz-
ards through various pathways, including inhalation, skin con-
tact, and ingestion [11]. However, the use of this method for all
exposure assessments is challenging due to its invasive nature,
the need to consider the half-life of substances after sample col-
lection, and the high analytical costs involved. As a result, expo-
sure assessments are often conducted by estimating the levels of
hazards in air, water, or soil and then extrapolating these findings
to human exposure. This method, however, has significant lim-
itations. It typically involves infrequent and cross-sectional evalu-
ations at specific time points and short sampling periods. These
factors lead to substantial disparities between estimated and ac-
tual exposure levels, thereby limiting the ability to identify cor-
relations and causal relationships between hazard exposure and
health outcomes. Furthermore, because exposure assessments
are usually retrospective, they do not provide information on po-
tential future exposures, making it difficult to implement preven-
tive measures against hazard exposure.

Exposure assessments are carried out by applying the concen-
tration of hazards over time, taking into account the exposure
pathways (refer to the equation below).

E=f/C(t)dt

Where, units are in [concentration X time]; E =exposure
(concentration x time); C(t) = concentration (ppm, pg/ m’, #/
cm’); and ¢ =time (hr, min, sec).

With adequate temporal information, it is possible to estimate
more realistic exposure levels, marking the beginning of a digital
exposure assessment that diverges from traditional methods.
The progress of IoT and information and communications tech-
nology, which are pivotal to the fourth industrial revolution, has
led to the development of devices capable of generating re-
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al-time exposure concentrations of hazardous substances. Al-
though there are challenges in enhancing the measurement ac-
curacy of these devices, they are highly reliable in indicating
trends in hazard occurrence.

Furthermore, the relatively low cost of purchasing and operat-
ing sensor-based measurement devices, compared to traditional
high-cost equipment, facilitates their widespread installation.
This enables the real-time provision of exposure information
and its conversion into big data, which is a significant advantage
of using these low-cost sensors.

Aligning the distribution of measurement devices with indi-
viduals’ location data to estimate personal exposure levels is ex-
pected to establish the causal relationship between exposure and
health outcomes. Particularly, time-based digitalized data has
the potential to prevent exposures not only at the regional level
but also at the individual level, thereby reducing health risks.

Digital health information

Traditionally, health information has been measured in the hu-
man body using expensive equipment, requiring a doctor’s diag-
nosis in a hospital setting. The high costs and time demand asso-
ciated with these traditional methods have made continuous
monitoring challenging, limiting ongoing research into the cor-
relation between environmental factors and personal health data.
However, recent advancements in IoT-based miniaturization
technology have facilitated the development of various wearable
devices. These devices provide supplementary information that
aids medical professionals in making comprehensive and objec-
tive health assessments [12]. Despite these advancements, cur-
rent wearable devices still face issues such as low accuracy, large
size, and challenges with wireless capabilities and battery perfor-
mance. These limitations hinder the ability to collect biometric
data over extended periods [12]. There is an urgent need for the
development of ultra-low power, micro-sized wearable devices.
Such devices would enable continuous monitoring of health
changes over long periods in a preventive manner, especially for
non-therapeutic purposes like monitoring the health impacts of

exposure to environmental hazards [12,13].

Conclusions: applications and future of
digital environmental health

The recent shift toward a rapidly digitized environment has
opened up timely opportunities for research in environmental
health, particularly in the areas of prevention and cause identifi-
cation [14]. By incorporating temporal and spatial information
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into traditionally two-dimensional data, such as the presence or
concentration of hazardous substances, we can elevate this data
to a 3D or higher digital format. This transformation allows us to
transition from the qualitative environmental health research of
the past to a more progressive, quantitative approach. Specifical-
ly, digital environmental data, which is recorded in seconds and
archived continuously, can be analyzed using AI and machine
learning. This analysis can predict environmental exposures and
offer proactive preventive solutions.

Environmental health research using
health impact monitoring techniques

The current capacity to thoroughly track changes in patient
symptoms in response to environmental factors in South Korea
is limited. Technologies that allow real-time monitoring of indi-
vidual environmental factors or the maintenance of symptom
and observation logs are still under development. The approach
to promoting technological convergence in South Korea is dis-
jointed and spread across various ministries. The Ministry of Ed-
ucation, Science, and Technology supports the advancement of
convergence technologies through initiatives such as the “Future
Pioneer Project” (2022). Meanwhile, industrial ministries like
the Ministry of Trade, Industry, and Energy focus on merging
traditional industries with advanced technologies, including in-
formation technology and nanotechnology, to boost competi-
tiveness.

In South Korea, research primarily focuses on exposure assess-
ments and real-time measurement technologies for air pollutants
such as PM,, and PM, ;. However, there are practical challenges
associated with monitoring changes in indoor environmental
factors. These studies often depend on statistical or meteorologi-
cal modeling rather than direct sensing technologies. In contrast,
the U.S. National Science Foundation (NSF) has significantly
contributed to the development of micro-electro-mechanical
systems (MEMS). This has been achieved by establishing cen-
ters of excellence for micromachining and by supporting student
participation in conferences. Additionally, the NSF has support-
ed research across various fields related to MEMS, including
bio-environmental systems, chemical transport systems, civil and
mechanical systems, design and manufacturing, electrical com-
munication systems, and engineering education centers.

Given that vulnerable populations are more susceptible to al-
lergies, cardiovascular diseases, and chronic illnesses, it is neces-
sary to establish preemptive monitoring systems for key environ-
mental disease risk factors and develop response strategies as a

190

preliminary approach.

Wearable devices and service platforms are expected to be-
come powerful tools in women’s health management. These
technologies enable women to better understand and manage
their health across various domains, such as menstrual cycle
tracking, pregnancy and childbirth management, fitness, and
mental health care. As technology advances, these devices and
platforms are expected to provide more sophisticated and us-
er-friendly features, heralding a new era where women can take a
more proactive role in managing their health.
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