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Abstract — In the radiation industry, occupational health is a significantly important issue. As the workers
belong to a wide range of socioeconomic classes, the management of the health of the workers, especially in
a lower socioeconomic status, such as migrant workers, is essential. After the Fukushima Daiichi Nuclear
Power Plant (FDNPP) accident, migrant decontamination workers were recruited to help clean up and
mitigate the ionizing radiation in evacuation zone, in order to resume life. As this was the first attempt at
such decontamination work after a nuclear accident, these workers were the first to experience these
conditions. However, limited information is available on the health of the workers engaged in this work.
This paper comprehensively reviews the existing health risks faced by the workers after the FDNPP accident
to provide general health guidelines to mitigate the health risks of decontamination workers in future
disasters. Following previous literature, the health risks were categorized by those associated with
occupational hazards and those associated with the living environment. Not only a mitigation of the direct
occupational hazards, such as radiation exposure, work-related infection and trauma during work, but also
the management of lifestyle should be adequately supported for decontamination workers of future nuclear
disasters.
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1 Introduction

Occupational health is one of the growing global health
issues (World Health Organization, 2011). Half of the world’s
population is engaged in some form of employment and face
certain health risks related to that occupation. In particular,
vulnerable populations, such as older individuals and those
with a low socioeconomic status (SES) are more susceptible to
these risks because they often have difficulty in extricating
themselves from unfavorable conditions for socio-economic
reasons or physical and psychological disadvantages
(Bethel et al, 2011; Anikeeva et al., 2016). In order to
promote the health of the workers in the radiation industry,
who come from a wide range of socioeconomic backgrounds,
it is important to consider specific and nuanced methods to
improve their occupational safety.

Migrant workers, who migrate from their home place
(within or outside their home country) to pursue work, are a
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vulnerable population, both in terms of health and social status.
For example, it has been suggested that migrant agricultural
workers and miners are more likely to be exposed to a broad
range of occupational hazards (Mobed et al., 1992; Joyce, 1998)
as their low SES, which is measurable by the level of
education, income, and occupation, may be associated with
strenuous tasks (Singh et al., 1997; Muennig et al., 2007).
Exposure to occupational hazards may exacerbate the
unhealthy lifestyles and poor access to health services
associated with a deficit in social and economic resources,
leading to a higher mortality rate in migrant workers (Reid
and Sluis-Cremer, 1996). In order to promote their health, it
is imperative to pay attention to not only the prevention of
direct work-related diseases and injuries, but also a more
comprehensive health analysis. However, there is little
information available on the health of migrant workers, as
the migratory nature of their employment and lifestyle have
made a detailed investigation difficult.

After the Fukushima Daiichi Nuclear Power Plant
(FDNPP) accident, following the Great East Japan Earthquake
and subsequent tsunami in March 2011, a wide variety of
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workers have been engaged in different types of works to
mitigate the damage (Hiraoka ez al., 2015; Ohtsuru et al.,
2015). In the immediate aftermath of the accident, the Self-
Defense Forces, firefighters, and employees of Tokyo Electric
Power Company (TEPCO) and its related companies were
engaged in cooling the reactor and minimizing the spread of
radiation. Over the longer term, workers in decommissioning,
decontamination, and interim storage facilities for radioactive
waste have been working to bring the accident under control
(Ohtsuru et al., 2015). The decontamination work focused on
minimizing the external radiation exposure level to less than
1 mSv per year for residents living in the affected areas, as
measured after decontamination cleaning (Yasui, 2013). In
general, decontamination workers handle materials with high
levels of radioactivity, such as in highly contaminated areas of
the plant; however, post-Fukushima decontamination workers
operated in areas with lower levels of air-borne radiation in
order to clean up the living areas of the evacuation areas to
resume life after the nuclear accident. Many locally based
workers were recruited for the decommissioning work because
it will likely be a very long-term process (30—40 years);
according to a report from the TEPCO, approximately 60% of
the decommissioning workers were from Fukushima Prefec-
ture. However, the decontamination work required decon-
taminating large areas over a relatively short span of several
years, and saw an influx of workers from the construction
industry, coming from outside of the affected areas as a type of
migrant worker. Decontamination work is effective in
minimizing the exposure of residents in areas where
radioactive materials have been dispersed in a nuclear
accident, and the personnel involved in this work play an
important role for rehabilitation of the exclusion zone after a
nuclear disaster (Tsubokura et al, 2019). Therefore, it is
imperative to understand and manage their health appropri-
ately, and previous studies have shown that the decontamina-
tion workers after the FDNPP accident have been exposed to a
wide range of health risks beyond radiation exposure. While a
review of the health issues among workers associated with the
accident at the FDNPP has been published, limited information
was available on the health of the decontamination workers at
the time of this publication (Hiraoka et al., 2015).

This paper provides a comprehensive review of the
existing health risks among workers engaged in decontamina-
tion works after the FDNPP accident to provide general health
guidelines to mitigate the health risks of decontamination
workers of future disasters.

2 Living and working environment of
decontamination workers

At the peak of work between 2014 and 2016, 40 000—
50000 workers per year were recruited to Fukushima
Prefecture to minimize the external radiation exposure level
within the large areas where the radioactive materials were
dispersed following the FDNPP accident (Radiation Effects
Association, 2016). Many of the workers from outside the
disaster-affected areas lived in hotels and dormitories and
commuted daily by microbuses and shared vehicles from their
quarters to the site where decontamination work was being
performed (Hidaka et al., 2018). While a few of the hotels and

dorms had cafeterias, most of the facilities did not, and workers
were more likely to eat out or purchase a lunch box from
convenience stores, leading to unhealthy and unbalanced diets.

A majority of the decontamination workers were employ-
ees of a sub-contractor, which operated a joint venture with
major construction companies in decontamination work within
the area designated as an Exclusion Zone due to the release of
radioactivity from the stricken FDNPP (Sawano et al., 2020).
The duties of decontamination workers included cutting
bushes and plants, scraping up the surface soil, and packing
everything into container bags for proper disposal. They
typically worked an 8-hour day for 5-6 days a week (Sawano
et al., 2016a).

Decontamination workers for the FDNPP accident were
obliged to receive occupational safety training and radiation-
specific special education, which is generally required for
workers engaged in such decontamination work (Wada et al.,
2012). They also received a semi-annual ionization radiation
check-up and an annual general medical examination, as
required by law (Suzaki and Ariyoshi, 2009; Yasui, 2013).

3 Health risks of decontamination workers

Several previous reports have revealed a diverse range of
health risks among decontamination workers. In order to
understand the totality of health risks among the decontami-
nation workers, it is important to consider both the uniqueness
of the occupational environment and the demographics of the
workers, a considerable proportion of which were migrant
workers from outside of the disaster-affected areas. Following
the previous literature, their health risks were categorized by
those associated with occupational hazards and those
associated with the living environment.

4 Health risks associated with occupational
hazards

4.1 Radiation exposure

Decontamination workers in areas contaminated with
radiation after a nuclear disaster perform tasks such as cutting
bushes and plants, scraping up surface soil, and packing
radioactively contaminated materials into container bags
(Yasui, 2013; Yasui, 2014; Sawano et al., 2020). Therefore,
there is a risk of radiation exposure depending on the specific
task. However, the risk of radiation exposure for decontami-
nation workers in a chronic period of disaster recovery should
be still far below that of workers engaged in emergency work
immediately after a nuclear accident. In fact, previous surveys
revealed that the workers engaged in decontamination work
after the FDNPP accident were exposed to very limited
radiation, as mentioned below. Radiation exposure in
decontamination work can be divided into two categories:
external exposure, due to ionizing radiation, and internal
exposure, due to the inhalation of radioactive dust.

After the FDNPP accident, as countermeasures for external
radiation exposure for decontamination workers, measure-
ments of the ionization radiation were conducted using a
dosimeter. Further, a whole-body counter was introduced for
measurements of as internal radiation exposure for the
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workers. In the examination of the ionization radiation for the
decontamination workers, physical examinations by physi-
cians, laboratory examinations, eye examinations, and skin
examinations were conducted (Wada et al., 2012.) .

Additionally, although the workers dealing with soil and
dust, with dust concentration level exceeding 10 mg/m’, were
required to undergo a whole-body counter examination every
three months, in fact as the dust concentration measurements
imposed at each decontamination site were scarce carried out,
almost all decontamination workers underwent by a whole-
body counter examination (Wada et al., 2012.).

The accumulated data showed that none of the workers
associated with the FDNPP accident developed acute radiation
syndrome, and that the external radiation exposure of the
majority of the decontamination workers was very limited after
the FDNPP accident; the average annual effective dose from
external radiation exposure of a decontamination workerin 2015
was reported to be 0.6 mSv (Radiation Effects Association, 2016).
A previous report showed that the internal contamination among
the decontamination workers by using a whole-body counter was
below the detection limit for all of 83 workers who participated in
the study (Tsubokura et al., 2013).

These results have clearly demonstrated that the health
risks due to radiation exposure for decontamination workers
are distinctly different than those for workers who responded
to the accident in the immediate aftermath of the FDNPP
accident (Hiraoka ez al., 2015). Nevertheless, as a management
for radiation exposure, the Japanese government requires
employers of decontamination workers to keep records of their
radiation exposure for 30 years. And thus, it is important to
note that health effects beyond radiation exposure can be
significant to the overall health of decontamination workers.

4.2 Psychological problems

Decontamination workers may experience psychological
effects induced by anxiety toward radiation exposure and their
work and living environment. For example, a significant
increase in the rates of depression and suicide were reported
among workers involved in the decontamination process after
the Chernobyl accident (Rahu, 2003; Rahu et al., 2006; Rahu
et al., 2014; Bromet and Luft, 2015; Laidra et al., 2015).

There is evidence of a psychological impact on the workers
engaged in the decontamination after the FDNPP accident. For
example, a previous report suggested that anxiety about
radiation exposure among decontamination workers was
indeed present and may be particularly significant among
older workers, those without a contract, those without anyone
to talk to, and those with comorbid conditions (Hidaka ef al.,
2016). Moreover, one study demonstrated that the most
significant cause of anxiety among the decontamination
workers was the long-term stability of their employment,
while other studies suggested that anxiety may be exacerbated
by living in a company dormitory or changing jobs (Hidaka
et al., 2018). It has also been reported that education on the
work environment management such as the handling of
radiation detectors for the safety and health of decontamination
workers increases anxiety about radiation exposure possibly
thorough the increased radiation risk perception (Hidaka ef al.,
2019a, Hidaka et al., 2019b), suggesting the need to provide

mental health support in addition to a proper education and
training in radiation exposure for decontamination workers.
These results suggest that decontamination workers have
concerns related to their working and living environments in
addition to their concerns about radiation exposure. The effects
specific to decontamination workers may be indistinguishable
from the problems associated with workers with generally low
SES and employment instability. In a meanwhile, few studies
have examined whether this is linked to poorer outcomes, such as
suicide, and more research is warranted in future preparedness.

4.3 Heat stroke

Since the accident at the FDNPP, rehabilitation work,
including decontamination work, has been carried out.
Decontamination work is essentially outdoor work and is
affected by weather conditions such as temperature and
humidity. During these tasks, heat stroke has presented as a
problem for the workers and volunteers, especially during the
summer period. The Ministry of Health, Labor, and Welfare
issued heat stroke countermeasures, including starting work
early in the morning in the summer periods and stopping work
during the hottest hours of the afternoon. However, itis important
for the workers themselves to be aware of the importance of heat
stroke prevention because the onset of heat stroke is related to
their physical condition; however, there are indications that this
awareness is low, especially among the workers aged 30 years
old or younger (Endo ef al., 2017). In reality, there is a limit to
what supervisors and companies can do to prevent heat stroke,
and it is necessary to improve the education of the individual
workers; however, there is limited information on what kind of
education was provided to the individual decontamination
workers. Decontamination work, especially in evacuation areas
where equipment and medical facilities are limited, requires full
preparation for heat stroke including intensive daily education,
and encouraging workers to live a healthier lifestyle and to take
the appropriate preventative measures.

4.4 Trauma and bite injury

Decontamination workers are at risk of injuries due to
various factors associated with outdoor work. Typical injuries
are trauma due to falls, bites from wild animals, and
Hymenoptera stings. For example, in decontamination work,
there is a risk of falling due to working at heights, such as on
rooftops and piled-up container bags containing decontami-
nated waste. There are also reports of trauma from falling into
ditches, hidden by overgrown vegetation in the evacuation
area, as it is inaccessible and devastated (Sawano et al., 2020).
Additionally, the risk of Hymenoptera stings and snakebites
has been evaluated to be elevated in such areas (Ozaki et al.,
2016; Ozaki et al., 2017). Surprisingly, while trauma during
work is generally considered an occupational injury and the
associated medical fees are supposed to be covered by the
Industrial Accident Compensation Insurance, it has been
reported that this is not properly administered and that for a
portion of the workers, especially in low SES, these
commitments are not honored (Sawano et al., 2020). In the
case of critical trauma, the limited number of medical institutions
capable of providing advanced medical care in the area can easily
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lead to trauma deaths that could have been prevented. Measures
to prevent such events, including the proper preventive
management of the occupational injury of the workers, are
essential for future nuclear disaster preparedness.

4.5 Infections

In the living environment of the decontamination workers,
specific occupational and living conditions may cause the
development of infectious diseases. There have been no such
reports from the Chernobyl accident or in any previous nuclear
disasters. However, after the FDNPP accident, dust from the
excavation of topsoil and aerosols from high-pressure washing
used in decontamination has been reported to increase the risk of
Legionnaires’ disease (Sawano et al., 2018). Additionally, the
living environments of decontamination workers, such as those
living in hotels or dormitories, may contribute to the spread of
various infections. As discussed below, a considerable propor-
tion of decontamination workers have poor control of non-
communicable diseases (NCDs) such as diabetes, which can
exacerbate such infections (Sawano et al., 2016a). To mitigate
the risk of the spread of infectious diseases in the occupational
and living environments of decontamination workers, specific
provisions, including personal protective equipment such as
paper masks, the disinfection of water supplies, improving the
working environment such as mitigating development of dust,
and educating employees, can all be effective.

5 Health risks associated with the living
environment

5.1 Alcohol drinking and smoking

Previous studies have reported high rates of alcohol
consumption and smoking among decontamination workers
following the FDNPP accident (Sawano et al., 2016b). After
the Chernobyl accident, workers engaged in clean-up work in
Estonia were also reported to be significantly more susceptible
to issues with alcohol (Laidra et al., 2015). This is in part due to
their social and industrial background. For example, a
considerable proportion of the decontamination workers were
migrant workers, and their low SES partly caused this status
(Sawano et al., 2016b). In addition to this background, many of
the decontamination workers came from the Japanese
construction industry, where the smoking rate is high
(Ham et al., 2011). In recent years, it has been pointed out
that the social disparity in smoking rates has been increasing in
Japan (Tanaka er al., 2020). Additionally, the amount of
alcohol consumed may increase as migrant workers move
away from their families. Because drinking and smoking can
cause the development of and exacerbate physical and mental
disorders, appropriate measures should be taken to promote the
health of decontamination workers after a nuclear accident,
who may have mental stress toward radiation exposure.

5.2 Obesity

The prevalence of obesity was high among decontamina-
tion workers after the FDNPP accident (Sawano et al., 2016b).
In our unpublished analysis, approximately 50% of the healthy

decontamination workers were obese, while the national level of
prevalence of obesity in 2018 in Japan was 32.2%. As mentioned
previously, many decontamination workers, especially migrant
workers from outside the disaster-affected area, lived in
dormitories or hotels, which may have contributed to their poor
eating habits, such as eating out every day as well as the difficulty
in maintaining an exercise routine (Hidaka et al., 2018). Because
obesity is strongly correlated with the prevalence of NCDs such
as diabetes mellitus, it is important to intervene to improve the
lifestyle of workers, including their dietary habits, when large
numbers of workers are recruited from areas outside of the
disaster-affected regions.

5.3 Non-communicable diseases

After the FDNPP accident, a high prevalence of NCDs
such as hypertension, dyslipidemia, and diabetes were noted
among the decontamination workers, most likely related to the
aforementioned obesity, alcohol consumption, smoking, and
dietary issues (Sawano et al, 2016b). In contrast, for the
workers engaged in post-Chernobyl decontamination process,
the focus has been on the psychological effects, with very
limited reports of an increased prevalence of NCDs
(Rahu, 2003; Rahu et al., 2014). This fact may be attributed
to the higher SES of the population, as it was primarily military
personnel that were engaged in the Chernobyl accident.
Additionally, the workers in the Chernobyl accident had a
higher risk of radiation exposure than in the decontamination
workers for the FDNPP accident. Previous studies on the
FDNPP accident indicated that there may be a higher
proportion of people with a low SES among the severely ill
decontamination workers who required hospitalization, indi-
cating that the health risks of the decontamination workers may
be related to not only their lifestyle but also their SES (Sawano
et al., 2016b). After the FDNPP accident, decontamination
workers were required to undergo general medical examina-
tions once a year in addition to semi-annual ionizing radiation
examinations (Suzaki and Ariyoshi, 2009; Wada et al., 2012.).

However, the effectiveness of these examinations is in
question. Because the prevalence of hypertension, dyslipide-
mia, and diabetes is linked to the development of more life-
threatening NCDs, such as acute coronary syndrome and
strokes, more careful measures should be taken to improve the
overall health of decontamination workers, including mod-
ifications to their lifestyle.

6 Discussion

From a review of past studies, it was determined that there
is a high likelihood that decontamination workers will
experience adverse health risks stemming from their working
and living environments. Additionally, these two risks
associated with their working and living environments can
interact with each other. For example, one case report
highlighted a case where a decontamination worker with
poorly controlled diabetes contracted an infectious disease,
possibly at work, which resulted in his eventual death
(Sawano et al., 2016a). Considering such a condition that
decontamination workers experience, current measure may not
be sufficient for health risks arising from the working and
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living environment. Additionally, the socioeconomic vulnera-
bility of many of the decontamination workers can lead to or
exacerbate the inadequate management of their occupational
safety. A previous study suggested that companies may not be
properly reporting when decontamination workers suffer
occupational injuries, which may prohibit their access to
medical care (Sawano et al., 2020). Therefore, because the
health risks to decontamination workers are due to both their
working and living environments, multifaceted measures are
required to comprehensively address their healthcare needs.

Interestingly, the backgrounds of the decontamination
workers from the FDNPP accident and those from the
Chernobyl accident are very different. First, there was no
attempt at decontaminating living areas for residents return to
former evacuation areas after the Chernobyl accident; the
decontamination effort, focused on lifting the evacuation order
after the FDNPP accident, was the first attempt of this type
after a nuclear accident. Therefore, the workers involved in this
work were also the first population of this type worldwide.
Additionally, the risks of radiation exposure and the level of
anxiety among the workers were significantly different
between the Chernobyl and Fukushima accidents, reflecting
the difference in the scales of the two accidents and the site of
decontamination (e.g. living areas for residents after the
FDNPP accident). Further, reflecting social and cultural
context, many of the workers involved in the decontamination
work were military personnel in the Chernobyl accident;
whereas in Japan, many of the workers had socially
disadvantageous backgrounds. The backgrounds of workers
responding to a nuclear disaster are likely to vary depending on
the sociocultural background of the country where it occurs,
and thus a flexible response based on its own background
should be required for better health among the decontamina-
tion workers.

In any social and cultural context, the provision of
inadequate healthcare for decontamination workers not only
can link to their poor prognosis such as physical disability and
deaths, but can even have a negative impact on the local
population in disaster-affected areas after a nuclear accident.
As the healthcare resources in areas affected by a nuclear
disaster are consumed, there is an increased risk of a poor
prognosis if a decontamination worker develops a serious
illness in these areas. Furthermore, the local population is also
at risk of experiencing restricted access to healthcare if limited
healthcare resources are allocated for decontamination workers.
Because it is difficult to increase the available medical resources
in disaster-affected areas following a nuclear disaster, both in
terms of cost and logistics, the prevention of serious illnesses
among decontamination workers and the promotion of their
general well-being is paramount in preparing for future nuclear
disasters.

7 Conclusions

In the decontamination work following a nuclear disaster, a
large number of migrant workers may temporarily flow into
disaster-affected areas because of the large volume of work.
Depending on the sociocultural background of the country
where the nuclear disaster occurs, people from a wide range of
social classes, including those with low SES, may be involved

in the work. Therefore, it is necessary to prepare for the
comprehensive support of decontamination workers, which
includes the effective management of diseases related to
lifestyle, in addition to occupational hazards stemming from
the unique work environment, such as radiation exposure,
work-related infection and trauma during work, for future
nuclear disaster preparedness.
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