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ABSTRACT

Herein we summarize the public health actions taken to mitigate exposure of the public to radiation after the
Fukushima accident that occurred on 11 March 2011 in order to record valuable lessons learned for disaster pre-
paredness. Evacuations from the radiation-affected areas and control of the distribution of various food products
contributed to the reduction of external and internal radiation exposure resulting from the Fukushima incident.
However, risk communication is also an important issue during the emergency response effort and subsequent
phases of dealiing with a nuclear disaster. To assist with their healing process, sound, reliable scientific information
should continue to be disseminated to the radiation-affected communities via two-way communication. We will
describe the essential public health actions following a nuclear disaster for the early, intermediate and late phases
that will be useful for radiological preparedness planning in response to other nuclear or radiological disasters.

KEYWORDS: disaster preparation, Fukushima, nuclear disaster, public health, radiation exposure, risk
communication

INTRODUCTION
During radiological emergencies, many public health actions need to
be coordinated in order to best protect the health of the affected popu-
lations. As has been recently pointed out, such public health protec-
tions may need to be enforced for years to come [1]. The following
presents the case of the public health actions taken after the Fukushima
earthquake, tsunami, and subsequent radiological disaster of 2011.

The Great East Japan Earthquake and Tsunami of 2011, a magni-
tude 9.0 earthquake with a 14-m or more tsunami following, occurred
on 11 March 2011. This disaster left approximately 18 000 people
dead or missing. The Great East Japan Earthquake and Tsunami
severely damaged the Fukushima Daiichi Nuclear Power Plant 1
(henceforth referred to as the ‘damaged reactors’), owned and oper-
ated by the Tokyo Electric Power Company (TEPCO), resulting in a
large release of radioactivity into the environment. Radionuclides

were released into the atmosphere by hydrogen gas explosions from
the damaged reactor [2]. This serious event has been temporarily
classified as Level 7 on the International Nuclear and Radiological
Event Scale (‘Severe Accident’), which was also applied in the case of
the 1986 Chernobyl power plant accident. The Nuclear and Indus-
trial Safety Agency of Japan (NISA) reported that 1.6 × 1017 Bq of
131Iodine (131I) and 1.5 × 1016 Bq of 137Cesium (137Cs) were released
into the environment during the Fukushima event [3]. In comparison,
1.8 × 1018 Bq of 131I and 8.5 × 1016 Bq of 137Cs were released into
the environment in the Chernobyl accident [4, 5]. Japan declared a
nuclear emergency after the failure of the cooling system at the
damaged reactors. International Commission on Radiological Protec-
tion (ICRP) Publication 109 indicated that a reference levels should
be set in the band of 20–100 mSv effective dose (acute or per year),
so the Japanese government tried to limit additional public exposure
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to radiation to under 20 mSv/year [6]. There are early, intermediate
and late disaster response and recovery phases, which have distinctive
public health characteristics and parameters. The early phase is
dealing with the atmospheric transport of the initial radioactive
plumes, which involved the radionuclides of 131I and 134Cs/137Cs in
the Fukushima prefecture event for at least 2 weeks after the accident.
There are two main ways that radiation exposure occurs with
humans: external exposure from radionuclides deposited on the
ground and in the radioactive cloud, and internal exposure from inhal-
ation and ingestion of radionuclides in the radioactive cloud and in
contaminated food and water, respectively. It is important to avoid
the acute doses from inhalation (131I for exposure to the thyroid),
and from external exposure (134Cs/137Cs, whole body) by evacuating
the affected populations and administering stable iodine (KI) (block-
ing the radioactive 131I intake). In the intermediate phase, the
primary concerns are regarding sheltering, relocation, control of the
radioactively contaminated environment, and foods or drinking water
intake controls. In the late response and early recovery phases, long-
term management and monitoring are necessary to lay the founda-
tion for the long recovery process. Thus, the long-term health of
exposed populations requires continued public health tracking.

EVACUATIONS
Approximately 150 000 people in the Fukushima prefecture were
evacuated in response to the 2011 Fukushima radiological incident.
Evacuation from the 3-km zone was ordered at 21:23 on the evening
of 11 March. The evacuation zone was extended to 10 km away from
the damaged reactor at 5:44 on 12 March. Finally, the evacuation
zone was extended to 20 km within 24 h of the initial release from
the damaged reactor. Although some people in the prefectures neigh-
boring Fukushima were voluntary evacuated, mandatory evacuation
due to radiological exposure risk was ordered by the Japanese govern-
ment only in regions of the Fukushima prefecture. Evacuation of hos-
pitalized patients within 20–30 km of the damaged reactor was
commenced on 15 March 2011 and completed on 18 March 2011.
Some elderly hospital patients died during their transportation. This
concern has been well documented by other groups [7, 8].

For predicting the atmospheric transport of radioactive materials,
a System for Prediction of Environmental Emergency Dose Informa-
tion (SPEEDI) was utilized [9]. Unfortunately, the data from SPEEDI
had not been used when setting evacuation areas during the early
phase of the Fukushima incident. Although residents had been told
repeatedly that the radiation level was tolerable, on 11 April 2011
evacuation zones were suddenly extended to incorporate those areas
where residents would potentially be exposed to a cumulative effect-
ive dose >20 mSv in the first year if they were not evacuated. Resi-
dents and some evacuees from the initial evacuation zone were still in
this area at that early stage after the Fukushima event. Therefore,
untill 16 June 2011, people had been evacuated from these locations.
This secondary evacuation caused confusion and mistrust among
residents of the area because many were being evacuated for the
second time.

IODINE PROPHYLAXIS
In Japan, people usually eat large amounts of seafood, which contains
a high concentration of stable iodine [10]. Iodine deficiency is rare in
Japanese people, unlike in the people around the Chernobyl Nuclear

Power Plant. As mentioned by the World Health Organization
(WHO) [11], the high iodine content of the Japanese diet may
reduce the uptake of radioactive iodine by the thyroid. At the time of
the earthquake, stable iodine had not been pre-distributed to house-
holds in Japan. On 13 March, the Central Nuclear Emergency
Response Headquarters (NERHQ) instructed evacuees less than 40
years of age to receive stable iodine for the protection of their thyroid
from radioiodine as a precaution due to their potential radiation
exposure of >10 000 cpm. Administration of stable iodine was not
advised for people over 40 years of age because the risk of radiation-
induced thyroid cancer is considered to be low in this age group. On
15 March 15 2011, the Nuclear Safety Commission (NSC) advised
that the daily potassium iodide (KI) dose was 100 mg for children
>13 years of age, 50 mg for children 3–13 years of age, 32.5 mg for
infants 1 month – 3 years of age, and 16.3 mg for new-born infants
under 1 month of age. Medical personnel were required to assist with
the administration of stable iodine to patients with an iodine allergy
or thyroid disease. However, this order for administration of stable
iodine was not properly communicated to evacuees due to the confu-
sion under the complex disaster circumstances, and KI was not admi-
nistered to the general population except in a few local areas. In
contrast, first responders, such as emergency workers at the Fukush-
ima Nuclear Power Plant, were given KI. After the accident, the
Nuclear Regulation Authority mandated the pre-distribution of KI by
the local government in case of future accidents [12].

MORGUE MANAGEMENT
Management of dead bodies during disasters is a major public health
concern. However, the many deaths in this event were all caused by the
tsunamis, not by the radiation exposure. We translated the text of
‘Management of Dead Bodies after Disasters: a Field Manual for First
Responders’ published by the Pan American Health Organization into
Japanese and made it electronically available to emergency managers
[13]. Initially, radionuclide-contaminated dead bodies from inside the
evacuation zone (within 20 km of the damaged reactor) were washed
with water and then transported to outside the evacuation zone. The
Ministry of Health, Labour and Welfare (MHLW) rapidly provided a
manual for screening dead bodies that was followed in the evacuation
zone (within 20 km of the damaged reactor) [14] because such guide-
lines were not available there. Decontamination was then to be carried
out by clothing removal, then the body re-surveyed for radioactivity.
Then the dead bodies whose dose rates were less than 10 μSv/h were
treated, as with uncontaminated dead bodies. Decontaminated dead
bodies with count values >10 μSv/h were washed with a wet towel and
then covered with cloth and retained for identification. Initially dead
bodies were buried temporarily due to a lack of crematories; however,
within a few months almost all dead bodies were cremated.

FOOD AND DRINKING WATER SUPPLY
PROTECTON

Before the Fukushima accident, the Japanese government prepared a
safety manual for measuring the radioactivity of foods and indices for
Food and Beverage intake restriction [15]. These Indices were
derived from research following the earlier nuclear accident at the
Chernobyl Nuclear Power Plant [15]. The MHLW adopted these
Indices as provisional regulation values on 17 March 2011.
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Provisional regulation values (PRVs) were based on protective action
guides (PAGs) of a 50 mSv/year of thyroid equivalent dose for radio-
active iodine and tellurium (131I, 132I, 133I, 134I, 135I, 132Te) and a 5
mSv/year for the effective dose for radioactive cesium and strontium
(134Cs, 137Cs, 89Sr, 90Sr) during radiological emergency situations.
The basic concept of PAGs and derived intervention levels (DILs)
for food control in the Fukushima radiological emergency were
described by Yamaguchi in a previous paper [16]. Briefly, after con-
sidering the radionuclide transfer characteristics, foods were grouped
into five categories: drinking water, milk and dairy products, vegeta-
bles, grains, and others (meat, eggs, fish, nuts, etc.). We assumed that
people continued to consume foods from the affected area. Derived
regulatory values for the intake of each food category were calculated
so that the permissible dose would not exceed 5 mSv/year. Non-
contaminated food on the market diluted the concentration of contami-
nated radionuclides in the food supply. Thus, the average concentration
of contaminated food was assumed to be half of the peak concentra-
tion for the long-lived radionuclides of cesium (physical half-life: 2
years for 134Cs and 30 years for 137Cs) for the induction of DILs.
However, that assumption was not applied for short-lived radionu-
clides of 131I (half-life: 8 days), where we used a dilution factor of
1. The new standard limits for radioactive cesium were established
with the goal that the effective dose of radionuclides (including
137Cs, 90Sr, 106ruthenium (106Ru-106), plutonium (Pu) would not
exceed 1 mSv/year in affected populations [16]. Standard limits were
not established for radioactive iodine (which has a short half-life and
is no longer detected at this time) or uranium (the uranium levels are
almost the same level in the nuclear power plant site as in the natural
environment). We determined that the intervention level to assign to
general foods was 100 Bq/kg (500 Bq/kg in general foods for previ-
ous PRV) by taking into consideration the food intake and dose coef-
ficient according to specific age categories. According to the MHWL
estimation of effective dose from radioactive cesium based on the
monitoring data of the radionuclides in foods, the median total com-
mitted effective dose was 0.043 mSv; the 90th percentile was 0.074
mSv when non-detected samples were set to be the detection limits
for each measurement or 10 Bq/kg for 134Cs and 137Cs, respectively
[17]. Natural background radiation has been estimated at 2.4 mSv/
year in the world and 2.09 mSv/year in Japan [18, 19]. Compared
with natural background radiation, the internal radiation exposure
due to contaminated food affected by the Fukushima accident was at
a low level. However, some residents outside the evacuation zone
might have consumed highly contaminated local food or water before
regulation values were in effect. At that time, many residents suffered
from a shortage of fresh food and water because of the earthquake,
and local farmers had no means of knowing whether their fields were
contaminated or not. Some further consideration of the magnitude of
any high-dose exposure arising via the ingestion pathway for people
outside the evacuation zone might be worthwhile.

EXPOSURE ESTIMATION
Many steps were taken to monitor the radioactivity within the air
after the Fukushima event. Various monitoring data from the
damaged reactor area suggested that the radiological air emissions
occurred from hydrogen explosions, venting and leakage throughout
the month of March 2011 [20]. For the rapid assessment of dose
rates, a car-borne radiological survey was performed along a motor

vehicle expressway northwest of the damaged reactor [21]. The
maximum dose rate observed was 11 μGy/h between Fukushima
City and Osaki City on 16 March 2011 [21]. In addition to monitor-
ing the ambient radiation dose rate, additional testing was done to
measure the radioactive contamination of surfaces, like skin and cloth-
ing, of 219 743 evacuees and emergency responders [22, 23].

A basic survey (part of the Fukushima Health Management
Survey) began at the end of June 2011 to estimate levels of external
radiation exposure, based on behavioral records. Individual external
exposure was estimated, based on a respondent’s trail, using the
system for external exposure dose assessment developed by the
National Institute of Radiological Sciences in Japan. Almost all
people (99.9%) measured <10 mSv of committed effective dose [24].
Internal contamination can be estimated for evacuees and emergency
responders by a nasal smear. However, this test was not carried out
because of the many logistical challenges under the complex disaster
circumstances. Therefore, such data were not available in the Fukush-
ima incident. The local nuclear emergency response headquarters
performed a simplified survey using a Sodium Iodide (NaI) scintilla-
tion survey meter for thyroid internal exposure to radioiodine, par-
ticularly 131I [25]. From 28–30 March 2011 they surveyed 1149
children aged 0–15 years who were living in areas with relatively high
radiation dose rates (Iwaki City, Kawamata Town and Iitate Village).
Sixty-six people were unable to be measured appropriately due to a
higher radiation background from radio-contaminated soil at the
survey site. The thyroid radiation dose was estimated for other groups
[26, 27]. The survey results for all people tested were below a thyroid
equivalent dose of 100 mSv. For Fukushima residents in areas where
the possibility of internal exposure might be relatively high, internal
radiation levels were measured using a whole-body counter (WBC)
within two years of the disaster [28, 29]. Almost all people (99.9%)
measured <1 mSv of committed effective dose. Only 26 of the 90 024
total people tested measure >1 mSv. The maximum internal exposure
level was 3 mSv. Fortunately, no case of acute health problems result-
ing exclusively from radiation exposure has yet been reported in the
Fukushima event. Thus, Fukushima area residents and emergency
responders were apparently not exposed to radiation doses higher
than the threshold for induction of deterministic effects.

The WHO conservatively estimated that the effective doses
during the first year following the Fukushima event in the most
affected region of Namie town and Iitate village would have been 10–
50 mSv [11] if they had not been evacuated. These values have been
revised to 12–25 mSv [30]. In the rest of Fukushima prefecture, the
effective dose was estimated to be within a dose band of 1–10 mSv.
Effective doses for most of Japan were estimated to be within a dose
band of 0.1–1 mSv, and in the rest of world, all the doses were esti-
mated to be <0.01 mSv [11]. As described in the WHO reports, a
comparison was made between the doses estimated by WHO and
those estimated from direct measurements of radionuclides in Japa-
nese residents. This gave the government health officials confidence
that the estimated doses did not underestimate the actual dose in
Japan [11]. The United Nations Scientific Committee on the Effects
of Atomic Radiation (UNSCEAR) estimated that the evacuation of
settlements within the 20-km zone averted effective doses to adults of
up to ∼50 mSv and absorbed doses to the thyroid of 1-year-old
infants of up to about 750 mGy [31]. Although UNSCEAR estimated
radiation doses to the public by assuming more realistic scenarios
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than those that WHO adapted, there are still uncertainties associated
with the results as a result of incomplete knowledge and information.

For example, to estimate the maximum ingestion dose among
general residents in Fukushima precisely, more detailed analysis
should be considered.

DECONTAMINATION AND DECOMMISSIONING
In order to mitigate public radiation exposure from contaminated
soil, the Japanese government decided to carry out decontamination
work. Establishing the Act on Special Measures concerning the
Handling of Pollution by Radioactive Materials that was fully put into
force on 1 January 2012, the Ministry of Environment committed
itself to measuring and monitoring the radioactive contamination of
the environment, and to processing the disposal of contaminated soil
and wastes removed by decontamination activities. The Japanease
goverment conducted the decontamination work in a special decon-
tamination area within the former restricted zone or planned evacu-
ation zone, whereas it was conducted by each municipality in other
areas where the air dose rate was >0.23 μSv/h (equivalent to 1 mSv/
year). The aim of decontanination is to reduce the additional expos-
ure dose to <1 mSv/year for areas where the radiation exposure dose
is <20 mSv/year. In the case of a radiation exposure dose range from
20 to 50 mSv/year, the long-term aim of decontamination is to
reduce the additional radiation dose to <20 mSv/year in residential
and farmland areas. Decontamination should be implemented taking
into consideration in future decontamination policy for extremely
high-dose areas of >50 mSv/year. Radiation protection should be
planned for workers, including decontamination workers. This topic
has been well documented in another paper [32]. We also summar-
ized health management and radiation protection for radiation
workers involved in the Fukushima accident in a previous paper [33].
In addition, the radiation safety of radiation workers engaged in
decommissioning the nuclear power plant should be secured. During
the fiscal year ending November 2014, radiation doses of 17 317
workers at the Fukushima Daiichi Nuclear Power Plant were moni-
tored. Among these, although radiation doses to 468 workers were
>20 mSv, all workers were <50 mSv [34].

RISK COMMUNICATION
Risk communication is considered an important issue during the
early emergency situation [35]. Appropriate and targeted risk com-
munication can help to reduce the health impact of radiation emer-
gencies and help promote food safety and food security [36]. The
risk communication scientific literature has significantly contributed
to our current understanding of the existing exposure situation in the
Fukushima region today. WHO is trying to develop a risk communi-
cation tool that can guide policy makers, national and local govern-
ments and the medical community to establish risk consensus in
public communication.

Communication difficulties between local governments, scientific
experts and the local citizens were a major concern during the early
radiation safety response in the Fukushima incident, and they have
been recognized to be one of the difficult issues in affected areas
during three years. Confusing messages in the inital phase (such as
the reference level for schools), confusion about setting of deliberate
evacuation areas, and difficulties in human relationships exacerbated
by compensation issues associated with specific spots recommended

for evacuations and the surrounding areas caused severe difficulties in
risk communication. Public health nurses have been assisting in the
recovery of local communities by empowering them [37]. Public
health nurses have strong communication skills. Improving nurse's
health literacy skills helps in the process of effective communication.
WHO reported that mental, psychological and central nervous
system effects following the Chernobyl accident were due to the
mental stress from fear of radiation exposure [38]. The same thing
has been occurring again after the Fukushima incident [39]. There
are serious concerns about mental health in relation to the Fukushima
incident, including stress-related symptoms, and a potentially elevated
suicide rate in Fukushima clean-up workers. The reference dose was
changed from 1 mSv/year to 20 mSv/year under the existing expos-
ure situation after the Fukushima incident, consistent with ICRP pub-
lication 60 [40]. This change was not acceptable to the public due to
the lack of proper risk communication. Risk communication should
be organized according to a sound strategy based on public health
ethics and scientific evidence [36]. Messages to the public about the
radiation risks due to the Fukushima nuclear disaster have been mis-
understood because of the inappropriate manner of risk communica-
tion that has been used, without deep consideration of the situation
of each person within the audience. We learned that to deal with the
difficulty of risk communication we should strengthen the relation-
ship with social scientists to find good approach. Stakeholder involve-
ment in post-nuclear or post-radiological emergency management is
a key to resolving this problem. Indeed, stakeholder involvement in
preparedness planning in the UK seems to be partially adaptable to
the situation in Fukushima [41–43]. For example, one of the main
topics for the UK Agriculture and Food Countermeasures Working
Group in this workshop was the issue of the disposal of contaminated
dairy milk, which was a very real issue in Fukushima [44]. Also, in the
workshop organized by the Organisation for Economic Co-operation
and Development – Nuclear Energy Agency to discuss issues con-
cerning recovery from a nuclear accident, involving relevant stake-
holders in Fukushima, it was suggested that the stakeholder
involvement provided a good opportunity for networking together to
resolve the outstanding communication challenges.

PUBLIC HEALTH PREPAREDNESS FOR FUTURE
NUCLEAR DISASTERS

Development of planning guidance is proposed for preparation in
advance of a nuclear detonation [45]. The International Atomic
Energy Agency (IAEA) previously published information on the
importance of preparedness and emergency management plans in
response to a nuclear disaster on public health [46, 47]. We have
summarized public health actions after the Fukushima incident in
order to provide valuable lessons for disaster preparedness (Table 1).
Because this disaster was a combined severe disaster involving envir-
onmental contamination, evacuation of hospital patients and elderly
persons who were not ambulatory created many challenges. Some of
evacuees from Fukushima were rejected in hospitals and nursery
homes basically due to confusion over radiation risk. Although the
Radiation Emergency Medicine Information network (REMNET)
(an informative website for radiation emergency medical information
in Japan) has been established and provides many training courses,
secondary or lower-level network hospitals did not sufficiently receive
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such training. Because it is very common for each hospital to treat
radioactive patients outside a nuclear medicine department, the
general principle should be preparedness for radiation protection in
the entire hospital. Furthermore, although REMNET has provided
educational courses that have dealt with internal radiation exposure,
training for external measurement using a WBC was insufficient for
almost all hospitals equipped with WBCs, and the use of bioassay
samples, such as nasal swabs, were very limited. In addition, the

public health rationale for exposure screening using a survey meter
was not well communicated in Fukushima. The main role of such
screening should be for iodine prophylaxis decision-making. Exces-
sive attention to decontamination and the lack of sufficient decon-
tamination resources due to the massive contamination in Fukushima
caused the change in the screening level to rise from 13 000 cpm to
100 000 cpm. This level corresponds to a dose rate of 1 μSv/h at a
distance of 10 cm as the screening level of first responders, according

Table 1. Public health actions after the Fukushima incident

What has been done at the
Fukushima incident

Problem to be solved Proposed guideline for nuclear disaster
preparedness

1. Evacuations • Evacuation zone was set
within 24 h after the
initial release from the
damaged reactor.

• Evacuation of
hospitalized patients
within 20–30 km from
the damaged reactor was
delayed.

• Setting of planned evacuation
areas and transition from the
emergency exposure situation to
the existing exposure situation.

• Some hospital patients with
advanced disease died during
transportation.

• Radioprotection action of
evacuation should be done
1 day after a nuclear incident
according to the
contamination level (Refer to
Operational Intervention
Level) and step-by-step
radiation protection
considering the local
situation.

• Pay attention to evacuation of
hospital patients immediately
after the nuclear incident.

2. Exposure
estimation

Radiological assessments were
utilized for dose estimation
including internal dose of
thyroid exposure.

• Due to the high background
radiation, the detection limit was
elevated so that
radiological judgement became
difficult for relatively lower
exposures.

• Individual dose calculation is
challenging to estimate at present
because of insufficient datasets.

• Monitoring systems should
be prepared on the
assumption of insufficient
materials due to the complex
disaster.

• Biospecimens shoud be
collected during the
emergency exposure situation
for later dose accuracy
etimation.

3. Iodine
prophylaxis

NSC advised nuclear emergency
response headquarters on
administration of stable iodine
in case surface contamination
was above 10 000 cpm by using
ordinary GM survey meters.
However, headquarters failed to
instruct local governments.

Administration of stable iodine was not
conducted for the general population.

• Stable iodine should be
administrated to people who
are potentially exposed to a
thyroid equivalent dose of
>50 mSv.

• Local governments should
provide stable iodine to the
general public.

4. Risk
communication

Lack of proper risk
communication during the
emergency exposure situation.

• Misunderstanding of messages to
the public about the radiation
risks.

• Difficulty of risk communication
without a planned strategy and
scientific evidence in social
sciences.

• Building capacity in risk
communication and paradigm
shift in communication
approaches are challenging
issues.
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to the ‘Manual for First Responders to a Radiological Emergency’ pub-
lished by the IAEA [48].

Essential public health actions are depicted in Fig. 1 for ‘emergency
exposure situations’, ‘existing exposure situations’ and ‘planned expos-
ure situations’, as defined by ICRP [49]. In an emergency situation,
evacuation and food control during the early phase of the emergency
response contributes to mitigating human exposures to radioisotopes
after the nuclear disaster. Monitoring radio-contamination data during
the emergency exposure situation, such as monitoring of radioactivity
concentrations in air, radioactive contamination of surfaces, internal
contamination of a nasal smear and thyroid internal exposure, are
essential for accurate estimation of the effective doses. Under the exist-
ing exposure situation, there have been major concerns about public
health and the future of the Fukushima children due to internal expos-
ure caused by food consumption and external exposure during daily
life. In order to return to their hometown, decontamination was
carried out in radiation-affected areas to reduce the existing radiation
exposure dose. For the people who live in these affected areas, we
should provide accurate radiological evaluations of sustainable living
conditions, including assessments based on their respective lifestyles
and livelihoods. In the preparation phase, evacuation and monitoring
systems should be planned in cooperation with local communities.
Strategies for responding to a nuclear disaster should be developed by
the stakeholders in preparation for a future nuclear disaster.

All aspects of daily life in Fukushima have been affected by the
nuclear disaster. The rich agricultural environment of Fukushima has
been ruined. Although members of the public were exposed to low
levels of radiation from Fukushima incident, we should continue to
support risk communication activities in Fukushima about the public
health ethics perspective under the existing exposure situations so

that public health is protected. We need to tackle radiological pre-
paredness planning for public health in case of future nuclear disas-
ters under preparation phase.

ACKNOWLEDGEMENTS
We are thankful for the cooperation of the many leaders in the local
governments who facilitated these public health actions in response
to the Fukushima incident. This study was partially supported by the
Japanese Ministry of Health, Labour, and Welfare; the Special
Research.

FUNDING
Funding to pay the Open Access publication charges for this article
was provided by the National Institute of Public Health.

REFERENCES
1. Bird WA, Little JB. A tale of two forests: addressing postnuclear

radiation at Chernobyl and Fukushima. Environ Health Perspect
2013;121:a78–85.

2. MEXT. Results of airborne monitoring by the Ministry of Educa-
tion, Culture, Sports, Science and Technology and the U.S.
Department of Energy. http://www.mext.go.jp/component/english/
__icsFiles/afieldfile/2011/05/10/1304797_0506.pdf (8 February
2013, date last accessed).

3. IAEA. Evaluation of the amount released into the atmosphere
from the NPS. Additional Report of Japanese Goverment to the
International Atomic Energy Agency – The Accident at TEPCO’s
Fukushima Nuclear Power Stations, 15 September 2011. Second
report. http://www.iaea.org/newscenter/focus/fukushima/japan-
report2/ (18 February 2013, date last accessed).

Fig. 1. Public Health Actions in response to nuclear disaster. Essential public health actions under emergency exposure situation,
the existing exposure situation and a planned exposure situation are represented.

Public Health activities following the Fukushima nuclear accident • 427

http://www.mext.go.jp/component/english/__icsFiles/afieldfile/2011/05/10/1304797_0506.pdf
http://www.mext.go.jp/component/english/__icsFiles/afieldfile/2011/05/10/1304797_0506.pdf
http://www.mext.go.jp/component/english/__icsFiles/afieldfile/2011/05/10/1304797_0506.pdf
http://www.mext.go.jp/component/english/__icsFiles/afieldfile/2011/05/10/1304797_0506.pdf
http://www.mext.go.jp/component/english/__icsFiles/afieldfile/2011/05/10/1304797_0506.pdf
http://www.mext.go.jp/component/english/__icsFiles/afieldfile/2011/05/10/1304797_0506.pdf
http://www.mext.go.jp/component/english/__icsFiles/afieldfile/2011/05/10/1304797_0506.pdf
http://www.mext.go.jp/component/english/__icsFiles/afieldfile/2011/05/10/1304797_0506.pdf
http://www.iaea.org/newscenter/focus/fukushima/japan-report2/
http://www.iaea.org/newscenter/focus/fukushima/japan-report2/
http://www.iaea.org/newscenter/focus/fukushima/japan-report2/
http://www.iaea.org/newscenter/focus/fukushima/japan-report2/
http://www.iaea.org/newscenter/focus/fukushima/japan-report2/
http://www.iaea.org/newscenter/focus/fukushima/japan-report2/


4. Balonov M. Third annual Warren K. Sinclair keynote address:
retrospective analysis of impacts of the Chernobyl accident. Health
Phys 2007;93:383–409.

5. UNSCEAR. Sources and effects of ionizing radiation. UNSCEAR
2000 Report. New York: United Nations, 2000.

6. ICRP. Application of the Commission’s recommendations for the
protection of people in emergency exposure situations. ICRP
Publication 109. Ann ICRP 2007;39(1).

7. Tanigawa K, Hosoi Y, Hirohashi N, et al. Loss of life after evacu-
ation: lessons learned from the Fukushima accident. Lancet
2012;379:889–91.

8. Nomura S, Gilmour S, Tsubokura M, et al. Mortality risk amongst
nursing home residents evacuated after the Fukushima nuclear
accident: a retrospective cohort study. PLoS One 2013;8:e60192.

9. Chino M, Ishikawa H, Yamazawa H. SPEEDI and WSPEEDI:
Japanese emergency response systems to predict radiological
impacts in local and workplace areas due to a nuclear accident.
Radiat Prot Dosimetry 1993;50:145–52.

10. Zava TT, Zava DT. Assessment of Japanese iodine intake based
on seaweed consumption in Japan: a literature-based analysis.
Thyroid Res 2011;4:14.

11. WHO. Preliminary dose estimation from the nuclear accident
after the 2011 Great East Japan earthquake and tsunami. Geneva:
WHO, 2012.

12. Nuclear Regulation Authority. Instruction of administration of a
stable iodine tablet. http://www.nsr.go.jp/activity/bousai/iodine_
tablet/index.html (13 November 2013, date last accessed) (in
Japanese).

13. National Institute of Public Health. Management of dead bodies
after disasters: a field manual for first responder. http://www.niph.
go.jp/journal/saigaigo.pdf (7 February 2013, data last accessed)
(in Japanese).

14. MHLW. A manual for screening dead bodies. http://www.iaea.
org/newscenter/focus/fukushima/japan-report2/ (7 March 2013,
date last accessed) (in Japanese).

15. NSC. Derived intervention levels for food control. http://www.
mhlw.go.jp/stf/shingi/2r98520000018iyb-att/2r98520000018k4m.
pdf (7 March 2013, date last accessed) (in Japanese).

16. Yamaguchi I. Radioactive concentration of food caused by Fukush-
ima Nuclear Power Plant disaster and new radiological standards
for foodstuffs in the existing exposure situation in Japan after a
severe nuclear accident. Jpn J Health Phys 2012;47:144–7.

17. Yamaguchi I, Terada H, Kunugita N, et al. Dose estimation from
food intake due to the Fukushima Daiichi nuclear power plant
accident. J Natl Inst Public Health 2013;62:138–43.

18. NSRA. Radiation at living environment. Calculation of doseage of
radio-activity afflicting Japanese peoples. 2011: 155.

19. UNSCEAR. UNSCEAR 2008 Report Volume I. Sources of ioniz-
ing radiation. New York: United Nations, 2008.

20. Yasunari TJ, Stohl A, Hayano RS, et al. Cesium-137 deposition
and contamination of Japanese soils due to the Fukushima
nuclear accident. Proc Natl Acad Sci U S A 2011;108:19530–4.

21. Hosoda M, Tokonami S, Sorimachi A, et al. The time variation of
dose rate artificially increased by the Fukushima nuclear crisis. Sci
Rep 2011;1:87.

22. Anzai K, Ban N, Ozawa T, et al. Fukushima Daiichi Nuclear
Power Plant accident: facts, environmental contamination,

possible biological effects, and countermeasures. J Clin Biochem
Nutr 2012;50:2–8.

23. NISA. Seismic damage information as of 22nd August (236th
release) http://www.meti.go.jp/press/2011/08/20110822002/
20110822002-1.pdf (12 January 2013, date last accessed) (in
Japanese).

24. Yasumura S, Hosoya M, Yamashita S, et al. Study protocol for
the Fukushima Health Management Survey. J Epidemiol 2012;
22:375–83.

25. Fukushima Prefecture Reports. Health Management Survey for
the Residents in Fukushima Prefecture. http://www.pref.fukushima.
jp/imu/kenkoukanri/250213siryou2.pdf (7 March 2013, date last
accessed) (in Japanese).

26. Hosoda M, Tokonami S, Akiba S, et al. Estimation of internal
exposure of the thyroid to (131)I on the basis of (134)Cs
accumulated in the body among evacuees of the Fukushima Daiichi
Nuclear Power Station accident. Environ Int 2013;61:73–6.

27. Tokonami S, Hosoda M, Akiba S, et al. Thyroid doses for
evacuees from the Fukushima nuclear accident. Sci Rep 2012;
2:507.

28. Hayano RS, Tsubokura M, Miyazaki M, et al. Internal radiocesium
contamination of adults and children in Fukushima 7 to 20
months after the Fukushima NPP accident as measured by exten-
sive whole-body-counter surveys. Proc Jpn Acad Ser B, Phys Biol
Sci 2013;89:157–63.

29. Tsubokura M, Gilmour S, Takahashi K, et al. Internal radiation
exposure after the Fukushima nuclear power plant disaster. JAMA
2012;308:669–70.

30. WHO. Health risk assessment from the nuclear accident after the
2011 Great East Japan earthquake and tsunami, based on a pre-
liminary dose estimation. Geneva: WHO, 2014.

31. UNSCEAR. UNSCEAR 2013 Report. Volume I Report to the
General Assembly Scientific Annex A: Levels and effects of radi-
ation exposure due to the nuclear accident after the 2011 Great
East-Japan earthquake and tsunami. New York: United Nations,
2013.

32. Yasui S. New regulations for radiation protection for work involv-
ing radioactive fallout emitted by the TEPCO Fukushima Daiichi
APP accident—disposal of contaminated soil and wastes. J Occup
Environ Hyg 2014;11:D147–56.

33. Shimura T, Yamaguchi I, Terada H, et al. Radiation occupational
health interventions offered to radiation workers in response to
the complex catastrophic disaster at the Fukushima Daiichi
Nuclear Power Plant. J Radiat Res 2015;56:413–21.

34. MHLW. Exposure Dose Distribution of the Workers at Fukush-
ima Daiichi Nuclear Power Plant. http://www.mhlw.go.jp/
english/topics/2011eq/workers/irpw/index.html (10 February
2015, date last accessed).

35. IAEA. IAEA report on enhancing transparency and communica-
tion effectiveness in the event of a nuclear or radiological emer-
gency. http://www.iaea.org/newscenter/focus/actionplan/reports/
enhancetransparency2012.pdf. (18 February 2013, date last
accessed).

36. IAEA. Communication with the Public in a Nuclear or Radio-
logical Emergency http://www-pub.iaea.org/MTCD/Publications/
PDF/EPR-Communcation_web.pdf (25 March 2013, date last
accessed).

428 • T. Shimura et al.

http://www.nsr.go.jp/activity/bousai/iodine_tablet/index.html
http://www.nsr.go.jp/activity/bousai/iodine_tablet/index.html
http://www.nsr.go.jp/activity/bousai/iodine_tablet/index.html
http://www.nsr.go.jp/activity/bousai/iodine_tablet/index.html
http://www.nsr.go.jp/activity/bousai/iodine_tablet/index.html
http://www.nsr.go.jp/activity/bousai/iodine_tablet/index.html
http://www.nsr.go.jp/activity/bousai/iodine_tablet/index.html
http://www.nsr.go.jp/activity/bousai/iodine_tablet/index.html
http://www.niph.go.jp/journal/saigaigo.pdf
http://www.niph.go.jp/journal/saigaigo.pdf
http://www.niph.go.jp/journal/saigaigo.pdf
http://www.niph.go.jp/journal/saigaigo.pdf
http://www.niph.go.jp/journal/saigaigo.pdf
http://www.niph.go.jp/journal/saigaigo.pdf
http://www.niph.go.jp/journal/saigaigo.pdf
http://www.niph.go.jp/journal/saigaigo.pdf
http://www.iaea.org/newscenter/focus/fukushima/japan-report2/
http://www.iaea.org/newscenter/focus/fukushima/japan-report2/
http://www.iaea.org/newscenter/focus/fukushima/japan-report2/
http://www.iaea.org/newscenter/focus/fukushima/japan-report2/
http://www.iaea.org/newscenter/focus/fukushima/japan-report2/
http://www.iaea.org/newscenter/focus/fukushima/japan-report2/
http://www.mhlw.go.jp/stf/shingi/2r98520000018iyb-att/2r98520000018k4m.pdf
http://www.mhlw.go.jp/stf/shingi/2r98520000018iyb-att/2r98520000018k4m.pdf
http://www.mhlw.go.jp/stf/shingi/2r98520000018iyb-att/2r98520000018k4m.pdf
http://www.mhlw.go.jp/stf/shingi/2r98520000018iyb-att/2r98520000018k4m.pdf
http://www.mhlw.go.jp/stf/shingi/2r98520000018iyb-att/2r98520000018k4m.pdf
http://www.mhlw.go.jp/stf/shingi/2r98520000018iyb-att/2r98520000018k4m.pdf
http://www.mhlw.go.jp/stf/shingi/2r98520000018iyb-att/2r98520000018k4m.pdf
http://www.mhlw.go.jp/stf/shingi/2r98520000018iyb-att/2r98520000018k4m.pdf
http://www.mhlw.go.jp/stf/shingi/2r98520000018iyb-att/2r98520000018k4m.pdf
http://www.meti.go.jp/press/2011/08/20110822002/20110822002-1.pdf
http://www.meti.go.jp/press/2011/08/20110822002/20110822002-1.pdf
http://www.meti.go.jp/press/2011/08/20110822002/20110822002-1.pdf
http://www.meti.go.jp/press/2011/08/20110822002/20110822002-1.pdf
http://www.meti.go.jp/press/2011/08/20110822002/20110822002-1.pdf
http://www.meti.go.jp/press/2011/08/20110822002/20110822002-1.pdf
http://www.meti.go.jp/press/2011/08/20110822002/20110822002-1.pdf
http://www.meti.go.jp/press/2011/08/20110822002/20110822002-1.pdf
http://www.pref.fukushima.jp/imu/kenkoukanri/250213siryou2.pdf
http://www.pref.fukushima.jp/imu/kenkoukanri/250213siryou2.pdf
http://www.pref.fukushima.jp/imu/kenkoukanri/250213siryou2.pdf
http://www.pref.fukushima.jp/imu/kenkoukanri/250213siryou2.pdf
http://www.pref.fukushima.jp/imu/kenkoukanri/250213siryou2.pdf
http://www.pref.fukushima.jp/imu/kenkoukanri/250213siryou2.pdf
http://www.pref.fukushima.jp/imu/kenkoukanri/250213siryou2.pdf
http://www.pref.fukushima.jp/imu/kenkoukanri/250213siryou2.pdf
http://www.mhlw.go.jp/english/topics/2011eq/workers/irpw/index.html
http://www.mhlw.go.jp/english/topics/2011eq/workers/irpw/index.html
http://www.mhlw.go.jp/english/topics/2011eq/workers/irpw/index.html
http://www.mhlw.go.jp/english/topics/2011eq/workers/irpw/index.html
http://www.mhlw.go.jp/english/topics/2011eq/workers/irpw/index.html
http://www.mhlw.go.jp/english/topics/2011eq/workers/irpw/index.html
http://www.mhlw.go.jp/english/topics/2011eq/workers/irpw/index.html
http://www.mhlw.go.jp/english/topics/2011eq/workers/irpw/index.html
http://www.iaea.org/newscenter/focus/actionplan/reports/enhancetransparency2012.pdf
http://www.iaea.org/newscenter/focus/actionplan/reports/enhancetransparency2012.pdf
http://www.iaea.org/newscenter/focus/actionplan/reports/enhancetransparency2012.pdf
http://www.iaea.org/newscenter/focus/actionplan/reports/enhancetransparency2012.pdf
http://www.iaea.org/newscenter/focus/actionplan/reports/enhancetransparency2012.pdf
http://www.iaea.org/newscenter/focus/actionplan/reports/enhancetransparency2012.pdf
http://www.iaea.org/newscenter/focus/actionplan/reports/enhancetransparency2012.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/EPR-Communcation_web.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/EPR-Communcation_web.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/EPR-Communcation_web.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/EPR-Communcation_web.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/EPR-Communcation_web.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/EPR-Communcation_web.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/EPR-Communcation_web.pdf


37. Goto A, Rudd RE, Lai AY, et al. Leveraging public health nurses
for disaster risk communication in Fukushima City: a qualitative
analysis of nurses’ written records of parenting counseling and
peer discussions. BMC Health Serv Res 2014;14:129.

38. WHOBurton B, Michael R, Zhanat C (eds). Heath effects of the
Chernobyl accident and special health care programmes. Report
of the UN Chernobyl forum expert group “health”. Geneva:
WHO, 2006.

39. Sawa M, Takase M, Noju K, et al. Impact of the great East Japan
earthquake on caregiver burden: a cross-sectional study. Psychiatr
Serv 2013;64:189–91.

40. ICRP. 1990 Recommendations of the International Commission
on Radiological Protection. ICRP Publication. Ann ICRP 1991;21
(1–3).

41. Nisbet A, Howard B, Beresford N, et al. Workshop to extend the
involvement of stakeholders in decisions on restoration manage-
ment. J Environ Radioact 2005;83:259–61.

42. Nisbet AF, Mercer JA, Rantavaara A, et al. Achievements, difficul-
ties and future challenges for the FARMING network. J Environ
Radioact 2005;83:263–74.

43. Nisbet AF, Mercer JA, Rantavaara A, et al. Variation in stakeholder
opinion on countermeasures across Europe. J Environ Radioact
2005;83:371–81.

44. The Agriculture and Food Countermeasures Working Group.
Communications Workshop 26 February 2009 Summary Report.
http://www.ndawg.org/images/stories/ndawgdocuments/Reports/
CommunicationsWorkshopReportFeb09.pdf. (6 November 2014,
date last accessed).

45. Coleman CN, Knebel AR, Hick JL, et al. Scarce resources for
nuclear detonation: project overview and challenges. Disaster Med
Public Health Prep 2011;5 Suppl. 1:S13–9.

46. IAEA. Joint Radiation Emergency Management Plan of the Inter-
national Organizations. www-pub.iaea.org/MTCD/publications/
PDF/jplan2002.pdf (25 March 2013, date last accessed).

47. IAEA. Guidelines for Remediation Strategies to Reduce the
Radiological Consequences of Environmental Contamination.
http://www-pub.iaea.org/MTCD/Publications/PDF/trs475_web.
pdf (25 March 2013, date last accessed).

48. IAEA. Manual for first responders to a radiological emergency
reported by IAEA http://www-pub.iaea.org/MTCD/publications/
PDF/epr_Firstresponder_web.pdf (18 February 2013, date last
accessed).

49. ICRP. Application of the Commission’s Recommendations to the
protection of people living in long-term contaminated areas after
a nuclear accident or a radiation emergency. ICRP Publication
111. Ann ICRP 2009;39 (3).

Public Health activities following the Fukushima nuclear accident • 429

http://www.ndawg.org/images/stories/ndawgdocuments/Reports/CommunicationsWorkshopReportFeb09.pdf
http://www.ndawg.org/images/stories/ndawgdocuments/Reports/CommunicationsWorkshopReportFeb09.pdf
http://www.ndawg.org/images/stories/ndawgdocuments/Reports/CommunicationsWorkshopReportFeb09.pdf
http://www.ndawg.org/images/stories/ndawgdocuments/Reports/CommunicationsWorkshopReportFeb09.pdf
http://www.ndawg.org/images/stories/ndawgdocuments/Reports/CommunicationsWorkshopReportFeb09.pdf
http://www.ndawg.org/images/stories/ndawgdocuments/Reports/CommunicationsWorkshopReportFeb09.pdf
http://www.ndawg.org/images/stories/ndawgdocuments/Reports/CommunicationsWorkshopReportFeb09.pdf
www-pub.iaea.org/MTCD/publications/PDF/jplan2002.pdf
www-pub.iaea.org/MTCD/publications/PDF/jplan2002.pdf
www-pub.iaea.org/MTCD/publications/PDF/jplan2002.pdf
www-pub.iaea.org/MTCD/publications/PDF/jplan2002.pdf
www-pub.iaea.org/MTCD/publications/PDF/jplan2002.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/trs475_web.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/trs475_web.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/trs475_web.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/trs475_web.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/trs475_web.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/trs475_web.pdf
http://www-pub.iaea.org/MTCD/Publications/PDF/trs475_web.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/epr_Firstresponder_web.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/epr_Firstresponder_web.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/epr_Firstresponder_web.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/epr_Firstresponder_web.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/epr_Firstresponder_web.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/epr_Firstresponder_web.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/epr_Firstresponder_web.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


