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Introduction
The Fukushima nuclear disaster triggered by 
the magnitude 9.0 Great East Japan Earth-
quake and tsunami on March 11, 2011, 
reminded the world that nuclear power plant 
accidents like the Chernobyl and Three Mile 
Island disasters can still occur. Cascading 
electrical systems failures resulted in a mas-
sive expulsion of stored radioactive hazards, 
including varying concentrations of stron-
tium, cesium, plutonium, americium, iodine 
isotopes, and radioactive noble gases to the 


environment (International Atomic Energy 
Agency [IAEA], 2011a; National Diet of Japan, 
2012; Physicians for Social Responsibility 
[PSR], 2011; Stohl et al., 2012). Foods, agri-
cultural animals, and fi sh were restricted from 
shipping in many prefectures, though many 
Japanese affected by the radiation stated that 
they did not understand the risk as commu-
nicated by the Japanese government (National 
Diet of Japan, 2012). The disaster is not over: 
highly radioactive waters are discharging into 
the Pacifi c Ocean continuously, and “ice wall” 


mitigation technologies are faltering (Tokyo 
Electric Power Company, 2014a). Over 
120,000 people remain evacuated from their 
homes and live with fear of radiation (Sase & 
Ojino, 2014). Some will never return home 
(Reconstruction Agency of Japan, 2014). 
The radiological impact upon environmen-
tal health is not certain. Four years from the 
disaster start, the risk to environmental health 
continues and the disaster is ongoing. 


Therefore, we sought an understanding 
of the risk of radiation from the Fukushima 
nuclear disaster to environmental health and 
to learn how that risk was communicated 
to the public. Further, we aimed to gain 
an understanding of the Fukushima Dai-
ichi nuclear power plant preparedness and 
response challenges that led to the Fukushima 
nuclear disaster and the associated risk to 
environmental health. We studied the Fuku-
shima nuclear disaster and its effect upon 
environmental health through an all-hazards 
lens. We analyzed the known risk of radiation 
to environmental health, the factors that led 
to its release, and concepts of environmental 
health end fate as relational to disaster plan-
ning. We cross-examined whether the Fuku-
shima nuclear disaster would apply to disaster 
planning, risk communication, and conse-
quence management rubrics in other coun-
tries including the U.S. This article attempts 
to clarify disaster planning challenges to 
all-hazards identification and vulnerabil-
ity analysis processes. It also discusses how 
our research led us to understand the risk to 
environmental health by distinguishing man-
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made hazards and vulnerability factors from a 
natural disaster trigger event. 


Methods
We conducted a literature review of publi-
cations germane to the Fukushima nuclear 
disaster including the following subject mat-
ter: national and international nuclear indus-
try standards; the site operator, Tokyo Elec-
tric Power Company (TEPCO); international 
and American nuclear associations; Fuku-
shima nuclear disaster scientific papers; and 
reports referencing the Chernobyl nuclear 
disaster and nuclear accidents at other sites 
in the world. 


Research Questions 
1) How did the natural disaster trigger event, 


man-made hazards, and vulnerability fac-
tors impact risk assessment and commu-
nication capacity and heighten the risk to 
environmental health? 


2) What do the environmental health implica-
tions of the Fukushima nuclear disaster add 
to all-hazards planning and response capac-
ity opportunity, including concepts of envi-
ronmental end fate, in and outside Japan? 
From an all-hazards/CBRNE (chemical, bio-


logical, radiological, nuclear, and explosive) 
preparedness perspective, we sought to under-
stand and differentiate the hazards existing at 
the Fukushima Dai-ichi nuclear power plant 
at the time of the Great East Japan Earthquake 
and tsunami. We intended to explore the appli-
cation of that knowledge to disaster planning 
processes in and outside Japan, including the 
U.S., to prevent the risk of radiation to environ-
mental health, defined as air, water, soil, and 
environmental media (Bisesi, Long, London, 
Hester Harvey, & Enriquez Collins, 2013). 


Results 
Our analysis of the Fukushima nuclear disas-
ter found that risk to environmental health 
profoundly associates with disaster trigger 
events, man-made hazards, vulnerability fac-
tors, and level of preparedness and adequacy 
of response. The Fukushima nuclear disaster 
provides insight into the risk of man-made 
hazards and nuclear plant vulnerabilities. 


Disaster Trigger Event 
The Fukushima nuclear disaster was trig-
gered by linked natural disasters, both 
of which were probabilistically analyzed 


according to geographic and geological met-
rics by Japanese risk assessment authori-
ties (National Diet of Japan, 2012). TEPCO 
estimated that the probability of natural 
disasters (earthquake, tsunami) exceeding 
plant design safety margins would be low 
(National Diet of Japan, 2012). Likewise, the 
International Atomic Energy Agency (IAEA) 
considered a nuclear release a low probability 
event prior to the Fukushima nuclear disas-
ter (IAEA, 2010). The March 11, 2011, Great 
East Japan Earthquake and tsunami exceeded 
estimations, however. 


Other international preparedness perspec-
tives such as the Hyogo Framework, which 
is hailed as the lead international disaster 
driver, are natural-disaster focused (Mau-
rice, 2013). The Hyogo Framework, pre-
dominantly focused on external disaster 
events (Maurice, 2013), has led to response, 
or event-based planning paradigms. Other 
international sources warned that second-
ary technological and infrastructure failure 
events can be initiated by a natural disaster 
trigger event, causing secondary hazards 
release as its consequence (Cruz, Steinberg, 
Arellano, Nordviuk, & Pisano, 2004; United 
Nations, 2005). 


The Fukushima nuclear disaster stands 
apart from the Chernobyl and Three Mile 
Island nuclear disasters: it involved the first-
ever reactor core melt (three separate core 
reactor meltdowns) triggered by a natu-
ral disaster. The man-made Chernobyl and 
Three Mile Island disasters remind the world 
that Fukushima nuclear disaster-like scenar-
ios can be caused by intentional (e.g., terror-
ism), accidental, and natural disasters. 


Vulnerability Factors
Specific vulnerability factors heightened the 
risk of man-made hazards stored at the Fuku-
shima Dai-ichi nuclear power plant early in 
the disaster event horizon: multi-unit reactor 
configuration, spent nuclear fuel pools, risk 
assessment and communication, and inci-
dent command system execution.


Multi-Unit Reactor Configuration
The near proximity of six nuclear reactor 
units caused one to directly affect the others, 
compounding the severity of systems failures 
and response difficulty (U.S. Nuclear Regula-
tory Commission [NRC], 2011, 2014a). The 
radiological complexities of the multi-unit 


reactor configuration and the adjacent spent 
nuclear fuel pools exceeded the capacity of 
the on-site sampling equipment placed by 
the U.S. Nuclear Regulatory Commission 
(NRC) after the disaster (NRC, 2011). The 
vulnerability dense design configuration also 
directly impacted reactor unit #3, which con-
tained an additional plutonium content. NRC 
later ordered U.S. licensees to “modernize 
monitoring equipment to insure multi-unit 
site monitoring capability” as a result of the 
lessons learned from the Fukushima nuclear 
disaster (NRC, 2011). 


Spent Nuclear Fuel
The open-water storage vessels containing 
thermally hot, high-level radioactive spent 
nuclear fuel were of particular concern early 
in the event. Spent nuclear fuel is not stored 
within the fortified containment units that 
safeguard reactor fuel release. Spent nuclear 
fuel, the “most hazardous of all man-made 
wastes,” must be managed for 200,000 years, 
essentially “forever,” due to the lack of dis-
posal options presently challenging the U.S. 
and other nations (PSR, 2011; Rosenbaum, 
2014; Taebi & Klosterman, 2008). Depen-
dent upon constant cooling processes that 
require complex and integrated electrical sys-
tems to maintain safe cooling temperatures, 
spent nuclear fuel pools lost mechanical 
cooling capacity at the Fukushima Dai-ichi 
nuclear power plant for over three weeks. 
IAEA records show that power was restored 
at least partially to all nuclear reactor units 
and spent nuclear fuel pools on April 3, 2011 
(IAEA, 2011b). Spent nuclear fuel is capable 
of killing a human within minutes in near-
direct contact (PSR, 2011). 


Spent nuclear fuel rod assemblies, which 
contain hundreds of rods, must be stored 
in carefully spaced containers to prevent a 
spontaneous nuclear reaction. Spent nuclear 
fuel in Japan, as well as in the U.S., is stored 
such that coolant loss would cause immedi-
ate safety concerns and the resulting sponta-
neous fires could result in a contamination 
zone as large as 188 square miles (Alvarez, 
2011). The March 14, 2011, IAEA Fuku-
shima Nuclear Accident Update Log, pub-
lished on their Web site immediately after 
the Fukushima nuclear disaster, described 
the first appearance of burning spent nuclear 
fuel and stated that radiation was being 
released “directly into the atmosphere (IAEA, 
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2011c).” Cyclone-transported radiation later 
fell with rain upon the streets of Tokyo (the 
world’s largest metropolitan area, less than 
200 km from Fukushima nuclear disaster 
evacuation zones) on March 14, 15, and 19, 
2011 (Stohl et al., 2012). 


Risk Assessment and Communication
The site power blackout rendered real-time 
monitoring equipment incapable of measur-
ing radiological hazard inventories released 
to the environment, impeding accurate risk 
assessment, safety measures, and commu-
nication (American Nuclear Society [ANS], 
2012; National Diet of Japan, 2012; NRC, 
2011, 2014b; PSR, 2011). It was determined 
that accurate real-time analysis of radiation 
releases was impossible, even under nondi-
saster event conditions (NRC, 2011). The 
Japanese early alert system known as SPEEDI 
(System for Prediction of Environmental 
Emergency Dose Information), overburdened 
by weather shifts and multiple and prolonged 
points of hazard releases, provided “probabi-
listic” data only after the initial disaster, cre-
ating uncertainties that further complicated 
dose estimation (NRC, 2014a). The SPEEDI 
was not understood by TEPCO technicians, 
data were not retrievable to make timely 
evacuation and other safety-related deci-
sions, and the public was confused by the 
delayed, probabilistic dose estimations and 
guidance (National Diet of Japan, 2012). 


Incident Command System Execution
Incompetent incident command execution 
prolonged response time and decreased 
radiation containment performance and 
safety margins (National Diet of Japan, 2012; 
NRC, 2011). With the loss of cooling capacity 
(ANS, 2012), TEPCO employees were directly 
endangered by the lack of accurate radio-
logical data and safety information. Further, 
TEPCO employees did not practice simulated 
site blackout disaster scenarios previous to the 
disaster event (ANS, 2012), and were inade-
quately trained in the SPEEDI evacuation fore-
casting system (National Diet of Japan, 2012). 
Site personnel were not trained in incident 
command system (ICS) methodologies, and 
many were unfamiliar with the physical plant 
layout (NRC, 2014a). Core to ICS training 
are standardized planning processes and cen-
tralized public health communications. The 
lack of standardized training among TEPCO 


employees manifested in response delays, 
causing further deterioration of nuclear fuel 
cooling processes (NRC, 2014a). 


Man-Made Hazards
National and international nuclear oversight 
agencies provide focus for nuclear site safety 
programs in general. The IAEA lists three 
primary nuclear plant safety functions: pre-
vention of criticality, removal of fuel heat, 
and the mitigation of radioactive releases 
(IAEA, 2011d). The Japan Atomic Energy 
Agency (JAEC) lists six primary risk con-
siderations regarding nuclear power genera-
tion: nuclear fuel cycling, treatment and dis-
posal of waste, proliferation, terrorism, and 
accidents (JAEC, 2009). Population vulner-
abilities from underevaluated factors associ-
ated with disasters, however, such as agency 
governance capacity and the role of public 
health in defining disaster risks, remain 
undefined in disaster planning processes 
internationally (Maurice, 2013). 


Japan
The National Diet of Japan report on the 
Fukushima nuclear disaster contained the fol-
lowing language, “although triggered by these 
cataclysmic events, the subsequent accident at 
the Fukushima Dai-ichi nuclear power plant 
cannot be regarded as a natural disaster. It was 
a profoundly man-made disaster—that could 
and should have been foreseen and prevented. 
And its effects could have been mitigated by a 
more effective human response (National Diet 
of Japan, 2012).” According to Japanese occu-
pational safety experts, Japan had no regula-
tions on the dispersal of radiation outside the 
controlled areas of the Fukushima Dai-ichi 
nuclear power plant (Yasui, 2013), leading to 
inadequate consideration for radiation envi-
ronmental health end fate. The National Diet 
of Japan report also stated that TEPCO had no 
“countermeasures” in place for a severe acci-
dent (National Diet of Japan, 2012).


United States
In the U.S., all-hazards preparedness was 
originally driven by pre-1996 Federal Emer-
gency Management Agency (FEMA) Civil 
Preparedness Guides (Bokman, 2003). After 
the terrorist attacks on September 11, 2001, 
disaster planning emphasis shifted towards 
terrorism (Bokman, 2003). Site-specific haz-
ard analysis is now emphasized (Pandemic 


and All-Hazards Preparedness Reauthoriza-
tion Act [PAHPRA], 2013). All-hazards readi-
ness is defined by being prepared for chemi-
cal, biological, radiological, and nuclear 
threats, whether naturally occurring, unin-
tentional, or deliberate (including man-made 
acts of terrorism) (PAHPRA, 2013). There-
fore, man-made hazards can be exacerbated 
unintentionally (by accident), by intention 
(such as an attack on a power grid), and by 
a natural disaster trigger event. U.S. regula-
tions do not adequately address a natural 
disaster-triggered hazardous material release, 
however, and fail to require preevent evalua-
tion and planning (Cruz et al., 2004).


The terms risk and hazard should not be 
interchangeable (Royal Society of Chemistry, 
2013), though it is agreed that hazards cre-
ate the risk of a disaster (Bolz, Dudonis, & 
Schulz, 2005). Both terms are tied to proba-
bilistic notions associated with the severity 
of a disaster event impact (Royal Society of 
Chemistry, 2013). A broad spectrum of terms 
are used by FEMA, the Department of Home-
land Security, NRC, presidential directives, 
and other sources to describe a disaster: risk 
event, significant event, extreme event, cata-
strophic event, incident, incident of national 
significance, risk and threat and hazard, all-
risk, all-hazard, natural hazard, technologi-
cal hazard, natural disaster, and natural and 
technological disaster (NA-TEK). 


According to the 2012 National Academy 
report on disaster resilience, gaps exist in all 
phases of disaster “preparedness, response, 
recovery, mitigation, and adaption, as well 
as research, planning, and community assis-
tance (National Academies, 2012).” Addi-
tionally, U.S. emergency responders, over-
whelmed by natural disaster, may fail in 
response to secondary hazards released in 
the case of NA-TEK disasters by a natural 
disaster trigger (Cruz et al., 2004). Occu-
pational Safety and Health Administration 
(OSHA)–evaluated safety systems do not 
apply to disaster mitigation environments 
(Cruz et al., 2004). An August 2014 guid-
ance document from NRC also recognized 
that U.S. nuclear plants are not prepared for 
“many hazards.” NRC further urged a “bet-
ter account for plant system interactions 
and the performance of plant operators and 
other critical personnel in responding to 
such events; and [a] better estimate [of] the 
broad range of offsite health, environmental, 
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economic, and social consequences that can 
result from such events (NRC, 2014a).” 


After discovering significant post-Fuku-
shima nuclear disaster vulnerability assess-
ment inconsistencies in U.S. licensee pro-
cesses, the NRC provided them a new 
definition: “plant specific vulnerabilities are 
those features that are important to safety 
that when subjected to an increased demand, 
due to the newly calculated hazard evalu-
ation, have not been shown to be capable 
to perform their intended functions (NRC, 
2012).” The NRC Fact Sheet on Probabilistic 
Risk Assessment states that the U.S. nuclear 
facilities pose “no undue risk to public health 
and safety (NRC, 2014c).” The General Elec-
tric–designed boiling water nuclear reactors 
at the Fukushima Dai-ichi nuclear power 
plant, however, presently provide energy at 
23 locations in the U.S. (NRC, 2014b).


Because intentional attacks can cause a site 
blackout, the Fukushima nuclear disaster 
lessons learned are applicable to attack-prone 
sites in the world. For example, infrastructure 
vulnerability to cyber attacks could result in 
power-grid loss and other systems failures. 
South Korean hydro and nuclear plant secu-
rity was maliciously breached in December 
2014 (BBC News, 2014; Reuters, 2014). 
South Korean plans for nuclear reactor cool-
ing processes were obtained by an unauthor-
ized entity (BBC News, 2014; Reuters, 2014). 


Risk to Environmental Health
NEHA’s definition of environmental health 
includes the evaluation of hazardous agents 
in “air, water, soil, food, and other envi-
ronmental media (Bisesi et al., 2013).” The 
Fukushima nuclear disaster caused a cata-
strophic release of radiological hazards into 
the ecosystem (IAEA, 2011; National Diet of 
Japan, 2012; PSR, 2011; Stohl et al., 2012). 
Extremely high levels of strontium, a bone-
seeking radionuclide with a half-life of 28 
years, are currently increasing in soil, ground-
water, and ocean samples near the Fuku-
shima Dai-ichi nuclear power plant (TEPCO, 
2014b). The possibility for bioaccumulation 
of radiation in predatory fish may present in 
other parts of the world in the future (Sutton 
& Cassalli, 2011). 


The Fukushima nuclear disaster caused the 
largest discharge of radiation into an ocean 
in the history of the world (Sutton & Cas-
salli, 2011); yet ocean discharges were moni-


tored in a “rushed” and “panicky” manner 
by TEPCO personnel. TEPCO also focused 
exclusively on iodine and cesium (House of 
Commons, 2013). Other radioactive com-
ponents, such as plutonium, americium, 
and curium, with half-lives of “thousands 
of years,” were not addressed at all (House 
of Commons, 2013). All five of the radionu-
clides are specifically listed by the Codex Ali-
mentarius Commission as radiological con-
cerns in foods following a nuclear accident 
(National Council on Radiation Protection 
and Measurements, 2010).


The World Health Organization (WHO) 
published a dose estimation report in January 
2012, however, finding that the Fukushima 
nuclear disaster presented a limited, even 
small risk, to Japan and the world. The report 
stated that a “probable partial melting of the 
core of the three reactors” occurred (World 
Health Organization [WHO], 2012). The 
report may have led the world to underesti-
mate the disaster (Mousseau, 2013; Perrow, 
2013), while significant radiation releases to 
the environment were ongoing. 


The WHO International Health Regula-
tion (IHR), which was revised in 2005, seeks 
to “…provide a public health response to 
the international spread of disease…” It 
includes the natural, accidental, and delib-
erate release of radiologically contaminated 
materials (underlined by authors). The IHR 
legally binds 196 countries around the world, 
including Japan and the U.S. (WHO, 2005). 
WHO describes the IHR as event-based sur-
veillance (WHO, 2014). Its language does not 
advocate the predisaster analysis of radiologi-
cal hazard inventory end-fate consequences 
to environmental health. U.S. hazard vul-
nerability assessment processes also do not 
focus on the environmental health end fate of 
stored hazard inventories, potentially exter-
nalized to the community (NRC, 2014a), 
opening the door to disaster response and 
consequence management uncertainty. 


The environmental health problems gen-
erated by the Fukushima nuclear disaster 
are also of a global nature. The Fukushima 
nuclear disaster produced “likely the largest 
radioactive noble gas release” to the air in 
history (Stohl et al., 2012). The Fukushima 
Dai-ichi power plant continues to discharge 
dangerous levels of radiation into the Pacific 
Ocean. Significant land, aquifer, and ocean 
contamination continues and is acknowl-


edged by the site operator (TEPCO, 2014b). 
The consequences of the Fukushima nuclear 
disaster are also ongoing. The “ice wall” 
technology, engineered to contain the flow 
of ground water in contact with radioactive 
reactor building materials and potentially in 
direct proximity to highly radioactive mol-
ten reactor core content, was not working as 
planned (TEPCO, 2014a). 


The Fukushima Nuclear Disaster: 
An All-Hazards Planning Reference 
Model
We present the disaster planning model 
below, established from Fukushima nuclear 
disaster lessons learned. We segment “Disas-
ter Trigger Event,” “Man-Made Hazard,” and 
“Vulnerability Factors” to enable differentia-
tion of independent vulnerability analyses. In 
this model, we follow the WHO preparedness 
equation denominator standard “Level of 
Preparedness” (WHO, 2007) and add “Ade-
quacy of Response.” 


Risk to Environmental Health = 
[Disaster Trigger Event] + [Man-Made 


Hazards x Vulnerability Factors]
 Level of Preparedness and Adequacy 


of Response 


We find that the “Risk to Environmental 
Health” is a consequence of the “Disaster Trig-
ger Event” plus “Man-Made Hazards,” exacer-
bated by “Vulnerability Factors.” The impact 
of radiation release (“Risk to Environmental 
Health”), triggered by earthquake and tsunami 
(“Disaster Trigger Event”), caused the release 
of the radiation (“Man-Made Hazard”), which 
was precipitated by site blackout and subse-
quent loss of cooling system capacity (“Vulner-
ability Factors”). The consequences of a “Disas-
ter Trigger Event,” “Man-Made Hazards,” and 
“Vulnerability Factors” present the indepen-
dent opportunity for modification (or mitiga-
tion) to prevent the “Risk(s) to Environmental 
Health.” The model reflects our analysis that 
“Man-Made Hazards” and “Vulnerability Fac-
tors” may interact in multiplicative fashion. 


Given the analysis of the Fukushima nuclear 
disaster, “Risk to Environmental Health” must 
be ameliorated by the division of plant sup-
ply chain and continuity of operations-based 
(internal) concerns from “Man-Made Haz-
ards,” which may be potentially externalized 
to the community. Further, we posit that the 
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Fukushima Dai-ichi power plant operational 
resilience was dependent upon the denomina-
tor of our model, i.e., “Level of Preparedness” 
and “Adequacy of Response.” 


Discussion


What Was Known
Cascading electrical systems failures of the 
Fukushima Dai-ichi nuclear power plant 
resulted in a massive expulsion of stored 
radioactive hazards, including varying con-
centrations of strontium, cesium, plutonium, 
americium, iodine isotopes, and radioac-
tive noble gases to the environment (IAEA, 
2011; National Diet of Japan, 2012; PSR, 
2011; Stohl et al., 2012). As three of the four 
clustered Fukushima Dai-ichi nuclear power 
plant nuclear reactor cores melted (releasing 
massive quantities of radiation into the local 
communities), over 120,000 people evacuated 
their homes (Reconstruction Agency of Japan, 
2014) and some will never return home. 
Foods, agricultural animals, and fish were 
restricted from shipping in many prefectures, 
though many Japanese affected by the radia-
tion did not understand the risk as commu-
nicated by their government (National Diet of 
Japan, 2012). Reports of high levels of cesium, 
strontium, and plutonium in groundwater and 
ocean samples began to surface in 2012, fol-
lowed by TEPCO confirmations that remedia-
tion processes were in doubt (TEPCO, 2014a). 


What We Found
We exhibited in our model that interact-
ing “Vulnerability Factors” exacerbated the 
power blackout–initiated release of “Man-
Made Hazards” at the Fukushima Dai-ichi 
nuclear power plant, though the magnitude 
of “Risk to Environmental Health” is uncer-
tain. “Level of Preparedness” and “Adequacy 
of Response”–related disaster planning and 
technology barriers (including the inabil-
ity to record real-time emissions) prevented 
effective radiation risk assessment, which 
affected the quality of public health risk com-
munication and hazard mitigation processes. 
Planned releases and uncontrolled leaks from 
storage vessels discharged radiation into the 
Pacific Ocean in enormous volume. 


The process of hazard vulnerability assess-
ment focuses on specific internal hazards 
that are likely to be present for a facility, and 
external events that are geographically, mete-


orologically, and even biologically predictable 
(American Standards and Testing Material 
International, 2004; Occupational Safety and 
Health Adminstration, 2005). For example 
in the U.S., Oklahoma is vulnerable to torna-
does, Florida is vulnerable to hurricanes, and 
California is vulnerable to earthquakes. 


In addition, all geographic locations in the 
world are potentially vulnerable to intentional 
man-made acts of terrorism or other adverse 
event occurrences that are likely to occur in 
that community. The hazard vulnerability 
assessment tool combines notions of event 
probability and severity. Some hazard vulnera-
bility assessment standards specifically advise, 
however, to “minimize planning for unlikely 
events (American Standards and Testing Mate-
rial International, 2004).” The high conse-
quence risk of an off-site radiation release due 
to a site power blackout was determined to be 
a low probability occurrence during hazard 
vulnerability assessments performed by Japa-
nese officials and plant operators (National 
Diet of Japan, 2012). The man-made radioac-
tive hazards did not receive disaster planning 
and response assessment priority. Japanese 
officials did not plan adequately for the off-site 
dispersion of radiation (Yasui, 2013), there-
fore the estimation of environmental health 
end fate was disregarded. The implications of 
this finding (and accounted for in our “All-
Hazards Planning Reference Model),” though 
beyond the scope of this article, may provide 
important insight for future studies of com-
munity resilience that are not yet well formed 
on disaster planning for man-made hazards. 
Certainly, the resilience of a community is 
dependent upon the operational resilience 
(and required safety margins and environmen-
tal regulation) of corporations that create and 
process man-made hazards. 


The lessons learned from the Fukushima 
nuclear disaster can also apply to other sites 
and nations. We discovered that U.S. haz-
ard vulnerability assessment processes share 
similar disaster planning challenges, includ-
ing the following paradigm groups: event, 
natural disaster, probability, supply chain, 
and continuity of operations-driven plan-
ning foci. Low-probability high-consequence 
disaster events receive lower priority in gen-
eral. We found that OSHA-driven approaches, 
common to U.S. response rubrics, are likely 
inadequate (Cruz et al., 2004). We also found 
agency-specific and unstandardized disaster 


terminologies that merge concepts of hazard 
and risk. This may hamper hazard vulnerabil-
ity assessment processes by minimizing focus 
on man-made hazards. We learned from the 
Fukushima nuclear disaster that the prob-
ability estimation of a disaster trigger event 
whether natural (such as severe weather), 
intentional, or accidental, may overshadow 
planning considerations for stored hazards. 
In reaction to the disaster, NRC moved to 
ensure that U.S. nuclear sites were prepared 
for flooding and communication failures, 
both considered the major vulnerabilities of 
the Fukushima Dai-ichi nuclear power plant 
(NRC, 2012). The General Electric–designed 
boiling water reactors (Organization for 
Economic Coordination and Development 
Nuclear Agency, 2011) are in use at 23 U.S. 
nuclear plants (NRC, 2014b), further under-
scoring the significance of the Fukushima 
nuclear disaster to the U.S. 


Limitations
This analysis was based upon documents pub-
lished by the time of the submission of the 
manuscript. Thus, unpublished documents 
and internal reports were not reviewed. In 
our Fukushima nuclear disaster analysis, the 
natural disaster trigger event refers to a double 
natural disaster (earthquake and tsunami) 
that caused the site blackout and instanta-
neously resulted in the release of radiation. We 
acknowledge the specificity of the conditions 
that we describe relevant to the Fukushima 
nuclear disaster. Because accidental and man-
made disasters can also cause site blackouts, 
this limitation does not weaken our findings. 
Instead, we discussed the strength of our find-
ings and their relevance to vulnerabilities that 
exist at most industrial plant locations.


Conclusion
Extensive barriers to risk assessment and com-
munication existed prior to the Fukushima 
nuclear disaster that impeded disaster “Level 
of Preparedness” and “Adequacy of Response,” 
resulting in heightened “Risk to Environmen-
tal Health,” as we presented in the above 
model. Specific “Vulnerability Factors” unique 
to the Fukushima nuclear disaster, exacer-
bated the release of “Man-Made Hazards” as a 
result of a “Disaster Trigger Event”: multi-unit 
reactor configuration, spent nuclear fuel pools, 
risk assessment and communication capacity, 
and incident command system execution. 


JEH7.15_PRINT.indd   30 6/18/15   3:07 PM








July/August 2015 • Journal of Environmental Health 31


A D V A N C E M E N T  O F  T H E  PRACTICE


A uniform lexicon for disaster planning 
descriptions that effectively defines and stan-
dardizes concepts of risk, hazard, vulnerabil-
ity, and natural disaster trigger event should 
be established internationally. The U.S. haz-
ard vulnerability assessment process must 
additionally emphasize the estimation of, and 
planning for, the environmental health end-
fate consequences of industrial hazard inven-
tories potentially released off site. Contami-
nation considerations for food, water, and 
human evacuation and other safety restric-
tions should be made jointly by industry, the 
government, and the community, in event 
planning, assurance, and oversight phases. 


The selection of “Man-Made Hazard” and 
“Vulnerability Factor” modification, substi-


tution, reduction, or elimination processes 
will require a reexamination of nuclear 
power feasibility on social, environmental, 
and economic perspectives. Benefit margins 
should be compared to the potential risk to 
environmental health. This process may lead 
towards environmental justice for vulnerable 
populations, though such concepts are not 
yet well formed. Environmental health pro-
fessionals, well trained in all-hazards disas-
ter preparedness principles, understand the 
environmental health consequences poten-
tiated by industry. Environmental health 
professionals should be involved in hazard 
vulnerability assessment, disaster planning, 
emergency response, and consequence man-
agement processes. 
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