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On 11 March 2011, an gxtremely strong earthquake, recorded as 9.0 on the Richter scale®,

oceurred offshore of the northeast Pacific coast, ‘Sanriku’, of the main island, ‘Honshu', of
Japan. This earthquake, referred ( a ) as the Great East Japan Earthquake, triggered a giant
tsunami, which was 9.3 meters ( b } its highest and caused catastrophic damage to the
Tohoku region in northeast Japan. According to the report by the National Police Agency* of
Japan as of 9 December 2016, there had been 15,893 reported deaths in 12 prefectures and
2,556 missing persons in 6 prefectures attributed to the disaster. ( A ), this disaster created
one of the worst radiation leakage accidents, which was rated as the 7th (maximum) caution
level on the International Nuclear Events Scale* because of the high level of radioactive
substances released from the Fukushima Daijchi Nuclear Power Plant (FDNPP). According to
the report by the United Nations Scientific Committee* ( ¢ ) the Effects of Atomic Radiation
(UNSCARE), iodine*-ii%lr and cesium*-137, two major hazardous radionuclides®, were
released ( d ) the atimosphere in the ranges of 100 to 500 petabecquerels (PBq) and 6 to 20
PBg, respectively. Q:.ESuch a massive and complex disaster inevitably has negative impacts on
people’ s health and daily life. '

@Long-term shortages of healthcare resources. as well as regional economic downturn or

industry decline, are predictable following such events. Although physicians and medical staff

will play an important role ( e } reconstructing local health services in the area, it is iikely-
that securing adequate numbers of healthcare professionals may be difficult after such a large
disaster. { B ), many of the areas affected by the earthquake were medically underserved
even before the disaster because they are rural regions. After the earthquake, according to the
Japanese media, the situation was reportedly exacerbated®*, particularly in areas near the FDNPP,
because of damage to infrastructure and radioactive contamination*.( C ), one recent study

reported changes in the geographic distribution of secondary care nursing staff foilowing the

Great East Japan Earthquake. DIn addition. in our previous study, we evaluated physician’s
characteristics susceptible to migration from the areas surrounding the nuclear power plant, and

we found that less-aged physicians in the areas were more likely to decrease than other

physicians. ( D ), we have not studied the overall flow of physicians before and after the
disaster, Particularly there is a lack of knowledge about the physicians’ migration pattern not

only from the areas of nuclear accident, but also from the tsunami-affected areas.



(E ), we evaluated the effects of the Great East Japan Earthquake on the distribution of
physicians within the most severely affected prefectures (Iwate, Miyagi, and Fukushima). Two
major factors in this disaster may potentially impact physician distribution: the tsunami and the
FDNPP accident. We obtained individual information about physicians from the Physician
Census* in 2010 (pre-disaster) and 2012 (post-disaster). @We analvzed changes in the number

of hospital physicians at varving distances from the tsunami-affected area and from the FDNPP,

We examined geographical distributions of physicians in two ways: (1) municipality*-based
analysis for demographic* evaluation; and (2) hospital-based analysis fqr geographic evaluation.
In each analysis, we calculated the rate of change in physician distributions between pfe- and
post-disaster years at various distances from the tsunami-affected coast, and from the restricted
area due to the FDNPP accident.

The change in all, hospital, and clinic physicians were 0.2%, 0.7%, and ~0.7%, tespectively.

®In_the municipality-based analysis, after taking account of the decreased population,

physician numbers only decreased within the restricted area. In the hospital-based analysis,

hospital physician numbers did not decrease at any distance from the tsunami-affected coast. In
contrast, there was a 3.3% and 2.3% decrease in hospital physicians 0-25 km and 25-50 km
from the restrict_ed area surrounding the FDNPP, respectively. Additionally, decreases were
larger and increases were smaller in areas close to the FDNPP than in areas further away.

The differences in the distributions of the physicians before and after the tsunami were not
substantial. Supportive action from other prefectures may have contributed to the lack of
physicians in these areas. However, the number of hospital physicians in areas close to the
restricted area surrounding the nuclear power plant decreased significantly, even after adjusting
for population decreases. These results suggest a substantial difference in seriousness of the
consequences of the two main disasters following the earthquake. Continuous observation is
required in the affected areas, particularly near the nuclear power plant that caused 'radia'ti.g)n

{eakage.

HiEL ; PLoS One. 2017;12:¢0178020. XL ¥ #ky, —B%E
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a.
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Decrease of hospital physicians at the tsunami-affected coast
Death and missing person in the Great East Japan Earthquake
Medical expenditure related to the Great East Japan Earthquake

d. Local distribution of hospital physicians after the Great East Japan Earthquake

Damage to infrastructure sm‘rouriding the Fukushima Daiichi Nuclear Power Plant
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In late October 1948, a dense smog descended over the town of Donora, Pennsylvania. The
town was home to a zine® plant and é steel mill, both run by the United States Steel Corporation.
Susan Gnora, a 62-year-old resident of Donora, started to gasp and cough as the smog
descended. She died the next day. Dr. William Rongaus, a physician and a member of the board
of health, went door to door, treating patients for their respiratory* symptoms and encouraging
them to leave town if they could. Many thousands were ill, and at least 20 people died in one of

the worst air-pollution disasters in U.S. history. DThe Donora tragedy transformed our

perception of smog from a nuisance to a potential killer.

We started to improve air quality with the Clean Air Act of 1963. In 1970, Richard Ni}gon
established the Envirormmental Protection Agency (EPA) by executive order, and the Clean Air
Act was amended to institute National Ambient Air Quality Standards (NAAQS), wﬁich set
exposure limifs for six major air pollutants. ¢ A ) - the pollutants regulated by the EPA is
fine particulate matter — inhalable* particles with an aerodynamic* diameter of less than 2.5
pm (PM2s). Major confributors to PM2s in the United States include various types of
transportation and the coal-fired generation of electricity. Since the 1970s, hundreds ( B )
articles have been written establishing an association between PMas and poor health outcomes,
including asthma®, ischemic heart disease*, and all-cause mortality in wban populations. In
response ( C ) these findings, regulators® ﬁave lowered NAAQS for @the allowable
amount of PMas in the air, Current NAAQS, last updated in 2012, set an annual mean PMzs

level of 12 ug per cubic meter. This standard, which is to be reviewed every 5 years, aims to
protect the population, especially those who are particularly sensitive ( D ) the adverse
effects of air pollution, including children, elderly persons, and persons with cardiopulmonary
disease®. As communities meet these stricter standards, fewer people will become sick and die
as a result of air pollution. A 2011 report from the EPA préjected that by 2020, amendments to
the Clean Air Act would prevent more than 230,000 premature® deaths, largely as a result of
reductions in PMas levels. But are current standards sufficient to protect public health*.

Di et al. now report in the Journa! Sthe results of a large study, including more than 60
million Medicare beneficiaries* from the years 2000 through 2012, that addresses the
association between annual average levels of PMas and ozone, as measured at the ZIP Code*

level, and mortality. For every increase of 10 pg per cubic meter in PMas, there was an



associated 7.3% increase in all-cause mortality. Below the current NAAQS for PMas of 12 pg
per cubic meter, the data showed that each increase in PMas of 10 pg per cubic meter was
associated with an even greater increase (13.6%) in mortality. There was no appreciable level
below which the risk of death tapered oft* — and thus no “safe” level of PMas. Owing to the
large size of the cohori®, i et al. were able to perform robust™ subgroup analyses and identified
greater risks of death associated with air poliutants among blacks and Medicaid—eligiﬁlé
populations; moreover, these groups were more likely to be exposed to higher pollutant levels.
The findings of Di et al. stress the need for tighter régulaiion of air-pollutant Iévels,
including the imposition® of stricter limits on levels of PMzs. Despite compelling data, the
Trump admi;ﬁstratibn is moving headlong* in the opposite direction. In March, Tnimp sigiled
an executive order that lified a moratorium* on new leases for coal mined* on public and tribal
lands and began a process to dismantle* guidelines intended to reduce emissions from coal-fired
electricity plants. Earlier this month, he announced his intention to withdraw the United States
from the Paris climate agreement. Although these actions were primarily intended to undo

efforts made by the Obama administration to address climate change, the potentially dire*

consequences also include increasing people’s exposure fo  ( @ ). In addition,
EPA Administrator Scott Pruitt has not ruled out the possibility of revoking® a waiver* included
in the 1970 Clean Air Act that allows California to set limits on automotive tailpipe* emissions
that are more stringent than national standards; 15 states have adopted California’s standards.
Revoking this waiver could have the effect of eXposing more than 100 million Americans to
higher levels of autoﬁzobile emissions. Trump’s proposed budget includes crippling® cuts to the

EPA, including cuts in funding for both federal and state enforcement of regulations. &The

increased air pollution that would result from loosening current restrictions would have

devastating effects on public health.

In explaining his withdrawal from the Paris climate agreement, Trump stated, “I was elected
to represent the citizens of Pittsburgh, not Paris.” Ironically*, Pittsburgh is less than 30 miles
from the Donora Smog Museum, where a sign reads, “Clean Air Started Here.” With the report
by Di et al. adding to the large body of evidence indicating the risks of air pollution, even at

current standards, we must redouble* our commitment to clean air. ®If such protections lapse,

Americans will suffer and we are doomed to repeat history. Do we reaily'want to breathe air that

kills us?

Hi ; Air pollution still kills. N Engl J Med 376:2591-2592, 2017 L ¥ #i#p, —BRLE
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Fig 1. Map showing the geographical characteristics of disaster area and the change rate of physicians. The size of the symbol for change rate
represents the magnitude of the change. Air dose rate was measured within 80 km of the nuclear power plant and data were acquired from the Japan
Atomic Energy Agency. : :



