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Preface

Environmental risk is the impact or potential impact of pollution caused by an orga-
nization’s activities on human health and the ecosystem. Originally, it covers all 
factors, including global environmental issues, but specifically, it often refers to the 
risks caused by hazardous chemicals.

Our country has a history of overcoming a half-century-long battle against 
pollution- related diseases, yet new environmental risks are also emerging. Since the 
end of 2019, Coronavirus disease (COVID-19) has been spreading around the world 
and is currently the biggest health concern. As of February 2021, more than 108.58 
million people have been infected, and more than 2.39 million people died due to 
COVID-19. It is also worth noting the heavy use of plastic containers and medical 
supplies due to the pandemic. In this book, however, we concentrate on how Japan 
has overcome almost half a century of pollution to outline environmental risks we 
face today and discuss what actions we should take for the future, noting scientific 
and technological advances that have been made during this time.

Many chemicals have been initially developed to enrich our lives. However, their 
unregulated use, without the knowledge of their fate in living organisms and the 
ecosystem, has led to a variety of environmental and health hazards. In Japan, the 
term “pollution-related disease” is synonymous with disease. We have gained vast 
experience and knowledge since the recognition of four major pollution-related dis-
eases (Minamata disease, Niigata-Minamata disease, Itai-itai disease, and Yokkaichi 
asthma) and arsenic poisoning-related disease in Toroku, Miyazaki. As a result, the 
concept of regulatory science, which involves assessing and managing the risks of 
hazardous substances in advance, and understanding these risks by the population, 
is important. Since then, many hazardous substances have been assessed and man-
aged in regulatory science.

Nevertheless, challenges continue to arise, such as plastic marine pollution. 
Plastic is the most commonly used material for packaging and containers, and its 
use has alarmingly increased with the COVID-19 pandemic. Moreover, microplas-
tics in the marine environment, along with polychlorinated biphenyls and other 
toxic chemicals, create an extremely complex problem. As a result, we have reached 
a point in time where we must question the costs of not only producing plastics but 
also using them. It is an urgent matter to review processes from “manufacture” to 
“use” and “disposal, treatment, and reuse,” and minimize the emission of plastics 
into the environment. Above all, we must take advantage of the scientific and tech-
nological know-how of “Japan, the Land of Pollution.”

https://kotobank.jp/word/負荷-123705
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In 2015, the United Nations adopted “Transforming our world: the 2030 agenda 
for sustainable development.” It follows MDGs, which were set to be achieved by 
2015. One of the characteristics of SDGs is that they target not only developing 
countries but also developed countries, and they aim to solve the world’s sustainable 
development-related problems by 2030. This book is a summary of the activities of 
the Environmental Risk Subcommittee of the Science Council of Japan. Therefore, 
many important environmental issues may have been excluded. We hope that it will 
be possible to achieve SDGs by 2030 if all sectors and nations collaborate on a 
global scale.

Nagoya, Japan Tamie Nakajima   
Kasugai, Japan

Preface
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Chapter 1
Purpose of This e-Book

Tamie Nakajima

1.1  Introduction

In 2015, the United Nations declared “Transforming our world: the 2030 agenda for 
sustainable development,” which aims to follow up millennium development goals 
(MDGs) and expand the efforts over the next 15 years targeting not only developing 
countries but also developed countries and aiming to solve the most pressing prob-
lems of the world regarding sustainable development by 2030.

To tackle nationwide problems, the Environmental Risk Subcommittee of the 
Science Council of Japan cosponsored two symposia: What we think now, half a 
century after the certification of pollution-related diseases: achieving sustainable 
development goals (SDGs) and another titled Environmental circulation of hazard-
ous substances and health: SDG 12—responsible consumption and production, 
with the Japan Society for Hygiene and the Japan Society for Occupational Health, 
respectively, in 2019.

In this e-book, the history and current status of pollution-related diseases in 
Japan are described from the perspective of environmental risks, and the need for 
the development of new scientific technologies is highlighted. Next, we discuss how 
new technologies are being applied to environmental challenges in Japan. 
Consequently, we discuss the following seven SDGs: “good health and well-being” 
(Goal 3), “clean water and sanitation” (Goal 6), “sustainable cities and communi-
ties” (Goal 11), “responsible consumption and production” (Goal 12), “climate 
action” (Goal 13), “life below water” (Goal 14), and “life on land” (Goal 15). 
Besides, we discuss what it would take to achieve these Goals and reflect on the 

T. Nakajima (*) 
Nagoya University, Nagoya, Japan 
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creation of a sustainable and prosperous society. The names of the places mentioned 
in this e-book are shown in Fig. 1.1.

1.2  Part 1. Pollution-Related Diseases in Japan

Four major pollution-related diseases, Minamata disease, Niigata Minamata dis-
ease, Itai-itai disease, and Yokkaichi asthma, and arsenic pollution-related disease 
in Toroku were recognized in 1968 when Japan’s gross domestic product was the 
second-largest in the world, and the number of complaints about pollution had 
increased rapidly from 20,000 to 80,000 a year. In this chapter, we provide an over-
view of pollution-related disease outbreaks (including their causes, environmental 
restoration, and the efforts of scientists and citizens) and the current situation 
in Japan.

These pollution diseases occurred amid the postwar reconstruction prior to the 
emergence of regulatory science (risk assessment, management, and communica-
tion). Although the cause of Minamata disease was methylmercury contained in 
factory effluent, it was not recognized as a pollution disease until 1968, twelve years 
after the first patient was diagnosed. Yokkaichi asthma, a respiratory disease caused 
by sulfurous gas emitted from a petroleum complex, was recognized as a public 

Agano River

Jinzu River

Toyama

Tokyo

Nagoya

Yokkaichi

Toroku district

Oguni-machi

Minamata

Minamata Bay

Okuma-machi
Fukushima

Fig. 1.1 The name of the places in Japan mentioned in each chapter of this e-book

T. Nakajima
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health hazard in 1965. The legal responsibility of each pollution-generating com-
pany was recognized and legal trials related to these pollution diseases were con-
cluded. Afterwards, Minamata City and Yokkaichi City were designated as model 
cities by the government to accomplish new goals for city development and create 
basic principles by taking measures stated in their ordinances with participation of 
citizens, businesses, and the government that took half a century to achieve them.

Itai-itai disease was recognized as a pollution-related disease in 1968 despite 
having a history of more than 100 years. The disease was caused due to the pollution 
of the Jinzu River by cadmium discharged from the Kamioka Mining Works of 
Mitsui Kinzoku Mining Co. The full agreement between the company that caused 
Itai-itai disease and the patients went beyond national certification standards to pro-
vide a certain amount of relief for kidney damage caused by cadmium.1 After a fight 
of more than 50 years for environmental rehabilitation by residents, the cadmium 
pollution burden of the Kamioka mine was mostly rectified by 2004.

Arsenic acid production began sometime between 1912 and 1926 (in the Taisho 
era) at a mine at Toroku, Miyazaki. In 1971, a teacher at an elementary school 
accused arsenic pollution-related disease in the Toroku district. Since then, the 
“Toroku Aersenic Pollution Disease” has been attracting attention. The river water 
flowing through this area was also contaminated with arsenic. In 1973, diseases 
caused by arsenic pollution were recognized. However, “lung cancer” caused by 
arsenic was discovered much later.2 Even now, one or two people a year are diag-
nosed with cancer due to arsenic pollution, which differs from other pollution- 
related diseases. This is an overlap of pollution and industrial accidents. It has been 
difficult to restore the geological conditions quickly and fully eliminate the pollu-
tion, however.

These experiences have spawned regulatory science, which involves the study of 
the risks and management of hazardous substances. We have now entered the 
twenty-first century, the era of hazardous substance management.

1.3  Part 2. Environmental Risks of the Present

This part discusses how the theory of regulatory science (health risk assessment, 
risk management, and risk communication) is prevalent and understood based on 
four environmental risks facing our nation today. Polychlorinated biphenyls (PCBs), 
which are persistent organic pollutants (POPs), were the causative agents of the 
Kanemi rice oil disease (Yusho disease) that occurred over a wide area in western 

1 Nihon Keizai Shimbun: Overcoming national certification standards, compromise reached on 
settlement of Itai-itai disease, December 17, 2013 (in Japanese).
2 Takahiko Kato, History of Kyushu Regional Meeting—Part 7—Chronic arsenic poisoning in 
Toroku, Takachiho-cho, Miyazaki Prefecture, Japan (2) Overlap of pollution and industrial acci-
dents (occupational diseases) Japan Society for Occupational Health Kyushu Regional Meeting 
News No. 44, September 1, 2018 (in Japanese).

1 Purpose of This e-Book
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Japan in 1968. In 2001, the PCB Measures Law was enacted, and the chemical 
decomposition of PCBs started. However, the environmental and health risk assess-
ment of newly designated POPs such as perfluorooctane sulfonic acid (PFOS) and 
perfluoronic acid (PFOA) has not yet been initiated.

The use of asbestos, which causes lung cancer and mesothelioma, was banned in 
2012 in Japan. However, many people were exposed to this contaminant during the 
demolition of buildings. In December 2013, people were exposed to asbestos that 
was dispersed during its removal from a station building of the Nagoya Municipal 
Subway. A review committee conducted a health risk assessment and examined the 
safety of workers and residents. Thus, although the risk assessment of asbestos is 
now easily available, it is desirable to manage the risks of asbestos removal work.3 
Furthermore, the risks of asbestos exposure derived from serpentine rock and 
asbestos- scattering accidents persist, and in fact, mesothelioma cases have been 
reported.

Marine pollution by plastic waste is growing worldwide. Microplastics act as 
carriers of hydrophobic toxic chemicals, such as PCBs. Since the effects on the 
ecosystem and human health are not well-known, the government needs to urgently 
conduct basic research and epidemiological studies, and at the same time, develop 
technologies to recycle and dispose of the plastics that exist today. How we manu-
facture, use, dispose of, and recycle plastics must be urgently addressed.

The explosion at the Tokyo Electric Power Company’s (TEPCO) Fukushima 
Daiichi Nuclear Power Station (NPP), which occurred following the Great East 
Japan earthquake, spread radioactive materials over a wide area in 2011 and 
adversely affected the surrounding environment and lives of residents. Residents 
who had evacuated the area after the accident have recently begun to return to their 
homes since the radiation levels have been deemed as “acceptable.” It was inter-
preted that residents were psychologically trying to “understand,” but not “consen-
sus building.” Ten years have already passed since the accident. It may be important 
that “understanding” requires not only scientific or economic rationality, but also 
empathy for the region and a shared philosophy of how society should be in the risk 
communication.4

3 Study report on health and other measures related to asbestos scattering at Rokubancho Station, 
Nagoya City Transportation Bureau website, 2017 (in Japanese) https://www.kotsu.city.nagoya.jp/
jp/pc/ABOUT/TRP0002011.ht
4 Akihiko Kondoh. Solution and agreement in the Nuclear disaster: toward an inclusive society 
respecting relationship from sacrificial system. Trends in the Science 24(10); 49–52, 2019. (in 
Japanese).

T. Nakajima
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1.4  Part 3. Toward a Sustainable Society

Measures must be taken to address environmental challenges and eliminate 
pollution- related diseases. An interesting case is the Minamata disease trial. The 
rationale behind the Supreme Court’s decision to impose liability on not only the 
pollution-causing companies but also the national government and Kumamoto 
Prefecture reflects the concept of regulatory science. It shows that “the appropriate 
exercise of regulatory authority by the national and local governments over sub-
stances causing environmental risk problems” is necessary to achieve SDGs. For 
instance, in the past, priority was placed on plastic production, and no attention was 
paid to its disposal, which led to problems, such as dioxin generation. The current 
marine plastic pollution is also linked to microplastic pollution, and we hope that 
the emissions of these substances can be minimized by SDG efforts. In addition, as 
a “sustainable small local government model of harmony between the environment 
and the economy,” Minamata City and Yokkaichi City have declared that they will 
overcome pollution and prioritize welfare. If done, this will be a model for the world 
as our country is striving to build a sustainable environment from the pollution of 
the past. Companies, meanwhile, are assessing the environmental impact of clean-
ing and developing advanced cleaning technologies, and Oguni Town, which was 
selected as a future city, is being built as a sustainable low-carbon city that makes 
use of local resources (geothermal energy and forests). An embryonic movement 
toward collaboration in various fields toward realizing SDGs is now being seen.

1 Purpose of This e-Book
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Chapter 2
Minamata Disease

Katsuyuki Murata and Kanae Karita

Abstract Minamata disease, i.e., methylmercury poisoning, happened in the vicin-
ity of Minamata Bay, Japan, by inhabitants’ eating a large quantity of fish contami-
nated with wastewater discharged from a chemical plant. It was an environmental 
epidemic in a way but also a man-made calamity that occurred under the govern-
ment’s policy to put the highest priority on economic growth in the postwar era. 
Based on such a tragedy in Japan, an international treaty, i.e., Minamata Convention 
on Mercury, was designed to protect human health and the environment from 
anthropogenic emissions and releases of mercury and mercury compounds. This is 
exactly one effective way to achieve sustainable development goals (SDGs) for 
water and sanitation. By understanding the process of unraveling what the causal 
agent of Minamata disease was, people should recognize a mission to stay tuned 
toward the latest information on the globe, keep on watching the changing environ-
ment, and find out the truth without any prejudice.

Keywords Minamata disease · Didactic experience · Methylmercury poisoning  
Minamata Convention on Mercury · Fish-consuming populations · Sustainable 
development goals (SDGs) · Aquatic pollution
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2.1  Introduction

Minamata disease, i.e., methylmercury poisoning, occurred in the vicinity of 
Minamata Bay, Kumamoto, Japan, by inhabitants’ eating a large quantity of fish 
contaminated with wastewater discharged from a chemical plant. Methylmercury 
can easily enter the brain; therefore, adult-type Minamata disease patients suffered 
from damages to neurons in specific regions of the brain, mainly in the cerebrum 
and cerebellum, and they exhibited severe neurological symptoms. Besides, meth-
ylmercury taken into the body of a mother during pregnancy transferred to the fetus 
via placenta and caused damages to the fetal brain. Majority of fetal-type Minamata 
disease patients were born in 1955–1959 when the pollution was most severe. The 
babies had no abnormality during pregnancy or at delivery, but they showed symp-
toms similar to cerebral palsy such as disabilities of speech, head control, and walk-
ing. This chapter describes Minamata disease, a didactic experience in considering 
Sustainable Development Goals (SDGs) for “water and sanitation.”

2.2  Health Effects of High-Level Methylmercury Exposure

Nippon Chisso Fertilizer Co., Ltd. (later renamed as Shin Nihon Chisso Fertilizer, 
hereinafter abbreviated as Chisso plant) started producing acetaldehyde in Minamata 
in 1932. Acetaldehyde production declined during World War II but increased again 
after the war [1]. From around 1953, strange events began to occur in the calm fish-
ing village; for instance, cats went mad, ran around and jumped into the sea, and 
crows and birds living along the seashore fell from the sky and died [2–4]. Later on, 
some residents who had not experienced any health problems began to complain of 
a progressive numbness of the distal parts of the extremities and also of the lips and 
tongue. They also exhibited clumsiness of hands, speech disorder, hearing loss, and 
constriction of the visual field, in addition to gait disturbance that led to stumbling 
and staggering. Limitation in voluntary movements, often with convulsion and 
rigidity, was observed in severe cases. Some patients fell into a condition of cloud-
ing of consciousness or coma. Others suffered from generalized convulsions or 
were screaming day and night. In the worst cases, patients passed away in a month 
after showing the initial onset of symptoms.

In late April 1956, a 5-year-old girl with peculiar nervous symptoms from a fish-
ing village on Minamata Bay visited the Chisso-affiliated hospital [2, 3]. Ten days 
later, her sister, aged 2 years, was also admitted to the hospital with clinical features 
similar to her elder sister. One pediatrician suspected that the children had an infec-
tious disease, and consulted with Dr. Hosokawa, the Director of the hospital, saying 
“a patient with that strange symptom came again.” Dr. Hosokawa had already exam-
ined two other infants with clinical manifestations similar to the two girls, but both 
had already died a couple of months after admission, without identification of the 
cause. The outbreak of these series of cases was reported by Dr. Hosokawa to the 

K. Murata and K. Karita
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Minamata Public Health Center on May 1, 1956, the day of the first official record 
of Minamata disease.

On May 28, 1956, a countermeasure committee for Minamata strange disease 
was organized [2–4]. The common features of cases with the strange disease were 
summarized as follows: The patients resided mainly in the fishing villages near 
Minamata Bay; most of them were fishermen or family members; they had eaten a 
large quantity of seafood even though they were neither fishermen nor their family; 
and, most of the patients were too poor to consult a doctor, and their meals depended 
on seafood but not rice, while most fishermen obtained rice by barter even under the 
monetary system. Three hypotheses on the cause were raised: (1) Japanese encepha-
litis; (2) poisoning resulting from well water; (3) food poisoning due to seafood that 
the cases ate. On August 24, 1956, the research group of Kumamoto University (a 
national university located close to Minamata) on Minamata disease was organized. 
In the first meeting on November 3, 1956, it was concluded that there were no clini-
cal findings of inflammation and the bacteriological and virological tests were nega-
tive and that the disease was rather considered to be a poisoning due to heavy metals 
judging from symptoms of the patients. Table 2.1 summarizes the process leading 

Table 2.1 History of Minamata disease

Year Month Events

1956 May The patients with neurological symptoms of unknown cause were reported at 
the first time (official report of Minamata disease).

August The Minamata disease research group of Kumamoto University School of 
Medicine started field survey.

1957 February Kumamoto University research group reported to Kumamoto prefecture 
“poisoning by seafood contaminated with a certain heavy metal is suspected.”

April The director of Minamata Public Health Center fed cats with seafood from 
Minamata Bay and confirmed the onset of the disease.

October Health Science Research group sponsored by the Ministry of Health and 
Welfare announced the possibility of intoxication by selenium, manganese, 
or thallium.

1958 September Kumamoto University research group considered organic mercury as a cause 
for the first time.

September Chisso plant changed drainage outlet from Minamata Bay to Minamata River.
1959 March Patient onset near the mouth of the Minamata River

October Cat experiment was conducted in a hospital of Chisso plant, and 
acetaldehyde waste liquid caused the onset of the disease to the cat.

November The Food and Sanitation Investigation Committee reported to the Health and 
Welfare Minister that the cause was a certain organic mercury compound.

1960 April A famed professor of the Tokyo Institute of Technology presented his 
hypothesis that noxious amine was to blame.

1963 February Kumamoto University extracted methylmercury directly from acetaldehyde 
residue and announced that the causative substance was methylmercury.

1965 May Official confirmation of an outbreak of Niigata Minamata disease.
1968 May Chisso plant discontinued acetaldehyde production.

September The government officially announced that methylmercury compound derived 
from the Chisso plant was the causative substance of Minamata disease.

2 Minamata Disease
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up to the government view of Minamata disease. Concerning details of the process 
of elucidating the causative substance, refer to the references [2–4].

2.3  Company’s Responses

The wastewater from the Chisso plant which emptied into Minamata Bay had 
been suspected as the major source of a toxic substance contaminating fish and 
shellfish [3, 4]. Subsequent work had provided evidence that the responsible 
toxin was associated with the discharge of mercury-containing wastewater from 
the chemical plant. Dr. Hosokawa also fed food, to which wastewater from the 
plant had been added, to cats in July 1959, and his cat exhibited symptoms of 
Minamata disease. After his report, the plant ordered him to stop the research, 
and revealed his experimental result to the Ministry of International Trade and 
Industry and the Japan Chemical Industry Association, but not to the research 
group of Kumamoto University.

The Director of the Japan Chemical Industry Association visited Minamata and 
suggested that the explosive compounds from the former navy ammunition storage 
house were responsible for Minamata disease in September 1959, although this 
hypothesis had already been disproved in 1957 [3, 4]. Also, a famed professor of the 
Tokyo Institute of Technology presented his hypothesis that noxious amine was to 
blame in April 1960. Thus, the press had been placated with clever words by the 
Chisso plant side, and inane counterarguments by authorities advocating the com-
pany threatened the health and safety of the Minamata residents.

The formation of organic mercury from inorganic mercury used as a catalyst was 
reported in 1921; i.e., the mercury did not remain long in the form of a sulfate but 
was converted to an organic compound, and this acted as the catalyst [3, 5, 6]. In 
addition, there were two studies reporting several cases with organic mercury intox-
ication among workers engaged in acetaldehyde production from acetylene in 1930 
and 1937 [7]. At the time of the outbreak of Minamata disease, these reports should 
have been available, and a few technicians of the chemical plant might have known 
about their findings because of their general knowledge of the catalytic transforma-
tion of acetylene. Nevertheless, the plant consistently insisted that they could not 
have foreseen the formation of organic mercury from inorganic mercury.

2.4  Government Response to Minamata Disease

After Minamata disease was suspected of being caused by eating fish and shellfish, 
the Kumamoto prefectural government began to discuss a ban on fish capture in 
Minamata Bay and also its consumption [2, 3]. The prefectural government decided 
to apply the Food Sanitation Act and referred to the Ministry of Health and Welfare 
for the propriety of application of the law on August 16, 1957. The reply from the 
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Ministry on September 11, 1957 was: “The inhabitants must be recommended to 
avoid eating the seafood caught in Minamata Bay because it may induce the strange 
disease affecting the central nervous function. However, there is no distinct evi-
dence endorsing the toxicity of all fish and shellfish dwelling in the bay. Therefore, 
it appears to be impossible to apply the Food Sanitation Act to all the fish and shell-
fish caught in the relevant area.”

Rapid economic growth in Japan since 1955 resulted in a high level of develop-
ment of heavy chemical industries, great expansion in productivity, and rise in income 
levels. According to Prof. Reischauer, ex. US Ambassador to Japan from 1961 to 
1966, industrial evolution in Japan was led by the Ministry of International Trade and 
Industry, giving the highest priority on Japan’s industrial growth with strong authority 
in the government [8]. With that, the Ministry prioritized economic growth over certi-
fying pollution or relieving patients from the outbreak of Minamata disease.

The Ministry of International Trade and Industry guided the Chisso plant on 
October 21, 1959 to stop draining water into the mouth of Minamata River but into 
Hyakken drain as before and to set up facilities for wastewater management by the 
end of the year [4]. The Ministry also instructed the government to inspect wastewa-
ter from all the plants producing acetaldehyde or vinyl chloride in Japan. However, 
results were not made public for fear that Minamata disease becomes a serious 
political issue [2]. As a consequence, the second disaster (i.e., Niigata Minamata 
disease) occurred in the Agano River basin; in July 1965, it was confirmed that there 
were 26 patients there and that five of them had died. The Government of Japan 
made a proclamation of its collective view regarding Minamata disease in the vicin-
ity of Minamata Bay in Kumamoto prefecture and the Agano River basin in Niigata 
prefecture on September 26, 1968: “The methylmercury compound, secondarily 
generated in the process of production of acetaldehyde, was the causal agent of the 
disease” (Fig. 2.1). The operation of acetaldehyde production using the catalyst at 
the Chisso plant had ceased in May of that year. Twelve years had passed after the 
official report on Minamata disease. Control over industrial effluent based on the 
Factory Wastes Law was initiated in February 1969.

2.5  Issues Related to Officially Certified Patients 
of Minamata Disease

The reason for prolonged lawsuits for officially certified patients of Minamata dis-
ease was attributable to too strict diagnostic criteria, which was the same in the 
Morinaga dry-milk arsenic poisoning incident that occurred in that same period [9]. 
The criteria required specific clinical manifestations of Minamata disease or trials 
(i.e., pigmentation in skin, hepatomegaly, and anemia) in the Morinaga case. In 
addition, the criteria did not necessarily assume specific and objective diagnostic 
methods. The government was not aware of the causal agent of Minamata disease 
till 1959 and exposure assessment using biological samples of the patients did not 
take place. Before 1971 when cold vapor atomic absorption spectrometry method 
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was developed, Japanese researchers applied colorimetric methods with wet diges-
tion and extraction with dithizone to analyze mercury in biological samples; also, 
they did not have any means for evaluating the sensitivity or precision of their analy-
sis results. The fact that academic consensus on health effect, exposure assessment, 
and risk assessment of methylmercury still remained to be established, further exac-
erbated the tragedy of Minamata disease.

2.6  Health Effects of Low-Level Methylmercury Exposure

A discovery of fetal-type Minamata disease provided important evidence that intra-
uterine exposure to methylmercury affects the fetuses being the next generation [10]. 
A declined male birth ratio was observed among Minamata disease patients through-
out Minamata city from 1955 to 1959 [10, 11]. Shared hypothesis was that a high level 
of methylmercury exposure during pregnancy caused excess miscarriage or stillbirth 
of male fetuses especially. This fact indicated that male fetuses were more susceptible 
to methylmercury than female ones [10–12]. Furthermore, it turned out that mercury 
concentrations in umbilical cord blood were about twice as high as those in maternal 
blood [10, 13], which explains the fact that mothers whose babies had fetal-type 
Minamata disease showed just a little symptoms of methylmercury poisoning. As a 
consequence, it was considered that fetuses were the most susceptible to environmen-
tally hazardous substances, and Faroese Birth Cohort Study, Seychelles Child 
Development Study, and Japan Environment and Children’s Study focused on the 
effect of prenatal exposures to chemical substances on child development [14].
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In August 2005, the Food Safety Commission of the Cabinet Office in Japan 
reviewed the cohort studies results on health effects of methylmercury and identi-
fied that fetuses were the population with the highest risk to exposure of methylmer-
cury contained in seafood [14]. The Commission replied to the Minister of Health, 
Labour and Welfare that the tolerable weekly intake (TWI) of methylmercury, with-
out risk of adverse health effects, was 2.0 μg/kg body weight (BW)/week. On the 
basis of this TWI, “an advice about feeding fish and shellfish to pregnant women 
(i.e., fetuses)” was announced by one section of Food Sanitation Council estab-
lished under the Pharmaceutical Affairs and Food Sanitation Council of Ministry of 
Health, Labour, and Welfare in November 2005.

An intervention study was conducted to scrutinize whether the provisional toler-
able weekly intake (PTWI, 3.4 μg/kg body weight (BW)/week) of methylmercury 
in Japan was safe for adults [15, 16]. The experimental group was exposed to meth-
ylmercury at the PTWI level through consumption of bigeye tuna or swordfish for 
14 weeks; for instance, a subject whose BW was 60 kg consumed approximately 
200  g/week of these fish because the methylmercury concentration in fish was 
1.0 μg/g. In the experimental group, mean hair mercury levels, determined before 
and after the dietary methylmercury exposure and after 15-week wash-out period 
following the cessation of exposure, were 2.30, 8.76, and 4.90 μg/g, respectively. 
The sympathovagal balance index of heart rate variability (HRV) was significantly 
elevated after the exposure, but it reverted to the baseline after the wash-out period. 
On the contrary, such changes in HRV parameters were not found in the control 
group. These results imply that long-term exposure to methylmercury in fish- 
consuming populations may become a potential risk for cardiac events originating 
from sympathovagal imbalance.

In Japan, tuna cut into slices (approximately 15 g per slice) is recommended as 
baby food by some websites because it has less small bones and is rich in iron. If a 
mother feeds 4–5 slices of tuna per week to her baby weighing 8 kg, the baby takes 
6–9 μg/kg BW/week of methylmercury; that is, its intake would exceed the TWI 
mentioned above [14]. Infants and toddlers are not included in the dietary advisory 
of the Ministry of Health, Labour, and Welfare, whereas some countries warn all 
citizens not to eat certain fish (e.g., swordfish, spearfish, or shark). However, this 
does not mean that methylmercury intake by infants or toddlers does not affect the 
nervous system; merely, there exist no scientific reports having examined such 
study subjects. Further study is needed to clarify whether low-level methylmercury 
exposure not only in uteri but also in infancy causes irreversible damage to the 
developing central nervous system.

2.7  Mercury Pollution in the World

Aquatic pollution due to mercury/methylmercury has been repeatedly reported 
[17, 18]. Especially in gold mining in developing countries, gold ore is crushed and 
metallic mercury is added to make mercury-gold amalgam. Mercury vapor is then 
released into the air during the process of obtaining gold by directly heating the 
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amalgam. Also, in some areas of mercury mines in China, mercury vapor is gener-
ated during the cinnabar refining [19]. Figure 2.2 presents workplaces that generate 
mercury vapor. Mercury vapor pollutes not only air but also soil and rivers nearby, 
resulting in mercury found in paddy rice grew downstream of the mines. Total 
mercury concentration was the highest in rice root, followed by stem, leaf, hull, 
and brown rice [17, 20]. Methylmercury was accumulated the most in root, fol-
lowed by brown rice. On the basis of this finding, rice grown in contaminated 
fields, in addition to seafood, attracts attention as a special exposure source of 
methylmercury to humans. The mercury-gold amalgam method used as the gold 
extraction method pollutes air, soil, and rivers as described above [18]. A cyanida-
tion method is an alternative, however, a large amount of cyanide released into 
rivers will affect biodiversity, reducing aquatic small animals. Recently, methods 
that do not use these harmful substances are under research, but it will take more 
time before they could be applied in developing countries. In some developing 
countries in South America and Africa, artisanal and small-scale gold miners 

Cinnabar refining

Mercury-gold
amalgam
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continue to use mercury [21], though medium- to large-scale miners may use such 
alternative methods; that is, communities and ecosystems around artisanal and 
small-scale gold miners, who are often not incorporated into formally legal or 
institutional structures, are continuing to be at risk. Mercury emissions associated 
with artisanal and small-scale gold mining account for almost 38% of the global 
total and are the major contributor to the emissions worldwide [21, 22]. Accordingly, 
transition away from mercury use is critical, while a reduction in use, safety mea-
sures, and management are encouraged.

Methylmercury in the aquatic environment is bioaccumulated through the food 
chains of plankton, shrimp, small to large fish, and marine mammals (such as 
whales) [23, 24]. Methylmercury exposure to humans occurs mainly by eating fish 
or shellfish. For that reason, inorganic mercury and mercury vapor contaminations 
in the aquatic environment can finally increase methylmercury exposure levels to 
humans. The Minamata Convention on Mercury is an international treaty designed 
to protect human health and the environment from man-made emissions and releases 
of mercury and mercury compounds. It was adopted and signed in Kumamoto on 
October 10, 2013 [25], and the treaty entered into force on August 16, 2017 (the 
United Nations Environment Programme reported that the signatory and ratification 
nations on March 31, 2021 were 128 and 131, respectively). The treaty aims to 
reduce the supply, use, emissions, and disposal of mercury with cooperation among 
developed and developing countries. The comprehensive measures at each stage of 
the above can reduce anthropogenic emissions of mercury and prevent global mer-
cury pollution, including cross-border pollution. This is exactly one effective way to 
achieve SDGs. Especially, goals 3 and 14 would be involved in the above treaty. 
Goal 3 is to ensure healthy lives and promote well-being for all at all ages, implying 
that reducing the use of mercury-containing products and minimizing its releases 
will ultimately result in protecting human and environmental health. Next, Goal 14 
is to conserve and sustainably use the oceans, seas, and marine resources for sus-
tainable development; large coastal populations in every region depend on marine 
resources for their livelihoods, which are being threatened by the deterioration of 
coastal waters due to pollution. Many countries around the world should decrease 
the use and release of mercury from various land-based activities, prevent mercury 
from entering water sources, and reduce the accumulation of mercury in the 
food chain.

2.8  Conclusion

Minamata disease was an environmental epidemic in a way but also a man-made 
calamity that occurred under the government’s policy to put the highest priority on 
economic growth in the postwar era. Today, high-level methylmercury pollution is 
not expected to occur in Japan. Still, a small amount of mercury is emitted from 
natural and anthropogenic activities (coal-fired power plants, etc.), and the wester-
lies carry it with yellow sand, implying that mercury could be transferred across the 
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border from the Asian continent. Therefore, scientists must have a mission to stay 
tuned toward the latest information on the globe, keep on watching the changing 
environment, and find out the truth without any prejudice.
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Abstract In the Jinzu River Basin of Toyama Prefecture, the operation of a large- 
scale lead-zinc mine and smelting plant (Kamioka Mine) located upstream, from 
the 1890s to 1970s, released large volumes of slag and wastewater, which polluted 
the environment with heavy metals, such as cadmium. Rice paddies with an area of 
1500 ha were contaminated with heavy metals as those soils used water from the 
Jinzu River for irrigation. The polluted irrigation water was also used for drinking; 
hence, residents of the Jinzu River Basin developed a chronic cadmium poisoning 
symptom, locally known as the itai-itai disease. In this chapter, we discuss the his-
tory of the mining pollution in the Jinzu River Basin that lasted for over 100 years, 
proceedings for the damages by the itai-itai disease intended to clarify the liability 
of the mining company, and history and current situation of remediation of the envi-
ronment contaminated with cadmium through inspection of the mine by local resi-
dents, which was granted to them as the result of winning the case.
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3.1  Introduction

“Since the beginning of time, rivers are one of the blessings bestowed by nature that 
are essential not only for transportation and irrigation but also drinking and many other 
aspects of life, which we took for granted, and the Jinzu River is no exception. In 
recent years, rivers have become polluted with waste inevitably generated via compa-
nies’ economic activities, causing the destruction of their natural environment. In the 
absence of established regimes for maintaining and protecting the natural environ-
ment, such as rivers, building a facility equipped with a technology that can prevent the 
damages from the said wastes and relief from the damages due to the adequacy thereof 
must be demanded from the company that engages in the economic activities in ques-
tion” (excerpt from the judgment of first instance of itai-itai disease trial, 1971) [1].

Itai-itai disease (meaning “it hurts, it hurts” disease), which is caused by cad-
mium pollution, is the most severe type of chronic cadmium poisoning, and it has a 
condition of proximal renal tubular osteomalacia; it is prevalent in the Jinzu River 
Basin of Toyama Prefecture [2]. The environmental contamination with cadmium 
was a result of the operation of the Mitsui Kamioka Mining and Smelting Co., Ltd. 
(hereinafter, Mitsui), which was located along the Takahara River in the upper Jinzu 
River [3, 4]. However, since the company had not accepted any responsibility for a 
long time, patients suffered from itai-itai disease and their families sued the com-
pany to pursue its liability. In March 1968 patients and bereaved families filed a 
claim for damages against Mitsui in the Toyama District Court. The trial lasted for 
3 years and 4 months, and the verdict of the first instance was handed down by Chief 
Justice Toshio Okamura on June 30, 1971. The document detailing the ruling that 
included the well-known portion mentioned at the beginning [1] was read. Although 
Mitsui appealed the verdict, the residents won the appeal on August 9, 1972, in the 
Nagoya High Court, Kanazawa Branch. Victimized residents and their legal team 
negotiated directly with Mitsui at their Tokyo headquarters on August 10, the day 
after the verdict, and signed “Pledge on the compensation for itai-itai disease,” 
“Pledge concerning the soil pollution problems,” and “Agreement on pollution con-
trol” regarding on-site inspections. Residents’ activities based on the pledge and 
agreement became the starting point of environmental reclamation [3].

In this chapter, we discuss the history and current situation regarding the itai-itai 
disease and introduce the achievements of the environmental reclamation activities 
by the residents, especially from the viewpoint of overcoming water pollution, 
based on the report by Hata [5].

3.2  Environmental Pollution Due to Cadmium 
and Its Damages

From the 1890s to the 1970s, in the Jinzu River Basin of Toyama Prefecture, slag 
and wastewater discharged from a large-scale lead-zinc mine and smelting plant 
(Kamioka Mine) located upstream polluted the environment with heavy metals, 
such as cadmium. As the result of the long-term intake of cadmium through 
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ingestion of agricultural crops, such as rice, and drinking of irrigation water, local 
residents developed chronic cadmium poisoning symptoms, most notably, the itai-
itai disease [2, 6]. The Fig. 3.1 shows natural history from the accumulation of 
cadmium in the body tissues to the development of itai-itai disease. It was specu-
lated that the symptoms of the itai-itai disease appeared in the area around the 
1910s, and the disease became prevalent by 1935. However, it was the 1960s, almost 
50 years after the first appearance in the area, when the media picked up the disease 
as a social problem and the government began investigating it [6–8].

3.2.1  Development of the Kamioka Mine and History 
of the Damage

After the Meiji Restoration in 1868, the Japanese government vigorously pur-
sued the development of mining and manufacturing industries to catch up with 
the western developed nations and modernization. Mitsui, a leading 
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Fig. 3.1 Natural history of itai-itai disease (Aoshima, unpublished)
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conglomerate in Japan, began full-scale operations and development of the 
Kamioka Mine in 1886. In the early stages of the development, the main product 
of mining and smelting was silver with lead as a by-product. In 1905, a year 
after the start of the Russo-Japanese War, they began mining zinc ore, which 
was previously discarded as a contaminant during lead smelting. Between the 
1910s and 1920s, including World War I (1914–1918), the production of lead 
and zinc at Kamioka Mine rapidly increased up to 60% to 70% of the total 
national production. In 1909, they introduced a flotation method, in which ores 
were crushed and granulated, to separate lead and zinc ores. In 1927, Mitsui 
adopted an all-mud priority flotation method. As a result, large volumes of 
wastewater and slag containing granulated heavy metals were generated. Owing 
to the inadequate facility and process of waste disposal, the wastes were released 
in the Takahara River that ran immediately below the mine and smelting plant. 
In 1917, the residents of the downstream area had claimed damages to farm 
crops, fruit- bearing trees, and woodlands, and received compensation from 
Mitsui. In 1919, those residents took samples of the soil irrigated with the water 
from the Jinzu River and requested to the then Agricultural Experiment Station 
of the Ministry of Agriculture and Commerce to analyze them for lead, copper, 
and zinc. The results showed that the zinc concentration in the soil was particu-
larly high. With this evidence, they demanded the mining authorities to take 
action [3].

After the Great Depression of 1929, the production of lead and zinc dramatically 
decreased; however, the Manchurian Incident in 1931 triggered the increase. 
Although the company for the first time built a tailings pond in 1931, the damage 
was not mitigated; rather, it only continued to increase. In 1932, affected farmers 
and fishery operators formed the “Mining Pollution Eradication Association in 
Jinzu River” and repeatedly demanded the mining authorities and Toyama Prefecture 
to conduct surveys and implement countermeasures [3].

In 1937, after the Second Sino-Japanese War began, the Japanese economic sys-
tem transitioned to a state monopoly capitalism, and an act on increased production 
of important mining products was enacted. At this time, approximately 60% of the 
total lead and zinc production was reserved for military use. Between 1931 and 
1944, including World War II (1941–1945), mining (i.e., unprocessed ore produc-
tion) increased by fourfolds at the Kamioka Mine. The associated increase in waste 
and wastewater led to a dramatic increase in the damage to agriculture and fisheries 
downstream of the Jinzu River [3].

The production continued to increase until 1975, with a total daily mining vol-
ume of 6600 tons in the peak period. Although Kamioka Mine discontinued their 
mining operations in June 2001, smelting of zinc and lead is continued even today. 
The total amount mined in 130  years (1874–2001) is said to be 7.5 million 
tons [6, 9].

K. Aoshima



25

3.2.2  Health Impact on the Residents of the Jinzu River Basin: 
History of itai-itai Disease

The onset of the itai-itai disease is believed to be in the 1910s, and the disease 
became prevalent during the 1935–1944 period. However, under the social situation 
during the war where “mining pollution” was a taboo word, there was no adminis-
trative measure taken. In 1946, after World War II, the residents finally expressed 
that “a strange disease was rampant” and requested Kanazawa University to con-
duct a survey. However, it approximately took another 10 years until it was recog-
nized as a social problem, and it was in 1955 when the name “itai-itai disease” was 
first made public [6–8].

Early researches focused on clinical and medical research including clinical find-
ings, pathology, diagnosis, and treatment, and the causes were assumed to be 
advanced age, malnutrition, prolificness, and hard labor. Although some pointed out 
that mining pollution may be the cause, there was no specific survey or study to 
prove it. Under such circumstances, Dr. Kin-ichi Yoshioka, Ph.D. in agriculture and 
economics, conducted a survey in collaboration with Dr. Noboru Hagino, the direc-
tor of Hagino Hospital (since the itai-itai disease was rampant in the surrounding 
area of the hospital at that time), and in June 1961, Dr. Yoshioka published “A Study 
Report on the Mining Pollution in the Jinzu River Basin: Mining-related Damages 
on Agriculture and People (Itai-Itai Disease) [10],” pointing out, for the first time, 
the possibility of cadmium poisoning [6–8].

Following this publication, the national government and government of Toyama 
Prefecture initiated investigations and studies in the 1962–1963 period. Based on 
the results of those investigations and studies, the national government (the Ministry 
of Health and Welfare) announced in May 1968 that “itai-itai disease is chronic 
poisoning by cadmium discharged from Kamioka Mine, and is a pollution-related 
illness.” It was then when countermeasures by the national government and admin-
istrations finally began [6–8].

3.3  Recent Trends Regarding the Itai-Itai Disease

Itai-itai disease is the most severe type of chronic cadmium poisoning. In the early 
stages, proximal renal tubular dysfunction (cadmium nephropathy) is developed, 
and glucose, amino acids, phosphoric acid, uric acid, and low molecular weight 
proteins such as β2-microglobulin are excreted into urine in increased amounts 
(Fig. 3.1). Cadmium accumulates in the proximal tubule and the liver for a long 
time, and even today, multiple proximal renal tubular dysfunction is rampant and 
persists among elderly residents, aged 80  years or above, who live in the 
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cadmium- contaminated areas of the Jinzu River Basin regardless of their sex [4, 7]. 
A recent survey by the Ministry of the Environment reported that there were about 
1000 cases of proximal renal tubular dysfunction with a urinary β2-microglobulin 
(U-β2-MG) of ≥1 mg/gCr [11]. However, the national government (Ministry of the 
Environment) acknowledges only the itai-itai disease as a pollution-related illness, 
and cadmium nephropathy is not recognized as such [6]. Under such circumstances, 
in December 2013, victimized residents forced Mitsui, through direct negotiation, 
to compensate those with cadmium nephropathy (U-β2-MG of 5 mg/gCr or higher) 
with a lump sum of 600,000 yen [4, 7].

In our recent study [4], the patients who persistently suffered from hypophospha-
temia among those who had the severe case of proximal renal tubular dysfunction 
(U-β2-MG of 20 mg/gCr or higher) developed osteomalacia; i.e., the itai-itai disease. 
In addition, in patients who received an active vitamin D treatment, the onset of 
osteomalacia was suppressed, but the kidney function continued to deteriorate, which 
in turn led to the onset of chronic renal failure and renal anemia. A prognosis survey 
conducted for 10 years and 10 months from June 2009 to March 2020 showed that 
12 out of 18 subjects with U-β2-MG of 20 mg/gCr or higher (severe case) had died, 
and the cause of death of a half of them (six patients) was a chronic renal failure [12].

Since the start of the certification system for the itai-itai disease in 1967, the 
certified patients have amounted to 200 (195 women and 5 men) by January 2021. 
As of the end of March 2021, only one (female) was still alive. However, even after 
2000, 29 subjects (26 women and 3 men) applied for the certification, of which 17 
(15 women and 2 men) were certified. It is a pollution-related illness that continues 
even in the twenty-first century.

3.4  Fifty Years of Residents’ Fight to Reclaim 
the Environment and Its Results

3.4.1  Field Survey of Kamioka Mine Based on the Pollution 
Prevention Agreement

The trial for the itai-itai disease was a proceeding for damages pursuant to the provi-
sion of no-fault compensation in the Mining Act, and the compensation for damages 
was paid out as a result of overall victory for the plaintiffs (patients and bereaved 
family). However, reclaiming the contaminated environment and taking counter-
measures against the source of release remained to be major challenges [3, 5]. The 
Pollution Prevention Agreement signed a day after the verdict states that if the vic-
timized residents deem it necessary, residents or designated experts can conduct an 
on-site investigation into relevant facilities in the Kamioka Mine, such as the final 
wastewater treatment facilities; including drainage ditches and the waste slag dump-
ing ground, and voluntarily collect relevant information [3]. This on-site investiga-
tion based on the Pollution Prevention Agreement have been conducted every year 
since 1972, and as of 2020, more than 8500 residents have participated in 49 
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investigations. Residents have commissioned their own studies and investigations 
into the sources of release, such as wastewater and stack gas, made recommenda-
tions to the Kamioka Mine based on the results, and realized pollution prevention 
measures. Furthermore, in 2015, they established the Special Committee on 
Countermeasures against sources of release, consisting mainly of residents. This 
committee is analyzing the data in “annual reports” on the pollution prevention mea-
sures conducted by Kamioka Mine and regarding the on-site investigations. A case 
example that has dramatically enhanced pollution prevention measures based on the 
Pollution Prevention Agreement between an affected residents’ group and a com-
pany that has released a pollutant is unprecedented not only in Japan but in the 
world [5].

3.4.2  Result of Measures Against the Sources at 
Kamioka Mine

The Kamioka Mine operates mining, ore dressing, and smelting, and all these pro-
cesses require a large volume of water. The characteristics of water used for mining 
industry are that the source is decentralized (e.g., mountain streams in mountainous 
regions, infiltrated water, mine water; and river water to a certain extent), area where 
the water is used is expansive, and thereby, unlike factories located in flat areas, it is 
extremely difficult to employ intensive modern wastewater treatment methods. The 
first and second on-site investigations in 1972 and 1973 showed that approximately 
35 kg/month of cadmium was released from eight drains from the Kamioka Mine 
into the Jinzu River, and approximately 5 kg/month of cadmium in stack gas was 
released into the atmosphere [3, 5, 13]. Thus, turbidity separation of the mine water, 
recycling of the ore dressing process water, improvements to the wastewater treat-
ment facilities, and treatment of seepage from the waste slag dumping ground were 
performed as countermeasures against wastewater. As a result, the amount and con-
centration of cadmium released from eight (currently seven) drainages from the 
Kamioka Mine decreased from ca. 35 kg/month and 9 ppb in 1972 to ca. 3 kg/month 
and 1 ppb in 2015 [3, 5, 14]. As countermeasures against stack gas, not only the col-
lection of dust from furnaces but also enhancement to the collection of environmen-
tal dust within buildings and improvements to the processes that had high cadmium 
emissions were implemented. As a result, the amount of cadmium released with the 
stack gas decreased from ca. 5 kg/month in 1972 to ca. 0.1 kg/month [3, 5, 13, 14].

In addition to the wastewater and stack gas, water and sediment in the Jinzu 
River Basin got contaminated due to the release of heavy metals from dormant or 
abandoned mines, spoil tips, and along old tram tracks [3, 13]. After understanding 
the situation through aerial photographs and field surveys, separation of water from 
contaminated streams and water from noncontaminated streams, covering with soil, 
tree planting, and collection and treatment of contaminated groundwater were per-
formed as countermeasures against dormant or abandoned mines and spoil tips. In 
this manner, the amount of cadmium released from dormant or abandoned mine and 
spoil tips was reduced to approximately 1 kg/month [5, 14].
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3.4.3  Improvements to the Quality of Water and Sediment 
in the Jinzu River Basin

The results of the investigations into the quality of water and sediment in the entire 
Jinzu River Basin showed that the cadmium concentrations in the water and sedi-
ments in upstream from the Kamioka Mine and noncontaminated tributaries were 
0.1 ppb and 0.05 ppm, respectively, while those in downstream from the Kamioka 
Mine and contaminated tributaries were 0.2–10 ppb and 1–10 ppm, respectively, 
clearly indicating the pollution load of the Kamioka Mine on the Jinzu River [3, 5, 
13]. In particular, the investigations into the amount of cadmium released in the 
Jinzu River Basin conducted between 1975 and 1977 showed that the majority of 
the pollution load from the Kamioka Mine was not from eight drains and dormant 
or abandoned mines but from contaminated groundwater gushing out into the canal 
for power generation installed for the Hokuriku Electric Power Company (hereinaf-
ter, Hokuriku Electric canal) that runs under the Mine [3, 5, 13]. As countermea-
sures against the pollution load of the Hokuriku Electric canal, a system was 
installed to collect sump water from the canal, and water was pumped up from bar-
rier wells. As a result, the amount of cadmium released was decreased from ca. 
21 kg/month in 1977 to ca. 0.5 kg/month in 2015 [3, 5, 14].

Since 1980, water quality in the Jinzu River Basin is continuously monitored. 
Water is automatically sampled and analyzed every 3 hours every day at four loca-
tions: Higashimachi Power Plant (later changed to Tono canal) at the entrance of the 
Hokuriku Electric canal, Maki power plant at the exit of the Hokuriku Electric 
canal, Jinzu River Dam No. 1 power plant, and Ushigakubi irrigation water. 
Ushigakubi irrigation water is especially important, and analysis results are cross- 
checked between those analyzed by the Kamioka Mine and those analyzed by the 
residents. In 1980, the cadmium concentrations at Maki power plant, Jinzu River 
Dam No. 1 power plant, and Ushigakubi irrigation water were 0.2 ppb or higher. 
Since 1996, those concentrations have been below 0.1 ppb–the level equivalent to 
that in noncontaminated river. Since 2004, the cadmium concentrations in Tono 
canal in the upstream of the Kamioka Mine and Ushigakubi irrigation water have 
been 0.07 ppb and deemed that the pollution load from the Kamioka Mine is not 
zero, but has become negligible. As such, the aim to restore the water quality in the 
Jinzu River to the background level is achieved [5].

The cadmium concentration in dam sediments in the downstream of the Jinzu 
River decreased from 2 ppm to 3 ppm in 1975 by 10 times to 0.2–0.3 ppm in 2015, 
showing that the soil quality improved to the background level (0.5 ppm or below) 
[5, 14].

3.5  Conclusions

A long-lasting project [33 years (1979–2012)] of reclamation of paddy soils con-
taminated with cadmium, which reclaimed 863 ha of paddy soils, was completed 
[7], although this chapter did not discuss this project further. Extensive and 
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severe environmental pollution with heavy metals, damages to the agricultural 
and fishery industries caused by the development of the Kamioka Mine by Mitsui, 
and a tenacious fight of the residents in the Jinzu River Basin regarding the dam-
ages to humans, which lasted for over 100 years, especially the fight in the latter 
half that began with the trial, are noteworthy. There remains for us to learn about 
the painstaking works of the people who endeavored to reclaim the environment 
and their achievements.
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Chapter 4
Arsenic Intoxication in Toroku District 
of Japan

Yoshiki Kuroda

Abstract As you can see from the large amount of arsenic contained in the hot 
springs and releasing arsenic from volcanoes, the crust and soil are often contami-
nated by arsenic. Arsenic takes two forms (organic and inorganic compounds) in the 
environment and inorganic arsenic is highly harmful. Since ground water is pol-
luted by inorganic arsenic; it could be unsafe to human health. In developing coun-
tries, groundwater is frequently used as drinking water to prevent infectious diseases 
such as gastrointestinal infections. Therefore, many countries are suffering from 
arsenic contamination.

In Japan, many people use water from the river, but not groundwater, as drinking 
water. Therefore, the occurrence of diseases due to arsenic-contaminated ground-
water is not common. However, historically, many patients suffered from arsenic 
poisoning around some mines. The most popular case was that of arsenic pollution 
in the Toroku mine, Miyazaki prefecture. I introduce the arsenic pollution concern-
ing the Toroku mine.

Keywords Arsenic · Arsenous acid · Toroku · Matsuo · Miyazaki · Mine

4.1  Introduction

The atomic number of arsenic is 33 and it has three allotropes. In the environment, 
arsenic exists as a metal. However, it also exists as inorganic or organic arsenic 
compounds. The main inorganic arsenic compounds are trivalent hydrogen arsenide 
(arsine), arsenic trichloride, diarsenic trioxide (arsenous acid), arsenic pentoxide, 
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and hydrates of these compounds. Organic arsenic compounds are synthesized in 
living organisms. In addition, artificial arsenic compounds are used as pesticides 
and pigments. Arsenic absorbed in the body is methylated and becomes organic 
arsenic, which is rapidly excreted in the urine [1]. When the arsenic exposure level 
is low, the arsenic absorbed in the body is metabolized via this metabolic pathway, 
and side effects are minimal. However, if humans are exposed to high levels of arse-
nic, unmetabolized arsenic inhibits enzyme receptors with thiol groups [2]. In addi-
tion, oxidative stress superoxide is generated in the body, and unmetabolized arsenic 
consecutively induces genotoxic and non-genotoxic effect [3]. Acute arsenic poi-
soning is characterized by digestive system symptoms, neuropsychiatric symptoms, 
liver dysfunction, and cardiovascular disorders. Chronic exposure to arsenic could 
induce skin lesions and malignant diseases such as skin cancer, lung cancer, and 
bladder cancer.

4.2  Arsenic Pollution Worldwide

Many countries are suffering from arsenic contamination worldwide [4–8]. 
Developing countries such as Chile [9], Argentina [10], Bangladesh [11–13], and 
China [14, 15] are severely distressed by arsenic contamination. In Chile and 
Argentina, rivers are polluted with arsenic, and contaminated river water is often 
used as drinking water. As a result, serious arsenic poisoning issues have been 
reported in these countries. In contrast, since groundwater is safe from microbial 
contamination (such as pathogenic digestive tract bacteria), well water has been 
frequently used and is recommended in many counties where the water supply is 
inadequate. However, groundwater could be a risk factor for arsenic contamination 
and arsenic poisoning. In China, arsenic poisoning is caused by the indoor use of 
coal, which contains arsenic [16]. Many countries in Southeast Asia also suffer from 
arsenic pollution [17–21]. It is thought that the source of arsenic could be the 
Himalayas, and the downstream sediments contain high levels of arsenic, which 
contaminates pipe-borne water.

4.3  Arsenic Pollution in Japan

In Japan, surface water (river water) has been habitually used as drinking water, and 
groundwater has rarely been used for this purpose. Therefore, there are few cases of 
arsenic poisoning caused by drinking water. Since there are many volcanoes, Japan 
is known as a volcanic country. It is said that the arsenic concentration in marine 
products such as soft seaweed [22], hijiki [23–25], and kelp near Japan is high. In 
particular, hijiki contains high quantities of inorganic arsenic [22, 25]; therefore, it 
could be dangerous if eaten in large quantities. Since ancient times, a large amount 
of ore (arsenopyrite) containing high quantities of arsenic has been produced in 
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Japan, and arsenic has long been used as a raw material for pesticides, rodenticides, 
wood preservatives. It was also used as a poisonous gas during the Second World 
War [26].

Arsenic pollution was caused by the production of arsenous acid several decades 
ago. The famous polluted areas are the Toroku and Matsuo mines in Miyazaki pre-
fecture [26], the Sasagadani mine in Shimane prefecture, and the Tougane mine in 
Gifu prefecture. The Toroku and Matsuo mines in Miyazaki prefecture also manu-
factured arsenous acid using the same method. Arsenous acid is produced by refin-
ing arsenopyrite in the kiln [26] (Fig. 4.1). However, as no filter was provided to the 
kiln, arsenous acid was spread to the surroundings, and the environment was pol-
luted by arsenic compounds. Therefore, many workers and residents around the 
mine suffered from arsenic poisoning.

Since Toroku became famous for patients suffering from arsenic pollution, the 
Matsuo mine without many patients was not as widely known as the Toroku mine. 
Mines produced gold, silver, and copper. From around 1920, the Matsuo mine pro-
duced arsenous acid from arsenopyrite in the same way as the Toroku mine. Former 
employees developed chronic arsenic poisoning, and they sued the management for 
damages to the mining industry. In 1983, the Miyazaki District Court ruled in favor 
of the plaintiffs [26]. The major difference between the Toroku mine and the Matsuo 
mine was that the Matsuo mine was located in a remote mountain area far from resi-
dential areas, and patients of arsenic poisoning were limited to former employees.

4.4  Arsenic Pollution in the Toroku Mine [26–28]

The Toroku mine was developed as a silver mine in the 1500s. The mine obtained 
its name from the technician invited over from Portugal. Toroku was a famous mine 
that produced silver under the direct control of the Edo Shogunate (1600–1868) and 
was lined up with the gold mine of Sado and the silver mine of Ikuno in Japan. In 

Fig. 4.1 Ruin of arsenic 
kiln (provided by Miyazaki 
Prefecture)
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the Meiji era (1868–1912), Toroku mine produced tin, lead, copper, and zinc. 
Subsequently, arsenic-containing ores such as arsenopyrite were found in the 
Toroku mine, which began to produce arsenopyrite as a raw material for arsenous 
acid. Arsenous acid produced from the Toroku mine has been traded and exported 
as a raw material for herbicides, pesticides, and poisonous gas.

Arsenic is widely distributed in the crust and pollutes the environment through 
volcanoes and mines. Therefore, groundwater [29], vegetables [30], grain, and sea-
food [31] contain arsenic. Even the human body requires a very small amount of 
arsenic. In Toroku district, the environment was contaminated by arsenic trioxide, 
which was generated by burning arsenopyrite. This compound is also an anhydrous 
arsenous acid. When dissolved in water, it becomes arsenous acid (As (OH)3). 
Arsenous acid is methylated in vivo and converted to organic arsenic. Organic arse-
nic is rapidly excreted in the urine. When arsenic exposure is low, it is excreted from 
the body through this metabolic pathway. However, if the exposure to arsenic is 
high, arsenous acid inhibits enzyme receptors with a thiol base [2]. In addition, 
arsenic can generate superoxide, which is an oxidative stress marker in the human 
body. It can also cause genotoxic and non-genotoxic effect [3]. Therefore, arsenic 
poisoning symptoms are mainly digestive symptoms, neuropsychiatric symptoms, 
liver dysfunction, and cardiovascular disorders [32]. If humans are chronically 
exposed to arsenic, skin diseases, skin cancer, and lung cancer could occur [33].

Patients with arsenic poisoning have already been reported in the Taisho era 
(1912–1926) around the Toroku mine. It has been reported that honey and shiitake 
mushrooms could not be harvested, and many cattle, horses, and residents died. In 
the Showa era (1926–1989), the Toroku mine produced more arsenous acid, and the 
number of patients suffering from arsenic poisoning increased. The management of 
the Toroku mine was transferred to the Teikoku Mining Development Company. 
They often conflicted with the residents, and the production of arsenous acid was 
occasionally interrupted. After that, the management rights of the Toroku mine were 
transferred to Nakajima Mining Co. Ltd., and production continued until 1937 when 
the mountain was closed. In the 1940s, Sumitomo Metal Mining Co. Ltd. managed 
and operated the Toroku mine.

To date, many cases of poisoning have been reported. However, this case of pol-
lution had not been disclosed to the public by that time. The first research on this 
case of arsenic poisoning was conducted by a young teacher at an elementary school 
in Toroku district, who had just graduated from the Faculty of Education, Miyazaki 
University. First, the teacher wondered that students from Toroku district grew 
slowly and tended to fall sick. He also found that the teacher’s wife, who is also 
from Toroku district, was prone to illness, referring to the records of his elementary 
school. Therefore, he wondered if there were health problems around the Toroku 
mine. In September 1969, the Miyazaki prefecture investigated the arsenic concen-
tration of rivers. It was found that the wastewater from the Toroku mine contained a 
large amount of arsenic. However, they did not demonstrate an association between 
arsenic poisoning and patients’ suffering.

Therefore, the teacher decided to start a survey on Toroku poisoning. In 1946, he 
proposed that the issues of Toroku should be taken up as an educational research 
theme for the workplace, and he set “poison and education” as the theme. The 
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teachers started to explore the life history of the residents of Toroku district. As a 
result, he detected many health issues in residents and livestock and published the 
results. Since the pollution problem in Toroku district became widely known, in the 
same year, the Miyazaki prefecture also started a damage investigation and a health 
checkup for residents. The Miyazaki Prefecture indicated that there were diseases 
caused by arsenic exposure around the Toroku mine. Based on these results, the 
Miyazaki prefecture appealed to the Japanese government to treat these diseases as 
ones caused by arsenic pollution. On February 1, 1973, the Japanese government 
decided that Toroku district would be a “designated area for pollution-related dis-
eases” and labeled these diseases as “chronic arsenic poisoning.” The operation certi-
fied patients for chronic arsenism began in the polluted area according to the Pollution 
Health Damage Compensation Law, and 145 patients were certified by 1989 [34].

The production of arsenous acid continued from 1920 to 1962, with some inter-
ruptions. Since Toroku district was located in a V-shaped valley, polluted smoke was 
easily stagnant and close to the residential area, the living environment was polluted 
with a large amount of arsenous acid. The Miyazaki prefecture certified 108 men 
and 94 women (total 202) as patients with arsenic poisoning until March 31, 2017.

4.5  Review Related to the Toroku Mine

There were few articles on the Toroku mine [34–43], and some were written by 
Japanese authors [35–37, 39, 40, 42]. Tanaka compiled detailed data and published 
a book on arsenic pollution in the Toroku area [28]. Ishinishi et al. evaluated former 
workers of the Matsuo mine in Miyazaki prefecture [43]. However, they did not 
indicate the characteristic findings of arsenic poisoning, except gastrointestinal dis-
turbance, cardiovascular disorders, hematopoietic disorders, and liver dysfunction. 
However, Tuda et  al. (1990) indicated that analyses near the mine and refinery 
revealed high arsenic contents in the dust from ceiling boards of residences 
(200–8000 ppm), neighboring soils (2760 ppm on average), and percolated water 
from the slag (180 ppm) [36]. They also showed that cancer of the trachea, bron-
chus, lungs, respiratory and intrathoracic cancer, bladder, kidneys, and other unspec-
ified urinary organs and ischemic heart disease significantly exceeded the expected 
value based on the mortality rate in Japan. When classified by employment history, 
the incidence of respiratory and urinary tract cancers among former miners was very 
high. In this way, there were many victims of arsenic poisoning in Toroku mine.

4.6  Current Environment Around the Toroku Mine

Toroku returned to the lush environment as shown in the photo (Fig. 4.2), and it is 
difficult to recall the time when the plants all withered in this area. The Miyazaki 
prefecture conducted a field survey around the Toroku mine. They shielded the 
inside of the mine with concrete to prevent the outflow of arsenic, and replaced 
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dangerous contaminated soil on 13 hectares with noncontaminated soil. The arsenic 
concentration in the river near the mine was still higher than the environmental 
standards. Therefore, they are not suitable for drinking water. However, the concen-
tration of farm products is under standard and safe conditions.

Annual health checks to assess the effect of arsenic have been conducted every 
year by the Miyazaki prefecture, supported by the Miyazaki University Faculty of 
Medicine since 1973. The medical examinations included blood tests, internal and 
neurological examinations, dermatological examinations, and otorhinolaryngologi-
cal examinations. To date, 4000 residents have been examined. In addition, new 
arsenic poisoning patients are still detected from health observations. The Toroku 
pollution, like other cases of pollution, made us reflect strongly on the fact that past 
mistakes leave a huge negative legacy in the future.

Acknowledgement The author gratefully appreciates participants of Miyazaki prefecture for pro-
viding the data and photo concerning to Toroku mine.
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Chapter 5
Yokkaichi Asthma: Health Effects of Air 
Pollutants in Japan

Kayo Ueda

Abstract Yokkaichi asthma from the 1960s to the early 1980s involved the onset 
and exacerbation of asthma, chronic bronchitis, and chronic obstructive lung dis-
ease, which was attributed to sulfur dioxide (SO2). Inhaled SO2 easily dissolves in 
the epithelial lung lining fluid of the nose and upper airways and generates second-
ary reactive compounds, such as sulfurous acid and sulfuric acid. These derivatives 
increase the level of prostaglandin D2, inducing the constriction of airway smooth 
muscle, inflammatory responses, and oxidative stress. As a result, exposure to SO2 
causes bronchoconstriction in asthmatic subjects and exacerbates asthma. Many 
epidemiological studies found that exposure to SO2 was associated with mortality 
and incidence of asthma and chronic obstructive pulmonary diseases for adult, and 
prevalence of persistent cough/phlegm, asthma-like attack for schoolchildren. These 
scientific evidences played an important role to support the causal relationship 
between ambient SO2 and chronic obstructive pulmonary disease in individual 
patients who filed a lawsuit against the petroleum industry group.

Keywords Air pollution · Health · Respiratory diseases · Sulfur dioxide · Asthma

5.1  Introduction

Yokkaichi asthma was one of the four major pollutant-based diseases in Japan dur-
ing the high economic period, i.e., from the 1960s to the early 1980s. It involved the 
onset and exacerbation of asthma, chronic bronchitis, and chronic obstructive lung 
disease in Yokkaichi City that were attributed to the excessive emissions of sulfur 
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dioxide (SO2). Serious health issues associated with similar air pollution were 
observed in other areas of the Pacific Belt from the Kanto plain to North Kyushu, 
where the coastal areas were occupied by oil refining and petrochemical industries 
[1]. Nine patients in the Isozu district filed a lawsuit against the companies operat-
ing the complex in Yokkaichi in 1967, and the plaintiffs won the case in 1972. 
Scientific evidence was used to establish a causal relationship between SO2 and 
respiratory diseases. The following text describes the health effects of SO2 based on 
both toxicological and epidemiological evidence.

5.2  Toxicological Evidence on the Health Effects of SO2

The major sources of SO2 include anthropogenic activities, especially the combus-
tion of coal and oil containing sulfur, and metal smelting. Toxicological studies 
using human epithelial cells and animals have elucidated the mechanism by which 
exposure to SO2 causes harmful effects on the respiratory system. Inhaled SO2 easily 
dissolves in the epithelial lung lining fluid of the nose and upper airways and gener-
ates secondary reactive compounds, such as sulfurous acid (H2SO3) and sulfuric acid 
(H2SO4), which are subsequently converted to bisulfite and sulfite derivatives. These 
derivatives increase the level of prostaglandin D2, inducing the constriction of air-
way smooth muscle, inflammatory responses, and oxidative stress [2]. In addition, 
SO2 oxidation contributes to the formation of secondary particles of various sizes, 
including fine and ultrafine particles. These secondary products and particles are 
also responsible for oxidative stress and inflammation in the respiratory tract [3].

Previous studies have shown that exposure to SO2 alters mucociliary clearance, a 
defense mechanism of the respiratory system that removes inhaled particles and 
infectious agents. Sulfuric acid also affects mucociliary clearance and causes respi-
ratory irritation [4]. Clinical and epidemiological studies have shown that asthmat-
ics are more sensitive to SO2. Genetic polymorphisms may enhance the susceptibility 
to respiratory effects of SO2 [3]. A review of several controlled exposure studies, in 
which asthmatic volunteers were exposed to SO2 during 5–10 min, has shown that 
exposure to SO2 causes bronchoconstriction with increasing SO2 between 0.2 and 
1.0  ppm [5]. Another review reported that the response of lung function to SO2 
decreases in forced expiratory volume in the first second (FEV1), and an increase in 
airway resistance was induced within a few minutes. Although the concentration 
that causes acute responses varies according to each individual, exposure to SO2 
(>0.5 ppm) generally triggers bronchospasm in asthmatic patients [6].

5.3  History of Yokkaichi Asthma

After World War II, petroleum and petrochemical industries acquired the site of the 
former Japanese Navy Fuel Depot in the Yokkaichi area and developed petrochemi-
cal industry complexes (Table 5.1). A few years after its operation began in 1955, 
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Table 5.1 Timeline of air pollution-related events in Yokkaichi from World War II until 1973

Year Events in Yokkaichi area Events related to national and local government

1939–
1945

World war II

Petroleum and petrochemical industries started 
operation of its factory.

1955 Complaints about offensive odor in 
fish caught off Yokkaichi coast

Postwar high economic growth period in Japan 
policy for petroleum industry development by 
Ministry of International Trade and Industry. The 
petroleum industries used the ruins of the navy 
fuel deposit to build a petroleum complex.

1959 Several petroleum and petrochemical complexes 
started its operation.

Early 
1960s

The complaints about noise, soot, 
malodor/irritating odor 
significantly increased in 
Shiohama complex areas

1960 There was an increase in 
residences who complained 
asthma-like symptoms in Isotsu 
area.

Yokkaichi City pollution control committee was 
established. The monitoring of SO2 (lead dioxide 
methods), and soot started.

1962 Soot and smoke regulation law was promulgated.
Yokkaichi city pollution control committee 
reported that the level of soot was lower than 
Kawasaki city but SO2 level was higher, especially 
in Isotsu area in the interim report.

The health survey for residents was 
initiated.

Mie medical university carried out free health 
checkup to examine the possible health effects of 
air pollutants. They found a remarkably high 
prevalence of bronchial diseases.

1963 Yokkaichi pollution control council was 
established.

1965 Yokkaichi City started the certification system of 
pollution-related diseases. The Ministry of Health 
and Welfare initiated a health survey of air 
pollution effects on school children in Yokkaichi 
(until 1969).

1967 Nine patients in Isotsu filed a 
lawsuit against 6 companies.

The basic law for environmental pollution control 
was enacted. Several petroleum industries 
installed tall stacks.

1969 Several researchers testified on the 
causal association between air 
pollution and asthma at the trials.

The national government enacted the Act on 
Special Measures Concerning Relief of Pollution 
Related Disease.

1970 There were several public rallies 
against environmental pollution in 
Yokkaichi.

The national government started the support of 
medical expenses on the air pollution-related 
diseases.

1971 The environmental agency was established.

(continued)
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there were claims about “petroleum odor” emanating from the fish caught near 
Yokkaichi harbor; this resulted in a huge economic loss for fisheries and was recog-
nized as a social problem [7]. It was proved that aromatic hydrocarbons in seawater 
containing the petroleum industrial waste caused the offensive odor in fish [7, 8]. 
There were also resident complaints regarding noise, dust, and odors around the 
petroleum complex. In the 1960s, emissions of soot and sulfurous acid gases from 
the petroleum complex in Yokkaichi increased. Concurrently, a number of patients 
with asthma were reported in the Isozu district, the most polluted area, and its sur-
rounding districts; this received wide public attention.

In response to the unusually high prevalence of asthma in these districts, a series 
of epidemiological studies have been conducted by national and local governments, 
and local universities [9]. From January to March 1963, the average SO2 concentra-
tion measured by Thomas’ volumetric method was 0.3 ppm, approximately 786 μg/
m3 in mass concentration, much higher than the WHO air quality guidelines [10] 
and the Japan Environmental Quality Standards [11], which are 20  μg/m3 and 
105 μg/m3 for 24-h average, respectively, (Table 5.2). Moreover, the peak concen-
tration often ranged from 1 to 2.5 ppm.

Studies using the National Health Insurance Billing data of over 10 districts with 
various SO2 levels within the city found that the incidence of asthma and chronic 
obstructive pulmonary diseases for those aged 50 years and older was over 5 times 
higher in the polluted district than in the nonpolluted district [12]. A significant cor-
relation was observed between the prevalence of bronchial asthma and SO2 concen-
tration. The correlation was evident among those aged 50  years and older [13]. 
Another study using data of Yokkaichi from 1961 to 1970 found that the mortality 
rate due to obstructive respiratory diseases, especially bronchial asthma and emphy-
sema, was higher in polluted areas than in nonpolluted areas. The district-specific 
mortality rate due to obstructive respiratory diseases was strongly correlated with 
the concentration of sulfurous acid (r = 0.76 in 1971) [14]. A questionnaire survey 
on schoolchildren showed that the concentration of sulfurous acid was correlated 
with the district-specific prevalence of persistent cough/phlegm, asthma-like attack, 
and wheezing during a cold [15].

The evidence obtained from many epidemiological studies led by the local gov-
ernment and universities was used to support the causal relationship between 

Table 5.1 (continued)

Year Events in Yokkaichi area Events related to national and local government

1972 Judgment was issued. The court 
ordered the companies to pay 
compensation for the patients.

1973 Environmental quality standards for SO2 was 
established in Japan

This timeline was adapted from the table “the history of Yokkaichi pollution” with permission [in 
Japanese] (Yokkaichi Pollution and Environmental Museum for Future Awareness. https://www.
city.yokkaichi.mie.jp/yokkaichikougai- kankyoumiraikan/pdf/pollution/nenpyo1- 13.pdf. These 
are copyrighted materials)

K. Ueda

https://www.city.yokkaichi.mie.jp/yokkaichikougai-kankyoumiraikan/pdf/pollution/nenpyo1-13.pdf
https://www.city.yokkaichi.mie.jp/yokkaichikougai-kankyoumiraikan/pdf/pollution/nenpyo1-13.pdf


43

ambient SO2 and chronic obstructive pulmonary disease (COPD) in individual 
patients who filed a lawsuit against the petroleum industry group [16]. After the 
plaintiffs won the case in 1972, Mie prefecture imposed total emission control of 
SO2 for the entire Yokkaichi area based on the Mie Prefecture Ordinance that was 
more stringent than the national regulations [17]. SO2 concentration decreased dra-
matically by one-third, 0.75 mg/100 cm2/day with PbO2 method in 1976 compared 
to 2.58 mg/100 cm3/day in 1970. SO2 is correlated with chronic obstructive lung 
disease, including bronchial asthma, chronic bronchitis, and emphysema, after 
accounting the area-level socioeconomic status [18].

Yokkaichi City was the first city in the country to establish a certificate system 
for pollution-related diseases in 1965. The city supported the medical expenses of 
patients who developed air pollution-related asthma, chronic bronchitis, and pulmo-
nary emphysema regardless of the severity of the conditions [15]. Between 1965 
and 1970, over 700 patients were acknowledged by this city-specific system. In 
1969, the national government enacted the Act on Special Measures Concerning 
Relief of Pollution Related Disease and supported the certificate system. In 1987, 
the law changed to the Law Concerning Pollution-Related Health Damage 
Compensation and Other Measures.

Based on the statistics of 2018, over 2000 patients were officially designated as 
victims of Yokkaichi asthma. In 2018, 358 patients were said to have survived, 
although no new certified cases have been reported since 2012. Half of these cases 
included the elderly, aged 60 years and older. Approximately 80% of the patients 
were diagnosed with bronchial asthma, while the remaining were diagnosed with 
chronic bronchitis (Yokkaichi City Office, Report on environmental conservation, 
https://www.city.yokkaichi.lg.jp/www/contents/1543551934253/files/h30kankyo-
uhozen.pdf).

Table 5.2 Standards for SO2 concentration in Japan and WHO

Averaging time Standards

Japan
Environmental Quality 
Standards (1973)

24 h 105 μg/m3a

1-h 262 μg/m3a

WHO
Air quality guideline (2000) 24 h 20 μg/m3

10 min 500 μg/m3

Interim target-2 24 h 50 μg/m3

Interim target-1 24 h 125 μg/m3

aApplying conversion factor of SO2 for ppb to μg/m3: 2.62
Source: Ministry of the Environment, Japan. Environmental quality standards in Japan - Air qual-
ity. Available from: https://www.env.go.jp/en/air/aq/aq.html
World Health Organization. WHO Air quality guidelines for particulate matter, ozone, nitrogen 
dioxide and sulfur dioxide. Global update. Global update 2005. Available from: https://apps.who.
int/iris/bitstream/handle/10665/69477/WHO_SDE_PHE_OEH_06.02_eng.pdf
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5.4  Current Studies Related to Yokkaichi Asthma

Although many epidemiological studies conducted in the Yokkaichi area accumu-
lated evidence supporting the adverse health effects of SO2 on the respiratory sys-
tem, most of them, especially those conducted before 2000 opted for an ecological 
study design because of limited access to individual data and rudimentary statistical 
methodologies. Since 2000, time-series analysis and case-crossover design have 
been used for air pollution epidemiology. These statistical methods account for con-
founders and have yielded more validated effect estimates of air pollutants. A study 
examined the association between SO2 and mortality using daily data from 1972 to 
1991 in Yokkaichi and its neighboring cities. The mean SO2 level decreased dra-
matically from 32.9 ppb in 1972 to 7.8 ppb in 1991. A case-crossover design was 
applied in this study. After adjusting for relevant confounders, including seasonal-
ity, long-term trends, and meteorological factors, the results showed that an elevated 
level of SO2 was associated with an increase in all-cause mortality [19]. The asso-
ciation between SO2 and mortality was pronounced during the second half of the 
study period (1982–1991). In particular, the strongest association was observed 
between SO2 and mortality due to COPD and asthma. The association continued 
even after adjusting for suspended particulate matter or nitrogen dioxide. Although 
an association between SO2 and mortality from cardiovascular or cerebrovascular 
disease was also observed, it was not robust.

Air pollution has lifelong and acute effects. A study compared the mortality rate 
and life expectancy of 1354 patients who were certified as victims of air pollution- 
related diseases in Yokkaichi City during 1965–1988 with that of the entire popula-
tion of Mie prefecture. Surprisingly, the mortality rate from COPD and asthma in 
the patients of Yokkaichi City was more than 10 times higher than that of the general 
population in Mie prefecture. Similarly, the life expectancy of patients in Yokkaichi 
was much shorter than that of the general population in Mie prefecture for any age 
group [20]. The average difference in the life expectancy for each age group ranged 
from 1.9 to 8.5  years for males and 4.5 to 8.5  years for females. Moreover, the 
reduction in life expectancy was larger for the younger age groups.

5.5  Conclusion

The case of Yokkaichi asthma shows that scientific evidence plays an important role 
in demonstrating the causal relationship between SO2 and respiratory diseases in 
polluted areas. Japan’s experience in environmental pollution is a lesson that unsus-
tainable development will engender a huge public health burden arising from envi-
ronmental pollutants.
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Chapter 6
“YOKKAICHI Studies” Learned 
from the YOKKAICHI Air Pollution 
for Environmental Policy and International 
Environmental Cooperation in Asia

Hye-Sook Park

Abstract “YOKKAICHI Studies” is a study that can be approached by four (4) 
aspects as follows: Firstly, it is a “Human Science” that investigates ownership of 
the dignity of life and nature—implying that the YOKKAICHI Air Pollution is not 
a problem that had already been solved, but rather an ongoing environmental issue. 
Secondly, it is a “Sustainable Futurology” that proposes a sustainable social system 
that strikes the balance between the environment and the economy in order to trans-
form the former polluted YOKKAICHI City into a future environmental conserva-
tion city. Thirdly, it serves as a tool or blueprint for future generations (those who 
did not experience the Yokkaichi pollution) under the auspices of “UNESCO ESD- 
UNSDGs” to employ as a benchmark to develop global human resources. And 
lastly, it emphasizes the subject of ‘‘Environment and Asia” in the twenty-first cen-
tury. In other words, in anticipating the occurrence of pollutions and other environ-
mental issues in large industrial complexes in Asian countries during this era, the 
YOKKAICHI Studies was therefore defined as “Asian Studies”—dedicated to 
international environmental cooperation. To solve the transboundary air pollutions, 
such as yellow dust and PM2.5, it is expected of the leadership of Asia to demon-
strate their know-how-based knowledge and determination to overcome among oth-
ers the Yokkaichi air pollution and other environmental issues by engaging in an 
international environmental cooperation for action.
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6.1  “YOKKAICHI Studies” Learned from the YOKKAICHI 
Air Pollution

“YOKKAICHI Studies” is a cross-disciplinary and synthetic environmental study 
learned from the YOKKAICHI Air Pollution. It was established to understand the 
past event of YOKKAICHI Air Pollution, to review the present and to propose a 
future image of YOKKAICHI City. Although the YOKKAICHI Industrial Complex 
built in the 1960s supported Japan’s high economic growth period during the 1970s, 
it did cause heavy air pollution and YOKKAICHI Asthma, sacrificed the lives of 
innocent residents, increased water pollution of Ise Bay, and damaged the ecosys-
tem of marine and the land. Besides, YOKKAICHI Studies is also an environmental 
pedagogy. It is an effective tool for Education for Sustainable Development (ESD) 
advocated by UNESCO, with the purpose of developing glocal (global-local) human 
resources that are rooted in the local area and also applicable to the world.

In addition, YOKKAICHI Studies is in harmony with environment, economy, 
and society, and it is based on the United Nations Sustainable Development Goals 
(UNSDGs)—the seventeen (17) goals adopted at the UN Summit in September, 
2015 that need to address global issues by 2030. It is also a platform to provide 
scientific knowledge for sustainable regional revitalization.

“YOKKAICHI Studies” is a study that can be approached by four (4) aspects as 
follows: Firstly, it is a “Human Science” that investigates ownership of the dignity 
of life and nature—implying that the YOKKAICHI Air Pollution is not a problem 
that had already been solved, but rather an ongoing environmental issue. Secondly, 
it is a “Sustainable Futurology” that proposes a sustainable social system that strikes 
the balance between the environment and the economy in order to transform the 
former polluted YOKKAICHI City into a future environmental conservation city. 
Thirdly, it serves as a tool or blueprint for future generations (those who did not 
experience the Yokkaichi pollution) under the auspices of “UNESCO ESD- 
UNSDGs” to employ as a benchmark to develop global human resources. And 
lastly, it emphasizes the subject of ‘‘Environment and Asia” in the twenty-first cen-
tury. In other words, in anticipating the occurrence of pollutions and other environ-
mental issues in large industrial complexes in Asian countries during this era, the 
YOKKAICHI Studies was therefore defined as “Asian Studies”—dedicated to 
international environmental cooperation. To solve the transboundary air pollutions, 
such as yellow dust and PM2.5 (Fig. 6.1).

6.2  Litigation Judgement of YOKKAICHI Air Pollution 
and Environmental Policies by Mie Prefecture 
and YOKKAICHI City

Starting from Ashio Copper Mine Mineral Pollution Incident in the 1870s, then 
people have experienced the Minamata disease, Itai-Itai disease, Niigata Minamata 
disease, and YOKKAICHI Asthma in the 1960s.

H.-S. Park
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Air pollution in YOKKAICHI reached its worst levels around 1963–1964, as 
heavy oil sulfur content rates measured 3% more or less, annual sulfur dioxide esti-
mated at 130,000–140,000 tons was polluted. Hourly measurements of sulfur diox-
ide concentrations in the Isozu (which was the nearest district to YOKKAICHI 
petrochemical complex in 1964) showed that the number of values exceeding 
0.5 ppm amounted, occasionally rising above 1 ppm (more than 10 times the current 
environmental quality standard of 0.1 ppm). The annual average sulfur dioxide con-
centration in this area was 0.075 ppm (almost a 4 times more than the current envi-
ronmental quality standards).

A pollution victim compensation system was introduced; which later came to 
specify YOKKAICHI Asthma as including such diseases as chronic bronchitis, 
bronchial asthma, and pulmonary emphysema. Statistical data indicates that after 
the compensation measures were introduced in the 1970s, the number of certified 
victims who suffered in YOKKAICHI City totaled 1738 with a peak number of 
1140. The majority of victims of the YOKKAICHI Asthma were obviously chil-
dren, aged people, and women who were put under weak health conditions in both 
physiological and social aspects.

Because of relying too much on science and technology, prioritizing national 
policies and corporates’ profit pursuit and lacking awareness in protecting vulnera-
ble residents, it is necessary to establish values that are based on environmental 
justice and to create a sustainable society.

“YOKKAICHI City was eventually damaged because of the YOKKAICHI 
industrial complex pollution. The day of July 24th, 1972, the day that judgement 

Significance of YOKKAICHI Studies

Goal of YOKKAICHI Studies

YOKKAICHI Studies Learned from YOKKAICHI Air Pollution
--- Comprehensive Environmental Science

Considering the Fundamental Issue of What is the 
Relationship between Human and Nature

HUMAN SCIENCE
Respect for Life

•  The origin of Air Pollution •  About reestablishing
    comfortable
    environment cities in the
    future, inspired from
    YOKKAICHI Air
    Pollution

•  Seeking
    state of international
    environment
    cooperation in East
    Asia and Southeast
    Asia.

•  For students who have not experienced
    YOKKAICHI Air Pollution, its past
    and now, as well as a comfortable
    environment city in the future should
    be taken as a talent cultivating goal.

•  Methods to protect
    victims’ right to life
•  Environmental damage
    leads to the loss of human
    value judgement.

FUTURE SCIENCE
Sustainable Society System

UNESCOESD-UNSDGs
Glocal Talent Cultivation

ASIAN SCIENCE
International Environment

Cooperation

YOKKAICHI Air Pollution will be reexamined as a positive heritage rather than a negative
heritage. The community of understanding should be formed in which enterprises, including
autonomous bodies, education research institutions and residents could cooperate to 
contribute to creating a comfortable environment city(SDGs Future Cities) in the future.

Fig. 6.1 YOKKAICHI Studies learned from YOKKAICHI Air Pollution
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was issued, I couldn’t say thanks to all of you. But when YOKKAICHI industrial 
complex got its original and natural environmental view as it should be, and all 
people really care about the importance of our environment, I would like to say 
thank you to all of you.” Said the late Yukikazu Noda, a certified patient of 
YOKKAICHI Asthma, one of the plaintiffs of YOKKAICHI Air Pollution lawsuit 
(Autumn Academic Conference of Association of Japanese Geographers, 
September 2017).

Former Judge Kazuo Goto (the only living judge of the three judges in charge of 
the YOKKAICHI Air Pollution case) had said: “Judge applies to judgment sen-
tences of the trial.” But at the same time, he also recalled that “To be honest, I didn’t 
think that YOKKAICHI Air Pollution case would be finalized in the first instance, 
and I thought this case would go to the Supreme Court. For that reason, there was a 
belief that a solid judgment must be done or written. At that time, I had a 3-year-old 
and a 5-year-old child, and I did not want to leave them with a polluted environ-
ment” (June 2004, interviewing in Sendai).

The judgement of YOKKAICHI Air Pollution accepted claims from the victims 
and recognized the legal liability of corporates. Therefore, it can be evaluated that it 
was an epochal breakthrough on the issues of pollution lawsuits such as epidemio-
logical causality and joint tort theory. First of all, recognizing the theory of epide-
miological causality as a method of demonstrating the casual relationship between 
corporates’ tortious actions and the damage of residents has great significance.

Instead of individual corporates, corporates group, which formed YOKKAICHI 
Industrial Complex, were recognized that they must be responsible for the damage 
compensation. In another word, the judgment has got its most successful achieve-
ment in establishing that responsibility is inevitable for results. After that, the regu-
lation of total amount and Pollution-related Health Damage Compensate Law were 
enacted as environmental policies of Mie Prefecture and YOKKAICHI City since 
1972. The concentration of air pollution at the YOKKAICHI Industrial Complex 
has not exceeded the national environmental standard values of sulfur dioxide con-
centrations (The daily average of the 1-h value shall be 0.04 ppm or less, and the 1-h 
value shall be 0.1 ppm or less) in compliance with the regulation of total amount of 
Mie Prefecture and YOKKAICHI City since 1972. With the clarification of corpo-
rates’ responsibilities and implementation of strict pollution control, the judgment 
of YOKKAICHI Air Pollution became a turning point, which makes the pollution 
control measures of Japan escape from the formerly vague versions and turn into a 
legitimately adaptive and effective new version.

When the victims of pollution are standing in a weak position of society, it is 
hard to protect them by policies which prioritized general public interest. And 
regarding public interest, pollution issues are closely related to the status of the 
country. Through proceedings, the citizen governance of a mature civil society, 
establishing a triune system that combines not only fulfillment of corporate social 
responsibility (CSR), but also the creating shared value (CSV) with justified envi-
ronmental policies to protect the ecosystem including human beings. We could 
expect the construction of YOKKAICHI City in the future, as one of the environ-
mentally advanced cities.
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6.3  Glocalization of Human Resource Development 
and Creating Sustainable City through Collaboration 
of ESD and SDGs

ESD was proposed by Japanese government during Johannesburg World Summit, 
August 2002 (the summit of sustainable development), and at the 2005 UN 
Assembly, the UN 10-year ESD international practice plan formulated by UNESCO, 
and incorporating principles, values, and practice of sustainable development in 
teaching and learning which was also approved at the same time. The goals of ESD 
are learning and activities that aim to create a sustainable society by helping people 
take global level issues as their own problems, starting from environmental prob-
lems near around and creating new values and actions while solving the environ-
mental problems. As education of nurturing leaders in creating sustainable society, 
ESD also is a comprehensive learning approach that connects various related fields 
from the perspective of establishing sustainable society.

SDGs, conformably adopted during UN Sustainable Development Summit 
(September 2015), are international goals that will be addressed by all developing 
countries, emerging countries, and developed countries during 2016–2030. With the 
concept of “No one will be left behind,” SDGs serve as an important guideline for the 
international community to achieve sustainable society and pursue the global part-
nership in which all stakeholders such as government, corporates, academies- schools, 
and citizens are cooperating. SDGs cite 5Ps—“People,” “Planet,” “Prosperity,” 
“Peace,” “Partnership” as important elements of sustainable development.

In order to achieve the ultimate goal of the seventeen (17) SDGs; which are char-
acterized by equal access to opportunities and resources for all people so as to real-
ize a sustainable society in which the environment, economy, and society are 
harmonized, the “YOKKAICHI Studies” (which draws lessons from the 
YOKKAICHI Air Pollution) will be the most effective tool for learning the SDGs. 
In particular, Goal 4 is about education—“Ensuring inclusive and equitable quality 
education and promote lifelong learning opportunities for all.” The ring of ESD- 
SDGs is necessary in nurturing leaders for sustainable society.

6.4  International Environmental Cooperation in Asia

On the basis of 1970s’ economic development plans, in Ulsan, Onsan, and Yeosu-its 
coastal areas, Korea built National Industrial Complexes based on petrochemical 
industry. And Korea has turned from a developing country into a developed country. 
Then, in the 1980s, typified by “Onsan Disease,” composites of YOKKAICHI 
Asthma. The health hazards of asthma to local residents caused by air pollutants 
such as sulfur dioxide from the National Industrial Complexes in Korea are similar 
to the mechanism of occurrence of YOKKAICHI Asthma caused by air pollutants 
from the YOKKAICHI Industrial Complex.

6 “YOKKAICHI Studies” Learned from the YOKKAICHI Air Pollution…



52

However, Korean government did not admit that there were pollutions and envi-
ronmental problems, continuing the operation in national industrial complex. And 
in the 2000s, the government attempted to solve the problems by prompting mass 
migration of residents who were living in polluted areas. The residents of Ulsan 
and Onsan left their villages with the following words on a monument built in 
hometown. “From a long time ago, in this land children and grandchildren have 
lived in harmony with each other, now the leaving time has come. With our backs 
to this land and this sea, we must leave. Walking away from this land, will our 
ancestors forgive us and still protect us? We resign our painful feelings to this 
monument, depart for a faraway place. From now on, we can only beg that this land 
would be blessed and could achieve further development”—April 2001, Yongyeon 
Local Community.

A study by Park (2004) investigating the correlation between residential areas 
and asthma, chosen about 1000 elementary school students around YOKKAICHI 
Industrial Complex and about 2000 elementary school students around Ulsan, 
Onsan, Yeosu National Industrial Complex in Korea as research subjects, has 
showed that in both countries, the proportion of children with asthma tended to be 
high near the industrial complex. Especially about 30% of children who live around 
the industrial complex in Korea showed asthma symptoms, just like the case of 
YOKKAICHI Asthma. And it was clear that there is an urgent need to deal with 
pediatric asthma.

Transboundary air pollutions, such as yellow dust and PM2.5 which along with 
industrial activities and rapid increase of automobiles, not only causing economic 
damages and healthy damages in China, but also influencing Korea and Japan due 
to the westerlies. The international environmental problems are becoming more and 
more apparent.

First, desertification due to global warming is becoming more prominent, and the 
source of yellow dust is moving eastward from the Gobi Desert in Mongolia to 
Inner Mongolia and northeastern China, resulting in a noticeable increase in the 
number of warning days due to yellow dust. The average number of days of yellow 
dust warnings in Korea has increased rapidly from about 4 days in the 1980s to 
about 8 days in the 1990s and about 13 days in the 2000s. This phenomenon is also 
manifesting itself in Japan.

Next, with regard to PM2.5, the most important issue is the health hazards caused 
by transboundary air pollution from China, Korea, and Japan, as the effects of eco-
nomic growth in China.

To solve the international environmental problems in Asia, we can expect that a 
leadership, which come from the know-how in overcoming YOKKAICHI Air 
Pollution and the form of international environmental cooperation regime, will take 
an action. As a win-win strategy for international environmental cooperation against 
transboundary air pollution such as yellow dust and PM2.5  in Japan, China, and 
Korea, the following strategy should be considered based on YOKKAICHI Studies, 
taking advantage of the lessons learned from YOKKAICHI Air Pollution.
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 1. Establishment of an International Environmental Cooperation Platform.
At the government level, the monitoring system led by the East Asia Network 

for Acid Rain Monitoring (EANET) should be operated and information under 
the initiative of Japan since the 1990s.

 2. Establishment of an International Environmental Research Network of 
Universities and Research Institutes as an Epistemic Community.

Universities and research institutes are required to share their scientific 
knowledge by operating an international environmental research network to 
solve the problem of yellow dust and PM2.5 in Asia. In addition, international 
environmental activities by researchers and students from China, Korea, and 
Japan are required through the operation of the ESD-SDGs International 
Network for the development of international environmental human resources.

 3. Establishment of an International Environmental NGOs Network.
There is a need to raise public awareness of the global environment through 

private-sector exchanges among China, Korea, and Japan.
In August 1995, AANEA (Atmosphere Action Network East Asia) has been 

established with the aim of realizing YOKKAICHI Studies to learn from 
YOKKAICHI Air Pollution, by Environmental NGOs from seven countries/region 
to address these problems including China, Hong Kong, Japan, Mongolia, the 
Russian Far East, Korea, and Taiwan. The AANEA was founded under the leader-
ship of Park and other members and Park is the representative of AANEA.

Since 2000, the name has been changed from AANEA to AANEA/EANEA 
(Environmental Action Network East Asia) because it concerns not only the atmo-
spheric environment but also the environment in general.
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Abstract The development of industry enriches people’s lives, yet on the other 
hand, it can cause serious disasters if not properly managed. From the early 1900s, 
Japan experienced several major pollution incidents due to severe environmental 
disruption by industrial activities. Those incidents have damaged human life and 
health. It was not until the 1960s that pollution-related diseases were officially des-
ignated. In February 2019, about half a century after the designation, we held a 
public symposium to review the history of pollution incidents that have occurred in 
our country and to discuss what we think about environmental issues today. In this 
paper, we introduce the lectures and discussions at the symposium, and reconsider 
what we have learned from those pollution incidents.
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7.1  Introduction

In the mid-1900s, Japan experienced serious environmental pollution (Kohgai in 
Japanese) in many areas in the country. About 50 years after the recognition of 
individual pollution-related diseases by the government, on February 3, 2019, the 
Science Council of Japan (SCJ) and the Japanese Society for Hygiene (JSH) held a 
joint public symposium, “What We Think Now, Half a Century after the Recognition 
of Pollution-related Diseases: Toward the Achievement of the Sustainable 
Development Goals,” at the 89th Annual Meeting of the JSH [1]. At that sympo-
sium, five speakers gave lectures: “Minamata Disease” (speaker, Murata), “Itai-itai 
Disease” (Aoshima), “Toroku Arsenic Poisoning” (Kuroda), “From Pollution 
Trials to Future Action Goals” (Otsuka), and “Efforts of Environmental Model 
Cities” (Nakamura). The articles by each speaker can be found in Part 1 and Part 3 
of this book. After the lecture, a discussion session was held to take comments from 
the audience.

This paper reviews the historical pollution incidents from their inception to end, 
and reconsiders what we have learned, and what we think about them today.

7.2  Occurrence of the Pollution

The major pollution incidents that occurred in our country include Minamata dis-
ease, Itai-itai disease, and Toroku arsenic poisoning, which were discussed in the 
symposium mentioned above, as well as Niigata Minamata disease and Yokkaichi 
asthma. All cases were due to the release of wastewater and/or soot containing 
harmful chemical substances into the environment.

Minamata, Toroku, and Yokkaichi are the names of the areas where these pollu-
tion incidents occurred (Fig. 1.1 in Chap.1). The causal chemical substance of 
Minamata disease in Kumamoto Prefecture was methyl mercury in wastewater dis-
charged into Minamata Bay from a factory (Murata, Part 1, Chap. 2). In Miyazaki 
Prefecture, Toroku arsenic poisoning was caused by effluent and exhaust gas con-
taining arsenic from mines (Kuroda, Part 1, Chap. 4). Yokkaichi asthma was caused 
by exhaust gas from industrial complexes in the port area of Yokkaichi, Mie 
Prefecture (Ueda, Part 1, Chap. 5; Park, Part 1, Chap. 6). Niigata Minamata disease 
was pollution that occurred in Niigata Prefecture (Fig. 1.1 in Chap. 1), and the 
cause was methyl mercury, the same as Minamata disease. Itai-itai disease derives 
its name from “it hurts” (“itai” in Japanese), since this disease brought intense pain. 
Itai- itai disease was caused by drainage containing cadmium from mines (Aoshima, 
Part 1, Chap. 3).

Toroku arsenic poisoning and Itai-itai disease were already reported in the early 
1900s. Then, in the mid-1950s, Japan entered a period of rapid economic growth 
after the defeat in World War II in 1945. In 1955–1973, the average annual eco-
nomic growth rate exceeded 10%. During this period, industrial activities expanded 
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greatly, but at the same time, many issues, such as air and water pollution, the 
destruction of nature, and noise and vibration problems, were becoming more and 
more apparent and serious in many areas in Japan.

In the Minamata area, for example, unusual behavior was observed in cats and 
crows which ate fish caught in Minamata Bay. Even so, for some time it was not 
generally thought that pollution could cause damage to humans. Even after the dam-
age to people became apparent, there was an idea of economic priority in society, 
and human life and health were not considered the top priority. One of the examples 
showing such thought was the harmony clause of the Basic Law for Environmental 
Pollution Control enacted in 1967, as described later. The situation led to the occur-
rence of severe pollution in various parts in Japan that continued until early 1970s.

7.3  Response to the Damage

Taking Minamata disease as an example, the first official report was made by physi-
cians of the responsible company who reported cases of the disease to the Minamata 
Public Health Center in 1956. In response, physicians and researchers from the 
local government, Kumamoto University, and national government began to inves-
tigate the cause of the disease. The details are described elsewhere [2, 3]. The 
records show that experts worked hard to carry out research to identify the cause of 
the disease as described below. However, it was not until 12 years later, in 1968, that 
the government admitted methyl mercury which contaminated the wastewater dis-
charged from a factory to Minamata Bay as the causative agent. As for the fact that 
it took a long time to determine the cause, it was cited that the responsible company 
did not cooperate with the investigation and continued to refute external surveys. 
Among other reasons were that the research team did not include researchers who 
were familiar with chemical reactions, and that measuring mercury was technically 
difficult at that time. In the meantime, the damage spread as appropriate measures 
were not taken.

In the Minamata disease trial, important judgments on the responsibility of the 
company and that of the government and the prefecture were issued in 1973 and 
2004, respectively (Otsuka, Part 3, Chap. 15). The judgement in 1973 found the 
company’s negligence in not investigating their own emissions, even at the stage 
where the causal substance had not been identified. The 2004 judgement ruled that 
the government’s failure to exercise its regulatory authority was illegal. For exam-
ple, the failure of the central government meant the failure of the Minister of Trade 
and Industry to exercise his authority to designate Minamata Bay as the designated 
area based on the Public Water Area Quality Conservation Act and the Factory 
Discharge Regulation Act. These judgements share the same concept as “the pre-
cautionary principle.” The principle has been advocated internationally in environ-
mental issues since the 1980s. It intends that when serious damage to humans or the 
environment is predicted by certain scientific data, the events need to be controlled 
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to prevent the damage from spreading, even if the cause is not completely proven 
scientifically.

On the other hand, another difficult issue was patient certification, which was 
based on the Law concerning the Relief of Pollution-related Health Damage. In 
Minamata disease, there were many factors which delayed certification, such as 
strict criteria, a lack of enough knowledge about specific symptoms, and a lack of 
appropriate measurement methods of causative agents (Murata, Part 1, Chap. 2). 
Not only for Minamata disease but also for other pollution diseases, patient certifi-
cations are still current issues that need to be resolved.

7.4  End of Severe Contamination

In the 1960s, environmental pollution caused by industrial activity increased in 
many parts of Japan, and residents’ movements against the destruction of the envi-
ronment became more active [4]. In response to this growing public opinion, the 
government enacted a basic law that established a framework for the promotion of 
anti-pollution measures, the Basic Law for Environmental Pollution Control of 
1967. It states that “the purpose of this law is to promote comprehensive measures 
against pollution, thereby protecting the health of the people and preserving the liv-
ing environment.” However, the clause was followed by the following harmony 
clause: “The preservation of the living environment shall be harmonized with the 
sound development of the economy.”

Three years later, in response to public opinion and other opposition, the harmo-
nization clause was removed in 1970. Finally, this law as well as other related leg-
islations clearly stated the idea that human health should take precedence over 
everything else. Another statement was that the air, sea, and rivers should not be 
polluted. In 1971, the government established the Environment Agency to centralize 
responsibility for pollution control, nature conservation, and planning and coordina-
tion of environmental policies. At the United Nations Conference on the Human 
Environment in 1972, Japanese government representatives expressed regret over 
the occurrence of severe pollution in Japan and their determination to prevent envi-
ronmental destruction. With these policy changes since 1970, the pollution caused 
by chemicals released into environment came to an end.

7.5  Citizens’ Initiatives for Environmental Issues

As described in Nakamura’s article (Part 3, Chap. 16) in this book, in areas where 
pollution occurred, there was not only enormous damage to human health and the 
environment, but also conflicts and discrimination between patients, local residents, 
and residents of other areas. Entire communities are severely burdened by pollution 
incidents. By learning the lessons from those experiences, Minamata City announced 
the declaration of “Creating an Environmental Model City” in 1992. This activity 
has continued to the present.
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At the above-mentioned joint symposium, a question was asked about the train-
ing of interpreters who participate in environmental conservation, share problems 
with local people, and transfer them to other areas. As a reply, it was noted that 
efforts are being made in Minamata City to pass on the past experiences to the third 
generation who have not experienced pollution. It is also important for citizens to be 
conscious of the environment and consider it together with the government.

7.6  Current and Future Challenges of Health Effects 
from the Environment

After the pollution incidents were contained, the quality of air and water in Japan 
has been improved. The focus of environmental health issues has shifted to low dose 
issues. At the joint symposium mentioned above, the audience raised an issue of 
how to present adverse health effects of a contaminant that is of local and natural 
origin, exists at a low level, and is deeply involved in daily life. To deal with these 
problems, there will be an increasing need to discuss the interpretation of data and 
the risk communication that informs it.

Recent studies have pointed out a variety of emerging concerns on health effects 
of the environment. For example, gestational exposure to environmental factors is 
reported to cause not only the effects seen at birth, but also those that appear in 
adulthood and/or in later generations. Minamata disease was one of the first cases 
which showed that fetuses are sensitive to environmental insults. It was one of many 
lessons we have learned. Until we know, we cannot prevent. Researchers need to 
conduct steady research with foresight and without preconception. To have fore-
sight, we need to learn.

The Basic Law for Environmental Pollution Control, which was revised in 1970, 
was succeeded by the Basic Environment Law in 1993. The Chap. 1, Article 1 states 
that the purpose of the law is “to contribute to ensuring a healthy and cultured life 
for the people of the present and future, and to contribute to the welfare of human-
kind.” We are responsible not only for the health of ourselves but also that of future 
generations. To fulfill that responsibility, we have been learning much from our past 
improper conduct.

References

 1. Joint symposium of the science council and the hygienic society of Japan. Japanese J Hygiene, 
74:S77–82, 2019.

 2. Murata K, et al. Minamata disease. Encyclopedia of Environmental Health, vol. 3. Burlington: 
Elsevier; 2011. p. 774.

 3. Social Science Study Group on Minamata Disease. Not to repeat the tragedy of Minamata 
Disease: what we can learn from the experience of Minamata Disease. Minamata: National 
Research Center for Minamata Disease; 1999. (In Japanese)

 4. Shoji H, Miyamoto K.  Pollution in Japan. Tokyo: Iwanami Shoten Publishers; 1975. (In 
Japanese)

7 What we Have Learned from the Pollution that Occurred in Japan a Half Century Ago



Parts II
Environmental Issues That the World Is 

Watching Now



63© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
T. Nakajima et al. (eds.), Overcoming Environmental Risks to Achieve Sustainable 
Development Goals, Current Topics in Environmental Health and Preventive 
Medicine, https://doi.org/10.1007/978-981-16-6249-2_8

Chapter 8
Current Status and Problems Concerning 
the Management of Persistent Organic 
Chemicals Used in Products and those 
of Unintentional Products in Japan

Shigeki Masunaga

Abstract With the global initiatives for chemical management such as Stockholm 
Convention on Persistent Organic Pollutants (POPs), Agenda 21, and SAICM, the 
Government of Japan took some positive measures against PCBs wastes, industrial 
chemicals, and unintentionally formed POPs. Here, those measures and their results 
will be explained, and the problems left will be discussed. The POPs listed by 
Stockholm Convention are designated as class I specified chemical substance under 
the Chemical Substance Control Law in Japan and their production, import, and use 
are strictly regulated. The law, however, works only as follow-up actions though it 
has re-inspection system on existing chemicals. As for unintentionally formed 
POPs, their emission inventories are estimated and updated every year expecting the 
better management by related facilities.

Keywords Chemical Management · Persistent Organic Pollutants (POPs)  
Stockholm Convention · SAICM · PCBs · Dioxins · Unintentional Products

8.1  Introduction

Numerous synthesized chemical substances are used in consumer products such as 
electric appliances, furniture as well as food containers and packaging to support 
our convenient daily life. They also support food production as agrochemicals and 
fertilizers and healthy life as pharmaceuticals, preservatives, insecticides, and sur-
factants. Life without chemical substances is hard to imagine, however, we must 
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pay attention to their hazardous side because human as well as biota encounter those 
newly synthesized chemicals for the first time.

Japan experienced severe human health damage due to environmental pollution 
caused by industries, the so-called Kohgai (Public health hazard). By introducing 
strict regulations on limited number of hazardous chemicals, we succeeded to a 
certain extent in calming down Kohgai, and we have been working to manage a 
variety of chemicals that permeate into our daily lives. However, our effort is not 
necessarily leading the world, indeed there are cases in which we have been urged 
by the movement of the world. Here, I will discuss the progress and challenges in 
the management of chemical substances in Japan and to contemplate how we can 
better deal with the problem.

8.2  Progress in International Chemical Management

The first international move to environmental conservation is the United Nations 
Conference on the Human Environment in Stockholm, 1972. At the conference, 
under the slogan of “Only One Earth,” the “Declaration of the United Nations 
Conference on the Human Environment” and the “Action Plan for the Human 
Environment” were adopted, and the United Nations Environment Programme 
(UNEP) was established for their implementation. In 1992, the United Nations 
Conference on Environment and Development (UNCED), the Earth Summit, was 
held in Brazil, and the “Rio Declaration” and its action program “Agenda 21” were 
adopted. Its Article 19 clarified the need for the management of chemical substances 
[1]. Ten years later in 2002, the World Summit on Sustainable Development 
(WSSD), the Johannesburg Summit, was held in South Africa, and the “Johannesburg 
Declaration on Sustainable Development” and “Johannesburg Plan of 
Implementation” were adopted, reviewing the Agenda 21. Regarding chemical sub-
stance management, it was agreed to “to achieve, by 2020, that chemicals are used 
and produced in ways that lead to the minimization of significant adverse effects on 
human health and the environment” (Paragraph 23, [2]). This is called the “2020 
Goal” and it worked as a stimulus for many countries to reform their chemical man-
agement systems by 2020. In 2006, the International Conference on Chemicals 
Management was held in Dubai, and the “Strategic Approach to International 
Chemical Substance Management (SAICM)” was adopted to materialize the goal. 
It clearly described, “To ensure by 2020: that chemicals or chemical uses that pose 
an unreasonable and otherwise unmanageable risk to human health and the environ-
ment based on a science-based risk assessment and taking into account the costs and 
benefits as well as the availability of safer substitutes and their efficacy, are no lon-
ger produced or used for such uses; and that risks from unintended releases of 
chemicals … are minimized” [3].

To attain the goals described in SAICM, the European Union (EU) brought a 
strict chemical management system called “Registration, Evaluation, Authorisation 
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and Restriction of Chemicals (REACH)” into force in 2007, requiring the manufac-
turers and importers to assess risk of chemicals all through their supply chain. In 
Japan, the Act on the Evaluation of Chemical Substances and Regulation of Their 
Manufacture, etc. (Chemical Substances Control Law) was revised in 2009, and the 
assessment method of chemical substances was converted from hazard based to risk 
based assessment. Japanese government started to re-inspect the existing chemical 
substances. In the United States, the Chemical Substances Control Act (TSCA) was 
first amended in 2016 to strengthen the authority of the Environmental Protection 
Agency and to establish the relevant laws. In this way, countries have made efforts 
to achieve the 2020 goal.

Coming close to the year 2020, the UNEP published the “Global Chemicals 
Outlook II” on March 11, 2019. This second report summarized “The global goal to 
minimize adverse impacts of chemicals and waste will not be achieved by 2020. 
Solutions exist, but more ambitious worldwide action by all stakeholders is urgently 
required” [4]. While the size of the global chemical industry is projected to double 
by 2030, progress in reducing chemical risk is not catching up. Further actions are 
needed especially in developing countries.

8.3  International Move in Persistent Organic 
Pollutants Management

Here, I take persistent organic pollutants (POPs) as an example to show the inter-
national progress of chemical regulation. POPs are defined as chemicals that have 
the following four properties, namely, adverse effect, persistence in the environ-
ment, bioaccumulation, and potential for long-range environmental transport. As 
POPs can be a threat to human health and to the environment, “The Stockholm 
Convention on POPs” was adopted in 2001 and entered into force in 2004. The 
convention specifies POPs in three categories: (A) prohibition of manufacturing, 
use, import and export, (B) restrictions on manufacturing, use, import and export, 
and (C) reduction of emissions of unintentional products, and requests the binding 
countries to appropriately regulate them and to destruct their stock and waste. For 
polychlorinated biphenyls (PCBs) in particular, the countries are imposed a duty of 
effort to abolish its use by 2025 and to destruct its waste liquids and equipment 
by 2028.

At the birth of the convention, the number of POPs was only twelve and most of 
them were agrochemicals (pesticides). In 2018, the number of POPs grew up to 30 
groups of chemicals. Chemicals that were used in daily necessities, furniture, and 
electric appliances have come to be designated (Fig. 8.1). This means that chemicals 
that had been circulated both domestically and globally would suddenly have to be 
regulated. Alternative chemicals must be developed to replace them and POPs con-
taining consumer products must be collected and disposed of properly.
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8.4  POPs Regulation in Japan before and after 
Stockholm Convention

8.4.1  Polychlorinated Biphenyls (PCBs) Waste

Polychlorinated biphenyls (PCBs), one of the most infamous chemicals among the 
POPs, were the causing agents of the Kanemi rice oil disease (Yusho) incident in 
1968 in southern part of Japan. In the wake of this incident, the Japanese govern-
ment made the chemical regulating law named “Law Concerning the Examination 
and Regulation of Manufacture, etc., of Chemical Substances (Chemical Substances 
Control Law)”, one of the most advanced chemical regulating law at that time in the 
world and manufacture and import of PCBs were prohibited and PCB oil wastes 
were ordered to be stored. However, for more than 30 years, no PCB waste treat-
ment facilities were constructed due to the oppositions by nearby residents. During 
the period, missing or illegal disposal of PCB waste often occurred.

Responding to the Stockholm Convention, the Japanese government made the 
“Law Concerning Special Measures for Promotion of Proper Treatment of PCB 

Pesticides
Aldrin (2001) A
Chlordane (2001) A
Dieldrin (2001) A
Endrin (2001) A
Heptachlor (2001) A
Mirex (2001) A
Toxaphene (2001) A
DDT (2001) B
Chlordecone (2009) A
Lindane (2009) A*

α-Hexachlorocyclohexane (2009) A
β-Hexachlorocyclohexane (2009) A
Technical endosulfan and its related

isomers (2011) A*

Pentachlorophenol and its salts and
esters (2015) A*

Dicofol (2019) A

Industrial Chemicals
Tetra- & Penta-bromo-DE (2009) A*

Hexa- & Hepta-bromo-DE (2009) A*

Hexabromobiphenyl (2009) A
PFOS, its salts and PFOSF (2009) B*

Hexabromocyclododecane (2013) A*

Deca-bromodiphenyl ether (2017) A*

Short-chain chlorinated paraffins (2017) A*

PFOA and its salt and PFOA-related
compounds (2019) A*

Hexachlorobenzene (2001) A C
Pentachlorobenzene (2009) A C

Polychlorinated biphenyls (2001) A C
Polychlorinated naphthalenes (2015) A* C
Hexachlorobutadiene (2015) A (2017) C

Polychlorodibenzo-p-dioxin (PCDDs), Polychlorodibenzofuran (PCDFs) (2001) C

Unintentional Production (Burning products, by-products)

Explanatory Notes
(Year): Year listed as POPs 

(Effective year may be later)
Regulation category

A: Eliminate the production and use
B: Restrict the production and use
C: Reduce the unintentional release
*: Exception in some certified uses.

Fig. 8.1 Chemicals listed as POPs under the Stockholm Convention on POPs, their use, regula-
tory categories, and listed year (as of January 2021). DDT 1-chloro-4-[2,2,2-trichloro-1-(4- 
chlorophenyl)ethyl]benzene, DE diphenyl ether, PFOS Perfluorooctane sulfonic acid, PFOSF 
Perfluorooctane sulfonyl fluoride
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Waste (PCB Special Measures Law)” in 2001 and Japan Environmental Storage and 
Safety Cooperation (JESCO) constructed five PCB waste destruction facilities over 
Japan under the national policy and subsidies [5]. As the opposition against incin-
eration of PCB waste was very strong, chemical destruction was adopted as treat-
ment method (plasma melting was added later). The deadlines of the treatment are 
set between 2018 and 2023 depending on the facilities. Coming closer to the dead-
lines, exploration of hidden PCB waste is now under way. The JESCO treatment is 
targeted at high concentration PCB waste (>5000 ppm). As large amount of low 
concentration PCB insulating oil waste was found afterwards, that cannot be han-
dled by JESCO facilities due to their limited capacity, private hazardous waste treat-
ment facilities were allowed to incinerate or to decontaminate below 5000  ppm 
PCB waste under the license given by the Ministry of the Environment, Japan 
(MOE) from 2010 [6]. Furthermore, demonstration tests in the direction of allowing 
incineration of up to 10% (100,000 ppm) PCB waste started in 2019 [7] and first 
license was given in 2020. Although it is a hindsight, it is questionable that con-
struction of new treatment facilities with high-cost chemical destruction methods 
was necessary. Existing incineration technology must have been enough to cope 
with the PCBs waste if the government could convince the residents of its safety and 
merits at the starting stage.

8.4.2  Organochlorine Pesticides

Nine out of the 12 POPs listed at the start of Stockholm Convention were organo-
chlorine pesticides (Fig. 8.1). All of them had been already banned or had not been 
used intentionally in Japan at that time. Likely, the 8 pesticides listed afterwards had 
been banned or their registrations had been expired at the time of their listing and no 
further regulations were necessary. However, there is one problem left unsolved. As 
banning the use of those pesticides, their stock was buried under soil in some remote 
forests. These may pose risk to groundwater in the years. Thus, monitoring, recov-
ery, and disposal of the buried pesticides are underway.

8.4.3  Industrial Chemicals

Only one industrial chemical was listed at the start of Stockholm Convention, 
namely PCBs, which I have already elaborated above. From 2009, more industrial 
chemicals have come to be listed as POPs (Fig. 8.1). The Japanese government has 
made it a rule to designate them as the class I specified chemical substances (pro-
hibition of production, import, and use in principle) under the Chemical Substances 
Control Law. However, collection of the products containing those chemicals 
under use has not been conducted based on the results of risk assessments (note: 
collection and destruction of PCB and dioxin containing pesticides has been 
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underway). Those actions on new POPs have been taken only after their listing in 
Stockholm Convention and can be regarded as follow-up actions after international 
regulation. The examples are brominated flame retardants (BFRs: polybromodi-
phenylethers (PBDEs) and hexabromocyclododecane (HBCD)) and perfluorinated 
alkyl substances (PFASs: perfluorooctane sulfonic acid (PFOS), its salts and per-
fluorooctane sulfonyl fluoride (PFOSF); perfluorooctanoic acid (PFOA), its salts 
and PFOA- related compounds), and organochlorines (short chain chlorinated par-
affins (SCCPs) and hexachlorobutadiene). BFRs, PFAS, and SCCPs were used in 
various industrial products distributed to consumers and in some industrial appli-
cations. To quickly cope with those, the Japanese government had to introduce new 
regulations and relevant industrial sectors had to develop alternative chemicals 
and/or processes.

It is highly desirable that screening and measures against potential POPs should 
have been taken before international listing based on the existing chemical re- 
inspection based on environmental risk assessment under the Chemical Substance 
Control Law. In addition, elimination of one (or a group of) chemical would nor-
mally results in the replacement with one or more of alternative(s) and comparative 
assessment in benefit as well as risk between the chemicals becomes necessary. In 
the case of high performance chemicals, performance of their alternative chemicals 
is often inferior to that of its predecessors, resulting in higher amount of their use. 
In other cases, plural alternative chemicals would be necessary for different appli-
cations and result in mixture pollution. In conclusion, a broad comparative assess-
ment is necessary when introducing a regulation, taking expected future changes 
into accounts. It should be also noted that the science of mixture health effect is still 
its infancy.

8.4.4  Unintentional Products

Polychlorodibenzo-p-dioxins and polychlorodibenzofurans (PCDDs and PCDFs, 
hereafter referred as dioxins) can be formed anywhere with carbon and chlorine 
atoms and high temperature (such as in incinerators or thermal processes) and in 
chemical syntheses of chlorinated aromatic compounds. Those unintentionally 
formed chemicals are called as unintentional products. Dioxins, PCBs, polychlo-
rinated naphthalenes (PCNs), hexachlorobenzene (HCB), pentachlorobenzene 
(PeCB), and hexachlorobutadiene (HCBD) are listed as unintentional POPs 
products in Stockholm convention (Fig. 8.1). Apart from industrial chemicals, 
unintentionally formed POPs cannot be eliminated just by banning their 
production.

In Japan, environmental pollution by dioxins came to be known in the 1980s and 
became a large social problem in the 1990s. To cope with the people’s growing 
anxiety, the Japanese government established the “Law Concerning Special 
Measures against Dioxins” in 1999 and emission reduction measures were taken 
with strict emission standards on incinerators, thermal and chemical processes. 
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Under the law, target facilities are ordered to report their dioxin concentrations in 
their exhaust gas, wastes, and wastewaters every year and the MOE updates the 
national dioxin emission inventory annually [8]. The total emission decreased from 
around 8000 g-TEQ/y in 1997 to around 110 g-TEQ/y in the late 2010s (Fig. 8.2). 
Whereas the emission from waste incineration sector was reduced by 1/100 during 
the period, that from industrial sectors (mainly steel and non-ferrous metal indus-
tries) was reduced by around 1/10.

Concerning the other five unintentionally formed POPs, namely, PCBs, PCNs, 
HCB, PeCB, and HCBD, which had also been used as industrial chemicals, the 
MOE started to survey the emission sources and amounts of their emissions after 
their listing as POPs in the convention, in addition to the ban of their production, 
import, and use. As all the five can be formed in combustion and thermal process 
by-products, the emission reduction measures against dioxin were expected to 
reduce those emissions as well. The trends of amounts of PCBs and HCB emission 
were estimated and those of PCN, PeCB, and HCBD are underway [9]. The results 
indicated little and small reductions in emissions for PCBs and HCB, respectively, 
between 2002 and 2018 (Figs. 8.3 and 8.4). This meant that dioxin emission control 
measures were not so effective to the reduction of PCBs and HCB emissions. There 
is no regulation on the emission of unintentional POPs other than dioxins and PCBs 
and it is expected that publicized inventories will push facilities to take reduction 
measures. Cement combustion furnaces and metallurgical industry contributed 
much to the emission of PCBs and metallurgical industry and waste incinerators 
contributed much to that of HCB. The reliabilities of PCB and HCB emission inven-
tories are still low compared with that of dioxins. Whereas the emissions of dioxins 
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are to be reported by individual facilities every year under the special law, monitor-
ing of other unintentionally formed POPs was carried out by the MOE for very 
limited facilities. There should be a better allocation of money and efforts for moni-
toring between dioxins and other unintentional POPs as large reduction of dioxin 
emission has been achieved.
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8.5  Achievements in Dioxins and PCBs Management

Let us see the effect of POPs reduction measures based on the environmental and 
human monitoring by the MOE of Japan.

As for dioxins, discontinuation of wide spray of agrochemicals with dioxins as 
by-product in rice paddy field during the 1960s to early 1980s and the use of PCB 
containing products during the 1960s to early 1970s, as well as the regulation on 
dioxin emission sources since 1999 and the destruction of PCBs wastes since 2004, 
the level of dioxins (PCDDs, PCDFs, and coplanar PCBs) in human blood has 
decreased from the 20 pg-TEQ/g-fat in the 2000s to 10 pg-TEQ/g-fat in the 2010s 
(Fig. 8.5) [10]. Concerning the effect of PCBs waste destruction, Hirai & Sakai [11] 
estimated that PCBs evaporation from PCBs waste storage decreased from about 
2700 kg/y in 2003 to about 1000 kg/y in 2013. They also regarded that reduction of 
PCB concentration in air (summer: 260 → 100 and winter: 110 → 57 pg/m3) might 
be due to the progress of destruction and improvement in storage. This is a good 
example showing that regulation on sources and better management of waste stock-
pile have brought down the environmental contamination levels.

8.6  Challenges in Chemical Management in Japan

Japanese management of chemicals in products is still to be improved. As stated 
above, number of chemicals that had been widely used in products came to be listed 
as POPs. This means that premarketing assessment of new chemicals and re- 
inspection on existing ones under the Chemical Substances Control Law have not 
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worked preventatively. This is partly because the definition of POPs under Stockholm 
Convention and that of class I or II specified chemical substances under the Chemical 
Substances Control Law are not the same. If the Japanese government, however, 
will continue to regulate POPs under the law, the two definitions should be harmo-
nized so that the assessment system becomes capable of screening potential POPs. 
Otherwise, costly recall, recovery, and destruction of once circulated chemicals and 
products would be necessary.

In Japan, there is no basic law that covers all kinds of chemicals. The Chemical 
Substances Control Law is for general chemicals, however, some chemicals for spe-
cific uses, for example, pharmaceuticals, cosmetics, food additives, agrochemicals, 
fertilizers, etc., are excluded and covered by their specific laws. Those specific laws 
generally do not consider the risk through environmental exposure. This gap should 
be filled and other new hazardous effects such as occurrence of resistant bacteria 
and pest in the environment for antibiotics, antibacterial agents, or pesticides should 
be taken into regulatory systems.

Aside from government regulation, we must reexamine our daily life with respect 
to chemical usage. Health hazard incidents at home are often reported by improper 
use of chemical-containing products, for example, spray cans. While consumers pay 
close attention to food additives such as preservatives and food residues such as 
pesticides, they pay less attention to the side effects of household items such as 
insecticides, insect repellents, deodorants, air fresheners because of their conve-
nience. Basic knowledge on the risks, appropriate handling, and disposal of 
chemical- containing products is essential.

As for the policy on unintentionally formed POPs, the MOE, Japan is making 
efforts in identifying sources and constructing emission inventory as shown in 
Figs. 8.2 and 8.3, though the budget for the efforts is rather limited. Those are pro-
viding novel and world leading results [12]. Plans for reduction measures will have 
to be constructed in the future.

With the increase of new substances and the discovery of new hazards (both 
human health and ecotoxicological risks), risk assessment and management of 
chemical substances is a never-ending task. In the future, it will become necessary 
to compare the risks and benefits between alternatives from a broad perspective for 
making the best choices. Furthermore, if Japan is to advocate environmentally 
advanced countries, we should constantly improve our policies to construct compre-
hensive chemical management system that can be a good example from the perspec-
tive of the Sustainable Development Goals (SDGs).
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Chapter 9
Health Risk Assessment and Management 
of Asbestos Exposure to the Public 
in Japan

Naomi Hisanaga, Kiyoshi Sakai, and Eiji Shibata

Abstract Asbestos disasters are one of the major environmental issues associated 
with the industrial use of natural resources globally. There are enormous numbers 
of reports on occupational exposure to asbestos; however, comparing with these, 
reports on its non-occupational exposure are few. Herein, we report asbestos disas-
ters in Japan and discuss health risk assessment and management of asbestos expo-
sure to the public, using two instances that we experienced. One is an asbestos 
leakage incident at a subway station in Nagoya city. It is an example of asbestos 
exposure to the public caused by the removal of existing asbestos-containing mate-
rials after the ban on asbestos use in Japan. The other is the exposure derived from 
serpentinite. Serpentinite is a rock that is available in many places in Japan, often 
contains asbestos, and is used as a construction material and an industrial raw mate-
rial. It is an example of health risks to the public derived from naturally occurring 
asbestos. Inhabitants in the vicinity of serpentinite outcrops are the subjects of 
exposure. There were many difficulties in risk assessment and management in both 
cases. Enhanced efforts to reduce asbestos exposure to the public through collabora-
tion among various stakeholders are required.
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9.1  Asbestos Disasters in Japan

Our first involvement with asbestos was in 1982, when we investigated an automo-
bile brake and clutch reprocessing plant [1]. Subsequently, in 1986, we started 
working on the prevention of asbestos diseases among construction workers [2], and 
have been working on it ever since. Reflecting back, we think that we underesti-
mated the hazards caused by asbestos. For instance, we determined the concentra-
tion of airborne dust while cutting a board containing asbestos with a circular 
electric saw at construction sites without a mask (Fig. 9.1).

The current scenario is a repercussion of the negligence in undertaking control 
measures against asbestos-related diseases. Figure 9.2 shows the number of patients 
with mesothelioma and asbestos-related lung cancer recognized under the Industrial 
Accident Compensation Insurance Law and the Asbestos Health Damage Relief 
Law since 1990. In Japan, the social recognition of the health risk of asbestos has 
changed drastically before and after the Kubota Shock in 2005, when a mass out-
break of mesothelioma in people living near a former large asbestos cement pipe 
plant came into light [3]. It triggered the enactment of a new law, the Asbestos 
Health Damage Relief Law, in 2006. The subjects of the new law are workers 
unable to claim the industrial accident compensation due to the passing of the stat-
ute of limitations, and non-workers that refer to people such as housewives and 
self- employed people not covered by the Industrial Accident Compensation 
Insurance Law. Figure 9.2 illustrates the changes in the annual number of people 
compensated or relieved as mesothelioma or lung cancer caused by asbestos since 
1990. The total number of people certified under the two laws between 1990 and 
2019 was 31,823, consisting of 22,544 patients with mesothelioma and 9279 with 
lung cancer.

The Environmental Restoration and Conservation Agency of Japan has surveyed 
the asbestos exposure history of non-workers relieved by the Asbestos Health 
Damage Relief Law. The survey categorized exposure history into four groups: (a) 

Fig. 9.1 Heavy dust 
exposure to a carpenter 
during cutting asbestos- 
containing board with an 
electric circular saw at a 
construction site in 1987. 
The airborne asbestos 
(type: amosite) 
concentration of 131 × 103 
f/L at his respiratory zone, 
corresponds to 873 folds of 
the current administrative 
level (150 f/L) of asbestos 
in Japan
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direct or indirect occupational exposure; (b) household exposure; (c) exposure dur-
ing entry into asbestos handling facilities and living rooms or office space where 
asbestos was sprayed on walls and ceilings; and (d) presence of asbestos handling 
facilities in the vicinity of residence, school, workplace, or unidentified exposure. 
Among 9670 patients with mesothelioma and lung cancer who responded to the 
survey between 2006 and 2018, 57.9% were in group (a), 2.3% in group (b), 1.9% 
in group (c), and 37.9% in group (d) [4]. The fact that non-occupational exposure 
(b) to (d) exceeds by 40% indicates the damage caused to citizens at each stage of 
asbestos use to disposal. In this report, we have focused on asbestos exposure to citi-
zens and discussed the incident at a subway station as an example of exposure to 
citizens during the removal of asbestos products, which occurs daily throughout 
Japan, and the problem of asbestos-containing serpentine rock as a typical example 
of unknown exposure to citizens from the viewpoint of risk management and sus-
tainable development.
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Fig. 9.2 Changes in the annual number of workers compensated by the Industrial Accident 
Compensation Insurance Law, and workers who have lost the right to claim compensation owing 
to passing the statute of limitation and non-workers relieved by the Asbestos Health Damage Relief 
Law, as mesothelioma or lung cancer due to asbestos in Japan. LCW Lung cancer worker, LCWPTL 
Lung cancer worker; Past the statute of limitation, LCnW Lung cancer non-worker, MW 
Mesothelioma worker, MWPSL Mesothelioma worker, Past the statute of limitation. MnW 
Mesothelioma non-worker. Source: The yearly summary on asbestos diseases compensation by the 
Ministry of Health Labor and Welfare, and the questionnaire survey report on asbestos exposure of 
non-workers relieved by the Asbestos Health Damage Relief Law from 2006 to 2018 by the 
Environmental Restoration and Conservation Agency of Japan
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9.2  Asbestos Leakage at a Subway Station

On December 12, 2013, work began to remove sprayed-on asbestos (type: crocido-
lite) from the walls and ceiling of the ventilation machine room of a subway station 
in Nagoya city. A public health center in the city measured the concentration of 
airborne asbestos at the walkway for station users in front of the entrance door of the 
room and at a point on the ground beside the ventilation tower emitting air from the 
underground station to the outside. The next day, the results showed that these con-
centrations were 1000 f/L in the former and 4 f/L in the latter and the work was 
halted. The city’s transportation bureau set up an “Investigation Committee on 
Health Measures for Asbestos dust leakage at Rokubancho Station” (chaired by Dr. 
Tamie Nakajima, Professor Emeritus at Nagoya University) and commissioned it to 
conduct a health risk assessment. The study group, of which one of the authors 
(NH) was a member, evaluated health risks based on on-site inspections, actual 
measurements of airflow inside and outside the station, and a map of asbestos dust 
diffusion inside the station drawn over time by simulation [5].

The investigation revealed that the contractor of the work did not follow the regu-
lations for wetting to reduce dust emission during asbestos removal, the mainte-
nance and use of the negative pressure dust removal equipment were inappropriate, 
the louver of the door between the removal site and the station user walkway was 
not sealed, and these problems were overlooked during the on-site inspection by the 
public health center on the day before the removal. Consequently, the working envi-
ronment at the removal site became highly dusty, and simultaneously, a consider-
able amount of asbestos dust leaked into the walkway for station users (Fig. 9.3).

The health risks were assessed by calculating the lifetime excess cancer risk 
(mesothelioma and lung cancer) due to asbestos exposure using three methods: the 
U.S. Environmental Protection Agency [6], the World Health Organization [7], and 
the method proposed by Hughes of Tulane University [8]. Among the three meth-
ods, using the Hughes’ method, which was the highest risk estimate, the risk per 
100,000 people was 0.022, 0.011, and 0.474 for infants, adults, and station workers, 
respectively. These figures are less than the lifetime risk of one person per 100,000 
that the Central Environment Council of Japan concluded to be a practically safe 
level for exposure to air pollutants with no toxicity threshold in 1996. Based on 
these results, Nagoya city decided not to compile a list of station users on the day of 
the accident or to conduct a special long-term medical checkup, but to establish a 
health counseling system for station users and station workers and to take measures 
to prevent the recurrence of accidents [5].

Reflecting back on this case, there are several points that we would like to 
describe. First, immense efforts and a considerable amount of money were needed 
to deal with this case; asbestos leakage could have been prevented if the ventilation 
louver of the door had been sealed. This highlights the importance of appropriate 
risk management. Second, although there was no way other than to do so, the 
amount of asbestos exposure had to be estimated using insufficient data measured 
by the public health center, and health risks were estimated using methods based on 
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the epidemiological data gained from years of exposure in the workplaces. There 
has been little evidence justifying the extrapolation of long-term epidemiological 
findings to short-term exposure in asbestos health risk assessment. Third, the reac-
tion of Nagoya city in dealing with this asbestos leak case was exceptional. Although 
asbestos exposure to citizens during building renovation and demolition occurs fre-
quently in Japan, no appropriate subsequent measure has been taken in many cases. 
Fourth, the investigation committee meeting and the minutes were open to the pub-
lic; however, the city’s transportation bureau received only a few public responses, 
which suggests a low public concern for this incident.

9.3  Asbestos Exposure in Areas with Serpentinite

Serpentinite is widely distributed in Japan and has a massive, foliate, and muddy 
form. It is used as crushed stone, stone material, a raw material for phosphorus fer-
tilizer, and steel mill fluxing material [9]. The annual trend in the amount of serpen-
tinite mined in Japan reported by the Agency for Natural Resources and Energy of 
Japan is shown in Fig. 9.4, along with the amount of asbestos imported and domesti-
cally mined. The amount of serpentinite mined was much larger than the amount of 

Asbestos leaked through the louver to walkway for station users.

insufficient.

The day of removal 1 Wetting to supress dust emission was 

The day before removal:  Problems( ) were overlooked during 

the on-site inspection by a public health center.

for station users was not sealed.

There were damages in air 

filtration system of negative 

pressure dust removers.

Sprayed-on asbestos removal work was performed.

Air filtration capacity was 
reduced by 40% as three 

negative pressure dust remover 

hoses were bound into one.

Negative pressure dust removers contaminated by asbestos during 2

removal works in the past were used.

3

A louver of the door separating asbestos removal site and walkway 5

4

Fig. 9.3 Factors causing the asbestos leakage during sprayed-on asbestos removal work at a sub-
way station in Nagoya city
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asbestos imported and mined domestically. So far the data we obtained, the largest 
amount of serpentinite mined was 3.96 million tons in 1995. This amount has 
declined sharply in recent years; however, it was still 9200 tons in 2019. We ana-
lyzed serpentinite rocks from seven sites, namely, Hokkaido, Saitama, Chiba, 
Kanagawa, Aichi, Mie, and Kumamoto prefectures, and detected asbestos in all the 
specimens, including seven sites with chrysotile and four sites with tremolite/actin-
olite [10]. In a serpentinite outcrop area in eastern Aichi Prefecture, tremolite/actin-
olite was also found in the soil in the agricultural fields, with higher concentrations 
in the air than in the control area [11] and higher concentrations in the lung tissues 
of residents than in the reference area [12]. There was also a man who grew up in 
the same area and died of mesothelioma at 35 years of age without any occupational 
history of asbestos exposure, who had high levels of chrysotile and actinolite in his 
tumor tissue [10]. Asbestos exposure to citizens can occur from living (Fig. 9.5), 
civil engineering, agricultural work, and stone processing in areas of serpentinite 
distribution. Even now, not a small amount of serpentinite rock has been mined; 
however, there are many unknowns about where and how it is being used and how 
citizens are exposed to it. Currently, in Japan, the production and use of materials 
containing more than 0.1% of asbestos is prohibited; however, there is a great 
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possibility that serpentinite is still available in the market, which violates the law. 
Many people live in areas where serpentinite is distributed without knowing that it 
contains asbestos. As countermeasures against asbestos exposure derived from ser-
pentinite are related to land use, development, and land prices, they must be per-
formed with the consent of many stakeholders.

9.4  Health Risk Management and Sustainable Development

Asbestos was used in large quantities for many purposes, and even after its hazard 
was discovered, countermeasures were delayed, and the damage occurred not only 
to the manufacturers and users but also to citizens. The risk of exposure to asbestos, 
which does not readily decompose, existed at almost every stage of the life cycle of 
the products and buildings where it was used. Even after the ban on new production, 
asbestos exposure from decayed products, product removal, and serpentinite contin-
ues. Therefore, the number of people subject to health risk management is enor-
mous. In contrast, even for workers, it is difficult to accurately determine the amount 
of asbestos exposure in the past, and the quantitative relationship between exposure 
and health effects is still unclear; therefore, complete health risk management is not 
easy. This is even worse for general citizens. Issues due to asbestos-related diseases 
still persist, and the prevention of these diseases should be tackled, while the simul-
taneous application of the lessons learned from the asbestos disaster for future sus-
tenance. The lessons learned from the asbestos disaster include delays in dust 
control measures, delays in regulating the use of asbestos, and the mass outbreak of 
asbestos-related malignancies among citizens living near factories. Together with 
these lessons, a lack of experts and weak cooperation among related academic fields 
that were necessary to solve these problems existed in the background of asbestos 
disasters. Additionally, there are many other detrimental factors in the living and 

Fig. 9.5 An outcrop of 
serpentinite (shown in the 
rectangle) containing 
asbestos (type: chrysotile) 
near houses
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working environments, and there is the possibility of large-scale damage occurring 
due to these factors in the future. For sustainable development, citizens’ ability to 
cope with various harmful factors must be enhanced. Based on our experiences as 
faculties in universities and public institutes, we would like to observe progress in 
this area, including the enhancement of school education.
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Chapter 10
Marine Plastic Pollution: Chemical Aspects 
and Possible Solutions

Hideshige Takada, Misaki Koro, and Charita S. Kwan

Abstract Plastics are formed from C–C single bonds which are flexible making 
them easily transformable. Thus, plastics have been widely utilized by the global 
society. However, the C–C single bond is easily breakable by UV radiation. 
Eventually, plastics are fragmented into microplastics (<5 mm) and ultimately will 
be washed off to marine environments. Microplastics are ubiquitously dispersed in 
marine environments, i.e., surface water, beaches, and bottom sediments. Plastics 
and microplastics are taken up and ingested by various marine organisms ranging 
from zooplanktons to whales. Concentrations of microplastics in urban coastal 
waters are considered to be critical in terms of particle toxicity. In marine environ-
ments, plastics retain hydrophobic additives and concentrate persistent organic pol-
lutants (POPs) from surrounding waters. Recent field observations and exposure 
experiments demonstrated that microplastics accelerate indirect exposure of 
endocrine- disrupting additives to humans, through fragmentation of plastics, their 
ingestion by marine organisms, leaching of the additives to digestive fluids and their 
bioaccumulation and trophic transfer. The additives have the potential to disrupt 
endocrine and immune systems of humans. As a precautionary action, usage and 
consumption of plastics in our society should be reduced to protect human health. 
Reduction of plastic consumption is also deduced from the view of mitigating the 
impacts of global warming, resource efficiency, and sound waste management.
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10.1  Microplastics: Here, There, and Everywhere

On a global basis, 400 million tons of plastics are produced annually [1]. They con-
sume ~8% of global petroleum production. Half of the produced plastics are single- 
use plastics, e.g., plastic bottles, food containers, plastic bags, and other packing 
materials. Some of them escape from waste management operations and are carried 
into rivers through surface runoff, and finally into the oceans. The volume of plas-
tics entering into the oceans is estimated at several million tons per year (i.e., 
5–13 million tons/y, [2]). When floating on the sea surface or stranding on beaches, 
they are exposed to UV radiation and get fragmented into smaller plastics, then into 
microplastics (i.e., plastics with less than 5 mm in diameter). Microplastics (MPs) 
are also generated in terrestrial environments. Plastics trashed on land surfaces and 
plastic products used outdoors, e.g., transport vehicle tires or artificial lawns are 
fragmented and weathered by physical impacts and UV radiation. Most of these 
MPs as well as large plastic trashes will be finally washed off to the oceans by sur-
face runoff such as street runoff [3]. There are several other origins of MPs in marine 
environments, i.e., resin pellets, microbeads in personal care products, chemical 
fibers from synthetic textiles, shavings from sponge of synthetic fibers, and 
many others.

10.2  Anthropocene: Ubiquitous Occurrence of Microplastics

As discussed above, plastics from different polymers in a wide range of sizes are 
supplied to the oceans from various sources. During transport into the oceans, they 
behave differently depending on their sizes and densities. Lighter polymers such as 
polyethylene (PE) and polypropylene (PP) float on liquid surfaces. However, float-
ing plastics larger than 5 mm can be transported inshore by wind and are stranded 
on beaches [4], where they will be fragmented into MPs through UV radiation and 
heat. MPs are then washed offshore and will be eligible to long travel, e.g., to thou-
sands of kilometers, even to remote islands; thus, dispersing plastic pollution all 
over the world. They are also accumulated in certain parts of the ocean, e.g., in 
gyres due to circulating ocean currents and large wind movements [5]. Consequently, 
huge amounts of plastics (i.e., 5 trillion pieces or 270,000 tons of plastics, [6]) are 
floating in our oceans.

On the other hand, polymers heavier than water such as polyvinyl chloride (PVC) 
and polyethylene terephthalate (PET) are accumulated in coastal sediments. Even 
lighter polymers such as PE and PP settle to the bottom when they become smaller 
than 1 mm through biofilm formation which makes the plastic particles heavier. 
Lighter polymers can also be ingested by small organisms, and subsequently 
excreted as fecal pellets or incorporated into the corpse. These are accumulated in 
bottom sediments through settling. The amounts of MPs in bottom sediments are 
greater than those in surface waters. Bottom sediments can act as a huge sink for 
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MPs [7]. In the sediment cores obtained from Asian countries, a large number of 
MPs were accumulated in layers corresponding to the 1960s and beyond (Fig.10.1). 
The results are in accordance with the Anthropocene Epoch wherein human activi-
ties significantly impact the Earth’s geology, atmosphere, and global material 
cycles [9].

10.3  Plastic Ingestion: Threat to Biodiversity 
and Food Security

Plastic and plastic fragments in the oceans are ingested by various marine organ-
isms depending on their sizes. Ingestion of larger items (e.g., ~ cm) by large marine 
organisms such as whales, sea turtles, and seabirds has been reported since the 
1970s [10]. As of 2016, 165 species of seabirds, corresponding to half of the total 
species of seabirds around the globe have been reported to ingest plastics [11]. The 
ingestion rate by marine organisms has been increasing [12]. Recently, ingestion of 
MPs by smaller organisms, i.e., shellfish, fish, crustaceans, and zooplankton, was 
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Fig. 10.1 Vertical profiles of microplastics in sediment cores from Tokyo Bay, Gulf of Thailand, 
and Manila Bay. Estimated sedimentation age is indicated on light Y-axis of each panel. Solid 
symbols: significant detection; open symbols: insignificant values (below corresponding proce-
dural blanks). Details including sample collection and treatment are available in Koro et al. [8]
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reported. As of 2020, 427 species of fish have been reported to ingest MPs [13]. 
Approximately 80% of anchovies caught from Tokyo Bay, Japan contained ~1 mm 
microplastics in their digestive tracts [14]. Smaller MPs down to 0.01 mm were 
detected in bivalves, crab, and benthic fishes in Tokyo Bay.

As larger plastics pose physical impacts on larger marine animals such as sea-
birds and sea turtles [15], MPs also present a physical threat to smaller organisms 
such as fish and bivalves. Laboratory experiments demonstrated that MPs induce 
particle toxicity such as reduced body growth, physiological stress, and hormonal 
dysregulation [16]. According to the results from conventional monitoring which 
utilized a Neuston net with 300 μm mesh in collecting the MPs, concentrations of 
MPs (>300 μm; e.g., ~ 0.01 particles/L for Tokyo Bay) [17]) were much lower than 
the threshold concentration (6.65 particles/L [18]), below which adverse effects of 
particle toxicity are not likely to occur. However, a higher number of MPs were 
observed when a smaller range of MPs (down to 10 μm) was measured. In an estu-
ary of Tokyo Bay, MP concentrations (>10 μm) ranged from 1 to 4 particles/L [3] 
which is close to the threshold for particle toxicity. The current status of MP pollu-
tion can be considered critical in terms of particle toxicity. Measurement of smaller 
MPs (<300 μm) in marine environments should be conducted to assess the impacts 
of MPs on marine organisms. Furthermore, chemical toxicity associated with MPs 
should be examined.

10.4  Warning Bell: Chemical Threat from Marine Plastics 
and Microplastics

Due to the hydrophobic nature of plastics, MPs absorb and accumulate persistent 
organic pollutants (POPs) such as polychlorinated biphenyls (PCBs) and organo-
chlorine pesticides (DDTs and HCHs) from surrounding seawater. Although regu-
lated by the Stockholm Convention, POPs are present in coastal waters as legacy 
pollutants. Most POPs are hydrophobic; therefore, they are accumulated in MPs due 
to hydrophobic interaction, as demonstrated by the International Pellet Watch 
(http://www.pelletwatch.org/).

Most plastic products contain additives such as plasticizers, UV stabilizers, anti-
oxidants and flame retardants to maintain and/or improve their properties. On a per 
weight basis, additives represent ~7% of the production of plastics [1]. Some of 
them are classified as endocrine-disrupting chemicals (EDCs) such as bis(2- 
ethylhexyl)phthalate, benzotriazoles (UV-P, UV-329), nonylphenol, bisphenol A 
(BPA), and polybrominated diphenyl ethers (PBDEs) [19]. As additives are basi-
cally hydrophobic, they have a high affinity with plastics. They are compounded 
into the plastic matrix to avoid being easily leached out during normal usage. The 
hydrophobic additives are retained in marine plastics [20], including MPs [21]. 
However, once they are ingested by marine organisms, the hydrophobic additives 
are released from the plastic into the digestive fluid due to the lipophilic and/or 
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surface-active components of the digestive fluid [22], and the small sizes (i.e., larger 
specific surface area) of the MPs [23]. The released additives are incorporated into 
the internal biological system and will be accumulated in the biological tissues [12] 
(Fig. 10.2). The transfer of hydrophobic additives from ingested plastics to the tis-
sues and their bioaccumulation has been evidenced by field observations in seabirds 
[24] and in crustaceans [25], and by exposure experiments using seabirds [26], crus-
taceans [25], and fish. Subsequent trophic transfer in the food web carries the hydro-
phobic additives to humans. MPs should be considered as the vehicle of indirect 
exposure to endocrine-disrupting additives in humans (Fig. 10.2).

The number of field observations to prove the adverse effects of plastic-mediated 
chemical exposure is still limited. A study by Lavers et al. [27] focusing on flesh- 
footed shearwaters in Australia, reported changes in the blood chemistry of the sea-
birds. In individuals with more plastic ingestion, the cholesterol concentrations in 
the blood were higher than those with less plastic ingestion. Also, a decrease in 
calcium concentration in the blood was observed in seabirds with more plastic 
ingestion. A decrease in blood calcium may cause a thinner eggshell leading to a 
decrease in bird population. This is a phenomenon similar to the disruption of cal-
cium transport in the body induced by DDT pesticide in the 1960s, as described in 
“Silent Spring” by Rachel Carson [28]. Plastics contain chemicals that disrupt the 
internal system of biota, e.g., the reported abnormality in blood chemistry. More 
abnormalities may occur if plastic pollution remains unabated. We have to consider 

Direct 

Indirect 

Bioaccumulation

Fig. 10.2 Conceptual model of microplastic-mediated exposure of additives and persistent organic 
pollutants to humans
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the abnormality in the seabirds as canary in the coal mine and take concrete actions 
to reduce plastic pollution.

Direct and indirect exposures of humans to EDCs have been increasing due to 
the increased usage of plastic products. The occurrence of MPs in the marine envi-
ronment, their ingestion by marine organisms, and consumption of MP-contaminated 
seafood further accelerate the exposure of humans to EDCs. Plastic additives have 
been detected in the human body. The plastic additive BPA which is a compositional 
monomer of polycarbonate and epoxy resin was detected in women’s blood [29]. 
More alarming is the significant detection of BPA in the blood of endometriotic 
women; whereas, it was not detected in the healthy group [29]. Furthermore, BPA 
together with PCBs and DDE were detected in human umbilical cord blood, sug-
gesting exposure of the fetus to plastic additives through the mother [30]. The prob-
lem with risk assessment to exposure of plastic additives and their effects is that the 
resultant disorder will be seen many years later or even across generations. 
Abnormalities of the human reproductive system, e.g., an increase in the number of 
breast cancer cases and endometriosis have been observed. Decrease in sperm 
counts of European adults has been reported [31]. Because there are many other 
factors that affect the reproductive system, direct correlation of such abnormality to 
exposure to plastic additives is difficult to prove. However, it has been established 
that some plastic additives have the ability to decrease the reproductive ability of 
humans. Furthermore, some plastic additives have been documented to disrupt the 
immune system through biological processes. Exposure to endocrine-disrupting 
plastic additives can lead to diseases. It is stated that exposure to such chemicals is 
related to the COVID-19 pandemic [32]. Wu et al. (2020) have identified biological 
pathways as possible targets of EDCs and as contributors of the severity of 
COVID-19 [33]. Therefore, there is a need to quantitatively evaluate the contribu-
tion of plastic additives to endocrine disruption and immune depression. As a pre-
cautionary action, usage and consumption of plastics in our society should be 
reduced to protect human health.

10.5  Reduction of Plastic Consumption: Key Solution 
to Human and Marine Plastic Pollution

Huge amounts of plastic wastes have been continuously generated. Some of them 
escape from inland waste management operations and enter the oceans. With the 
negative impacts of marine plastic pollution, there is an urgent need to stop it. 
Pollution prevention practices are already known and several waste management 
systems and treatment options are available. However, improving the capacity and 
efficiency of these systems is needed, such as establishing an efficient collection 
system of plastic wastes especially in economically developing countries. Final 
waste treatment options are also crucial to ensure proper containment of plastic 
wastes. Landfilling of waste is a common waste management practice in many 
countries. However, we have limited areas for landfills. Furthermore, based on our 
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studies on landfill sites [34, 35], landfill leachates discharge toxic plastic-derived 
chemicals (additives, monomers, and oligomers) to rivers and groundwater. 
Extremely high concentrations of BPA, nonylphenol, and PBDEs were detected in 
landfill leachates from Asian countries [36]. Furthermore, landfilling of plastics 
with biodegradable organic wastes such as kitchen wastes would increase the toxic-
ity of additives such as PBDEs by anaerobic reactions which are caused by the 
degradation of organic waste [35]. Plastics should be segregated from organic 
wastes before dumping them in landfill sites. BPA in leachate from a closed landfill 
site is still contaminating a river running through Tokyo [37]. This is a case of leg-
acy pollution, wherein waste plastics in landfill sites serve as a long-term source of 
toxic chemicals. Landfilling of plastics is not a sustainable option.

Incineration, waste-to-energy, or thermal recovery is another option. However, 
incineration of plastics produces toxic products such as dioxin and polycyclic aro-
matic compounds. We can prevent the emission of toxic chemicals by using sophis-
ticated technology. However, this involves a huge cost to construct, operate and 
maintain modern incinerators throughout their lifetimes. For example, the construc-
tion of a modern incinerator with negligible dioxin emission to cover 400 thousand 
inhabitants costs USD100 million with an annual operating cost of USD2 million 
during its lifetime of 30 years. In addition, remnants of decommissioned incinera-
tors contain extremely large amounts of hazardous materials. Thus, incinerators are 
a heavy financial and hazardous burden to future generations. It is not sustainable. 
Fundamentally, incineration of plastics causes net emission of CO2 and is not con-
sistent with the Paris Agreement as long as plastic is made of fossil fuel. From the 
viewpoint of the global carbon cycle, the combustion of fossil-fuel-based plastics is 
not circular.

As discussed above, landfilling and incineration are not clean and sustainable 
options for the treatment of plastic wastes. We need to minimize the amounts of 
plastic wastes to be landfilled or incinerated. Toward zero plastic waste, the key is 
the 3Rs of waste management (reduce, reuse, recycle). Among the 3Rs, reduction is 
the top priority. Recycling requires energy and cost. Breaking down of carbon- 
carbon single bond decreases quality of plastics; therefore, it is impossible to recy-
cle plastics infinitely. Chemical recycling of plastic wastes through resynthesis to 
petroleum hydrocarbons to produce the same or higher quality plastics requires 
huge energy. Problems associated with waste-to-energy and chemical recycling are 
discussed in detail in Bell and Takada [38]. Thus, recycling is a limited option mak-
ing reduction and reuse of plastics the top priority.

Replacement of petroleum-based plastics with biomass (i.e., paper and wood) 
and biomass-based plastic is an important and promising option, especially in tropi-
cal countries where biomass is abundant. However, biomass-based replacement 
should be taken with precautionary measures as this can be in conflict with food 
production and can also promote deforestation. If we replace all the petroleum- 
based plastics we use today with cellulose-based plastics, it may lead to severe 
deforestation and will accelerate global warming. The use of “biodegradable” plas-
tic can be an option to mitigate marine plastic pollution. However, their degradabil-
ity depends on environmental conditions, e.g., the difficulty to degrade under 
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anaerobic conditions in bottom sediments. Microplastics made of polycaprolactone, 
a kind of biodegradable plastic, were detected in the bottom sediments of Tokyo 
Bay [7]. Biodegradable plastics should be treated in a closed degradation system 
such as a composter before discharging to the environment. Both biomass- based 
and biodegradable plastics will still require compounding with additives, and their 
safety should be carefully examined and verified. Thus, the remaining option is to 
reduce the current consumption rate of plastics products.

Based on the discussions above, the following specific options are recommended:

• Regulation on single-use plastics, especially PET bottles and other unnecessary 
plastic products, e.g., plastic straws, eating utensils, etc.

• Establishment of a social system of accountability: (a) increase public awareness 
on plastic pollution and the impacts of microplastics; (b) promote efficient gar-
bage collection and segregation, and proper recycling of plastics; (c) adherence 
to international regulations, especially stopping the international trade of (plas-
tic) wastes, “surplus goods” to developing countries.

• Development of products and packaging materials designed to facilitate reuse 
and safe recycling.

• Innovation of logistics to reduce carbon footprint and plastic consumption.
• Promotion of the utilization of biomass and biomass-based plastics together with 

the needed precautionary measures. and the proper treatment system.
• Careful evaluation of the toxicity of plastic additives and replacement with safer 

additives.

There is no single solution to address plastic pollution, but smart combinations 
of any of these options are necessary for individual countries to consider depending 
on their socio-economic conditions. At the core of these options, promotion of the 
3Rs of waste management, especially reduction of plastics is the key. The COVID-19 
pandemic increases the volume of plastic products consumed (personal protective 
equipment (PPE) of health workers, synthetic face masks and plastic face shields, 
more use of plastic packaging materials for delivered and take-out food, and other 
consumer products). However, as we described above, increased discharge of plas-
tic wastes to marine environments would cause increased loads of EDCs to the 
marine ecosystem and eventually to humans, which would potentially decrease 
immunity of humans and would accelerate the severity of COVID-19, which in turn 
would lead to more generation of plastic wastes. To avoid this vicious cycle, it is 
necessary to discover safer substitutes to existing plastic additives, utilize biomass 
and biomass-based plastics, and practice proper management of plastic wastes.
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Chapter 11
Solution and Agreement in the Nuclear 
Disaster: Toward an Inclusive Society 
Respecting Relationship from  
Sacrificial System

Akihiko Kondoh

Abstract Ten years have passed since the accident of Tokyo Electric Power 
Company Fukushima Daiichi Nuclear Power Plant following the 2011 off the 
Pacific coast of the Tohoku Earthquake. The release of radioactive materials into 
the environment resulted in the consequent long-term evacuation of residents. 
As of 2021, return has been realized in some former evacuation order areas. This 
paper describes the progress during this period using the Yamakiya district in 
Kawamata town, Fukushima Prefecture, Japan, which had been designated as an 
evacuation area as an example. Over the past decade, a variety of stakeholders, 
including scientists, have been involved in this issue, but differences in posi-
tions have also led to differences in the way issues are perceived. It can be said 
that this deepened the discussion on the relationship between science and soci-
ety and the relationship between urban and rural areas. However, it is far from 
solving problems at present. Sustainable Development Goals (SDGs) were 
established by the United Nations in 2015, and operations aimed at realizing it 
have begun worldwide. Future Earth Program is also underway to support SDGs 
from a scientific perspective. In order to achieve SDGs and to transform societ-
ies, we need to mourn the victims of the nuclear power plant accident, which is 
the calamity of modern civilizations, and use the suffering caused by the acci-
dent as a lesson.
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11.1  Introduction

The 2011 off the Pacific coast of Tohoku Earthquake, which occurred on March 11, 
2011, caused a huge tsunami on the east coast of the Japanese Archipelago and 
caused the loss of electric power at the Fukushima Daiichi Nuclear Power Plant 
(hereinafter referred to as “FDNPP”) of Tokyo Electric Company (TEPCO) located 
near the coast. As a result, a steam explosion occurred in the nuclear power plant 
building, and an unprecedented situation occurred in which a large amount of radio-
active material was released into the environment. Major reports on the accident 
have been submitted by the government [1], the Diet [2], TEPCO [3], and the pri-
vate sector [4]. The nuclear disaster deprived people of their places of living and led 
to the emergence of anoecumene, non-resident areas of humans, in a modern civi-
lized nation.

Ten years or more have passed since the accident occurred. Except in some areas, 
evacuation orders have been lifted and people have begun to return. However, it 
does not mean a solution to the problem. It was a bitter decision made by local gov-
ernments who wanted to avoid disputes with the national government and residents 
who wanted to return to their hometowns as soon as possible, and it was an inevi-
table decision. It is not the result of the restoration of trust between TEPCO, which 
caused the accident, and the government, which promoted the nuclear policy, and 
the people affected by the accident.

Nuclear power generation is a state-of-the-art technology that gathers excellence 
from science and technology, and has made a major contribution to the establish-
ment of a modern civilized state. However, it must not be forgotten that there are 
many people who have been sacrificed behind the scenes.

In retrospect, behind Japan’s high economic growth was the calamity called pol-
lution. Though there were Minamata disease, Itai-itai disease, Niigata Minamata 
disease, and Yokkaichi air pollution as four major pollution diseases in Japan, there 
was the efficient way of the industrial production which did not consider the envi-
ronment in the back. Behind the benefits of economic growth for many citizens, 
groups of victims were forced to fight long-term patience.

This means that Japan’s development has been achieved on the “sacrificial sys-
tem” [5]. Sustainable Development Goals (SDGs) [6] are currently underway 
worldwide. The goal of SDGs is social transformation. Actions corresponding to 17 
goals with the goal of not leaving anyone behind are underway with the aim of 
achieving the goal in 2030. The goals of SDGs are based on various stakeholder 
coordination and compromise as administrative documents, but behind them are the 
actual circumstances of the United Nations (UN) participants facing real issues. 
Behind a sentence, there are truly thoughts that the current problems are solved and 
bright future will be available. What is social change to achieve SDGs? World citi-
zens need to continue to think sincerely.

Under these circumstances, a pandemic caused by COVID-19 occurred. Its end 
is still at an unforeseen stage, but the world will eventually overcome the corona 
outbreak. So is post-Corona society a return to the previous world? SDGs must 
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make the post-corona community a new, reformed society today with the goal of 
social change.

11.2  Course of Nuclear Disaster

11.2.1  Summary of the Overall Course

The Tsunami accompanied by The 2011 off the Pacific coast of Tohoku Earthquake, 
caused flooding damage to the FDNPP, and the reactor became uncontrollable due 
to the loss of electric power. On March 12, the reactor building exploded one after 
another, and radioactive materials were released into the environment. The radioac-
tive plume released on the afternoon of March 15 flowed northwestward, and a large 
amount of radioactive material was deposited on the Abukuma highlands together 
with the spring snow. This deposition will set up evacuation areas not only near the 
FDNPP but also in areas more than 40 km away from the FDNPP [1–4].

Immediately after the nuclear accident, in order to know the radioactivity (spatial 
dose rate) distributions over a wide area, Japanese government conducted a spatial 
dose rate survey as a joint project of Department of Energy (DOE) in the United 
States and Ministry of Education, Culture, Sports, Science and Technology (MEXT). 
It is the so-called aircraft monitoring. The first measurement was made on March 
17, and the results were posted on the DOE website on March 22 and communicated 
to the field through researchers and supporters. Aircraft monitoring in the 80 km 
radius of the FDNPP by Japan was carried out several times, and a spatial dose rate 
map was developed. Based on this map, a deliberate evacuation area was estab-
lished (the first map was published by the Japanese government on May 8, 2011). 
Subsequently, the national government continued to measure the spatial dose rate 
by running monitoring, monitoring posts, etc.

Radioactivity monitoring by researchers was performed in parallel with national 
radioactivity monitoring. The objectives were to quickly convey information to the 
region and to clarify the distribution of radioactivity in the spatial region involved in 
human life. In the Yamakiya district, the air dose rate distribution in the forest area 
was measured and periodically reported to the area [7]. There were many other 
researchers who entered the community and acted with the residents in an effort to 
restore the environment and livelihood.

In this way, researchers had divided into two groups, the one considered the role 
of clarifying the actual condition of radioactive contamination and the transition of 
radioactive materials in the environment, and the other was a group closely related 
to the region and aimed at solving problems in the region. The difference between 
these two groups was the perception of stakeholders. The stakeholder of former 
group is a nation or a world, and it was regarded as an obligation to publish eluci-
dated actual condition to the world in the form of scientific paper. The latter regarded 
the problem as a social problem to be solved, and assigned the party of the field as 

11 Solution and Agreement in the Nuclear Disaster: Toward an Inclusive Society…



96

stakeholder. Stakeholders are diverse and hierarchical, and there can be conflicts 
among stakeholders. Though the action which aims at the solution of the problem 
which is actually occurring, also has the hierarchical structure itself, the decoupling 
among the hierarchies was also recognized.

Many papers covering FUKUSHIMA from a scientific perspective have been 
published in journals worldwide. On the other hand, although there are many 
papers written in Japanese on the progress of efforts in the field of FUKUSHIMA, 
please refer to Yamakawa and Yamamoto eds. [8, 9] as a book disseminated world-
wide in English.

11.2.2  Progress in the Yamakiya District

The author has carried out various activities in the field of Yamakiya district, 
Kawamata town, Date District, Fukushima Prefecture, which was an evacuation 
area. I would like to explain the Yamakiya district as an illustration for knowing 
FUKUSHIMA site. Although the Yamakiya district is a part of Kawamata town, it 
was decided that only the Yamakiya district would be designated as an evacuation 
area based on the distribution of the spatial dose rate. Located on the highlands of 
Abukuma Highland, the center of the town was located in a basin in the northwest 
direction of the Yamakiya district, and the administrative functions as a town were 
maintained.

After the nuclear power plant accident became apparent, the Chief Cabinet 
Secretary’s words “There is no immediate harm to health” were repeatedly broad-
cast on television. It was an advice based on scientific rationality, not a wrong mes-
sage. Around that time, in the Yamakiya district, farm work and preparations for the 
new semester had begun amid anxiety. On April 12, the national government 
announced that a systematic evacuation would be carried out, and an evacuation 
order was issued on April 22. However, the evacuation was not systematically car-
ried out, and the response of residents began with the search for evacuation destina-
tions. In fact, they spent about three months preparing for evacuation and were 
forced to live in radiation during that time [10]. The situation was similar in neigh-
boring municipalities.

Two years after the evacuation has been almost completed, the Yamakiya district 
has reached an agreement to review the evacuation area, and on August 8, 2013, it 
will be reorganized into the evacuation order lifting reserve area and the residential 
restriction area. This was the last reorganization among the evacuation municipali-
ties in the vicinity, because there was a conflict in the district due to the difference 
in the degree of spatial radioactive contamination. Against this backdrop, in 
December 2014, people wishing to return home established the Yamakiya Easy 
Network, non-profit organization (NPO), and began its activities. On the other hand, 
alternative dispute resolution (ADR) lawsuits have been filed, and the idea of hom-
age has been complex and diverse.
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The “Verification Committee on Decontamination of Yamakiya District” was 
launched in April 2015, when other local governments had seen the movement to 
lift evacuation orders, and the author also decided to participate as a member of the 
Committee. Since the decontamination project undertaken by the national govern-
ment is to be completed by December 2015, the committee’s objectives were to 
summarize: the analysis and verification of the decontamination effect of the 
Yamakiya district; the investigation and research results on radiation in the Yamakiya 
district; and the restoration of the environment in the Yamakiya district. In the 
interim report summarized in July, 2015, based on the completion of decontamina-
tion business around housing land and crop land, this paper analyzes, verifies, and 
evaluates the effect, etc., and summarizes the proposal on matters related to decon-
tamination and radiation protection measures, etc.

Items concerning the decontamination of residential land and the evaluation of 
health effects in the interim report were conducted based on the annual additional 
exposure dose of 20 mSv, which is the national decontamination target. As a result 
of the evaluation based on official data authorized by the government, i.e., the 
results of measurement of the spatial dose rate around the decontaminated housing 
land, the latest records of monitoring posts and running surveys, etc., the annual 
exposure dose was less than 20 mSv and the achievement of the target value was 
confirmed. Of course, the report described the need for ongoing monitoring because 
there are many sites where the long-term target for the annual additional exposure 
dose, 1 mSv, is exceeded.

There are various different concepts for the annual additional exposure dose of 
20  mSv. The committee was to make “scientific” decisions, but currently only 
100 mSv have the scientific basis for the annual additional exposure dose for carci-
nogenesis. 20  mSv is the recommendation of the International Commission on 
Radiological Protection (ICRP), and the concept behind it is the Threshold-Free 
Linear (NLT) hypothesis. Since the national decontamination target is 20  mSv 
based on ICRP recommendations, it was decided that the role of the decontamina-
tion verification committee was to confirm annual additional dose rate was lower 
than 20 mSv. After confirmation, the next step begins, but the 20 mSv is no longer 
a reference for return, and it is not possible to “scientifically” determine its value. 
Nonetheless, a certain level must be determined, so that it is an “appreciation level.” 
Since doses exceeding the long-term target of 1  mSv are accidental exposures, 
TEPCO and national government may be able to determine the level of understand-
ing by presenting their benefits in balance with the risks associated with additional 
exposure doses. However, local governments hesitate to confront national govern-
ment with policies and budgets, and residents who hope to return hesitate to take 
time to reach an agreement. Originally, the person responsible for the nuclear disas-
ter should apologized at first, and while the government, TEPCO, and the victims 
would jointly discuss the future of the region, the level of understanding would be 
determined. However, the hierarchy of stakeholders, conflicts among stakeholders, 
and other factors hindered the establishment of the level of understanding. There 
may be many levels of understanding, as there are different circumstances for each 
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evacuation municipality. While respecting various decisions and promoting double-
track reconstruction, the desire to return should have sought a level of understand-
ing, but the unified desire of national government has been prioritized.

Recommendations in the latter half of the report describe the preparation of maps 
for realistic radiation protection in existing exposure situations, measures against 
radiation in forests where people enter on a daily basis, a comprehensive counselor 
system, accelerated environmental recovery in daily life, and measures to deal with 
domestic and overseas markets. These recommendations do not necessarily lead to 
the immediate realization of concrete measures, but they are regarded as equivalent 
to the “Basic Law” in the law, and they describe the philosophy and basic policy for 
bridging future measures corresponding to the “Individual Law.” Collaboration with 
experts has already begun with a view to realizing this goal, and applications for 
subsidies for support activities and discussions are being held.

11.2.3  Scientists’ Behavior

When the FDNPP accident revealed the release of radioactive material into the envi-
ronment, scientists began to act. At this time, there seem to have been two behaviors 
of scientists as mentioned above. One is an attempt to clarify the mechanism of the 
transfer of radioactive material from a scientific standpoint. The other was to enter 
the field of a nuclear disaster, clarify the actual situation of the damage with stake-
holders, and think about the ideal way of the future region.

In the field of hydrology, which is a specialty of the author, there was a growing 
momentum that the knowledge and experience of hydrology could be utilized for 
grasping the present state and environmental restoration in the stage in which the 
actual condition of the damage was clarified. Especially, the problem of what kind 
of process the radioactive material released and deposited in the environment by 
FDNPP accident goes into the human dwelling area is regarded as an important 
problem which the hydrology which handles water and material circulation in the 
watershed should shoulder. One field of hydrology is the field of slope hydrology. 
This deals with the challenge of how precipitation on mountain slopes flows through 
processes into mountain streams and becomes river water. The process of water 
infiltration and efflux on a vegetated slope is composed of multiple elementary pro-
cesses, with substantial changes in river water volume and substantial material 
movements being different. This was an essential knowledge to predict the migra-
tion of radioactive material.

The results of surveys and studies on the transfer of radioactive material in water-
sheds and mountainous slopes were summarized in Onda et al. [11]. It can be said 
that scientific knowledge has been obtained on the kinetics of the migration of radio-
active substances in the environment, in this case cesium-137. The next issue is how 
to utilize the knowledge obtained in the measures in the field. The results of science 
alone do not mean that humans can act reasonably. Behavior is decided by the 
understanding which made various circumstances and thoughts to be a background.
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Although the disaster-stricken areas of the nuclear disaster in Fukushima were 
covered by multiple local governments, some scientists entered the local govern-
ments and regions where they were able to build relationships, and attempted to 
clarify the actual situation of the nuclear disaster from a wide range of viewpoints. 
The academic fields which became the background were various such as science, 
engineering, sociology, planning, etc., and they decided to practice interdisciplinary 
and transdisciplinary.

The team of Chiba University entered the Yamakiya district of Kawamata town, 
one of the former deliberate evacuation districts, and researchers in various special-
ized fields such as hydrology, ecology, agricultural economics, and nursing have 
continued activities related to comprehensive environmental monitoring and 
regional reconstruction in cooperation with local residents and municipalities. Part 
of the progress is summarized in Kondoh and Hama [12].

11.2.4  Consent to the Exposure

Immediately after the accident, MEXT published supplementary reading book for 
students in elementary, middle, and high school on radiation to disseminate knowl-
edge about radioactivity. In the inside, the radiation is divided into artificial radia-
tion and natural radiation, and it explains that the artificial radiation has merits and 
that there is the exposure of natural radiation even in the usual life. So it was the 
basis for asserting safe feeling under additional dose of 20 mSv/year as a target 
value of decontamination, but this did not give us any peace of mind.

In the Yamakiya district, test decontamination was carried out in late 2011, and 
full-scale decontamination work by the national government started in 2012. As a 
result, the air dose rate in the residential area gradually decreased, and the evacua-
tion order was lifted when it was confirmed that the dose rate fell below the stan-
dard. On the basis of scientific rationality, it is concluded that health effects do not 
appear immediately. However, from the perspective of the disaster victims, there is 
a third type of exposure. It is a forced exposure in an accident that is not willing to 
do so. Understanding is straightforward if the traditional science divides the sense 
of value and mind with the object, makes a third-party judgment, and gives the vic-
tim a spiritual attitude to accept it. However, it is not possible to underestimate the 
forced exposure due to the accident, because the object is human and the object with 
the heart.

Society’s use of modern science-based technologies such as nuclear power 
generation requires a mechanism to understand the benefits and risks of these 
technologies and not to divide them. This is a lesson learned in Fukushima and a 
challenge related to the achievement of the 12th goal of SDGs: Responsible 
Production and Consumption. If there is no relationship of trust between the 
position of Production electricity using nuclear energy and the position of 
Consumption electricity, the technology should be considered not to be in the 
stage of use.
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11.2.5  Restoration of Mountain Villages

Ten years have passed since the accident in March 2011. The extent of the nuclear 
disaster varies from region to region, and the state of recovery and reconstruction is 
also diverse. Although 364 households and 1252 persons were forced to evacuate in 
the Yamakiya district of Kawamata town, where the author was involved, only 343 
people reside in the Yamakiya district as of January 2021. Although the number of 
residents was less than 30% of the number before the accident, the number of regis-
tered residents was 727, and half of the residents were unable to decide on the 
end [13].

The Report of the Verification Committee on Decontamination of Yamakiya 
District, Kawamata Town [14], which was prepared as a procedure for lifting evacu-
ation orders, made the following five recommendations for regional revitalization in 
Yamakiya District.

 1. Map for realistic radiation protection.
 2. Radioactivity measures for forests in which people are entering on a daily basis.
 3. Consultation response17.
 4. Accelerating the recovery of the environment for everyday life.
 5. Measures for domestic and overseas markets.

Among them, some of the measures for (3) and (4) have been taken, but less 
progress has been made for other items. The return of some residents has already 
begun, but the district has become an aged-centered society, and the meaning of liv-
ing in radioactive contaminated areas has changed drastically now that many young 
people have had the basis for their lives outside the district. It can be said that for 
returnees, the joy of living in their hometowns surpassed the suffering. Nevertheless, 
the future of the area affected by the nuclear disaster, including the Yamakiya dis-
trict, is still chaotic.

11.2.5.1  Maps for Radiation Protection

There are two purposes for mapping the spatial dose rate. The spatial dose rate map-
ping performed by MEXT/DOE immediately after the accident was the monitoring 
required for drawing the evacuation area. However, it seems that the image that the 
wide area is uniformly contaminated by the map of the reduction scale was given 
except for Fukushima residents. However, the distribution of the spatial dose rate of 
the large- scale map was highly heterogeneous depending on the migration path of 
the radioactive plume, the topography of each location, and the geographical condi-
tions such as vegetation, as described in Kondoh and Hama [12]. When feedback 
enters the field of view, it is necessary to know the spatial dose rate or the distribu-
tion of radioactivity on the scale of human life. This requires monitoring in accor-
dance with the way of living in polluted mountain villages. In Kondoh and Hama 
[12], detailed spatial dose rate distributions were obtained by walking in areas 
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including mountains and shared with local residents. It gave hope in some places, 
but it was sometimes used as a basis for giving up.

The map of the spatial dose rate from the walking survey was intended to be used 
by residents who wanted to return to their homes for future planning, but it was not 
really a top priority for residents who were evacuating. The most important issue 
was the revitalization of the livelihood. We cannot return to our hometowns if our 
lives do not exist. On the other hand, after the evacuation order was lifted and the 
return began, the distribution of the spatial dose rate was no longer an important 
concern. Of course, mountain forests exist behind the mountain village settlements, 
and the current situation of the spatial dose rate in the vicinity needs to be known, 
but the areas where monitoring is necessary have been limited. Kondoh [15] pro-
posed the GIS improvement aiming at the decontamination of the SATOYAMA basin 
unit. SATOYAMA is an area where people and nature interact. Life in mountain vil-
lages is essential to the use of ecosystem services in SATOYAMA, and is a source of 
pride for living in mountain villages. The purpose of GIS construction was to 
describe the geographical attributes of the Satoyama basin, including the settle-
ments and the SATOYAMA behind them, in GIS, and to contribute to radioactivity 
management, but it was also intended as a visualization tool that links the divided 
urban world with the world of mountain villages.

Thus, scientific monitoring of radioactive materials was necessary, but the prior-
ity was never high among the livelihoods in mountain villages that had not yet 
recovered. This is also an important issue concerning the relationship between the 
problems to be solved and science and technology. This means that science in a nar-
row sense is necessary to solve problems, but science alone cannot solve problems, 
which is called trans-science.

11.2.5.2  Forest Radioactivity Countermeasures

During the evacuation order, government-managed decontamination was carried 
out, and the committee authorized that the spatial dose rate in residential areas 
and fields declined and that the annual additional exposure dose was less than 
20 mSv, which is the standard for lifting evacuation orders. However, radioactive 
materials in forests remain there. Is it necessary to take measures against radioac-
tivity in forests?

Living in cities is separated from nature, and there are few opportunities to directly 
gain blessings from nature. In Japanese mountain villages, however, the wild vegeta-
bles and mushrooms obtained from forests are important resources that color the 
livelihoods, and they are positioned as minor subsistence in their daily lives. However, 
minor subsistence was not included in the compensation framework for the accident 
[16]. It is because we cannot recognize the necessity of life in the urban world. 
Approximately 90% of the population in Japan is urban. On the other hand, about 
70% of the national land is occupied by forests, which is a place for living in moun-
tain villages. Diverse values should be respected and measures against radioactivity 
in forests should be considered. On September 9, 2012, the Japan Afforestation 
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Engineering Association adopted the Appeal on Pollution Countermeasures in 
SATOYAMA Areas Damaged by Nuclear Disasters and sent it to relevant administra-
tive agencies. At present, it is difficult to solve realistic problems, so radioactivity 
countermeasures in mountain forests have not been carried out, but it seems to have 
been able to cultivate understanding about the life of mountain villages.

11.2.5.3  To Accelerate the Recovery of the Environment through 
Consultation and Daily Life

Various administrative support measures have been implemented in this area. The 
menu is also available on Kawamata Town’s website, and a number of measures are 
presented regarding support for return, resumption of business, and countermea-
sures against radioactivity.

As a reconstruction base in the Yamakiya district, the restoration base commer-
cial facility, Tonya no Sato, opened in July 2017. This facility assumes the life sup-
port and exchange function of returnees, and it aims at contributing to the 
regeneration of the local community. In addition, public facilities are located in the 
vicinity, and they aim to function as a base in the region. In this way, the aspect in 
which the base inspires the activity in the region is important, and it becomes the 
basis of the activity of the inhabitant for the reconstruction of the beautiful moun-
tain village. Nevertheless, there are many difficulties, such as NPOs taking over 
operations after the withdrawal of restaurant operators, but living in hometowns 
gives courage to people.

11.2.5.4  Measures for Domestic and Overseas Markets

Recovery of the market lost by the accident is the top priority for achieving recovery 
and reconstruction of life. However, rumor damage makes it difficult to achieve the 
problem. Although agricultural and marine products produced in the former evacu-
ation zone have been thoroughly inspected, the market has not completely recov-
ered at present. This means that consumers do not decide to buy only with scientific 
rationality. The problem is not solved when the scientific communication to the 
consumer is achieved, and it means that the understanding of the human side of the 
disaster recognition needs to be promoted. Although it is an issue for the future, it is 
also an important issue related to the way modern civilization should be.

11.2.5.5  Yamakiya’s Future

Since activities to lift the evacuation order must give priority to restoring the pride 
of people’s livelihoods and local communities, efforts were made to consider the 
future of the region within the framework of greater people-to-people relations. 
Around this time, the number of citizens and scientists outside the region related to 
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the Yamakiya district also increased, and the phase of the activity has also changed 
from the activity of the investigation main body in the early stage to the activity for 
the restoration of living industry and the construction of the social relation capital. 
Yasutaka et al. [17] point out the importance of dialogue and volunteer activities in 
the reconstruction of local communities in addition to surveys in activities after the 
lifting of evacuation orders. Nevertheless, the way of thinking about the region’s 
future varies. The possible path to reconstruction is the process in which stakehold-
ers, including researchers, participate in activities to create the future of the com-
munity and form consensus with confidence.

11.3  Final Remarks

After the period of high economic growth in late twentieth century, Japan entered a 
stage of low growth or steady society. The situation is similar in many developed 
countries around the world. Now that we have experienced FUKUSHIMA and 
COVID-19, we must review how modern civilizations should be with a sincere atti-
tude, because it is thought to be predisposed to scientific and technological develop-
ments in the twentieth century, such as nuclear power in the case of Fukushima and 
aircraft, facilitating the movement of people, in the case of COVID-19. For that 
purpose, we must understand the present ideal way based on the history from the 
past, and look forward to the future while trying to solve the present problems. The 
present must not be ignored when talking about the future. This is an achievement 
of SDGs.

People want to talk about ideals when it comes to the future. However, the future 
is connected to the present, and we cannot tell the future with the solution of the 
present problem on hold. Do not neglect remembering the devastation of 
FUKUSHIMA and continuing to question its implications.
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Chapter 12
Current Environmental Risks and their 
Management in Japan

Teruhisa Tsuzuki and Tamie Nakajima

Abstract The Joint Open Symposium of the Science Council of Japan and the 
Japan Society for Occupational Health, entitled “Environmental Cycling of Toxic 
Materials and Health to Archive Sustainable Development Goal (SDGs) 12 
Responsible the consumption, and production-” was held at the 92nd Annual 
Meeting of the Japan Society for Occupational Health on May 25th, 2019. At this 
symposium, four researchers lectured on environmental risks we are currently fac-
ing, as described in Chaps. 8–11. It was emphasized that regulatory science has 
implications on every aspect of human life.

Keywords Asbestos · Nuclear disaster · Plastic problem · Polychlorinated 
biphenyls · Risk assessment · Risk communication · Risk management

12.1  Proper Management of Toxic Chemical Substances 
and Problems

Many chemical substances overflow our lives today. We enjoy the benefits and con-
venience of so many chemical substances in our daily lives. However, these chemi-
cal substances, including intermediates, produced during the manufacturing process 
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may have adverse effects on the human body as well as the ecosystem. Stockholm 
Convention on POPs was adopted in 2001, which came into effect in 2004. In Japan, 
polychlorinated biphenyl (PCB), which is a representative of POPs, was initially 
used because of its stability and excellent electrical insulation properties. PCB was 
accidentally mixed in the cooking oil production process in 1968 and caused health 
problems to many people (Yusho patients). As a result of this poisoning case, its 
manufacture and use were banned in 1972. In 2001, the “PCB Special Measures 
Law” was enacted, and the processing business is in progress. However, the con-
struction of the treatment facility was not welcomed by the residents. Moreover, as 
Dr. Masunaga pointed out (Chap. 8), individual regulations for drugs, pesticides, 
and cosmetics must be performed. To improve the current situation that lacks a 
comprehensive legal system for handling chemical substances and an environmen-
tal risk assessment system, we should urgently establish a “risk–benefit compari-
son” system for alternative substances. The “Law Concerning Chemical Substance 
Examination and Manufacturing Regulations” was enacted to prevent environmen-
tal pollution due to chemical substances in 1973, which was revised in 2009, and the 
examination and management are in progress.

12.2  Health Risk Assessment and Management of Asbestos 
Exposure to Citizens

Asbestos has been widely used in buildings as a heat-insulating material and sound-
proofing material, but it causes health problems, such as lung cancer and mesothe-
lioma. Although it was banned in 2012, still, many buildings contain asbestos. 
Therefore, measures to prevent asbestos scattering should be taken when disman-
tling buildings. However, asbestos leakage accidents due to inadequate leakage pre-
vention measures have been reported. Dr. Hisanaga introduced (Chap. 9) the efforts 
of the expert review group for risk assessment following a leak accident that 
occurred during the asbestos removal work at a subway station in Nagoya in 2013. 
The group has recommended recurrence prevention and health measures based on 
the spread of asbestos from the station, exposure of station users and workers, and 
their health risk assessment. Other than this leak, citizens may be exposed to asbes-
tos from serpentinite, so it is necessary to know the actual chemical exposed. Since 
there are currently few human resources in such fields, it is necessary to educate 
personnel who can oversee the risk management of chemical substances.

12.3  Solving the Marine Plastic Problem

Plastic production increases at a rate of 5% every year, and the world’s production 
exceeds 400 million tons per year. About half of it becomes disposable, such as 
plastic bottles, plastic bags, and food packaging. The plastics that flow into the sea 
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form microplastics due to ultraviolet rays and wave forces. Based on the ecological 
research on seabirds, Dr. Takada has found that the toxic effects of microplastics 
include their physical effects, as well as additives used in plastic manufacturing and 
harmful chemical substances, such as DDT and PCB adsorbed on microplastics 
(Chap. 10). We addressed that the basic requirements for solving the plastic waste 
problem include 3R—reduce, reuse, and recycle. Among them, he emphasized that 
“Reduce,” which is the control of plastic waste generation, has the highest priority 
to reduce the amount of plastics that flow into the sea.

In the “leading declaration” of the 20 major countries/regions (G20) summit 
meeting held in Osaka in June 2019, Japan Prime Minister aimed to reduce the new 
pollution of marine plastic to zero by 2050. “Osaka Blue Ocean Vision” was 
included. However, the existing plastics remain to be handled. We should realize the 
importance of reducing the production and use of disposable plastics toward SDG 
Goal 12 (Responsible consumption, production).

On April 7, 2020, the Environmental Risk Subcommittee of the Science Council 
of Japan proposed that industry, government, and private sector should take action 
to develop technology for promptly recovering and processing existing marine plas-
tics and reduce the amount of disposable plastics.1

12.4  Risk Communication Learned from Nuclear Disaster

Due to the large-scale and wide-area radioactive material contamination from the 
Tokyo Electric Power Company’s Fukushima Daiichi Nuclear Power Plant that 
occurred following the Great East Japan Earthquake on March 11, 2011, many resi-
dents were forced to leave their communities for a long time. Dr. Kondoh (Chap. 11) 
picked up the problem of the evacuation area investigated by the Chiba University 
after the accident as an example, and gave a lecture on the situation of pollution 
during and after the evacuation, and introduced transdisciplinary efforts aimed at 
solving problems. He pointed out that the problem-solving of a nuclear disaster 
through collaboration with residents is not only “scientific or economic rationality,” 
but requires “shaping of the consensus” based on shared empathy for the region and 
the idea of how society should be. For Japan to solve the problems deriving from the 
unprecedented large-scale nuclear disaster and form a sustainable society, as 
described in Chap. 11, efforts toward an inclusive society that respect diverse values 
and relationships should be made by multiple stakeholders.

As a whole, the methodology of regulatory science is being established and 
expanded to include various harmful substances. Among them, the risk 
communicator still feels immature. Consensus building will not be easy as diverse 
personal thinking and social backgrounds make it challenging to resolve conflicts.

1 Ecological and Health Effects of Microplastic Pollution of Water Environment Need for Research 
and Governance of Plastics. Science Council of Japan April 7, 2020 http://www.scj.go.jp (in 
Japanese) n. Accessed DD Science Council of Japan.
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Chapter 13
The Future of Washing

Youhei Kaneko

Abstract The act of washing keeps our bodies and homes clean and also allows us 
to prolong the life of our clothing and dishes. Washing is critical for achieving a 
sustainable society; however, a large amount of resources, including water, energy, 
and detergents are required. Therefore, it is time to reconsider our washing activities 
by focusing on more sustainable methods and create the future of washing.

This chapter explores six different approaches for designing and implementing a 
more sustainable washing life cycle. In order to create the future of washing, a wide 
range of research and fieldwork needs to be conducted, including: assessing the 
environmental and social impacts of washing; developing new sustainable washing 
technologies; and taking into consideration behavioral science. Moreover, key 
actors, such as government, academia, and the private sector need to come together 
to discuss the various aspects of washing. The future of washing is essential for our 
lives and represents an important theme for achieving a sustainable society. It is 
critical to gather diverse knowledge and ideas from experts and consumers in order 
to begin discussions about the future of washing.
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13.1  Introduction

People interact with various chemicals in their daily lives when using products that 
contain synthetic fibers, paints, and plastics. For example, these common chemicals 
are used in food packaging and home appliances. Detergents are also made from 
chemicals and are essential not only for cleaning our bodies, but also for clothing, 
dishes, household items, and furniture.

Washing usually consumes a large amount of water and detergent. Unfortunately, 
wastewater released in Japan has previously caused environmental issues. For 
example, in the 1960s, wastewater release created detergent bubbles, in rivers and 
sewage-treatment facilities, leading to eutrophication in lakes, marshes, and coastal 
waters. This is thought to be the first incident where people learned how washing 
could impact the environment. In order to address these issues, the Japanese govern-
ment improved sewage-treatment facilities, while the business sector pioneered bio-
degradable detergents and low or non-phosphorus detergents. In addition, 
environmental damage sparked research into the impacts of detergent on rivers that 
have carried on to today [1].

13.2  Considering the Life Cycle of Washing

The 1992 Earth Summit held in Rio de Janeiro addressed regional environmental 
issues, including pollution, climate change, biodiversity, water, deforestation, and 
chemicals management. Since that time, these issues are now global in nature. 
Therefore, governments, local communities, and the public are taking action to 
address these issues. Further, in 2015, the United Nations addressed important 
social issues, such as human rights, poverty, and conflict, by adopting the Sustainable 
Development Goals, or SDGs.

Evaluating the environmental impacts of washing from a global, SDG perspec-
tive requires us to evaluate the entire life cycle, including procurement of raw mate-
rials and disposal of washing goods. In this chapter, the author reviews the life 
cycle of clothes washing as an example (Fig. 13.1). For example, washing clothes 
requires the use of detergents, water, and washing machines. The main component 
of detergents is called a surfactant, which is produced from petroleum or palm oil 
through a chemical process, requiring both energy and water. Palm oil production 
in Malaysia and Indonesia requires that rainforests be converted into farmlands, 
leading to concerns about the impacts on local residents and animals [2]. For exam-
ple, there are concerns about the working environment and rights of farmers. In 
addition, water is distributed to households after being treated at water purification 
plants; however, this process consumes a large amount of energy. Using a washing 
machine also requires electricity. In addition, some wastewater from clothes wash-
ing flows into nature including rivers, impacting animal populations. Additional 
wastewater also flows into sewage facilities, where again, a great deal of energy 
is used.

Y. Kaneko
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The Japan Chemical Industry Association states in its report, “Innovations in 
Greenhouse Gas Reductions,” that the life cycle of CO2 emissions per kilogram of 
clothes washing is 0.12 to 0.15 [3]. Data show that people roughly wash 1.5 kg of 
closes per person a day, meaning around 550 kg of clothing per person is washed 
annually, which translates into nearly 60  kg of CO2 emissions. As a result, this 
means that approximately 6 to seven million tons of CO2 emissions are generated by 
Japan’s population of 120 million.

Japan’s Ministry of Land, Infrastructure and Transport [4] reported that, in 2016, 
the quantity of domestic water consumption was 12.9 billion m3. Furthermore, the 
Tokyo Metropolitan Government Bureau of Waterworks [5] reported that 15% of 
domestic water use was dedicated to clothes washing. That is, yearly clothes wash-
ing in Japan uses approximately 1.9 billion tons of water.

Ohtawa, et al. evaluated the environmental impacts of clothes washing by using 
LIME2 [6]. The assessment was implemented in 1987 and identified the specific 
environmental impacts of clothes washing. The report states the following about the 
environmental effects per clothes washing: 49% contribute to urban air pollution 
(SOx, NOx, etc.); 33% contribute to global warming (CO2); and there are negative 
effects on resource consumption and acidification (Fig. 13.2).

As mentioned above, clothes washing is not only related to environmental issues, 
such as global warming and water scarcity, but also many social ones, such as con-
verting rainforests into palm farming lands.

The world population is projected to reach 10 billion by 2050, increasing the size 
of the current global economy by three-fold. As a result, clothes washing will likely 
increase environmental and societal impacts. If measures are not taken, clothes wash-
ing may further increase CO2 emissions and lead to conflicts over water resources. 
Clothes washing may also lead to an expansion of palm fields, including the associ-
ated environmental and societal impacts. There also may be one day when washing 
is affected by resource scarcity impacting our ability to clean and maintain clothes.

13.3  Considering the Future of Washing

Washing is a critical action to support our daily lives, including cooking, clothing, 
and housing. It needs to be sustainable and now is the time to think about how the 
future of washing should look. Below are my insights on the future of washing, 
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Fig. 13.1 Flows of clothes washing life cycle
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which would allow the world to live clean and comfortable without passing on any 
negative effects to future generations.

13.3.1  Evaluation of the Environmental and Societal Impacts 
of Washing

The possible environmental and societal impacts of washing have often been dis-
cussed. However, these impacts are not measured quantitatively, and thus, the root 
causes and necessary actions have not been identified and prioritized. It is necessary 
to make quantitative assessments of the impacts and determine which areas of wash-
ing (clothes, bathing, tableware, etc.) and stages of the process (raw materials, 
water, wastewater, etc.) need to be assessed.

13.3.2  Defining Sustainable Washing

Washing uses critical resources including energy, water, and palm oil. In order to 
avoid excessive washing and define a concept of sustainable washing, people need 
to decide how much cleanliness is desired.

Urban area air pollution

Global warming

Resource consumption

Acidification

Waste

Eutrophication

Land occupation

Land transfer

Photochemical oxidant

Fig. 13.2 Evaluation of the environmental impacts per clothes washing (1987, detergent: New 
beads manufactured by Kao Corporation)
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13.3.3  Sophistication of Washing Technology

It is critical to develop technologies that can reduce a significant amount of the 
negative environmental and societal impacts of washing. From 1987 through 2011, 
Ohtawa et al. assessed the environmental impacts from clothes washing by using 
LIME2 (Fig. 13.3). More than 65% of the environmental impacts identified in the 
assessment were actually reduced by 2011. For example, improvements in washing 
machines and detergents reduced water consumption, power, and detergent quan-
tity. However, further developments in detergents and washing machine technology 
are needed to reduce the negative impacts of washing.

13.3.4  Changing Consumer Awareness and Behavior

Consumer awareness and behavior need to be transformed in order to promote sustain-
able clothes washing. For example, possible efforts might be changing clothes wash-
ing habits, such as only wearing clothes once and not washing with extra detergent.

13.3.5  Encouraging Cutting-Edge Technology

Proposing to consumers new lifestyles of clothes washing that encourage advanced 
technologies is critical. For example, encouraging the use of laundry services where 
experts use automated washing machines with special sensors that can detect the 
level of detergent and water is required.
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Fig. 13.3 Evaluation of the (area-specific) environmental impacts per clothes washing (detergent: 
New beads, Attack manufactured by Kao Corporation)
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13.3.6  Understanding Diverse Washing Technologies 
and Culture

Because washing has developed throughout world history, there are a wide variety 
of washing methods and norms. It is necessary to understand the diversity of wash-
ing technologies and cultural practices. Different washing techniques might hint at 
new technologies that can help enable the future of washing. The diversity of wash-
ing methods has been developed with local values, and it is important to consider 
those values in the future of washing. If those values are not respected, there could 
be distortions and the future of washing may not be achieved.

In order to create the future of washing, a wide range of research and fieldwork 
needs to be conducted, including: assessing the environmental and social impacts of 
washing; developing new sustainable washing technologies such as detergents and 
washing machines; and taking into consideration behavioral science including 
research about the history and culture of washing. Moreover, key actors, such as 
government, academia, and the private sector need to come together to discuss the 
various aspects of washing. In 2018, Future Earth [7], The University of Tokyo 
Institute for Future Initiatives [8], and Kao Corporation [9] established the Future of 
Washing Initiative [10] in order to lead a discussion and make suggestions about the 
future of washing.

The future of washing is essential for our lives and represents an important 
theme for achieving a sustainable society. It is critical to gather diverse knowledge 
and ideas from experts and consumers in order to begin discussions about the future 
of washing.
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Chapter 14
Initiatives on Responsible Consumption: 
Oguni Town

Emi Mori

Abstract Oguni Town is a small town located in the western part of Mount Aso in 
Kyushu, which was selected as an “Eco-Model City” by the Japanese government 
in 2013. After being selected as an SDGs Future City, Oguni Town formulated the 
“SDGs Future City Plan” and the “SDGs Future City Action Plan.” The goal is to 
realize a sustainable town by creating a recycling-oriented society and industries 
utilizing geothermal heat and forest resources. This chapter describes the past prog-
ress of this project.

Keywords Eco-Model City · Geothermal heat and forest resource · Low-carbon 
society · Oguni Town · SDGs

14.1  Introduction

In September 2015, the United Nations Sustainable Development Summit was held 
at the United Nations Headquarters in New York City, and the outcome document 
on the 2030 agenda for sustainable development was unanimously adopted. The 
bottom line of the 2030 agenda is the realization of SDGs. In May 2016, the Japanese 
Cabinet approved the establishment of the Headquarters for the Promotion of SDGs 
headed by the Prime Minister, and the Japanese SDGs Promotion is in full swing. 
The promotion of the SDGs in local governments was accelerated in the fiscal year 
2017 when the author was in charge of the regional development in the Cabinet 
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Office on secondment. In the same year, based on the summary of the1 “Advisory 
Panel for the Promotion of Local Government SDGs” on the basic concept of pro-
moting local government SDGs, we, the Secretariat of Local Government 
Development Promotion (Local Government Development Promotion Office) of 
the Cabinet Office, decided to proceed with the selection of “SDG Future Cities.”2

This chapter describes how Oguni Town, a small farming and mountainous vil-
lage in Kumamoto Prefecture located in Kyusyu Island of Japan with a declining 
population and serious regional challenges, envisions its future in 2030, taking the 
opportunity of being selected as an SDG future city, and how it aims to become a 
sustainable town by utilizing geothermal energy to achieve this goal.

14.2  From Environmental Model City to SDGs Future City

Oguni Town is located in the western part of the Kokonoe Mountain Range, north 
of Mount Aso, and has underground steam and hot water (hereinafter referred to as 
“geothermal resources”). It is a depopulated mid-mountainous area with a popula-
tion of about 7200 people. In FY2013, the town was selected as an “Environmental 
Model City” by the government to realize a low-carbon society, and has been pro-
moting “urban development focusing on the environment.” In FY2018, the town 
was selected as an “SDGs City of the Future” for its proposal on “urban develop-
ment using regional geothermal energy and forests.”

After the selection of the SDGs Future City, Oguni Town formulated the “SDGs 
Future City Plan” and “SDGs Future City Action Plan.” The town in 2030 should be 
“a sustainable city that creates a recycling society and industry by utilizing local 
resources,” and we3 are working toward achieving it.

14.3  Responsibility to Use

The core of Oguni Town’s plan to become an SDG future city is a geothermal power 
project (hereinafter referred to as “geothermal power generation”). However, geo-
thermal power generation in our town has an unfortunate history as a major national 
project had been withdrawn from our town in 2002 due to the lack of understanding 

1 Cabinet Secretariat/Cabinet Office General Website (https://www.kantei.go.jp/jp/singi/tiiki/kan-
kyo/kaigi/sdgs.html), accessed Jan 15, 2021.
2 Hakaru Tamura (2019): “Promoting SDGs that Create Regional Revitalization”, The first 
International Forum on SDGs for Regional Revitalization (https://future-city.go.jp/data/pdf/
event/2019/20190213_Hakaru_Tamura_en.pdf), accessed April 25, 2021.
3 Oguni Town website (https://www.town.kumamoto-oguni.lg.jp), accessed Jan. 15, 2021. Emi 
Mori (2020): “Initiatives of a Japanese SDGs Future City “Oguni Town”—On Utilization of 
Geothermal Resources –”, Journal of Groundwater Hydrology, 62(1), p 33–42.
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among residents. Opponents of geothermal power generation were concerned that 
the increased “use” of geothermal resources through development would lead to the 
decline of hot springs and cause micro-earthquakes and strongly argued that we 
should avoid large-scale development and keep the use of geothermal resources as 
an integral part of our lives such as running of hot springs in homes and inns, the 
using of steam for heating, etc.

In 2014, 12 years after the national government withdrew the project, a group 
of pro-geothermal power generation residents surprisingly established a joint ven-
ture company to operate a geothermal power plant in the same area.4 At present, all 
ex- opposition residents have also invested in the company and are participating in 
the geothermal power generation project. Two factors helped them to reach this 
point without government intervention: first, the attention to renewable energies 
has become a tailwind after the Great East Japan earthquake. In particular, the 
accident at the Tokyo Electric Power Company Fukushima Daiichi Nuclear Power 
Plant, which occurred as a result of the tsunami triggered by the March 11, 2011 
earthquake off the Pacific coast of Tohoku, resulted in the meltdown of the nuclear 
reactor and the resulting release of radioactive materials, leading to the evacuation 
of nearby residents. It also revealed many issues with nuclear power generation, 
such as the limited capacity of power supply in Japan. Second, most people that 
had opposed the project now retired, and their successors who had felt the limita-
tions of their business began to realize the necessity of promoting geothermal 
power generation.

In recent years, many geothermal power producers, especially those from outside 
of the town, try to enter the power production business in Oguni. Therefore, in 2016, 
Oguni Town enacted the “Ordinance on Utilization of Geothermal Resources in 
Oguni Town” to promote appropriate and sustainable utilization of geothermal 
resources, contributing to the progress of the local economy and proper manage-
ment of the utilization of geothermal resources.

Geothermal resources are valuable assets unique to the town. Its effective and 
efficient use will lead to the creation of a sustainable city. In Japan, where energy 
resources are scarce, renewable energies based on geothermal resources are 
expected to play an important role as a base-load power source, because of not only 
their low generation costs but also their ability to generate power stably. However, 
if geothermal resources are not used properly or overused, it may cause not only a 
decrease in the overall underground resources but also jeopardize the livelihood of 
the local people and the sustainability of the town. Therefore, careful handling of 
geothermal resources is also required. In addition, it is important to stress the 
responsibility of developers who use geothermal resources for power generation 
projects 14, as well as the responsibility of people who use the power, to assure the 
residents’ livelihood security.

4 RENEWABLE ENERGY INSTITUTE Website (https://www.renewable-ei.org/column_r/
REapplication_20170725.php), accessed May. 3, 2021.
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14.4  On Behalf of the Knot

Geothermal power generation not only leads to the realization of local energy pro-
duction for local consumption and the construction of a disaster-resistant and envi-
ronmentally friendly town but also increases the GDP per capita.5 It is our mission 
as a government to create a recycling-conscious society and industries that make 
use of local resources efficiently. The public and private sectors must work together 
to protect the natural environment, including geothermal resources inherited from 
our predecessors, while communicating constructively with residents for appropri-
ate geothermal power development.

5 According to “The Kumamoto Earthquake and Local Economies” (Regional Economic Research 
Institute, February 2019), the GDP per capita in Oguni Town, which is currently 2.37 million yen, 
is estimated to be 3.5 million yen (+1.13 million yen) in 2030 due to geothermal power generation 
and other initiatives.
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Chapter 15
Lessons of Court Decisions on Minamata 
Disease and Future Actions

Tadashi Otsuka

Abstract Two judgments of Minamata Disease, the judgment of Kumamoto 
District Court, March 20, 1973 and the judgment of Supreme Court, October 15, 
2004 still give us many lessons. I would like to point out two points.

Firstly, the case of Minamata Disease and these judgments are linked to the con-
temporary environmental policy to minimize the utilization and release of hazard-
ous chemical substances. Minamata Convention on Mercury was adopted with this 
aim. It is related to SDGs, Target 6.3 aims and 3.9.

Secondly, both judgments dealt with the contemporary precautionary principle, 
the issue of how the government and companies should respond to the scientific 
uncertainty problems. Up to now, we have had quite a few scientifically uncertain 
issues. In this situation, on the one hand, we should seek scientific evidence and on 
the other hand, we should make rational choices in society. The experience of 
Minamata Disease also seems to teach us many lessons for the application of the 
Precautionary Principle to environmental burden.

Keywords Minamata Disease · State responsibility · Precautionary principle  
Negligence · SDGs

15.1  Introduction

Minamata Disease is the most serious pollution case in Japan. As for the judgments 
about pollution in Japan, I would like to deal with two decisions regarding the 
Kumamoto Minamata Disease case.
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There has been an extensive scientific discussion about the notion of Minamata 
Disease. I would like to entrust the explanation of the notion of Minamata disease 
to the author of another chapter in this book.

First, I will give a brief history of Minamata Disease cases. Next, I will introduce 
two decisions regarding the Kumamoto Minamata Disease case. Finally, I would 
like to consider some lessons learned from them for examining future regulations of 
chemicals.

15.2  Brief History of Minamata Disease Cases

Minamata Disease cases include both Kumamoto Minamata Disease cases and 
Niigata Minamata Disease cases. Kumamoto Minamata Disease cases occurred in 
the area surrounding Minamata City in Kumamoto Prefecture from about 1953 to 
the early 1960s. The methyl mercury contained in the water discharged from the 
acetaldehyde manufacturing facility of Chisso Minamata factory accumulated in the 
fish in Minamata Bay and the area surrounding Minamata Bay. The area’s residents, 
ingesting the fish repeatedly, contracted Minamata Disease. In 1956, this disease 
was officially discovered when the hospital attached to Chisso Co. reported it to the 
Minamata Public Health Center. Soon the Medical Faculty of Kumamoto University 
suspected this disease was caused by the water discharged from the Chisso factory. 
However, in 1968 the government finally officially announced that the cause of 
Kumamoto Minamata Disease was methyl mercury compounds discharged by 
Chisso Co (For legal treatises of Kumamoto Minamata Disease litigations in 1990s 
[1–3]). Meanwhile, in 1964 and 1965, the same methyl mercury toxicosis occurred 
in the basin of the Agano River in Niigata Prefecture. The government officially 
recognized that Niigata Minamata Disease was caused by the water containing 
methyl mercury compounds discharged from Kase factory of Showa-Denko 
Company (For the first Niigata Minamata Disease litigation, Niigata District Court 
issued a decision on Sept. 29th, 1971 [4]).

I would like to show a brief chronology of the Kumamoto Minamata Disease 
case in Table 15.1.

15.3  Two Decisions Regarding the Compensation 
in the Minamata Disease Cases

I would like to take up two decisions regarding the compensation in the Minamata 
Disease cases: firstly, a compensation litigation filed against the company that 
directly caused this disease; secondly, a State responsibility compensation litigation 
because of the failure of the central and prefectural governments to exercise their 
authority.
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 1. The first decision [5] is regarding the First Compensation Litigation of Kumamoto 
Minamata Disease that was filed by the patients of Minamata Disease against 
Chisso Co. Kumamoto District Court recognized the negligence of Chisso and 
applied Sec. 709 of Civil Code, the general provision regarding torts.

According to this decision, “A chemical company which discharges wastewa-
ter from its factory has a high-level due diligence to confirm the safety of its 
wastewater by fully investigating with the best knowledge and techniques 
whether or not the wastewater includes a hazardous substance. The chemical 
company also has a high-level due diligence to take the maximum required pre-
ventive measures, especially to prevent danger to the life and health of the local 
residents, by immediately stopping the operation of the factory in the unlikely 
event that the wastewater is found to be hazardous or its safety becomes doubt-
ful. While it is the companies that discharge wastewater, local residents have no 
means of knowing what products those companies make, how such products are 
produced or what kind of wastewater is discharged from their factories. 
Therefore, naturally, a chemical company has the unilateral obligation to insure 
the safety to the life and health of the residents.” “It is clear that” the plaintiffs 
“contracted Minamata Disease during the period between 1956 and 1961.”

Table 15.1 Chronology of Kumamoto Minamata Disease case

Year Chronology of Events

From 1950 Shellfish and fish died in Minamata Bay and in the coastal areas, cats went mad 
and died of what is called “dancing cat fever”.

1953 In Minamata City, a girl developed a disease. Later she was identified as the first 
patient of Minamata disease.

1954 A man who lived in Minamata City complained of concentric contraction of the 
visual field and was admitted to the Chisso Affiliated Hospital.

November 
1956

Kumamoto University research group announced in an interim report that this 
disease is a heavy metal poisoning and it is mainly due to the intake of seafood

October 
1957

Health Science Research Group announced that the causal substances of 
Minamata disease are manganese, selenium, and thallium. It was suspected that 
they were released from Chisso Corporation.

March 1959 Water Quality Conservation Act and Factory Wastewater Regulation Act came 
into force.

July 1959 Kumamoto University research group announced officially that this disease is a 
neurological disorder caused by the intake of poisoned seafood and as for the 
poison, the focus centered on mercury.

August 
1959

Prof. Kiyoura published in a newspaper his opinion that the methyl mercury 
theory was doubtful and it should be dealt with prudently.

October 6, 
1959

The subcommittee of Minamata Food Poisoning (a special committee of Food 
Sanitation and Investigation Council, an advisory body of the Health Minister) 
announced an interim report that Minamata disease is very similar to methyl 
mercury poisoning and that mercury is the most suspicious causal substance.

November 
12, 1959

Based on the interim report, Food Sanitation and Investigation Council concluded 
that the main cause of Minamata disease is a kind of methyl mercury and it 
submitted the report to that effect to the Health Minister.

15 Lessons of Court Decisions on Minamata Disease and Future Actions
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This decision is understood to mean that chemical companies have an obli-
gation to investigate all substances they discharge from their factories, not 
only in the situation of scientific uncertainty of 1956, where scientific data 
were found but the causal substance was not identified but also in the situation 
where scientific data were not found. Such understanding of this decision is 
proved because it identified the negligence of Chisso regarding the plaintiffs 
who contracted Minamata Disease in 1953. Even today this decision has sig-
nificant implications.

 2. The second decision [6] is regarding the Supreme Court decision about the 
Kansai Minamata Disease case where the plaintiffs demanded State 
compensation.

The Supreme Court ruled that the failure of the Minister of Trade and Industry to 
exercise his authority to designate Minamata Bay as the designated area based on 
the Public Water Area Quality Conservation Act and the Factory Discharge 
Regulation Act and to set a water quality standard had been significantly unreason-
able since January 1960, and it had become illegal to apply Sec. 1 of the State 
Redress Act. It ruled that the Minister of Trade and Industry could have exercised 
his authority by the end of December 1959, because at the end of November 1959, 
(1) the State recognized that there was a considerable number of deaths resulting 
from Minamata Disease and (2) the State could recognize with high probability that 
the causal substance of Minamata Disease was a kind of methyl mercury and its 
source was a facility of Chisso Minamata factory.

It also ruled that the failure of Kumamoto Prefecture to exercise its authority to 
direct Chisso to set any necessary equipment to remove hazardous substances in the 
wastewater from its factory was illegal.

This decision has two characteristics.
Firstly, this is the first supreme court decision to admit State compensation 

because of the failure of the central and prefectural governments to exercise their 
authority regarding pollution. Before this decision was made, it was considered very 
difficult to demand compensation from the State because of the failure of the gov-
ernment to exercise its authority regarding pollution. However, owing to this and 
other decisions, the State recognized that the inaction of the government to exercise 
its authority at an appropriate time and in an appropriate manner could be illegal. 
The fact that this decision ruled that the failure of the State to exercise its authority 
had become illegal since January 1960 was a new lesson to the State.

Secondly, there is room to see that this decision and the original decision [7], 
overcame scientific uncertainty in factfinding. The first instance, Osaka District 
Court, July 11, 1994 ruled that in 1950s methyl mercury could not be measured and 
mercury could be measured only as the total mercury, that regulating by total mer-
cury became overregulation and that the discharge from Chisso factory would prob-
ably be less than the detection limit value. However, Osaka Court of Appeal ruled 
that the argument of overregulation could not be adopted considering the necessity 
to prevent the significant damage of Minamata Disease. Regarding the detection 
limit, it seemed to take no notice of the reproducibility of data considering “the 
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necessity to prevent the further occurrence of damage as soon as possible.” The 
Supreme Court did not mention the issue of overregulation and determined that “the 
quantitative analysis was possible.”

15.4  Lesson from the Two Judgments

Thus, the two judgements regarding Minamata Disease, on the one hand, imposed 
on a chemical company a high-level due diligence to investigate the substances 
discharged from its factory, and on the other hand, showed that the central and local 
governments have the obligation to exercise their authorities at an appropriate time 
and in an appropriate manner and that the failure to exercise their authorities may 
be illegal.

Both judgments have very significant implications and will become the basis of 
activities of companies and administrations regarding environmental issues. The 
above-mentioned obligations imposed on companies and administrations are also 
very important for scientists related to companies and administrations.

The lessons of the two judgments are not limited to this. I would like to point out 
two points.

Firstly, the case of Minamata Disease and these judgments are linked to the con-
temporary environmental policy to minimize the utilization and release of hazard-
ous chemical substances. Minamata Convention on Mercury was adopted with this 
aim. It is related to SDGs, Target 6.3 aims and 3.9.

It is our mission to link the lessons of Japanese pollution cases, especially 
Minamata Disease cases, to the global minimization of the utilization and release of 
hazardous chemical substances.

Secondly, both judgments dealt with the contemporary precautionary principle, 
the issue of how the government and companies should respond to the scientific 
uncertainty problems.

After the occurrence of Minamata Disease, Precautionary Principle expanded in 
Europe starting with West Germany at that time and has been adopted in interna-
tional documents. Though there are so many documents dealing with this principle, 
the 1992 Rio Declaration and 2000 EU communication paper are the most important.

Up to now, we have had quite a few scientifically uncertain issues. For example, 
the risks of health damage due to marine pollution by plastics or the nonthermal 
effect of electromagnetic waves are still scientifically uncertain. In this situation, on 
the one hand, we should seek scientific evidence and on the other hand, we should 
make rational choices in society. The experience of Minamata Disease also seems 
to teach us many lessons for the application of the Precautionary Principle to envi-
ronmental burden.

Thirdly, I will compare Minamata Disease cases and Fukushima Daiichi nuclear 
power plant accident case. Fukushima case is very different from Minamata cases in 
that it is not a nuisance case. It is a pollution case resulting from an accident and is 
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not a continuous pollution case. It is important to understand this difference. The 
legal lesson from Minamata Disease cannot be directly applied to Fukushima case.

I have two comments regarding nuclear accident cases. (1) Nuclear power plant 
operators are subject to the no-fault liability principle under the Nuclear Damage 
Compensation Act. This is very different from ordinary pollution cases because 
ordinary factory operators including Chisso are subject to the fault liability princi-
ple under the Civil Code. As for nuclear power plant operators, we do not have to 
consider whether they were at fault for causing the damage to victims. We do not 
have to take into account the Precautionary Principle here. (2) Regarding the State, 
it is subject to the fault liability principle. Lower court cases are divided into two 
types: those that admitted the fault of the State and those that did not admit the fault 
of the State. The way of understanding the concept of fault, i.e., the way of dealing 
with the Precautionary Principle, reflected the difference between the two types of 
decisions. This is because Fukushima accident resulted from the Great East Japan 
Earthquake and the prediction of the possibility of the great earthquake occurrence 
around Fukushima before the accident was the most important issue. Whether and 
to what extend the great earthquake would hit Fukushima were scientifically uncer-
tain before the earthquake. The Supreme Court will make a decision in the 
near future.

Fourthly, COVID-19 is still spreading around the world and many past actions of 
the Chinese and Japanese governments and others may have influenced the current 
situation of infections in Japan. Though we can assess these actions from the view-
point of the Precautionary Principle, it is very unclear whether some of the actions 
can be legally connected to the liability of the aforementioned.
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Chapter 16
An Initiative of an Environmental  
Model City: Featuring Sustainable 
and Healthy Cities

Keiko Nakamura

Abstract People of the city of Minamata, Japan have worked on creating an envi-
ronmental model city since the early 1990s because of their desire to “do something 
about Minamata.” Government recognition of Minamata as an environmental model 
city followed in 2008. Along with promoting relief measures for Minamata disease 
victims and reconciliation among the citizens, initiatives to protect the environment, 
respect people’s health and welfare, and cherish natural ecosystems have emerged. 
Citizens themselves led projects to promote environmental measures, created local 
bases for activities, and planned and implemented city projects. Community-led 
recycling projects, the city’s self-declaration of compliance to international stan-
dards for environmental management systems corresponding to audits by citizens, 
promotion of zero-waste measures, and other programs encouraged citizens to prac-
tice eco-friendly actions in their daily lives. Minamata’s experience toward becom-
ing an environmental model city will accelerate global initiatives for Sustainable 
Development Goals (SDGs) by passing shared values for sustainability and health 
from generation to generation.
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16.1  Introduction

Areas that have experienced environmental pollution, experience not only excessive 
burdens on human health and the environment but also various burdens on the entire 
community. For example, in the case of Minamata disease, pollution of the sea by 
methylmercury not only caused enormous damage to the health of the ecosystem 
and population but also caused tangible and intangible conflicts between affected 
patients and other people in the area. In addition, the community of Minamata as a 
whole experienced alienation and discrimination from other communities. Through 
these experiences, Minamata City, Kumamoto Prefecture, Japan, found a clue to 
rebuild the community and worked on creating an Environmental Model City ahead 
of the rest of the country. While incorporating innovative initiatives and programs 
into people’s daily lives, for the last 30 years, the city has made continuous efforts 
to feature environment-oriented community development. Based on the progress in 
creating an environmental model city in the area where Minamata disease was expe-
rienced, implications for other cities to achieve Sustainable Development Goals 
(SDGs) will be discussed in this chapter.

16.2  Creation of an “Environmental Model City” Based 
on the Lessons Learned from Minamata Disease

A patient with neurological symptoms officially reported in 1956 was later known 
as the first reported case of Minamata disease. In 1968, 12 years since the first case, 
the central government officially presented a view on Minamata disease as an issue 
caused by methylmercury discharged from the Chisso Minamata factory. Patients 
diagnosed with Minamata disease and other local people were at the mercy of the 
problem of Minamata disease. While early relief for Minamata disease victims was 
prioritized from the beginning, Kumamoto Prefecture also started a pollution con-
trol project in 1977. A large-scale sediment disposal study was conducted in 
Minamata Bay. Sediment, dredged from the remaining contaminated area in the 
bay, was discharged into the reclamation area in the inner area of the bay with care-
ful measures to prevent additional pollution. Removal of mercury-contaminated 
sediment in the bay was confirmed according to government standards, and the 
project was successfully completed by 1990 [1].

Rebuilding a community in Minamata was a process that started from a difficult 
situation, as the city’s economic, cultural, and social foundations were devastated at 
the time. In addition to the tremendous health damage caused by methylmercury 
pollution, there were serious social divisions among citizens. The society became a 
swirling center of conflict, malicious slander, and derogatory behavior. Despite those 
struggles, it is believed that the citizens’ desire to “do something about Minamata” 
led to the movement of regenerating Minamata, beginning the first half of 1990 [2].

With the completion of the Minamata Bay pollution control project by the pre-
fectural government, the movement to regenerate the community began. The 
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Minamata Disease Municipal Museum and the Kumamoto Environmental Center 
were founded at this time, and a memorial service for Minamata disease victims 
was organized for the first time. A series of local public meetings to discuss issues 
related to Minamata disease was followed by the “Environmental Creation 
Minamata” promotion project, a joint work of Kumamoto Prefecture and Minamata 
City. The Minamata Promotion Office supported by the prefectural government cre-
ated structured and organized events in which citizens could participate, such as the 
opening of the Eco Park Minamata, a world bamboo forest park that collects bam-
boo from around the world, and the “Environmental Creation Minamata ‘92” events. 
Through these efforts, the momentum for environmental protection began to grow, 
and the initial step was taken toward becoming an environmental model city that 
emphasizes environmental protection [2].

The Minamata City Council declared “Development of City that Treasure 
Environment, Health, and Social Welfare” in June 1992 (Box 16.1) [3]. For the first 
time in Japan, Minamata City declared “Creating an Environmental Model City” in 
November 1992 (Box 16.2) [4]. These declarations emphasized the importance of 
environmental protection, health and welfare in community development and 
reflected a strong determination to prevent the re-occurrence of tragic incidents by 
sharing information with the public about the suffering and the lessons learned from 
Minamata disease [2].

Box 16.1 The Declaration of the Development of City that Treasure 
Environment, Health, and Social Welfare [3]
The City of Minamata has been experiencing Minamata disease, an industrial 
pollution with degree of destruction so strong that damages the health of man 
and other living creatures, as well as the ecosystem, which was unprecedented 
in the history of mankind. The disease broke out when Japan placed the high-
est priority on production as we struggled to achieve a rapid economic growth 
during Japan’s postwar restoration. The Citizens of Minamata are trying to 
overcome these unprecedented damages and their immeasurable affect by 
getting together and striving to achieve their goal by making use of their valu-
able lessons. The people of Minamata City aim to developing their city into a 
place that treasures the environment, and where the nature, the people, and the 
industries can exist in harmony.

In the midst of increasing understanding concerning the destruction of the 
environment which is the biggest part of the world crisis these days, inform-
ing the people throughout the world about the lessons that we have experi-
enced with Minamata disease can be a warning bell to those who are about to 
follow the same footstep of Minamata. It is our understanding that by express-
ing our concerns for the environment in such way, we, although were once 
known as the source of public pollution, can fulfill the greatest role of contrib-
uting to the world’s environmental issues and problems in a positive way.

Because we must never forget the sacrifice caused by the disease, whereas 
we must never let the same disaster repeat again, whereas: we must continue 
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the relief of those who are still suffering from the disease, whereas we must 
preserve the dignity of life as we learned from our past experience of Minamata 
disease incident, the citizens of Minamata hereby declare the promotion of the 
city development with the aim to create a place that preserves environment 
and health, and values welfare.

June 25, 1992
Minamata City Council

Box 16.2 Declaration of Creating an Environmental Model City [4]
The history and climate of Minamata City pose questions about what human 
beings should do to conform and coexist with nature. From time immemorial, 
people have lived near fields and mountains, always in places near water 
sources such as rivers and the sea which have provided them with ample natu-
ral resources.

However, the outbreak of Minamata disease, which is said to be one of the 
world’s biggest and worst cases of industrial pollution resulting from a 
productivity- first principle, has severely affected human health and the envi-
ronment in the vicinity of Minamata city. This highlights the dangers of 
industrial development. It has caused death not only to citizens but to many 
other living things, brought about psychological anguish, and endangered the 
very existence of local communities. As a matter of fact, Minamata’s citizens 
have suffered for 36 years.

Learning from this tragic experience, we in the City of Minamata are deter-
mined to construct a model environmental city that will respect natural eco-
systems. We are also determined to disseminate the lessons we have learned 
from Minamata disease all over the world:

 1. Passing the lessons learned from Minamata disease down to the next 
generation

 2. Promoting relief measures for Minamata disease victims and reconcilia-
tion among the citizens

 3. Encouraging changes to industrial activities that will not endanger the 
people and all other living things in cyclic natural ecosystems

 4. Protecting such fundamentals for life as the sea, rivers, and mountains and 
handing them down in good condition to the next generation

 5. Reviewing the structure of present-day civilization and propose a new 
social system that will be based on the frugal use of limited natural 
resources

We hereby declare that in view of the “Environment Creation, and 
Minamata ‘92” events taking place in Minamata, we in the City of Minamata 
reaffirm our resolution to implement the undertakings we have stated above.

November 14, 1992
Minamata City
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16.3  A Collective Vision of the Future and the Community’s 
Continuous Effort

Minamata’s vision of creating an environmental model city was shared among the 
public, and further progress was made, including enhancing relief measures for 
Minamata disease victims, advancing public understanding of Minamata disease 
issues, promoting community revitalization, and developing a park that promotes 
values of health and environmental consideration at the Minamata Bay reclaimed 
land. In addition, “Moyai-Naoshi” (reconnecting knots in communities) was pro-
moted with the aim for citizens to work together regardless of their individual per-
spectives. “Moyai-Naoshi” is a symbolic word that represents the strenuous effort 
to tackle the Minamata disease, and also implies the restoration of relationships 
within the community. This is especially important because the outbreak of 
Minamata disease instigated conflicts, slander, and accusations, which resulted in 
serious problems and severed relationships among community members. Through 
the “Moyai-Naoshi,” people strove to achieve their goals and make decisions by 
having constructive discussions based on recognition of each other’s opinions and 
respect for individual situations [2].

Minamata City worked on the acquisition to satisfy ISO 14001, the international 
standards for environmental management systems, and acquired its recognition in 
1999. This led to the establishment of the city’s own system to self-declare ISO 
14001 corresponding to environmental audits by citizens [5].

In addition, the city developed its own standards for different settings and called 
them ISO for schools, ISO for households, ISO for nurseries/kindergartens, and ISO 
for inn/hotels. This enabled each setting to address specific eco-friendly measures 
and promote their efforts. These activities served as community-based environmen-
tal learning systems for citizens to acquire knowledge on how to practice eco- 
friendly actions in their real lives.

Moreover, citizens themselves led the projects of promoting environmental mea-
sures and created local bases for activities through citizens’ organizations such as 
the Association of Contemplations and Actions for the Environment of Minamata (a 
collaborative body of 17 citizen groups), as well as the “Yoro-Kai” (meaning “let’s 
get together,” and formed in each of the 26 administrative districts of Minamata 
City). Further, systems for citizens’ participation in the planning and implementa-
tion of the city’s projects were developed, and citizens participated as members of 
the Basic Plan Conceptualizing Committee for City Development [5].

Since 1993, Minamata City has implemented a system of garbage classification 
and recycling household waste using a detailed classification system. At that time, 
garbage was divided into 20 groups within five categories. The city became well 
known as a pioneer of efforts to sort household garbage thoroughly and resource 
recycling. A total of 330 garbage collection stations were set up across the city and 
citizens worked together to sort the garbage. This system has become a national and 
international benchmark for community-led recycling projects, as a model of family 
and community engagement through learning in daily life [5].

16 An Initiative of an Environmental Model City: Featuring Sustainable and Healthy…



132

Multi-stakeholder involvement is another characteristic of a community’s efforts. 
Citizens, industries, and local governments collaborated to plan and implement pro-
grams and encourage practical advancement. Projects of reusing and recycling glass 
bottles suggested enjoyable lifestyles for citizens, as well as expanded innovative 
use of recycled glass and their markets. Projects of recycling plastic compounds 
gained their value in the market because of their high quality, supported by the 
awareness of citizens through the separation of household garbage. Citizens’ daily 
thorough practices toward recycling, application of innovative technologies by 
industries, and support by the local government through subsidies, relaxation of 
regulations, promotional activities, city-wide movement, and others also promoted 
recycling practices [6]. Learning from practical examples of programs and activities 
across stakeholders contributed to the accumulation of concrete examples that 
would realize Minamata’s vision for the future.

16.4  Shared Values Among the Community and Passing 
These onto the Next Generation

Recently, many urban development projects have been taking into account the envi-
ronment and the health of citizens. The concept of value-based urban planning has 
been advocated [7].

Since the beginning of the movement of Minamata’s regeneration in the 1990s, 
citizens have strived to cherish common principles such as preserving the envi-
ronment, health, welfare, the natural cycle of the ecosystem, recycling of 
resources, harmonization of the environment and the economy, sustainable com-
munity and citizens’ engagement. When the notion that environment-friendly 
concepts would hinder earnings and economic productivity was still prevalent, 
the citizens of Minamata took the initiative to create an environmental model city 
that valued health and the environment and engaged in daily efforts to achieve 
this goal [2].

During the late 2000s, Minamata City was nationally and internationally recog-
nized for its efforts to protect the environment, and the Cabinet Office of Japan 
officially recognized Minamata City as an environmental model city in 2008. Since 
then, the Basic Environmental Ordinance has proclaimed building a low-carbon 
society. Moreover, various projects linked to concepts such as the utilization of 
limited resources and energy, as well as the development of the local economy by 
considering the unique characteristics of the areas, were planned [8]. Furthermore, 
the completion of Eco Park Minamata with the theme of environment and health 
and the Minamata Declaration for Creating a Zero-Waste City (Box 16.3) in 2009 
[9], demonstrated concrete examples of valuing the environment and health. Such 
programs and activities have accumulated since the 1990s.
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Minamata has been involved in international environmental projects since the 
United Nations Conference on Environment and Development (Earth Summit) in 
1992. Thus, it was natural for Minamata City to take action toward achieving the 
SDGs adopted by UN member states in 2015. In 2018, Minamata City was desig-
nated as an “SDGs Future City” by the Cabinet Office of Japan.

Three generations have passed since the outbreak of Minamata disease. The first 
generation had already wrestled with various obstacles in the 1970s as adults, the 
second generation spent their childhood in the 1980s and grew up with difficulties 
related to Minamata disease faced by the community, and the third generation 
leaned about Minamata disease as a history of the community and grew up with 
eco-friendly lifestyles. In the near future, the third generation will take over the 
roles of leading the city toward a sustainable and healthy city.

Yet, there are predictions that the city’s population will continue to decline in the 
coming years. In 1995, Minamata City’s population was approximately 50,000, 
which was reduced to approximately 25,000 by 2015. By 2030, the population is 
expected to be less than 20,000. At the same time, the city is faced with the chal-
lenge of fostering industries for a sustainable local economy. Hence, it is important 
to pass down the lessons learned from Minamata disease to the younger generations 
who did not witness the issues directly. A continuous learning system should be 
established to encourage learners to make new contributions to the future. These 

Box 16.3 Minamata Declaration for Creating a Zero Waste City [9]
We, the citizens of Minamata, shall examine our lifestyle, treasure the bless-
ings of nature and exert effort to build a life and system that makes optimal 
use of our limited resources and energy.

We shall develop an urban system by 2026 that will not depend on incin-
eration and landfill for waste disposal while maintaining the precious nature 
of our home and protecting the lives and health of all living things.

We shall have pride in our endeavors and the efforts we put into achieving 
our goal since Environmental Model City Declaration in 1992 and move for-
ward with Zero Waste measures utilizing our past experience and results.

We shall share information necessary to move forward with Zero Waste 
projects among citizens, businesses and administration, set up a venue where 
discussions can be held on a continuous basis, and cooperate to review goals, 
actions and achievements.

We shall join hands with all people and municipalities in Japan and the 
world with the common ambition, aim to solve problems together, and 
increase the number of people joining in Zero Waste projects in order to bring 
a better environment to Japan and the world.

November 22, 2009
Minamata City, Kumamoto
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efforts will enable the community to share values with people not only in Minamata 
but also outside of Minamata and who did not directly experience the issues of 
Minamata disease.

Minamata children are deepening their understanding of the importance of 
respecting lives, caring about health and welfare, and protecting the environment by 
studying Minamata disease, listening to the various life stories surrounding 
Minamata disease from local adults, and engaging in recycling activities in their 
daily lives. They also have rigorous environmental education, including learning 
eco-friendly lifestyles through ISO activities at their schools. Additionally, they 
have heard about and/or witnessed the “Moyai-Naoshi” project. In the near future, 
when this generation becomes the center of the city’s development, it will be worth-
while to see how they implement environmental and health values with compassion, 
as these are the foundational concepts of Minamata’s environmental model city 
project. As the methods of sharing values diversify, our responsibility across com-
munities is to ponder effective approaches to share these values and ensure that they 
are passed onto the next generations.

16.5  Conclusion: Achieving Sustainable Development Goals

In order to achieve the goals of the 2030 Agenda for Sustainable Development 
(SDGs), the initiatives of national governments and international organizations, as 
well as the actions of local governments and communities, are emphasized. There 
are 17 goals within SDGs, which include climate action, quality education, good 
health and well-being, clean water and sanitation, industry/innovation and infra-
structure, affordable and clean energy, decent work and economic growth, and sus-
tainable cities and communities. Since many of these goals are mutually associated, 
a cross-disciplinary approach is encouraged.

For most of the citizens of Minamata, recognizing the interrelationship of the 
SDGs’ 17 goals is self-evident because the citizens have been engaging in these 
actions in their daily activities over 30 years. The goals had already been stated in 
the “Declaration of Creating an Environmental Model City” since the beginning of 
the 1990s. Examples of specific actions and projects were continuously conducted 
under the policies of Zero-Waste city and action plans for an environmental 
model city.

While facing several challenges related to its declining population, along with 
the low birth rate and aging population, Minamata’s long-term experiences of tack-
ling issues of environmental pollution and its influence on communities, enabled the 
city to share their creative efforts as a model for other communities. It is highly 
anticipated that the city will contribute to accelerating the global initiatives for 
SDGs by passing shared values for sustainability and health from generation to 
generation and by expanding opportunities to share their experiences in Japan with 
international communities.
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Chapter 17
Divorcing from Plastics for a Sustainable 
Future Society

Tamie Nakajima

Abstract Plastic products, such as containers and packaging, have deeply pene-
trated our daily lives, and their production has been increasing year by year. Plastic 
marine pollution is also spreading in tandem with plastic products and is now a 
global environmental problem. Plastics in the ocean are fragmented by ultraviolet 
light and physical force and are the origin of microplastics. Plastics also contain 
toxic substances, such as plasticizers, that have reproductive and developmental tox-
icity. The importance of risk assessment is paramount regarding the effects of 
microplastics containing these toxic substances on the ecosystem and human health. 
It is necessary to reduce the number of single-use plastics first to transform from the 
plastic society we have become into a sustainable society and achieve SDGs by 2030.

Keywords Containers and packaging · Microplastics · One-way plastics · Plastics  
Plasticizers · Polychlorinated biphenyls · Risk assessment · Sustainable 
development goals (SDGs)

17.1  Introduction

The word “plastic” is an adjective derived from the Greek word that means “to 
trace” [1]. The invention of celluloid in 1869 marked the beginning of plastics. In 
the twentieth century, the term “plastic” has been generally used for new synthetic 
materials made of polymers based on carbon and hydrogen. In 1907, Bakelite, a 
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hard plastic used in radios, telephones, and household appliances, was created. 
After the booming of petroleum complexes in 1960, plastics such as polyethylene 
began to be produced, and plasticizers, curing agents, colorants, aromatics, and sta-
bilizers followed, resulting in the development of a great variety of plastics.

Plastics are used in many fields because of their light weight and convenience. 
Various types of plastics are used for food packaging. For example, polyethylene 
terephthalate is used in plastic bottles. Polyethylene is used for freezer bags, poly-
propylene, for food packaging, and polyvinyl chloride (PVC), for medical tubes and 
bags. Polystyrene is used in fish and meat trays and disposable food containers, and 
containers for cup noodles. Epoxy resin is used for coating the inside of cans; acrylic 
resin, for tableware and toys such as blocks; polytetrafluoroethylene, for fluoropoly-
mers and frying pans; melamine resin, for melamine dishes, forks, and spoons, 
cooking sheets, and container lids. Silicone is used in kitchen utensils. Other materi-
als include polyurethane, which is used in household items, such as mattresses, 
hoses, sportswear, and tights, and polycarbonate, used in CDs, DVDs, and eye-
glasses. Notably, polyethylene and polypropylene are also used in nonwoven masks, 
which became a necessity item during the COVID-19 pandemic.

The term “plastic society” has not suddenly come into use. In the 1990s, plastics, 
especially chlorinated ones, attracted attention as a source of dioxin in Japan. 
Because of its convenience, priority was placed on plastic production, but no atten-
tion was paid to the disposal method. At the time, it was burned for disposal, which 
produced dioxin during the process. This became a major social issue, leading to a 
boycott of vegetables and other agricultural products near incineration plants. As a 
result, incinerator management was introduced by the government, and dioxin risk 
management has been issued. However, over time, marine pollution caused by ille-
gally discarded plastics has become a serious problem, and it has progressed into 
microplastic pollution.

In this paper, first, plastics, their types, and uses are outlined. Then, marine pol-
lution by plastics and microplastics is examined. Third, the hazards and risk assess-
ment of plasticizers in plastics are stated. Fourth, the issue of plastics pertaining to 
the action plans of the 2030 agenda for sustainable development is evaluated, and 
finally, we state the need to reduce the weight of one-way plastic to achieve six 
goals of the SDGs.

17.2  Applications and Production of Plastics in Japan

Regarding the applications of plastics in Japan in 2019, containers and packaging 
film sheets (containers 14.8% and packaging film sheets 20.6%) accounted for one- 
third of total plastics (Fig. 17.1). Other applications were film sheets other than for 
packaging (18.5%), machinery, equipment, and parts (12.1%), pipes and fittings 
(7.6%), daily necessities and miscellaneous goods (5.0%), building materials 
(4.7%), foam products (4.2%), and others. Comparing the number of plastic con-
tainers and packaging disposed of per capita in each country, Japan ranks second 
after the United States.
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Globally, more than 8,300,000,000 tons of plastic have been produced since 
1950, and 6,300,000,000 tons of that have been disposed of as waste [2]. Seventy- 
nine percent of the collected plastic waste is either landfilled or abandoned in the 
ocean. Only 9% of plastic is recycled. At the current rate, it is estimated that more 
than 12,000,000,000 tons of plastic will be landfilled or thrown away into the envi-
ronment by 2050.

Changes in the production of plastics in Japan over the past 20 years show that 
the production of containers has doubled [3]. However, the total production volume 
has not substantially changed because reinforced products are no longer included, 
and the production of foam artillery, construction materials, daily necessities, 
machinery and equipment parts, and plates has decreased. Since the production vol-
ume of containers is expected to increase linearly in the future, limiting the produc-
tion of these products will certainly be the key to controlling the total amount of 
plastic emissions.

17.3  Advantages and Disadvantages of Plastics

Plastic extends the shelf life of food products and, because of its light weight, it also 
facilitates their transportation. This advantage has led to its widespread use as con-
tainers and packaging products [2]. Plastic containers have doubled even in the past 
20  years, and it is projected to double in the next 20  years. In other words, its 
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Fig. 17.1 Plastic applications. Source; Vinyl Environmental Council
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increase is almost linear. If this situation continues, it is predicted that the amount 
of plastic in oceans will increase more than the number of fish by 2050. Moreover, 
by 2050, the share of plastics in petroleum products will increase by 20%, and the 
share of plastics in the carbon balance, by 15% [2]. The production of plastics is 
related to global warming, and from the perspective of climate change, plastic pol-
lution in the ocean is a serious problem.

17.4  Marine Pollution by Plastics

First, it is assumed that the illegal dumping of plastic, like littering, will lead to 
ocean pollution. The total production of plastics in Japan has been flat for the past 
20 years [3]; however, the COVID-19 pandemic has increased the demand for take- 
out plastic containers, protective masks (made of polypropylene and polyester), and 
medical protective equipment (made of polypropylene and polyethylene). The total 
production of plastic products may increase due to the increased demand for con-
tainers for these demands. Further, the production of plastic products in other coun-
tries is also expected to increase in the future. The amount of plastic transported 
from Southeast Asia and China by the Kuroshio Current is expected to increase. In 
1973, plastic was detected in the digestive tracts of seabirds in Canada [4]. Although 
there have been sporadic reports of similar findings since then, they have not been 
acknowledged until the twenty-first century. Increased pollution and its effects on 
seabirds and sea turtles led to the use of the term “plastic ocean.” In other words, 
plastic marine pollution has become a matter of life and death for marine life. In 
addition to the negative impacts on the landscape and coastal habitat, it may also 
hurt tourism and fishing.

17.5  Environmental Pollution by Microplastics

Microplastics are plastics smaller than 5 mm in length and are classified into pri-
mary and secondary microplastics. The former are microbeads in cosmetics and 
face washes, resin pellets (small, bead-like plastics used as raw materials in the 
manufacture of plastic products), and fertilizer-coated slow-release fertilizer cap-
sules. The latter are fragments of plastic and scraps of clothing fibers. Secondary 
microplastic pollution from plastic debris is common in the seas around Japan. 
Microplastics in oceans adsorb toxic chemicals, such as PCBs, and act as their car-
riers [5], explained in Chap. 10. Therefore, even if the concentrations of PCBs and 
other toxic chemicals are low in the seas around Japan, microplastics may adsorb 
them in high seas and carry them to the seas around Japan by the Kuroshio Current.

Many toxic chemicals are used in plastics, such as plasticizers and hardeners. 
When they are micronized, they are more easily ingested by fish, and the toxic 
chemicals are more easily absorbed by the organism. If the toxic chemicals are 

T. Nakajima



141

bioaccumulated, they may have an impact on humans. Although many research-
ers have clarified the toxicity of these toxic chemicals alone, little research has 
been done on the ecological and biological effects of microplastics with toxic 
chemicals.

Recently, Isobe et al. measured the number of microplastics in the Pacific Ocean 
[6]. They showed the distribution of microplastic concentrations in the Pacific 
Ocean, the lowest being 10 mg/m3 and the highest, 1000 mg/m3. Seasonal variations 
occurred in the concentration of microplastics in the Pacific Ocean, with low con-
centrations in February and high concentrations in August, and high-concentration 
areas (hot spots) appeared in the seas around Japan in August. This suggests the 
need for early action to reduce marine microplastics.

Interestingly, microplastics have been detected in the urban air and even in indoor 
air. Wright et  al. detected 575–1008 (m2/d) microplastics in Central London in 
February 2018 [7]. The shape of the microplastics was mainly fibrous microplastics 
accounting for 92% of the total. Moreover, in Japan, the digital edition of the Asahi 
Shimbun reported the detection of polyethylene and polypropylene of tens to hun-
dreds of micrometers [8]. Moreover, polyethylene was also detected in the ice of 
trees in the mountains of Kyushu. These results show that microplastic contamina-
tion is a global problem that can be detected not only in the ocean but also in the 
atmosphere.

In the case of microplastics, in addition to the effects of the material, the effects 
of toxic substances contained in the material must also be considered. For example, 
styrene trimer, a byproduct of polystyrene resin, disrupts thyroid hormones [9]. In 
addition, toxic substances that are adsorbed by microplastics also cause adverse 
effects. For example, perfluorooctanoic acid (PFOA) has been shown to cause liver 
damage in mice [10, 11] and has adverse effects on the lipid homeostasis of women 
with low-birth-weight infants [12]. As described above, the effects of toxic chemi-
cals have been extensively studied, but there has been little research on the forms 
contained in or adsorbed toxic chemicals on microplastics.

17.6  Health Hazards of Hazardous Chemicals Included 
in Plastics

17.6.1  Effect of Styrene Trimmer on Thyroid Hormones

Styrene trimmer is a byproduct of polystyrene resin manufacturing. In the past, poly-
styrene resin was used to make cup noodle containers, and concerns remained related 
to the leaching of styrene trimers, monomers, and dimers from these containers. It has 
been reported that styrene trimers administered to mice increased thyroid hormones 
[9]. Recently, plastic containers for cup noodles have been replaced with paper con-
tainers. Our research on the toxicity of various chemicals may be a nuisance to com-
panies, but it has led to the development of new containers. It seems that toxicity 
research is having a positive impact on pollution-related problems.
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17.6.2  Effect of Plasticizer Diethylhexyl Phthalate 
on the Next Generation

Plastic is inherently hard, so tubes and blood bags used in hospitals are made of 
softened plastic using plasticizers, such as di-2-ethylhexyl phthalate (DEHP) 
(Fig. 17.2), which is no longer used in medical tubing, but about 20 years ago, it was 
used in 40% of medical materials and single-used groves. Since plasticizers are fat- 
soluble, they are easily eluted when products are disinfected with alcohol or come 
into contact with oil. In 1999, the concentration of DEHP in convenience store 
lunch boxes and retort pouch foods was found to exceed the tolerable daily intake 
(TDI, that is the daily intake of a substance estimated to have no adverse effect on 
human health when consumed continuously over a lifetime) because of PVC gloves 
used during the cooking process [13]. On June 14, 2000, the Ministry of Health and 
Welfare issued a notice to prevent their use, and the DEHP concentration in conve-
nience store lunch boxes was subsequently reduced to a much lower level. DEHP 
has a structural formula consisting of two ethylhexyl alcohol esters bonded to a 
phthalic acid skeleton and is fat-soluble. According to recent data, DEHP accounts 
for 42% of plasticizers. The use of DEHP is gradually decreasing as the toxicity 
evaluation of DEHP progresses. On the contrary, the use of diisononyl phthalate 
(DINP) has been increasing because DINP is less toxic than DEHP.  In addition, 
phosphoric acid, adipic acid, and epoxy plasticizers are also being used.

DEHP-containing tubes were used in the hospital around the 2000s; therefore, 
we investigated the concentration of DEHP exposure in patients [14]. We compared 
the concentration of mono-ethylhexyl phthalate (MEHP), a major active metabolite 
of DEHP, in the serum of 28-day-old infants who had been tube-fed since soon after 
birth because of their medical condition with those of 28-day-old breastfed infants 
and dialysis patients. Surprisingly, the concentration in the tube-fed patients was 
five times higher than that in the breastfed. On the other hand, since a lot of tubing 
was used during dialysis, we expected that the serum MEHP concentration of these 
patients would be the highest but found that it was about the same as that of breast-
fed children. The fact that the DEHP concentration was much higher in tube-fed 
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children than that in dialysis patients attracted much attention. On October 17, 
2002, the Ministry of Health, Labor, and Welfare issued a warning to the Japan 
Medical Association, municipalities, and Pharmacists’ Associations that DEHP, a 
plasticizer eluted from PVC medical devices, could exceed the TDI at that time. 
About 8 years later, we measured DEHP elution from medical tubing and vinyl- 
based bags but could not detect DEHP, confirming that it was not being used at all.

The effects of DEHP on the next generation have been studied. Wild-type, per-
oxisome proliferator-activated receptor (PPARα)-deficient, and human PPARα 
pregnant mice were fed with diets containing 0%, 0.01%, 0.05%, and 0.1% DEHP 
[15]. This method of exposure was converted to daily DEHP intake: 0, 10 ~ 12, 
55 ~ 64, and 110 ~ 145 mg/kg/day. We then examined the numbers of fetuses and 
births per litter and the numbers of survivors on gestation day 18 and birthday 2, 
respectively. In PPARα-deficient mice, there was no effect of DEHP administration 
on these parameters. In the fetuses of human PPARα mice, there was no effect of 
DEHP administration on the fetuses, but the number of pups at day 2 and the num-
ber of surviving pups were reduced at a dose of 0.1%. In contrast, no toxic effects 
were observed in the fetuses of wild-type mice (murine PPARα) at any dose, but the 
number of surviving pups was reduced 2 days after birth in the 0.05% and 0.1% 
dose groups. These results indicate that the effects of DEHP on the fetus and new-
born pups are PPARα-dependent, and since the activity of PPARα is mouse > 
human, the toxicity is stronger in wild-type mice. Since human PPARα is expressed 
only in the liver, the role of PPARα in the liver plays an important role in pup sur-
vival, suggesting that lipid homeostasis in the mother’s liver has a significant impact 
on DEHP-induced pup survival.

Next, we will discuss one way to assess the health risk from these results 
(Fig.  17.3): based on the measured intake of DEHP-containing food, the DEHP 
dose that had no adverse effect was 11  mg/kg/day. Therefore, the no observed 
adverse effect level (NOAEL) was 11 mg/kg/day. Dividing this by 100 (uncertainty 
factor, UF) we obtained a TDI of 0.11 mg/kg/day. The divisor 100 is called the 
uncertainty factor and is used to set a safe TDI to account for the uncertainty in the 
NOAEL. Figure 17.3 shows the dose on the horizontal axis and the response on the 
vertical axis.
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However, researchers in the Netherlands reported a shortening of the anogenital 
distance and a decrease in the weight of reproductive organs at birth in male rats due 
to DEHP [16]. The TDI of DEHP was calculated as 0.03 mg/kg/day. Since the TDI 
of DINP was 0.15  mg/kg, it was less toxic than DEHP.  According to the latest 
report, the amount of DEHP ingested in Japan is about 5 μg/kg/day in 2004 [17], 
which is one-fifth of DEHP TDI, although the data is a little old. As this is a toxicity 
study of DEHP, a plasticizer contained in plastics, studying the combined effects of 
plastics and plasticizers or plastics and additives is also required.

17.7  SDGs: An Invitation to a Future Society

SDGs that are closely related to plastic water pollution include the following:

 1. Target 9 of Goal 3, “health and well-being for all”: By 2030, the number of 
deaths and illnesses caused by hazardous chemicals and air, water, and soil pol-
lution will be substantially reduced.

 2. Target 3 of Goal 6, “safe water and toilets for all”: By 2030, improve water qual-
ity by reducing pollution, eliminate the release of harmful chemicals, reduce the 
proportion of untreated wastewater by half, and significantly increase recycling 
and safe reuse on a global scale.

Target 6 of Goal 11, “create livable cities”: By 2030, reduce adverse environ-
mental impacts per capita in cities, including those resulting from special atten-
tion to air quality and general and other waste management.

These three goals all involve significantly reducing the release of hazardous 
chemicals, plastics, and other wastes into the air and water, thereby leaving a 
high-quality environment for the future. Efforts to reduce microplastics, which 
are carriers of toxic chemicals, are equally necessary.

 3. Target 4 of Goal 12, “responsibility to create, responsibility to use”: By 2020, in 
accordance with agreed international frameworks, achieve environmentally 
sound management of chemicals and all wastes throughout the product life 
cycle, and significantly reduce the release of chemicals and wastes into the air, 
water, and soil to minimize their adverse effects on human health and the 
environment.

Researchers in the field of industrial hygiene need to consider not only the 
health of workers but also the management of materials produced. In addition, 
the disposal of plastic into the ocean should also be reconsidered and reduced.

 4. Goal 13, “specific policies on climate change”
This seems to be the highest priority globally. Witnessing the disasters in 

eastern Japan caused by Typhoons 15 and 19 that hit the country in 2019, we are 
keenly aware of the urgent need for concrete policies. Of course, as mentioned 
earlier, the involvement of plastic production is also significantly related. In 
2020, Japan’s prime minister announced in his policy speech that Japan would 
reduce greenhouse gas emissions to practically zero by 2050, with a “virtuous 
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cycle between the economy and the environment” as a pillar of the growth 
strategy.

 5. Target 1 of Goal 14, “protect the richness of the oceans”: By 2025, prevent and 
substantially reduce all types of marine pollution, including marine litter and 
eutrophication, especially pollution from land-based activities.

17.8  Taking Action for Plastic Reduction

Figure 17.4 shows the plastic material flow chart in Japan (2018). In our country, 
material recycling accounts for 23%, and chemical and thermal recycling accounts 
for 61% of the total recycling. However, chemical and thermal recycling are not 
truly recycling, and they promote global warming. Looking at material recycling in 
2013, most of it (83%) was exported to Asian countries, mainly China, and domes-
tic recycling was only about 16%. The export to China was banned in 2017, and 
material recycling is now at a standstill [2]. In terms of national action, the Osaka 
Blue Ocean Vision calls for reducing new pollution from plastic waste in the ocean 
to zero by 2050. In response, the Science Council of Japan has advised that “the 
urgent task is to develop and implement technologies to collect and treat existing 
plastics as soon as possible” [3]. The first domestic milestone is to reduce the 
amount of one-way plastic, and the second is to reuse and recycle it. Since plastic 
resources will gradually decrease, the reduction plan is a must. In the case of reuse, 
it is necessary to consider that harmful substances do not leach out, even after mul-
tiple uses. Thus, the next step is the use of recycled and biomass plastics.
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Fig. 17.4 Material flow of plastics (2018). Source; Ministry of the Environment website https://
www.env.go.jp/council/03recycle/20201120t2.pdf
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The Tokyo Metropolitan Government was looking for universities to campaign 
for the reduction of one-way (disposable) plastics in June 2019. The purpose of call-
ing on universities in this campaign is to raise environmental awareness among 
students, reduce the amount of waste produced by the university, and contribute to 
their environmental protection activities. As an example of action at a university, I 
encouraged the students to think about what actions should Chubu University take. 
I showed the video “Plastic Ocean” to the students and asked them what they 
thought they should do after watching the video. The students stated “I will bring a 
water bottle tomorrow instead of using a plastic bottle” and “I will refuse to use a 
bag when I go to the checkout counter.” There was also a suggestion that we should 
reduce the use of disposable plastics. I believe education is the most important fac-
tor for achieving SDGs. Chubu University has a very long history of education for 
sustainable development, so I encourage continuous efforts along these lines and 
also focusing on building science literacy.

17.9  Conclusion

As René Dubos stated in his book Courtship of the Earth about 40 years ago, we 
must “think globally, act locally.” One of my students also wrote, “it is important for 
each and every one of us to take action to curb plastic pollution of the ocean.” The 
17th goal of SDGs is partnership, and it is important for each of us to collaborate 
with the rest of the world to multiply our one-way plastic reduction efforts. (This 
chapter was originally presented at Chubu University on December 11, 2019).
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Chapter 18
Issues of Environmental Risks 
in the Anthropocene

Chiho Watanabe

Abstract During the last seven decades, characterized by the Great Acceleration, 
we have experienced two substantial changes associated with the area of environ-
mental risks. First, we are forced to be aware of the “size” of the globe, which is 
symbolized by the proposal of Planetary Boundaries (PBs) concept. Second, the 
number and amount of chemicals produced, released into our environment continue 
to grow throughout these decades. The concept of PBs urges us to rethink about 
environmental risks in the context of the finite world. Also, we need to know PBs are 
primarily devised for earth systems (like climate system) and are necessary but not 
sufficient conditions for the survival and well-being of humans (society). Growing 
number of chemicals had led to the idea of exposome, aiming at grasping whole 
exposures to chemicals and other environmental factors. To solve the issues of com-
bined exposures, however, a systematic/theoretical approach like Adverse Outcome 
Pathway needs to be developed. These scientifically intriguing and practically 
important challenges will extend the scope of environmental risks to both direc-
tions: global and molecular.
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18.1  Two Major Changes during the Last Seven Decades

Most chapters of this book focus on the events occurred during the most recent 
seven decades, i.e., from the 1950s to 2010s, when the world as well as Japan expe-
rienced a tremendous change of environment, society, and economy. Roughly sum-
marizing the situation in Japan, many issues related to environmental pollution 
erupted or surfaced in the 1950s (although the existence of some diseases like Itai- 
itai disease had been known well before this period), the 1970s was an era of rapid 
economic growth and the peak of environmental pollution issues, then new types of 
environmental contamination like dioxins and endocrine-disrupting chemicals 
emerged in late 1980s, followed by “global” issues starting from the global warm-
ing, ozone depletion, etc. Thus, environmental issues that Japan (and most probably, 
rest of the world also) was confronted with have been continuously changing. There 
are two major changes relevant to the scope of this book, the environmental risks.

First, currently, 7.8 billion people are living on the globe, while only 2.5 billion 
were in 1950, tripled in the last 70 years, which chapters of this book mostly cover. 
The last half of the twentieth century is an era of the so-called Great Acceleration, 
in which human society rapidly increased the sizes of many activities, including 
carbon emission, fertilizer use, water use, urbanization, and population, etc. [1]. 
Anthropocene [2], the era of human activities destroying and perturbing the stability 
of earth, is the result of these ever-increasing activities. It follows that the relation-
ship between human society and the globe has been changed during these decades; 
we used to have a planet that was large enough, but we no more have it. If the size 
of the planet were far bigger, probably we do not have to worry about the Great 
Acceleration. Great Acceleration, Anthropocene, and planetary boundaries 
(described later) all come from the fact that we are living in a finite world, and more 
importantly, we begin to feel the size of the globe.

Second, during these decades, number and quantity of chemicals/materials dras-
tically increased; Material extraction in 1950 was around 7 billion tons (Bt), which 
grew rapidly, reaching 26.7 Bt in 1970, and 92.1 Bt in 2017 [3]. Production of 
organic chemicals increased from seven million tons (Mt) in 1950 to 250 Mt. in 
1985 [4]. Number of entries in the Chemical Abstract Service (CAS) Registry 
started in 1965 was 3  M in 1975, 10  M in 1990, and reached 100  M in 2015. 
Unfortunately, because of this explosion of chemical diversity, fragmentation of 
research/regulatory communities has developed in the area of environmental risk of 
chemicals. Recently, a multinational group of researchers published a paper advo-
cating the establishment of a new international science-policy initiative, a chemicals 
version of IPCC, so to speak, to overcome this fragmentation [5].

Before discussing future environmental risks, definition of the term, environmen-
tal risk, may be worth discussing briefly. The term is often considered as risks asso-
ciated with chemical substances (at least in Japan). USEPA defines their risk as 
risks to humans and ecological receptors from chemical contaminants and other 
stressors [6]. EC includes risks not directly associated with chemical pollution; for 
example, their 2013 report covers such issues like climate change, flood, GM crops, 
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invasive alien species, mobile phones, and nanotechnology [7]. Hence, it would be 
safe to extend the definition of the environmental risks as including both chemical 
and non-chemical factors.

18.2  Recognizing the Size of our Finite World

18.2.1  Planetary Boundaries

The recognition of living in a finite world is represented by the notion of the 
Planetary Boundaries (PBs), which warns us that including climate change, there 
are nine areas that require careful monitoring (namely, climate change, biosphere 
integrity, land-system change, freshwater use, biochemical flows, ocean acidifica-
tion, atmospheric aerosol loading, stratospheric ozone depletion, novel entities) 
and, at least for some of them, urgent actions to achieve sustainability of the earth 
[8, 9]. Each of these nine areas is thought to have a respective planetary boundary, 
which once exceeded fundamental changes in the earth subsystem will result. In the 
second version of PBs [9], two core PBs are identified, i.e., climate change and 
biodiversity, which requires us to keep either the atmospheric concentration of CO2 
below 350 ppm or the number of vanishing species less than 10 per one million spe-
cies; substantial degradation of biodiversity will weaken the resilience of earth sub-
system (through reduced forest area resulting in reduced CO2 absorption and 
flood-prone land, for example).

18.2.2  Risks of Chemicals in the Context of the Planetary 
Boundaries: Local-Global Connection

Risks imposed by chemical substances is one of such PB areas, which is referred to 
as “novel entities” in the second (latest) version of PBs paper, since many artificial 
substances are “new” to the earth/nature and may be hard to deal with for natural 
ecosystems [9]. Together with the other two areas (i.e., aerosol and “functional” 
biodiversity), there is no known boundary for this area; neither the quantitative level 
of boundary nor the feasibility of defining the boundary is known. This is simply 
due to the huge number of chemicals and wide range of their nature, although some 
groups suggested that such a boundary might have been already transgressed [10].

Apart from novel entities, some of the other PBs areas are related to the amount 
and localization of chemical substances. That is, climate change (excess CO2 in the 
atmosphere), biogeochemical flows of nitrogen and phosphorus, atmospheric aero-
sol (PM2.5, etc.), ozone depletion (CFCs in stratosphere) are related to the localiza-
tion and/or flow of respective elements. In addition, two other areas, freshwater use 
(related to contamination) and biosphere integrity, are affected by chemical 
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pollution. Therefore, controlling the production, use, and release of chemicals in a 
broad sense is associated with at least seven out of nine PB-areas, constituting a 
critical point to achieve the sustainability of the globe.

Since we become aware of the finite nature of the world, conventional risk evalu-
ation can be reconsidered in the context of PBs. Conventional indicators like no- 
observed- adverse-effect levels (NOAELs) or Benchmark Doses (BMDs) have little 
to do with the size/volume of “space,” where the chemical(s) of concern is present 
(except for the size/volume of individual biological system -like individual/organ/
cell, etc.). It might be worth considering how these local (on site/in situ) indicators 
are related with PBs, which is global. There are some attempts, which try to show 
the connection between “local” with global. For example, marine plastic pollution 
has been evaluated if it meets the criteria for being a threat to PBs by affecting cli-
mate change and biodiversity, the two “core” PBs [11]; also, by estimating the toler-
able load of various environmental stressors (like climate change, land use, 
eutrophication, etc.), quantitative relationships between various environmental 
thresholds (like PBs) and corresponding human activities generating such stressors 
(CO2 emission, for example) were examined [12]. Elucidating environmental 
behavior of elements/substances may help to quantify such connections: for exam-
ple, local release of phosphorus may cause eutrophication but support food produc-
tion, which bears more global effects [13]. Climate change may affect the 
environmental behavior of mercury at global as well as local scales [14].

18.2.3  Planetary Boundaries May Not Be Sufficient 
for Human Health and Well-being

As mentioned above, PBs primarily concern functions of the earth sub-systems. 
Keeping our activity within PBs is a necessary condition for human health but may 
not be a sufficient condition. Various types of global environmental changes rang-
ing from climate change to biodiversity – including chemical pollution – affected 
and will affect the occurrence and prevalence of many non-communicable diseases 
through various pathways [15]. Mental health has been identified among the sig-
nificant consequences of climate change [16]. Climate change within +2 °C can be 
linked to increased production of Aflatoxin B, one of the most toxic mycotoxins in 
maize in Europe [17]. Global warming has already led to an increased chance of 
harmful algal blooms [18]. On the other hand, based on analyses across 37 coun-
tries, excessive environmental loading in terms of CO2, phosphorus, and land use 
associated with national recommendations for diet (NDR) has been identified in 
some (poorer middle-income) nations; optimizing NDR could alleviate the envi-
ronmental impact [19]. These examples show possible links among the physico-
chemical environment, biosphere, and human health/well-being; quantitative 
investigations are needed to clarify the relationship between PBs and health/
well-being.
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18.3  Too Many Chemicals, Too Many Interactions

Conventional environmental risk assessment mostly focuses on a single agent or 
condition as the causative factor of certain adverse health outcome. Growing num-
ber of chemicals, as described at the beginning of this chapter, made it impractical 
to examine such agent–outcome relationship exhaustively. In addition, since the 
effects of vast number of chemicals often converged into limited number of biologi-
cal systems, it may become gradually less important to elucidate such one-to-one 
relationships. Instead, estimating/predicting the total effect of group/mixture of 
chemicals became an important but difficult challenge for chemical risk assessment. 
Risks of other non-chemical environmental factors would be imposed on/interact 
with risks of chemicals, which further complicates the situation. Two potentially 
effective approaches to tackle problems of this kind, exposome and adverse out-
come pathway (AOP), will be described below.

18.3.1  Combined Exposure among Chemicals 
and with Non- chemical Factors: (Including 
Exposome Approach)

Exposome has been first proposed by Wild [20] as a concept in environmental epi-
demiology. The term exposome has been created to express exposure equivalent of 
genome: as genome is encompassing entire genetic material, the exposome is 
encompassing entire exposures. Thus, in the study employing exposome approach, 
any type of exposure to environmental factors (not limited to chemical exposure) 
would be recorded throughout the life of a person. Then, the cumulative record of 
the exposures will be analyzed in relation to many health outcomes of the person. 
While this approach sounds too ambitious, and it is definitely time-, money-, labor- 
intensive, a pilot multi-national study, HELIX study, consisted of six cohorts with 
over 30,000 participants was conducted in Europe in 2014–2019 [21], which is now 
extended in scale with more elaborated methods (ATHLETE study, 2019). Some 
initial results of the HELIX study have been published, where clusters of environ-
mental factors sharing similar exposure pattern were identified [22], while issues of 
statistical methods were also identified [23].

A couple of large cohort studies can be found in various parts of the world: JSEC 
(Japanese Study of Environment and Children) is among the largest, involving 
around 100,000 mother–baby pairs, which is planned to do follow-ups until the 
participants will reach the age of 13. This study already generated interesting results 
taking advantage of the size of the cohort, with a conventional statistical approach 
(e.g., [24]).

Sometimes health outcome of an exposure to chemicals differs by sex, age, and/
or genetic make (i.e., genetic susceptibility) of the individual/population. For exam-
ple, skin manifestations of inorganic arsenic were far more severe among males 
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than females [25], prenatal exposure to methylmercury results in severe neurologi-
cal consequences, which is substantially different from those found after adult 
exposure. In addition to these biological attributes, many external (environmental) 
factors would affect or interact with the risk of chemicals: e.g., global warming, 
over/under-nutrition, emerging infectious diseases.

Current risk evaluation has already incorporated genetic factors and biological 
attributes but paid less attention to the temporal and spatial variation of the environ-
mental conditions. To make risk evaluation more useful across nations/populations 
and under rapidly changing environmental condition, the substance needs to be 
evaluated under various environmental settings, or interaction of the adverse effect 
of concerned chemical with other environmental factors should be examined. This 
can be regarded as an extended version of the chemical-chemical interactions as 
noted above.

18.3.2  Systematic/Mechanistic Understanding 
of Adverse Outcomes

Given the number of chemicals and non-chemical environmental factors, it is too 
obvious that the number of the combinations would be huge, and exhaustive assess-
ment of combinations is impossible. A practical solution for this problem is to pick 
up some typical/representative combinations based on collected facts or a priori 
assumptions and test those combinations. For example, a group of chemicals shar-
ing similar chemical structures (or similar usage) could be treated as a whole to 
collapse the number of the (combination of) chemicals that need to be tested. 
Another approach, adverse outcome pathway (AOP), is offering a more systematic 
solution, trying to elucidate the pathway starting from the chemical’s entry to the 
exit, in which the pathway is expressed as the series of modules. Combination of 
exposome and AOP would provide a very powerful tool [26]. While this combined 
approach appears as time-money-labor intensive, using existing knowledge such as 
QSR and/or utilizing AI would make the construction of pathway map feasible 
[27, 28].

18.4  Future Directions

As discussed so far, the two important changes observed in the last seven decades, 
the period covered by this book, may introduce new tasks in the area of environmen-
tal risks. The first one, recognition of the finite world, particularly identification of 
PBs, indicates the need for connecting current local (or, on site – in situ) risk scheme 
with risks associated with global level. The second one, increasing the number and 
amount of chemicals and recognition of many internal (biological) and external 
interacting factors altogether suggest the need for systematic and molecular-level 
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understanding of adverse biological effects, which has not been extensively explored 
so far. Thus, the scope of environment risk study needs to be extended to two oppo-
site directions, global and molecular. It also needs to be noted that PBs may not be 
a sufficient condition for human health and well-being [12]. Therefore, in addition 
to PBs, we need planetary health, which emphasizes the importance of earth and 
biosphere as supporting human health and civilization, as a core concept for envi-
ronmental risks [29].

This chapter (and presumably most of this book) described chemicals as the 
source of “bad,” but most chemicals are produced and used because they are “good” 
for life and well-being of the people. We need to realize that we accept the potential 
risk of using chemicals in exchange for the benefit of using it. Then, the core issue 
may not be the risk per se but the fact that we accept the risk without knowing it, 
which arises from lack of risk as well as benefit information, which in turn arises not 
only from lack of scientific data but also from insufficient dissemination of message.

As discussed in this chapter, environmental risk issues gradually become an area 
of complicated issues. Systems approach, which focuses on the relationship among 
multiple systems associated with the concerned problem, might be a useful tool to 
tackle such a complicated (wicked) issue (see [30]).
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Chapter 19
Spectrum of Environmental Risk 
Assessment, Management, 
and Communication

Mari Asami

Abstract Environmental risks have a broad spectrum of issues. Effluent from 
mines, industrial wastewater, contaminated fish and rice, and polluted air have 
resulted in severe health problems worldwide, especially since the late 1950s. The 
Government of Japan has made tremendous efforts to establish and improve regula-
tions to protect the environment. In many cases, effective countermeasures took a 
long time to implement as there was a need for concrete scientific evidence. It is 
necessary to continuously improve environmental risk assessment and management 
frameworks, not only to revise standards but also to improve the methods used for 
risk assessment, management, and communication, mainly based on scientific risk 
assessment/management schemes driven by precautionary approaches. The policies 
should include further consideration of the future environment and their social 
impacts. In addition, factors related to financial and management sustainability 
should be considered, as there is a severe decrease in population in many local areas 
in Japan. Careful mutual risk communication and consensus formation are impor-
tant to optimize regulation.
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19.1  Introduction

The environment is the basis for public, community, and individual health. Human 
health is largely impacted by the environment. Many diseases and health disorders 
can be prevented by focusing on environmental risk factors. The World Health 
Organization (2016) [1] systematically analyzed and quantified how environmental 
risks affect a wide range of diseases and examined the regions and populations most 
vulnerable to environmentally mediated death, disease, and injury. They covered the 
impacts of environmental risks on health for more than 100 diseases and injuries, 
including unsafe drinking water and sanitation, air pollution, and indoor stoves. 
They highlighted areas where immediate intervention is desirable and deficiencies 
where more research is needed, established linkages, and quantified the burden of 
disease associated with a variety of environmental risk factors. The study on the 
impact of environmental risk factors on global disease and injury showed that envi-
ronmental risks account for a large proportion of the global burden of disease. That 
is, the risk attributable to preventable environmental risks was estimated to be 
responsible for 23% (95% CI: 13–34%) of all deaths and 22% (95% CI: 13–32%) 
of the disease burden in terms of disabled life years (DALYs), a combined measure 
of life-years lost due to death and to disability (Fig. 19.1).

A number of immediate measures can be taken to reduce the burden of disease 
caused by environmental factors, such as promoting safe household water storage 
and better sanitation measures, the use of clean fuels, more judicious use and man-
agement of hazardous substances in homes and workplaces, and occupational safety 
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Fig. 19.1 Fraction of deaths and DALYs attributable to the environment globally in 2012
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and health measures. It is also critical that sectors, such as energy, transport, agricul-
ture, and industry, work with the health sector to address the root causes of environ-
mental health hazards. Action needs to be taken through decision-making in all 
sectors that affect the environmental determinants of health, and not just in the 
health sector. A coordinated approach to health, environment, and development 
policy can enhance and sustain improvements in human well-being and quality of 
life through a number of social and economic co-benefits. Repositioning of the 
health sector and working across sectors on effective preventive health policies rep-
resent ways forward to address the environmental causes of disease and injury and 
could ultimately transform the global burden of disease.

The rate largely is affected by age. Figure 19.2 shows the fraction of environ-
mental changes according to age. Children are especially affected by the environ-
ment, with high rates of environment-related injury [1]. DALYs of children under 
5  years old are affected by environment causing injuries over 50%. Figure  19.3 
compares the DALYs from preventable environmental risks, the proportion of dis-
ease attributable to the environment, and the main areas of environmental activity 
that can prevent disease. Large portion of infectious diseases, injuries, and even 
cardiovascular diseases can be prevented by the improvement of environment.

Fig. 19.2 Environmental fraction of global burden of disease (in DALYs) by age and disease 
group in 2012
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19.2  Status of Health Conditions in Japan

The causes of death and burden of disease in Japan are summarized by Asami and 
Kunugita (2018) [2]. The estimated causes of the number of years of life lost and 
other statistics are collected. The numbers are based on the health statistics and also 
estimated by diseases. The top 25 causes of disease expressed as the number of 
years of life lost (YLL, in thousands) in 2010 in Japan are shown in Fig. 19.4 [3]. 
Stroke, ischemic heart disease, lower respiratory tract infections, lung cancer, and 
self-harm are the five top causes of YLLs, which are also affected by environmental 
conditions. Chronic obstructive pulmonary disease (COPD), road injuries, falls, and 
drowning are also strongly related to environmental factors. Injuries are usually not 
considered as causes of diseases, but they are major issues in children’s health and 
triggers of increased health burden in the elderly.

Figures 19.4 and 19.5 show the causes of disease burden [3]. With regard to the 
causes of cardiovascular disease, diet ranked first, hypertension second, smoking 
third, physical inactivity fourth, and high body mass index (BMI) fifth, followed by 
high fasting plasma glucose, alcohol use, ambient particulate matter (PM) pollution, 
high total cholesterol, and occupational risks. Diet, tobacco, and alcohol drug use 
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were listed as lifestyle factors, and labor risk and air pollution as environmental/
labor risks. Thus, dietary risk and hypertension account for a large proportion of the 
causes of cardiovascular disease.

19.3  Previous Pollution Issues in Japan

The Committee on Environmental Risk, Science Council of Japan, made a report on 
“Regulatory science on environmental risks for decision making of environmental 
policies” [4]. In the report, the committee pointed out the previous pollution issues 
in Japan. Itai-itai disease related to chronic cadmium poisoning due to environmen-
tal pollution with cadmium that is characterized by proximal tubular osteochondro-
sis became a problem in the Jinzu River basin, Toyama Prefecture, in 1955. In 1920, 
the then Chairman of the Board of Agriculture submitted a proposal to the govern-
ment and the Governor of Toyama Prefecture for removal of mineral poisoning, 
which suggests that long-term contamination was recognized at this time. Multiple 
proximal tubular dysfunctions (hereinafter referred to as cadmium nephropathy) 
occur frequently in residents of cadmium-contaminated areas in the Jinzu River 
basin, but even today the Ministry of the Environment does not authorize “cadmium 
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nephropathy” itself as a pollution-related disease. Rice cultivation in the paddy 
fields along the lower reaches of the Jinzu River had already been damaged at the 
end of the Meiji era (1868–1912), and farmers had often protested and demanded 
countermeasures from the mining company and the government. Based on the 
results of research, the Ministry of Health and Welfare announced in May 1968 that 
“Itai-itai disease is a chronic poisoning caused by cadmium discharged by the 
Kamioka Mine and is a pollution disease.”

The first report of Minamata disease was made in 1956, and in March 1957, the 
Health and Welfare Science Research Group reported that “the most suspected case 
is (omission) poisoning due to ingestion of fish and shellfish caught in Minamata 
Bay Harbor,” but no identification on specific agents, or original sources was made 
then. Under the administrative guidance of Kumamoto Prefecture, the Minamata 
City Fishermen’s Cooperative Association began self-regulating fishing in Minamata 
Bay in August 1957. On September 26, 1968, the Ministry of Health and Welfare 
and the Agency for Science, Technology and Research issued a unified government 
opinion, stating that Minamata disease in Kumamoto and Niigata was caused by 
methylmercury compounds produced as a byproduct of industrial manufacturing 
processes. In addition, air pollution and other industrial contamination were severe 
in the 1960s–1980s. The trend of registered and supported cases by the government 
as public nuisance is described in Fig. 19.6.

The adverse public health effects and economic damage continued, as measures 
were not put in place to stop the pollution until the cause and mechanism of action 
had been conclusively determined, even after the occurrence of the disease in 
patients. A report by the Ministry of the Environment [5] presented an example in 
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which the delay in adopting countermeasures resulted in increased damage, and the 
resulting costs (annual compensation, dredging, and compensation for damage to 
fisheries) were estimated to be about 100 times (12.6 billion yen) the annual pollu-
tion prevention investment in the plant that caused the problem.

Relatively recently, in 2005, it was discovered that 51 people had died in the past 
10  years due to asbestos-related diseases at a factory producing asbestos pipes. 
Subsequently, it was discovered that mesothelioma had occurred among factory 
workers and residents in the neighboring area. This became a major legal case, with 
compensation payments made to 300 people who were thought to have been caus-
ally affected [6].

19.4  Individual Issues in Japan

19.4.1  Issues Regarding Chemical Pollutants in Japan

Historically, countermeasures for pollution-related problems and compensation for 
those affected have only been implemented after adverse health effects have already 
occurred and been widely publicized. Here, we discuss the necessary frameworks to 
counteract the environmental risk of chemically induced occupational diseases due 
to unknown toxicity, focusing mainly on solvent intoxication.

Kamijima and Shibata (2018) [7] reported the importance of occupational ill-
nesses in forecasting environmental risks. For example, in the 1950s, frequent 
occurrences of chronic benzene intoxication led to the restriction of benzene use as 
a solvent. Benzene was confirmed to be a carcinogen and was eliminated from gaso-
line. Benzene was replaced by n-hexane, which was considered safer at the time, but 
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which in turn was shown to be responsible for frequent occurrences of peripheral 
polyneuropathy. Incorporating industrial health issues into environmental health 
risk analysis seems particularly important.

In March 2012, the Ministry of Health, Labour and Welfare (MHLW) received a 
claim from a printing factory in Osaka Prefecture that a person had developed chol-
angiocarcinoma due to the use of chemical substances, and in September 2012, the 
Study Group on Non-occupational Causes of Cholangiocarcinoma Occurring at a 
Printing Factory began examining the causal relationship with the working environ-
ment. In March 2013, it was shown that the cholangiocarcinoma that developed in 
the workers at this workplace was most likely caused by long-term exposure to high 
concentrations of 1,2-dichloropropane [7].

Trichloroethylene was used extensively as a solvent because it has low ozone- 
depleting potential to substitute other chemicals, as well as 2-bromopropane used in 
Korea. In 2012, a cluster of cases of cholangiocarcinoma among workers in an off-
set proof-printing plant became a matter of public concern. It was concluded that 
the disease was due to long-term and high-level exposure to 1,2-dichloropropane or 
dichloromethane. The extensive exposure of the affected workers was attributed to 
the lack of regulation regarding enforced environmental measurements and health 
checkups for workers exposed to 1,2-dichloropropane [7]. The substance was not 
regulated at that time; however, appropriate information sharing and intensive 
speedy consideration should be implemented into the regulation.

The chemical 2-ethyl-1-hexanol is detected at high concentrations in a type of 
room with a certain interior finishing work and is likely a cause of sick building 
syndrome. It was found that 2-ethyl-1-hexanol, a highly volatile compound, is emit-
ted from flooring due to hydrolysis of compounds, including phthalate plasticizers 
such as di-2-ethylhexyl phthalate (DEHP), in flooring materials made of plastics 
when they come into direct contact with concrete. It is also a matter of concern 
which is unintentional contamination from a by-product.

In addition, there are still many cases of health problems caused by asbestos and 
1,2-dichloropropane, which could have been reduced if prompt investigation and 
countermeasures had been implemented. Figure 19.7 shows the scheme of regula-
tion of chemicals related to occupational health and environmental management. 
We should pay careful attention to occupational health issues to tackle with insuf-
ficient exposure control unknown occupational toxic substances and their by- 
products, which potentially further affects human health through environment.

19.4.2  Importance of Early Exposure Assessment 
and Management

Early exposure assessment and implementation of countermeasures are important. 
Here, we describe an example of a rapid response to the recent outbreak case of ill-
ness caused by a chemical substance. The contamination of groundwater with 
organic arsenic in Kamisu, Ibaraki Prefecture, was discovered in 2003 [2]. As there 
were clear adverse health effects due to ingestion of contaminated water, the patients 
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were identified quickly. The medical handbook that ensured official support of med-
ical treatment was distributed based only on residency and exposure requirements 
after the discovery. It is very important to ensure the accumulation of such objective 
data and the transparency of the response. If it is determined based only on diagno-
sis and symptoms, it may take more time and sometimes require a lawsuit as in the 
case of Itai-itai disease cases and in Minamata in the 1950s.

Although means of chemical management enforced by laws have been devel-
oped, exposure management based on the assumption that the chemical in use has 
unknown toxicity is necessary, especially if the chemical was commercially avail-
able when the law was first enforced. Cooperation between specialists in the fields 
of medical science and technology is necessary to resolve the problem of exposure 
to unexpected chemicals. The authors propose the advancement of curriculums in 
schools of technology in Japan from the perspective of health, i.e., toxicity of chem-
icals. In addition, attention must be paid to the occurrence of chemically induced 
occupational diseases in industrializing countries that have still yet to need to 
develop substantial occupational safety and health measures.

19.4.3  Asbestos

Asbestos is still an emerging concern in Japan. Figure 19.8 shows registered occu-
pational cases of mesothelioma, registered occupational cases of lung cancer, and 
the annual number of deaths by mesothelioma in Japan [6]. As mesothelioma is 
known to be mainly caused by asbestos exposure, the number of registered cases is 
limited to some extent compared to the number of deaths due to mesothelioma. 
Adverse effects of asbestos are known to emerge as much as 20 years after expo-
sure, and the number of cases and deaths may still increase.
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19.4.4  Indoor Health Risks

Figure 19.9 shows the relations between environmental temperature and adverse 
health effects related to cardiovascular disease and respiratory disease as reported 
by Hayama et al. (2014) [8]. The monthly mortality rate is much higher when the 
monthly average temperature is low (<8 °C) compared to summer when the monthly 
average temperature is 8–25 °C. Therefore, it is recommended to heat bathrooms 
and other indoor areas in winter.

19.4.5  Multiple Environmental Risks

Figure 19.10 shows many of the direct and indirect causes of environmental health 
and ecological risks. We are surrounded by many risk factors through environment, 
not only by chemicals but also by physical, biological, or social factors largely 
affected human health. Direct causes are described in the captions of Fig. 19.10 in 
the list. Many environmental risks are pointed out and some of them are fatal, some 
of them are important and, some of them are ubiquitous and not directly health- 
related but inducing social concern. We must identify their risk and characteristics 
to prioritize environmental policy issues.
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19.5  Risk Assessment and Precautionary Approach

The precautionary principle is often discussed in relation to environmental risks. 
The term “precautionary principle” is also used in treaties as a translation of the 
term meaning proactive measures which will be discussed elsewhere. Some have 
argued that the term should be replaced with “precautionary approach,” “precau-
tionary measures,” “proactive measures,” or “precautionary approach” [4]. In the 
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EU, the precautionary principle is stipulated in the Operational Treaty (EU 
Operational Treaty, Article 191, paragraph 2). Figure 19.11 shows hazard, risk and 
response, better controlled based on early detection, risk assessment, and smart 
forecast, based on the past, current, and ideal situations of risk assessment. The 
most important issue is fatal effect. In the past, it often took a long time to remedy 
cases of environmental pollution after the severe public health effects had become 
apparent using traditional countermeasures. Early detection would allow counter-
measures to be taken earlier and would therefore decrease the adverse effects of 
environmental pollution. Appropriate risk assessment and application of the precau-
tionary approach may decrease or completely abrogate the adverse effects of envi-
ronmental pollution. To introduce the precautionary approach, we should be keen to 
find the sign of the adverse change of health or environment.

There are cases where mitigation may not be cost-effective or where such mea-
sures are unlikely to be effective due to the natural environmental conditions or 
technical constraints, e.g., in the fields of radiation protection and food safety. For 
example, in these fields, there are cases where the principle of As Low As Reasonably 
Achievable (ALARA) must be followed and measures must be taken by any means 
possible. In the field of engineering, Best Available Technology (BAT) may be 
selected. In addition, in cases where there is original contamination in the natural 
environment, this must also be taken into consideration. In such cases, it is desirable 
to provide an opportunity for coordination among the parties involved as far in 
advance as possible. In the decision-making process related to policymaking, it is 
important to have a scientific basis with a high degree of certainty and probability, 
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as well as to compare and examine measures that can be achieved in a realistic and 
rational manner.

19.6  Precautionary Principle

19.6.1  Precautionary Principle Approach

The Rio Declaration on Environment and Development (the Rio Declaration) [9] 
was a short document produced at the 1992 United Nations Conference on 
Environment and Development (UNCED), informally known as the Earth Summit. 
The Rio Declaration outlined 27 principles intended to guide countries in future 
sustainable development. The articles include formulations of the precautionary 
principle, which should be “widely applied by states according to their capabilities” 
(principle 15), and of the “polluter pays principle.”

The precautionary principle is outlined in the EU Operational Treaty (Article 
191, paragraph 2). In Japan, although the Basic Environment Law does not explic-
itly state the precautionary principle, Article 4 of the same law is related to this 
principle. In addition, the Fourth National Strategy for the Environment stipulates 
the precautionary approach. The response to the Minamata disease incident in the 
1950s and 1960s should have been really an issue of the precautionary principle.

In addition, the precautionary principle is applicable in dealing with global cli-
mate change, endocrine-disrupting chemicals, neonicotinoid pesticides, and micro-
plastics in the environment. An EU Communication Paper published in 2000 [10], 
which presented the basic concept of the precautionary principle, stated that if a 
certain level of trust and reputation is recognized sufficient consideration should be 
given to risk assessments, even if they are in the minority in the scientific commu-
nity. It has sometimes been stated that the precautionary principle and risk theory 
are opposed to each other, with the former taking the perspective of the affected 
party and the latter taking the perspective of the development side. However, risk 
theory does not necessarily presuppose development, and we should aim toward the 
integration of risk theory and the precautionary principle. According to the Ministry 
of the Environment (2013) [5], the cost of the damage caused by Minamata disease 
in the area around Minamata Bay was shown to be much higher than the cost of 
pollution control and preventive measures (12,631 vs. 123 million Japanese yen per 
year, respectively).

19.6.2  Reasonably Achievable Principle

On the other hand, there are cases where the cost of mitigation is extremely high 
from the viewpoint of cost-effectiveness, or where the effectiveness of practical 
measures is difficult in the fields of radiation protection and food safety. For 
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example, the As Low As Reasonably Achievable (ALARA) principle has been 
introduced in the fields of radiation protection and food safety [2]. In engineering, 
Best Available Technology (BAT) is sometimes selected. In addition, endogenous 
contamination in the natural environment must also be taken into consideration. In 
such cases, it is desirable to provide an opportunity for coordination among the par-
ties involved as far in advance as possible. In the decision-making process related to 
policymaking, it is important to have a scientific basis with a high degree of cer-
tainty and probability, as well as to compare and examine measures that can be 
achieved in a realistic and rational manner.

19.6.3  Environmental Responsibility

It has long been the case that the victim must prove intent or negligence on the part 
of the perpetrator in the event of environmental pollution. However, as it is extremely 
difficult for residents who have suffered health damage to clarify the negligence of 
the offending company, the introduction of the concept of no-fault liability has 
become necessary from the perspective of maintaining social justice.

Even if there is a possibility of a causal relationship with the health effects in 
patients suffering health damage, it is not appropriate for the patient to be denied 
compensation due to strict criteria, such as not being able to obtain testimony from 
colleagues, or if the criteria are made stricter in consideration of the compensation 
capacity (budget). In addition to the pollutant payment principle (PPP), the 
Precautionary polluter-pays principle (PPPP) has been proposed, which applies the 
precautionary principle, requires potential hazardous products to be taxed in 
advance, and the taxes are refunded if the products are proven to be safe.

19.6.4  Environmental Impact Assessment, Strategic 
Environmental Assessment, and the Use 
of Various Assessments

In addition to risk assessment, health and environmental policies are based on envi-
ronmental impact assessment, policy assessment, regulatory impact analysis, and 
health impact assessment. Environmental impact assessment is a method that 
attempts to evaluate the impact of large-scale public projects on the environment, 
such as in environmental assessment.

The so-called strategic environmental assessment involves the assessment of 
policies, legislation, programs, and plans for projects and regional development, 
mainly related to land development, and has already been legislated in EU member 
countries, Canada, and the USA. Strategic environmental assessment is considered 
to have a complementary function to project assessment and to contribute to the 
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realization of the principle of sustainable development. It is also useful for maxi-
mizing benefits and effects by balancing risks and costs. Of course, the effects and 
benefits include socioeconomic factors, and so they cannot be judged solely based 
on evidence from natural science. In this sense, a humanistic and social science 
approach that goes beyond simple “scientific effects” is necessary. Another feature 
of this assessment is that it provides sufficient cumulative environmental impact 
assessment, which is inadequate in project assessment for a single project.

In Japan, environmental assessment in public projects was introduced in 1972, 
and later the promotion of environmental assessment was positioned in the Basic 
Environmental Law enacted in 1993 and the Environmental Impact Assessment 
Law was enacted in June 1997. Environmental assessment is effective in assessing 
the impact of a project, but in effect it mainly assessed the physical environment to 
the living environment and the natural environment, focusing on the protection of 
biological species.

The 2010 amendment of the Environmental Impact Assessment Law introduced 
the Planning Stage Consideration Procedure. However, in Japan, the introduction of 
strategic environmental assessment is necessary and should be urgently considered 
to provide a transparent and objective environmental consideration process at the 
planning stage and to implement Article 19 of the Basic Environment Law.

With regard to other policy evaluations, standard guidelines on policy evaluation 
were established in 2001, and now policies related to large budgets require evalua-
tion by each government ministry. The Guidelines for Conducting Prior Evaluation 
of Regulations was established in 2007 [11], and under the Policy Evaluation Act, 
for large-scale projects, regulatory impact analysis is required and is published on 
the ministries’ websites. However, quantitative evaluation is often difficult as regu-
latory impact analysis is not always simple and many factors must be taken into 
account.

In addition, a method for predicting and assessing changes in health effects and 
factors related to health events (social determinants of health) that may be caused by 
proposed measures, projects, etc. has been proposed through health impact assess-
ment as a means of emphasizing fairness in society and correcting social disparities, 
including health disparities. The Japanese Society of Public Health issued guide-
lines for such assessments in 2011 [12]. However, these assessment methods require 
a great deal of discretion, and they have been introduced at a practical level in only 
a limited number of cases to date in Japan.

The Guidelines for Environmental and Social Considerations were published in 
2010 to promote the implementation of appropriate environmental and social con-
siderations, especially human health and safety and inartificial conditions, particu-
larly through the environment [13]. In addition to normal health issues, population 
movement, including involuntary resettlement, changes of land use, and local 
resource use may affect human health, especially socially vulnerable groups, includ-
ing the poor and indigenous peoples. The report mentions that the assessment 
should focus on what is necessary for each individual project, including the distribu-
tion of damage and benefits, equity in the development process, gender, children’s 
rights, cultural heritage, local conflicts of interest, infectious diseases, such as HIV/
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AIDS, and the working environment. This is a more in-depth assessment of social 
aspects than general environmental impact assessments in Japan. This is in line with 
the Sustainable Development Goals (SDGs) of the United Nations and must be an 
important perspective in the evaluation of future environmental policies.

Risk is a concept expressed as the magnitude of a hazard multiplied by its prob-
ability of occurrence (i.e., its expectation value). The most widely used definition of 
risk communication is that used in a 1989 document published by the National 
Research Council (1989) [14], which refers to “the interactive process of exchang-
ing information and opinions among individuals, institutions, and groups.” 
“Information and opinions” in this definition includes “messages about the nature of 
risks” and “interest, opinions, and reactions to the development of laws and institu-
tions for risk management.” This does not imply mere disclosure of information. 
Disclosure of information by government agencies, academic councils, companies, 
etc., or press releases is unidirectional, but risk communication requires a response 
to the nature of the risk, the development of laws and systems, and the interest, 
opinions, and reactions of those who are informed. Kinoshita stated that the purpose 
of risk communication is “not one-way propaganda, but a two-way exchange of 
information and opinions among stakeholders (i.e., interested parties), and through 
this, to create a foundation on which the parties concerned can think together.”

The role of mass media has been increasing, along with the spread of various 
social networking services, or social media, and their increasing influence. There 
have been a number of cases of health hazards triggered by newspaper reports, such 
as the problem of multiple cases of bile duct cancer among printers. The dioxin 
problem that began in 1998 was triggered by television reports. The Great East 
Japan Earthquake of 2011 and the resulting nuclear power plant accident, as well as 
the responses of Japan and the rest of the world, have been greatly influenced not 
only by existing mass media but also by social media using the Internet. In the con-
ventional framework of environmental risk management, the roles of mass media 
and social media in risk communication have not been clearly defined. To date, risk 
communication has dealt with a single environmental risk at a time (e.g., toxic 
chemicals, etc.), and discussions have been conducted on the premise that stake-
holders directly exchange information and opinions. The media is literally a 
“medium for intermediation,” but the risk management framework did not envision 
cases where information is exchanged through the mass media. However, as the 
influence of the media has grown and how it communicates has become directly 
influential in policy formation, it is necessary to define its roles in some way.

There is another reason for the need for a new framework: there has been a major 
shift in sustainability research, including environmental risks. Future Earth, a 
worldwide framework created by the reorganization of international programs in 
global environmental research calls for trans-disciplinary efforts that transcend the 
boundaries between academia and society in promoting research activities to realize 
global sustainability. This means that not only academic experts but also various 
stakeholders in society will participate in the activities of Future Earth to harmonize 
science and technology with human beings and ecosystem in environment. The 
foundations of this effort are the exchanges of information and opinions among 
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stakeholders. In risk communication for this purpose, it is essential for various 
stakeholders to question the various risks affecting the global environment and how 
science and technology can be used to solve them.

Risk assessment and risk management schemes have been introduced in a num-
ber of regulatory efforts. For example, the framework of food safety was estab-
lished, as depicted in Fig. 19.12 [15]. Independence of risk assessment is ensured by 
the law, i.e., Food Safety Commission performs independent risk assessment based 
on scientific evidence, and ministries and other organizations introduce its assess-
ment into risk management. We should establish the schematic framework in this 
manner, not only in food safety but also in environmental risk assessment.

19.7  Importance of Risk Communication

In case of emergency, crisis communication is necessary to persuade people to 
move to refuses or not to drink water and so on. It is rather different from normal 
risk communication. Health and ecological risks become obvious where natural 
hazards, vulnerability, and exposure overlap. Figure 19.13 shows the concept of the 
response to the hazard on chemical exposure. In the emergency case, countermea-
sures to control human exposure should be strongly recommended; however, if it is 
not so severe, care communication is needed.

Figure 19.14 is the trend of risk analysis and risk communication (an original 
image by the author). If the damage is severe and if the peak is so large, the 
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government needs to state emergency or provide rapid crisis communication. If the 
exposure is not so severe, consensus communication or care communication must 
be provided. Clarifying the size and the severity of risk (geological range, time 
range, and concentration range) is important. The shape (a peak, a hill, or a moun-
tain), which is the trend of the issue, depends on the matter, and we must identify 
and foresee its trend.
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19.8  Conclusion

Based on tragic experience and accumulation of scientific knowledge, we need to 
collect data, read literatures and foresee its risks. Appropriate management and 
communication must be undertaken to avoid severe risk (through crisis communi-
cation), mitigate and/or control risk (through consensus communication) or accept 
risks (through care communication). Health and ecological risks become obvious 
where natural hazards, vulnerability, and exposure overlap. The problems are 
becoming more severe because natural hazards, vulnerability, and exposures are 
expanding. Therefore, human health and ecological risks are increasing as outlined 
in Fig. 19.15 [16]. It is necessary to address future risks based on the precautionary 
approach.
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