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Executive Summary

1 Background

Although the ingestion and adverse effects of marine plastics by marine organisms have
been reported since the first 1970 decade of the 20th century, two new aspects of marine
plastic pollution have emerged since the turn of the 21century. The first is the accumulation
of microplastics (plastics smaller than 5 mm) in the ocean surface layer, and their ingestion by marine
organisms. The other is that marine microplastics can be carriers of toxic chemicals in marine
ecosystems.

Microplastics can be broadly classified into primary microplastics and secondary microplastics. The
former are plastics manufactured in the form of particles smaller than 5 mm, such as resin pellets,
fertilizer capsules and microbeads in facial cleansers and cosmetics. Secondary microplastics are plastic
products released into the environment that have been crushed and shredded by physical forces such as
ultraviolet rays, heat, and wind waves, and fibers generated during the washing of synthetic fiber clothes.

2 Current status and problems of marine microplastic pollution

(1) Distribution

The waters surrounding Japan also have high concentrations of microplastics. It is suggested that
microplastics are transported from Southeast Asia and southern China by the Kuroshio Current in
addition to those discharged from the Japanese archipelago, but quantitative discrimination between
the two is a future challenge. Secondary microplastics are more common than primary microplastics
along the Japanese coast. Among them, product fragments are more common than fibrous ones. The
identification of the product fragments and the rate of fragmentation are essential for effective
countermeasures, but little is known about them. In the future, it will be necessary to investigate
pollution in Japan's aquatic environment with an eye to understanding secondary microplastic
formation and identifying the contribution of chemical fibers. In particular, it has been calculated
that the amount of microplastics in sediments is higher than that in seawater. It is necessary to clarify
the material dynamics of microplastics by studying the sedimentation rate in sediments, as well as
the roll-up and emergence of microplastics from sediments.

(2) Feeding on marine organisms

Laboratory experiments and surveys of captured fish and shellfish have confirmed that a wide
variety of organisms (more than 200 species) are currently feeding microplastics. In addition to
direct ingestion, microplastic pollution is spreading throughout the ecosystem through transfer
through the food chain.

(3) Ecological and health impacts
When considering the ecological effects of microplastics, it is necessary to examine the toxicity
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of the plastic itself, as well as the toxic effects of additives (plasticizers, UV absorbers, brominated
flame retardants, etc.) and the constituent monomers and oligomers. Some additives, such as
benzophenones and phthalates, have endocrine disrupting or reproductive toxicity. In addition,
nano-sized plastics can pass through cell membranes and damage biological tissues.

In addition to containing additives, microplastics adsorb Persistent Organic Pollutants (POPs),
which include substances regulated by the Stockholm Convention, such as hydrophobic DDT.
These are sometimes transferred and accumulated in higher trophic organisms such as waterfowl
and whales. On the other hand, there have been few studies on the toxic effects of adsorbed and
contained toxic substances on living organisms, and no environmental or health risk assessment has
been conducted. Rather than assuming that biological effects are not apparent, it is believed that
methods for assessing minor effects in the actual environment have not been developed and applied,
and that it is necessary to promote surveys and research and take preventive measures.

(4) Microplastics governance of plastics to prevent marine pollution

While the production of plastic products in Japan has remained flat over the past 20years, the
production of containers has doubled. Since global production is expected to increase significantly
in the future, it is feared that the current situation will lead to more serious pollution of the world's
oceans. In response to this situation, the Osaka Blue Ocean Vision, which aims to reduce new ocean
pollution caused by plastic to zero by the 2050, was adopted, and the Japanese government has
declared its commitment to promote measures against marine plastic litter throughout the world.
However, it does not mention what to do with the existing ocean plastic. In Japan, the collection rate
of plastic is high, but more than half of the collected plastic is incinerated. Therefore, it is necessary
to further strengthen the efforts of the government, industry, and the public to reduce the amount of
disposable plastic. At the same time, it is necessary to promote cross-sectoral surveys and basic and
epidemiological research to enable risk assessment of the effects of microplastics on ecosystems and
human health, and to promote international plastic management based on environmental and health
risk assessment of microplastics.

3 Recommendations

In order to achieve the following goals of the Agenda2030 for Sustainable Development (SDGS),
the Government of Japan should implement Goal 3 "Health and Welfare for All"', Goal 6 "'Safe Water
and Sanitation for All", Goal 11 "Livable Cities", Goal 12" Responsibility to create and use™, Goal
13 "Specifi" measures to combat climate change", Goal 14 "Protect the ocean," and Goal 15 "Protect
the land,” The following actions should be taken in order to achieve the recommendations

(1) The Government of Japan should urgently investigate the origin of microplastics in the ocean,
their dynamics in the aquatic environment, their feeding by marine organisms, and their migration
and adverse effects on ecosystems (physical and adverse effects of additives and adsorbed toxic
chemicals). At the same time, promote cross-disciplinary basic and epidemiological research on the
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toxic effects on organisms and humans and their mechanisms, and hasten the collection of scientific
knowledge that will contribute to a comprehensive presentation of scientific findings and to
environmental and health risk assessment.

(2) The government should accelerate national, industrial, and citizen efforts to "reduce the total
amount of plastic emissions™ by reducing the production and use of "disposable plastics.

(3) The government should curb the use of primary microplastics and develop and promptly
implement effective methods of collecting marine plastics that are the origin of secondary
microplastics.
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1 Introduction

Pollution of the oceans and marine life by marine plastics has been observed since the 1960s [1]. The
distribution of plastics in marine surface water and their ingestion by marine organisms such as whales,
sea turtles, and seabirds were continuously reported by pioneering researchers throughout the 1970s —
1990s ([2], hereafter references are given only for the major and most recent ones. See Takada and
Yamashita [3] for details of references cited). During that time, marine plastic pollution was ongoing.
For example, the frequency of plastic ingestion by seabirds increased from the 1970s to the 1990s [2].
However, studies in the second half of the 20th century were still limited.

In the 21st century, marine plastic pollution has taken a new turn on two fronts. The first is the
discovery of the so-called “plastic-soup ocean”, where microscopic plastic drifts in ocean surface water
and accumulates in open ocean gyres [4]. The discovery of the plastic soup itself dates back to the year
1997. , Then, a research showed that even finer plastics of a few hundred um were present in the
sediments of the British coast and that they could be taken up by polychaetes and theropods, i.e., invade
the ecosystem [5]. In that paper, Thompson et al. used the term "microscopic plastic™ to refer to plastics
as small as a few hundred micrometers, which are only visible under a microscope. This later led to the
term "microplastics”. Another impetus for the term microplastics came from the fact that field
adsorption experiments [6] and observations by International Pellet Watch and others have shown that
marine plastics are carriers of toxic chemicals in the marine ecosystem. A paper highlighting these new
developments was published in Science in 2005 [7]. Around that time, there was a great deal of interest
from researchers, and in 2008, NOAA held an international workshop in Tacoma, WA, U.S.A., where
the definition of microplastics was discussed, and the definition that plastics of 5 mm or less were called
microplastics was decided [8]. This definition was inherited by the subsequent UN Joint Group of
Experts on the Scientific Aspects of Marine Environmental Protection (GESAMP) [9]. This definition
is also followed in this proposal. In addition, although fibers and rubber are excluded from plastics in
the Japan Industrial Standards (JIS) definition, this proposal also treats fibers and rubber made of
synthetic polymer compounds as plastics, in line with the current international definition of
microplastics.

2 Origin of microplastics

The origin of microplastics observed in the marine environment varies, but microplastics can be
broadly classified into primary and secondary. Primary microplastics are plastics that were originally
manufactured in the form of particles smaller than 5 mm and were used as raw materials for products
or blended into products. This category also includes resin pellets (discoid, cylindrical, or spherical
plastic grains with a diameter of several millimeters, which are intermediate raw materials for plastic
products). Also included in this category are microbeads (plastic scrubs; mainly made of polyethylene)
in facial cleansers and cosmetics. After use, the microbeads are transported to sewage treatment plants
as domestic wastewater. From observations at sewage treatment plants, it has been reported that more
than 99% of the microbeads are removed by going through primary and secondary treatment. In that
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case, it is considered that the sedimentation and scum treatment have removed them. However, in a
combined sewage treatment area, domestic wastewater is not transported to the sewage treatment plant
during rainy weather, but is discharged into rivers and the sea along with rainwater from drainage and
pumping stations. In this way, it is thought that microbeads are transported to the sea by overflow during
rainy weather. However, the amount of microbeads released into public waters by overflow during rain
has not been quantitatively determined. In addition, plastic capsules that encase air fresheners in some
synthetic laundry detergents and shell-shaped plastics that coat fertilizers in agriculture are also supplied
to bodies of water during rainy weather, but their loads and dynamics are largely unknown. The
bottleneck lies in the lack of understanding of the actual pollution load itself during rainy weather. Since
microbeads have been observed in the coastal areas of Japan, it is necessary to quantitatively understand
the amount of microbeads entering the ocean.

Secondary microplastics are plastic products that have entered the ocean after use and have been
crushed into small pieces by physical forces such as ultraviolet light, heat, and wind waves. On the
Japanese coast, debris from plastic products is considered to be the main source of microplastics [10],
but little is known quantitatively, such as the identification of the products that created the debris and
the rate of debris formation. The identification of the plastic products from which the debris originates
is an essential issue for effective countermeasures. There is a need to develop a scientific approach to
link debris to products. The category of secondary microplastics also includes polyester and acrylic
fibers that are generated when synthetic clothing is washed. It has been reported that chemical fibers
account for a high percentage of microplastics detected in bodies of water in Europe, the United States,
Canada, and China, but their contribution is considered to be small in the Japanese aquatic environment
[10]. However, since there are only a few examples of investigations of the Japanese aquatic
environment, future investigations should be conducted with the identification of the contribution of
chemical fibers in mind. Also, sponges used for washing dishes become microplastics when they are
worn out.

3 Distribution of microplastics

The global spread of plastic pollution has been revealed in the Arctic, sub-Antarctic and Antarctic
regions, as well as on the deep sea floor. It has been revealed that there are accumulation areas in the
eastern Mediterranean Sea, the southern coast of Eurasia, and near the center of the ring currents in the
North and South Pacific, South and North Atlantic, and Indian Oceans. The marine waters around Japan
have also been found to have high concentrations of microplastics [11]. It has been suggested that a
large amount of microplastics is discharged from the Japanese islands and transported from Southeast
Asia and southern China by the Kuroshio Current, but quantitative discrimination between the two is
an issue for the future. A model based on marine observations estimated the amount of plastic floating
in the entire ocean to be 270,000 tons [12]. This amount is far less than the estimated amount of plastics
entering from land (4,800,000 to 12,600,000 tons per year, an average 8,000,000 tons) [13]. This gap
can be attributed to several factors, the first of which is the lack of measurement of microscopic
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microplastics. Since Newton nets (330 um mesh for zooplankton) are usually used to measure
microplastics in the ocean, only the plastics larger than 330 pum are measured as microplastics in most
monitoring. Although there are some reports of actual measurements of plastics smaller than 330 um,
the number of such reports are still limited. The majority of microplastics floating in the ocean are
polyethylene and polypropylene, which are lighter than seawater. On the other hand, polystyrene, PET
(polyethylene terephthalate), and polyvinyl chloride have densities greater than seawater and
accumulate in marine sediments. PET bottles sinking to the bottom of the deep sea in the Mediterranean
Sea are well-known examples [14]. Polymers with large densities are deposited on the seafloor as
microplastics as well as large plastic fragments [15]. In addition, polyethylene and polypropylene
microplastics have also been detected in coastal sediments and on the deep sea floor. The density of
polyethylene and polypropylene is lower than that of seawater, so they basically float on the water, but
it has been pointed out that organisms may adhere to the surface of the plastic, thereby increasing its
sinking power and causing it to settle and accumulate on the seafloor [16]. Along with polyester and
polystyrene, microplastics made of polyethylene and polypropylene, which are less dense than water,
have been detected in the sediments of Tokyo Bay [15]. In particular, the amount of microplastics per
unit area in sediments was calculated to be four orders of magnitude higher than the amount of
microplastics in seawater [15]. There is a need to visualize the material dynamics of microplastics by
studying their sedimentation rates and also their entrainment and emergence from sediments.

4 Uptake of microplastics by marine organisms

Plastic is taken up by a variety of organisms depending on its size. As of 1997, plastic feeding by
marine organisms of 177 species had been reported [17], it is now believed that more than 200 species
are feeding on plastic. Plastics ranging from mm to cm in size have been detected in the digestive organs
of whales, sea turtles, seabirds, and fish. The accumulation of pm-sized microplastics has been
demonstrated in relatively low trophic level organisms such as bivalves and crabs in laboratory
experiments and also observed in bivalves in the field. Microplastics have also been detected in the
digestive tracts of fish. The detection of microplastics in fish and shellfish has been reported even in
those purchased in the market, and has become a major concern for food safety. In Europe and the
United States, chemical fibers are reported to account for a large percentage of the microplastics found
in fish and shellfish, but in Japan, the percentage of chemical fibers is small, and most of them are
fragments of products. However, since polyester has a large density and has been detected in sediments
[15], it is necessary to survey a wide variety of fish and shellfish, including benthic fish, in multiple
water bodies, taking into account their foraging sites and foraging behavior. In addition, feeding of
smaller microplastics by zooplankton such as Daphnia magna and theropods has been confirmed by
laboratory experiments and observations in actual marine environments. The transfer of microplastics
taken up by these lower trophic level organisms to higher trophic level organisms through the food
chain has also been confirmed in laboratory experiments. In addition to direct feeding, migration
through the food chain has spread plastic pollution throughout the ecosystem. However, whether these
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microplastics are being biomagnified through the food chain, that is, whether the amount ingested
exceeds the amount excreted, is a subject for future research.

5 Effects of microplastics on living organisms - effects of toxic chemicals
(1) Physical effects

The effects on living organisms are considered from two aspects. One is the effect of the
microplastics themselves as physical foreign matter (particle toxicity), and the other is the effect of
chemical substances contained in or adsorbed on the microplastics. In reality, these two aspects are
considered to be acting simultaneously. For large organisms, physiological effects have been
observed due to the physical effects of the relatively large plastics they ingest [19]. As for the particle
toxicity of fine plastics (microplastics), a number of laboratory experiments have been conducted
since about 2015, and it has been reported that exposure to polystyrene microparticles reduced the
reproductive capacity of oysters [20] and induced antioxidant enzymes in rotifers [21]. The results
of laboratory experiments on their particle toxicity have been reviewed and thresholds have also been
reported [22]. The exposed microplastic concentrations in many laboratory experiments are an order
of magnitude higher than the actual microplastic concentrations observed in the environment [23],
and it has been reported that at current pollution levels, the area where particle toxicity is occurring
is limited [24, 25].

However, when interpreting the results of laboratory experiments on the biological effects of
microplastics, it is necessary to consider the effects of the additives and monomers and oligomers
that make up the plastic, as discussed below, along with the particle toxicity of the plastic itself. In
the case of the decrease in oyster reproduction capacity due to exposure to polystyrene particles
described above [20], it is necessary to consider the effects of the additives and styrene monomers
and dimers as well as the effects of the particles themselves. In fact, it has been reported that
administration of styrene trimers to mice elevates thyroid hormones [26]. In addition, bisphenol A
(BPA), which is a raw material for polycarbonate and epoxy resins and is also used as an additive in
other polymers, inhibits the expression of steroid synthase and cholesterol transport protein in rat
testis and lowers plasma testosterone and luteinizing hormone. These effects are similar to those of
estradiol (E2). Microscopically, BPA and E2 reduced testicular Leydig cells and decreased estrogen
receptor mRNA expression [27]. Furthermore, it has been suggested that nano-sized (20 nm) plastics
can pass through cell membranes and cause damage to biological tissues, albeit at the level of
laboratory experiments [28]. The penetration of nano-sized plastics through cell membranes is an
important aspect when considering their effects on humans. However, there are few measured
examples of nano-sized plastics in the environment. The reason is that nano-sized particles are in the
issue of colloidal particles, but the collection and chemical characterization of colloidal particles in
environmental water itself is difficult. Analytical chemical methods need to be developed.

(2) Presence and characteristics of additive and adsorbable POPs in marine plastics
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In addition to the constituent polymers, various additives such as plasticizers, UV absorbers,
antioxidants, release agents, and flame retardants are added to plastics [29, 30]. As constituent
additives, not only organic compounds but also compounds containing heavy metals may be added
[31]. Some additives have endocrine disrupting or reproductive toxicity, such as nonylphenol,
benzotriazoles, benzophenones, and phthalates [29, 30]. Many of the additives are highly
hydrophobic and difficult to dissolve in water, and have been found to persist in ocean drift and beach
drift plastics [32, 33]. For seabirds, it has also been reported that additives (brominated flame
retardants and UV absorbers) were detected by actual measurement of ingested plastics [34, 35]. In
the case of fish and shellfish, there are no examples of actual measurement of additives in ingested
plastics because the size of ingested plastics is small and it is difficult to analyze the additives in them.
The detection of additives in marine drift and coastal drift plastics is also limited to cm-level plastics,
and there are only a few examples of measurements of mm-level, or microplastics. It has been
reported that BDE209, a brominated flame retardant, was detected at several ng/g to several hundred
ng/g in microplastics collected in Tokyo Bay and the Pacific Ocean [36]. However, it is estimated
that the rate of leaching of additives with high hydrophobicity and large molecular weight into water
is small, and in the case of BDE209, leaching into seawater is almost non-existent [37]. Therefore, it
is assumed that BDE209 was also detected in the microplastics collected in the Pacific Ocean. This
suggests that other additives with high hydrophobicity and high molecular weight are also present in
microplastics. For risk assessment, a wider range of samples and a wider variety of additives need to
be measured.

In addition to additives, microplastics drifting in the ocean contain hydrophaobic toxic chemicals
that have been adsorbed from the surrounding seawater [38, 39]. persistent organic pollutants (POPS)
such as PCBs and DDTSs, which are regulated by the Stockholm Convention, are also adsorbed on
plastics due to their hydrophobic nature. These PCBs and DDTSs, also known as legacy pollutants,
accumulate in sediments from past uses and return to seawater due to leaching from sediments or
sediment upwelling, where they are adsorbed by microplastics. The adsorption power varies among
polymers, with polyethylene, which is composed only of hydrocarbons and is amorphous, having
the strongest adsorption power [40], and polyester, which contains polar functional groups, having
less adsorption power [41]. Depending on the size of the plastic particles and the nature of the target
toxic chemical (hydrophobicity), the time required for organic pollutants to reach adsorption
equilibrium varies greatly [40]. For example, when PCBs with an octanol-water partition coefficient
of more than 6 in log value are adsorbed on small polyethylene particles with a diameter of about 3
mm, it is estimated to take more than a lyear for the PCBs concentration to reach equilibrium with
the concentration in the surrounding water [42]. This may be due to the fact that it takes time for
contaminants to penetrate from the surface of the polymer to the interior of the polymer, and also
because the amount of water in contact with a unit weight of plastic is small due to its small specific
surface area. In any case, the fact that the adsorption of POPs on plastics, especially polyethylene, is
not a simple surface adsorption [43], but a slow adsorption and desorption dominated by the
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penetration inside the plastic matrix, makes plastics a unique contaminant transport medium. This
explains the sporadic presence of microplastics adsorbing high concentrations of POPs observed in
remote areas. For example, in the International Pellet Watch monitoring, pellets collected at the same
location are analyzed in five sets and the median value is taken as representative of the location [39].
However, pellets containing orders of magnitude higher concentrations of POPs (microplastics) have
often been observed sporadically on remote islands and in remote areas where there are no local
sources of POPs contamination [44]. If POPs concentrations reached equilibrium between plastics
and seawater, all five sets of plastics should have low POPs concentrations. In reality, however,
sporadically high concentrations of pellets are observed. This is explained by the various transport
routes and transport rates of microplastics and their slow adsorption/desorption. In other words, this
may be due to the fact that pellets with high concentrations of PCBs adsorbed in urban waters with
high POPs concentrations are rapidly transported to remote areas without time for POPs to be
desorbed. It is conceivable that microplastics may carry adsorbable POPs along with large
hydrophobic additives to the organisms in remote ecosystems. On the other hand, in urban waters,
POPs accumulated in marine sediments due to their hydrophobic nature may be adsorbed by
microplastics in the sediments, and due to the close specific gravity 1of microplastics, they may be
resuspended and remigrated, resulting in prolonged legacy pollution. Although the accumulation of
microplastics in urban sediments has been clarified [15], their resuspension and remobilization need
to be studied in the future.

(3) Transfer and accumulation of chemical substances from ingested plastics to biological
tissues and their mechanisms

The manifestation of the effects of chemicals in ingested plastics begins with the leaching of
chemicals from ingested plastics and their transfer to biological tissues. Results suggesting the
transfer of PCBs from plastic to fat in seabirds have been reported since the early 19801990s [45].
Ryan and Connel [45] conducted a multivariate analysis of the relationship between the amount of
plastic in the stomach and the concentration of PCBs in the eggs of the zebra finch on Gough Island
in the South Atlantic Ocean and found a positive relationship between the two. Yamashita et al. [46]
reported a positive correlation between gastric plastic weight and low-chlorinated PCB homologues
in fat for the Bering Sea sandpipers. Tanaka et al. [47] observed individuals with accumulation of
high-brominated diphenyl ethers in abdominal fat and detected similar composition of high-
brominated dipheny! ethers in the stomach plastic of the same individuals, suggesting that the plastic
additive brominated diphenyl ethers (PBDES) from plastics to organisms was strongly suggested. In
addition, the transfer of plastic additives (phthalate esters) was also shown for the Tasmanian
bowerbird using tail gland wax [48]. A study that applied this approach of measuring plastic additives
in tail gland wax to 150individuals of seabird 35species in the world's 150ceans showed
accumulation of plastic additives in adipose in about40 10% of the individuals [49]. A similar study
was conducted on whales, and it was reported that metabolites of an additive (phthalate ester) from
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ingested plastics (MEHP: mono(2-ethylhexyl) phthalate) accumulated in whale tissues [50]. As
described above, it is judged that the transfer and accumulation of chemical substances from ingested
plastics to biological tissues have been confirmed for organisms in relatively higher trophic levels,
such as seabirds, based on examples of field observations.

Although there have been few observations of organisms in the lower trophic levels because of
the microscopic nature of the feeding plastic and the difficulty of measuring it, recent years have
seen an increase in studies. [51] measured the concentrations of BPA, alkylphenols, alkylphenol
polyethoxylates, PCBs, and PBDEs in the tissue of Haddad's beaked eagles in the South Pacific Gyre,
and reported that the concentration of high-brominated PBDEs was positively correlated with the
plastic density at the sampling site. It is reported that the concentration of high bromine PBDES is
positively correlated with the plastic density at the sampling site. In the coastal area of Korea,
hexabromocyclododecane (HBCD), a type of flame retardant, was detected in recycled Styrofoam,
and HBCD was detected in bivalves inhabiting the Styrofoam surface [52]. Hermit crabs were
examined on beaches with high and low plastic debris drift on a remote island in Okinawa, and the
amount of microplastics in the digestive tract of hermit crabs caught on beaches with high plastic
debris drift was high, and metabolites of the brominated flame retardant BDE209 (BDE202,
BDE179, etc.) were detected in the hepatopancreas of these individuals. ) were detected in the
hepatopancreas of many individuals [53]. These field observations suggest that the transfer of plastic
additives to tissues is occurring even for organisms in lower trophic levels.

The migration of chemicals from plastics has been experimentally demonstrated by feeding and
rearing experiments. An increase in the concentration of low-chlorine PCB homologues in tail gland
wax was observed when resin pellets with adsorbed PCBs were administered to chicks of the Great
Blue Heron [38]. On the other hand, no increase in the concentration of high chlorinated PCB
homologous isomers was observed with plastic administration due to the large contribution from the
food source. As for plastic additives, when plastics industrially kneaded with benzotriazole and
benzophenone UV absorbers and the brominated flame retardant BDE209 were administered to
bobwhite chicks, these additives were detected significantly in fat and liver, and the rate of transfer
of additives to body tissues was up4 to [54]. These dosing experiments provide direct evidence of
the transfer of plastic additives into biological tissues.

For organisms at lower trophic levels, laboratory experiments have shown the transfer of
chemicals from ingested plastics to biological tissues [55-57]. However, the chemicals used in these
exposure experiments on lower trophic level organisms were all adsorbed on plastics, and it is
necessary to conduct exposure experiments on microplastics with additives kneaded into them.

Additives are kneaded into the polymer and have been thought to be difficult to leach out.
Especially for additives with large hydrophaobicity, leaching into seawater is considered to be almost
non-existent [37]. However, when organic solvents and surfactants with hydrophobic properties are
mixed, the leaching of chemicals from plastics is dramatically accelerated [42, 58]. For example, the
desorption rate from pellets of homologous isomers of PCBs 170(log Kow =7) increased by an
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lorder of magnitude when methanol was mixed with water in 25% [42]. An example of a study on
seabirds and additives showed that the presence of oil in the digestate enhanced the leaching of
hydrophobic additives [59]. The digestive juices of seabirds contain stomatal oil, which is the
indigestible oil of the fish they eat as food. When experiments were conducted to elute plastics
kneaded with the hydrophobic additive BDE209 with seawater, stomack oil, and fish oil, it was
confirmed that BDE209 was not eluted in seawater, but several tens of percent of the additive was
eluted in stomack oil and fish oil [59]. It is thought that the oil (stomac oil) in the digestive juices acts
like a solvent to promote elution. Although stomac oil is unique to seabirds, it is possible that prey
fat acts as a solvent in the digestive tract of other organisms as well [42]. Elution experiments under
real environmental conditions with fish, shellfish, and humans are needed.

It has been confirmed that the transfer and accumulation of chemicals from plastics to biological
tissues occurs, but the next problem is the relative scale of the transfer and accumulation. Organisms
are usually exposed to toxic chemicals from their original food sources as well. Assessing exposure
to toxic chemicals from plastic feeding is complicated by the need to compare it to exposure from
non-plastic pathways. In modeling approaches that assume equilibrium, it has been argued that the
contribution of POPs adsorbed on plastics is negligible [60]. However, as mentioned earlier, the
adsorption of hydrophobic pollutants on plastics and the presence of additives do not reach
equilibrium, and therefore, the global model assuming equilibrium cannot reproduce the actual
phenomena occurring. It is necessary to conduct specific evaluations for individual environments
and substances. In other words, the exposure of contaminants to organisms via plastics depends on
the background contamination, the general contamination level of the environment, as well as the
contaminants and species of interest. First of all, because the adsorption and desorption of chemicals
on ocean drifting plastics often do not reach equilibrium [42], if plastics with high concentrations of
POPs are transported to remote islands or areas with low background pollution and low exposure to
toxic chemicals from pathways other than plastics, the plastic It is possible that the contribution of
POPs exposure via plastics may increase [36]. As mentioned earlier, sporadic detection of high
concentrations of POPs in microplastics from remote islands has been observed [44]. The actual
transfer and accumulation of adsorption-derived PCBs from plastics to seabird tissues has also been
confirmed in remote areas away from human activities, such as the non-contaminated Bering Sea
[46], remote islands [45, 53], and the Atlantic annulus [51]. Conversely, in urban areas where general
pollution levels are high, exposure via microplastics is unlikely to be apparent at present. However,
if the amount of microplastics increases in the future, their contribution could be significant. In
addition, the contaminant and organism of interest, especially the trophic level, should be considered:
exposure via microplastics is more likely to occur for constituents for which plastic additives are a
major source than for constituents that are supplied from sources other than plastic additives, such
as PCBs. In particular, when contaminants that undergo biomagnification in the food chain, such as
PCBs, are targeted at higher trophic levels, their concentrations in prey are higher and their effects
via microplastics are less apparent [61]. For example, in a study of Pacific sea turtles, no correlation
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was found between PCBs concentrations in fat and microplastic content in the stomach [62]. On the
other hand, in the case of components that are difficult to bioamplify, such as high molecular weight
additives with large hydrophobicity, the contribution of exposure via food is relatively small, and the
contribution of exposure via plastics is observed [61]. The observed accumulation of BDE209 in
seabirds is a typical example of this. It is necessary to have a specific discussion depending on the
component, target organism, and target region, rather than a binary discussion of the presence or
absence of exposure via microplastics.

As mentioned above, microplastic exposure of some chemicals to some organisms has been
confirmed in actual organisms in the environment. The next issue that needs to be considered is the
biological effects of chemical exposure mediated by microplastics. In laboratory experiments,
exposure of fish and gobi [55, 63] to chemical-adsorbed microplastics has been reported to cause
liver dysfunction and tumor formation. However, the amount of microplastics exposed in laboratory
experiments where the effects have been observed is considerably (more than one order of
magnitude) higher than the amount of microplastics observed in the environment [23]. This can be
taken as an alarming sign of the possible effects of increased plastic content in the future. On the
other hand, there are very few examples of actual observations of biological effects in the
environment. For example, in a study of red-footed boobies in Australia, it was observed that
individuals with a high consumption of microplastics had high blood cholesterol levels and low
calcium levels [64]. The decrease in blood calcium concentrations is similar to the case of DDT-
induced disruption of calcium metabolism in seabirds, which may lead to deformities and thinner
eggshells, resulting in reduced hatchability and population decline. Although no morphological
abnormality has been confirmed, blood tests have shown abnormalities, so the effects of chemicals
from plastic feeding on the red-footed boobies are considered to be one step closer to becoming
apparent. Whether similar accumulation and effects of toxic chemicals derived from plastics are
occurring in other seabirds and other organisms is still under study, but what is happening in seabirds
should be considered a canary in the coal mine, and preventive measures should be taken. As a
recognition of the current situation, rather than viewing biological effects as not being apparent, we
should view it as the fact that methods for assessing minor effects in the actual environment have not
been developed and applied, and that it is necessary to promote surveys and research and take
preventive measures.

6 Biological and Human Health Effects of Plastic Additives

Based on the above discussion, we hereby declare the necessity of studies and research on the plastic
additive management with respect to their health effects on humans as well as living organisms. Some
of the additives added to plastic products such as nonylphenol, bisphenol A, benzotriazoles,
benzophenones, and phthalates, have endocrine disrupting and reproductive toxicity., [29, 30]. The
health effects of these additives extend not only to the endocrine system but also to the immune system,
and have been linked to chronic diseases such as allergy and obesity by research findings [65, 66].
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Leaching of these additives into foods and beverages has been a concern for many years, and direct
exposure to humans through foods and beverages has been controlled to a certain extent by conducting
leaching tests. However, it is necessary to pay attention to the possibility of dissolution depending on
the ways of usage and food items cooked with. For example, directly heating oily foods in a plastic
container with highly hydrophobic additives in it, such as in a microwave oven, may increase the
transfer of the hydrophobic additives from the plastics to the foods or drinks that leads to exposure to
humans. Except for these examples, it is generally believed that highly hydrophobic additives are less
likely to dissolve in water and therefore less likely to dissolve in foods and drinks from plastic
containers, and direct human exposure from plastic products use is small (Fig.1). Therefore, highly
hydrophobic additives have been added to plastics. However, highly hydrophobic additives remain in
plastic debris drifting in the ocean and on beaches. The fragmented microplastics are taken up by fish
and shellfish, and if oil is present in the digestive juices, the hydrophobic additives will leach out from
the plastic with increased specific surface area. The leached additives are absorbed from the intestines
and accumulate in the fat and liver. The transfer and accumulation of such highly hydrophobic additives
in biological tissues has been confirmed in seabirds [54]. Although seabirds are not directly consumed
by humans, the transfer and accumulation of hydrophobic additives to fish and shellfish via
microplastics may occur, and if the metabolic capacity of these additives in fish and shellfish is low,
humans may be exposed through the food chain (Fig.1). In fact, observations of fish and shellfish in
the real environment suggest that hydrophobic additives are transferred to and accumulated in
biological tissues via microplastics [51-53]. On the other hand, some additives are leached into seawater
during the miniaturization process, but they are also exposed to humans through the food chain by
adsorption to other microplastics or natural particles (suspended particles and sediments) that do not
contain the additives. Although human exposure to additives has only been considered directly from
plastics used for food and drink [30], it is possible that hydrophobic additives can be indirectly exposed
to humans through environmental plastic miniaturization and uptake into the digestive system of
organisms, which is, additives’ dissolution into digestive juices containing oil through bioaccumulation
and the food chain. Exposure to humans is a new route posed by microplastics, and it is considered to
be the most significant aspect in terms of human impact (Fig.1). In other words, the previous estimates
of additive exposure based on leaching tests were underestimates, and the overall human exposure to
plastic additives may be higher than previously thought. The exposure of humans to plastic additives is
likely to be much higher than previously thought. In other words, there is a large possibility that human
exposure to plastic additives with low degradability and high hydrophobicity will eventually occur.
The recently reported results of a large epidemiological study in Europe show a serious halving of
sperm counts in European adult males in the past 40 years [67]. Although the cause has not been
identified, pesticides, insecticides, and chemicals in plastics have been cited as potential factors. In
addition, an increase in reproductive diseases, such as an increase in endometriosis, has been observed.
There is no doubt that plastics contain additives that affect reproduction. Even if they do not leach into
beverages, leaching into oily foods and indirect exposure to humans through plastic micronization and
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the food chain should be considered. The effects on the endocrine system are not immediate, but may
occur over a long period of time, and in some cases over generations. Since there is also an indirect
route of exposure, it is extremely difficult to determine causality, but further studies are expected. In
addition to the background as a resource issue, the plastic container reduction measures in Canada and
the EU also have a chemical pollution perspective.

As mentioned above, the issue of additives is important in considering the effects of plastics and
microplastics on living organisms, including humans. The following are some of the studies and
researches that are necessary for the future management of additives.

(1) Itis necessary to investigate the endocrine disrupting effects of additives in plastic products
(including their broad effects on the immune system and reproductive toxicity), to evaluate their
effects when exposed to multiple components (plastic products including additives)
simultaneously, and to regulate their use based on these effects. Additives include benzotriazole
UV absorbers, benzophenone UV absorbers, brominated flame retardants, phosphorus flame
retardants, phthalate esters, nonylphenol, bisphenol A, and organic fluoride compounds.

(2) There is a need for comprehensive analysis of additives in plastics in the environment. It is
important to measure additives in microplastics, especially in microplastics smaller than 1 mm,
and to investigate their content by particle size.

(3)  Understanding the relationship between plastic miniaturization and elution characteristics of
additives (Does miniaturization facilitate elution? Is elution accelerated by oil in bait or food?) is
necessary.

(4)  The transfer and accumulation of additives to fish and shellfish via microplastics needs to be
examined.

(5)  The bioaccumulation of additives through the food chain needs to be examined.

(6) Research is needed to determine the amount of dietary exposure to plastic additives and their
effects on humans through total diet studies and analysis of blood and urine. In addition, exposure
studies from other exposure sources, such as air (including house dust), water, and soil, should be
conducted to collect knowledge for health risk assessment.

(7)  Asa precautionary measure, it is necessary to switch the regulation of plastic additives from
one based on leaching tests to one based on content tests. In other words, since there is a
possibility that plastic waste is released into the environment, and then miniaturized and taken up
by living organisms, and finally exposed to humans, it is necessary as a precautionary measure to
target not only the direct elution from the product, but also the toxicity of the additives contained
in the product itself, and the monomers and oligomers that make up the product, and to regulate
them based on their content. Therefore, it is necessary as a preventive measure to target not only
the direct leaching from products but also the toxicity of additives and constituent
monomers/oligomers contained in products themselves, and to implement regulations based on
their content.

11



As mentioned above, there are many issues that need to be resolved, but it is necessary to reduce
plastic emissions from a precautionary principle perspective, without underestimating the impact of
toxic chemicals contained in plastics.

7 Perspectives of international organizations on microplastics in drinking water and their
effects on human health

August 2019, the World Health Organization (WHO) issued a news release calling for further
research into microplastics and tighter regulations against plastic pollution [68]. In September of the
same year, a report titled "Microplastics in Drinking Water" [69] stated that

Based on current scientific knowledge, microplastics in drinking water are currently of low concern
for human health in terms of physical effects, chemicals, and adsorbed microorganisms. Although there
is insufficient information about the toxicity of the physical effects of plastic particles, especially nano-
sized particles, there is also no information that indicates a credible concern at present.

Microplastics larger than 150 um are directly excreted in the feces and ingestion of smaller particles
is limited. While toxicity studies in rats and mice have reported some effects including liver
inflammation. However, these studies were based on exposure to very high concentrations, which is
not unlikely to be found in drinking water, and their reliability and relevance have been questioned.

A number of risk assessments have been conducted for chemicals adsorbed on or leached from
microplastics in drinking water, finding that the distance between safe estimates of intake and
toxicological values for these chemicals is as large as several orders of magnitude. Thus, concern
about the chemical effects of microplastics in drinking water is very limited.

The assessment by WHO is reasonable if it is limited to drinking water. However, when it comes
to assessing the impact on the entire ecosystem, it is difficult to make an assessment because the current
understanding of the actual situation and dynamics of pollution by microplastics and associated
chemical substances is yet to grow. In addition to understand the actual situation and dynamics,
precautionary approach based on life-cycle assessment from the upstream is necessary.

However, as mentioned in the report [69], international organizations such as International
Programme for the Safety of Chemicals (IPCS), International Organization for Standardization (1SO),
Joint FAO/WHO Expert Committee on Food Additives (JECFA), United Nations (UN), United
Nations Environment Programme (UNEP), United Nations Children's Fund (UNICEF), United States
The United Nations (UN), United Nations Environment Programme (UNEP), United Nations
Children's Fund (UNICEF), and other international organizations such as United States Environmental
Protection Agency (USEPA) and the United Kingdom (UK) have issued reports and policies on
(micro)plastics, and there is a need for cross-sectoral knowledge sharing and promotion of
countermeasures to plastics and in related fields.

8 Governance of plastics to prevent marine pollution by microplastics
Marine microplastic pollution around Japan is often caused by secondary microplastics, which are
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formed when plastic products are crushed and shredded by physical forces such as ultraviolet rays, heat
and wind waves; for instance, polyester and acrylic fibers generated when washing synthetic clothes,
and melamine resin sponges used for washing dishes are worn away.

It is important to note that plastics are petroleum products. In terms of chemistry, they include
polyethylene, polypropylene, polyamide, polystyrene, polyethylene terephthalate, polyvinyl chloride
resin, epoxy resin, polyurethane, polycarbonate, and many others. In terms of applications, film sheets
for containers and packaging account for 1/3 (33.2%), which includes garbage bags, plastic bags,
laminates, zipper bags, and shrink films. This is followed by film sheets other than for packaging
(22.4%), machinery, equipment, and parts (11.2%), valves and fittings (9.9%), daily necessities and
miscellaneous goods (5.0%), construction materials (5.1%), foamed products (4.6%), and other
(9.2%) (Japan Plastics Industry Federation, Production Results of Plastic Products: http:/Amwww.jpif.
gr.jp/3toukei/toukei.htm).

The total output (tons) of plastic products in Japan from 1999 to 2018 is either constant or on a
downward trend. By product, however, the production of containers has almost doubled (up by
435,107tons) and that of films has increased by 1.2 times (up by 315,902tons), while the production of
other products has either remained flat or shown a downward trend (Figure 2). Among films, those for
agricultural use (thickness less than 0.2mm) decreased, but those for packaging (less than 0.2mm, bags
for department stores, supermarkets, etc.) showed 1.03 times increase (35,623ton increase), and those
for rigid products (less than 0.5mm, used for egg cartons, medicine packaging, cards, etc. as secondary
products) 1.8 times (266,274ton increase). There was also a decrease in sheets (those larger than
0.2mm). Although the increase in packaging products is slow, it accounts for 52% of the production in
films. Therefore, the key to reducing the volume of plastic products is the production of films
(especially packaging and rigid products) and containers, and it is important to reduce this production
volume, especially that of one-way (disposable) plastics.

Japan is the world's O second largest emitter of per capita plastic waste after the United States. Japan,
along with the United States, did not sign the Marine Plastics Charter at the G7 summit held in Canada
in 2018. The EU has already started efforts to establish cost-effective reuse and recycle of all plastic
containers and packaging by 2030. It has also begun to take measures against single-use plastics, such
as reducing consumption, reducing markets, expanding producer obligations, and raising awareness
[70]. Under these circumstances, Japan was faced with the necessity of appealing its proactive stance
as the chair country of the G20 summit held in Osaka in June 2019. To this end, the then Minister of
the Environment announced before the G20 that he would enact a law banning the free distribution of
plastic bags, making it mandatory to charge for plastic bags from July 1, 2020. The Osaka Blue Ocean
Vision, which aims to reduce new pollution caused by marine plastic waste to zero by 2050, was also
included in the G20 Summit Declaration. It should be noted, however, that the declaration does not
mention what to do with the existing ocean plastic. In order to realize the "Summit Declaration™ the
government, industry, and the people of Japan must accelerate their efforts to reduce the total amount
of plastic waste by reducing the production and use of disposable plastics, which have a large room for
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reduction, and by considering the use of alternatives.

In Japan, 2000 the Basic Law for Establishing a Sound Material-Cycle Society stipulates that waste
treatment and recycling should be carried out in the following order of priority: (1) reduce, (2) reuse,
(3) recycle, (4) heat recovery, and (5) proper disposal. In Japan, the effective utilization rate of discarded
plastic is estimated to be 84% (the rest is unused waste plastic), but according to the data for 2016,
57.5% of the total plastic waste is largely dependent on "heat recovery,” which is the recovery of heat
energy from waste plastic when it is burned as solid fuel. Although "reuse as heat energy" by
incineration is important as a way to reuse resources, it does not lead to the reduction of CO2 From the
perspective of reducing CO2 emissions, which are linked to global warming, which is becoming more
and more serious, it is necessary to reconsider reuse as heat energy. On the other hand, material
recycling accounts for about 2,000,000 tons of 23 recycling per year, and was mainly exported to China.
However, China has tightened import restrictions since January 2018, and many of the waste plastics
that have lost their way have to be recycled and processed domestically. Therefore, it is necessary to
reduce the amount of single-use plastics. In addition, it is necessary to improve logistics and product
design to promote material recycling so that the plastics that remain after reduction can be used
repeatedly through material recycling. In addition, for plastic products that are difficult to recycle or
have a large environmental impact due to recycling, it is necessary to replace them with biomass plastics
that are highly biodegradable and can be decomposed by 100 land-based decomposition facilities so
that they are not released into the environment. However, the use of these plastics still poses problems
such as pressure on food production and deforestation, and it is necessary to make further efforts to
reduce consumption. It is necessary for the public and private sectors to work together to promote the
governance of plastics, from production to use and disposal.

The governance of plastics needs to be harmonized with the Agenda 2030 for Sustainable
Development (SDGs) (Ref. 1) to accelerate the achievement of the goals. Marine plastic pollution is
indeed the biggest impediment to Goal 14: "Protect the richness of our oceans,” which was commonly
recognized at the 2017 UN Conference on the Oceans and has led to the current global movement. The
management of plastic waste on land, which is the key to reducing the inflow of plastic into the ocean,
needs to be positioned as part of the urban waste issue in Goal 11, "Create livable cities,” and
harmonized with the management of non-plastic waste. Originally As long as plastic is made from the
finite resource of oil, it is incompatible with the sustainable use of resources in Goal 12, "Responsibility
to Create and Use™. In particular, incineration, which is the main final disposal method for plastic waste
in Japan today, generates substantial greenhouse gas emissions as long as the plastic is made from
petroleum, which contradicts Goal 13, "Take concrete measures to combat climate change. One way to
harmonize with Goals 12 and 13 would be to replace plastics with biomass plastics, but if all the plastics
we currently use in large quantities are replaced with biomass plastics and consumed and incinerated
in large quantities, this will cause deforestation and competition with food production, making it
difficult to achieve Goal 15: "Protect the richness of land. This will make it difficult to achieve Goal 15,

14



"Protect the richness of land. It must be harmonized with the management of forest resources. In
addition, microplastics have been detected in river water, which is directly related to Goal 6, "Provide
safe water and toilets for all. In the first place, the health effects of plastics, mainly additives, are greatly
related to Goal 3: "Health and well-being for all. It is necessary for countries, industries, consumers,
and citizens to work together to establish and immediately implement plastic governance that is in
harmony with the achievement of all of the SDG goals. Plastic pollution in the oceans is incompatible
with a sustainable society, and shows that ESD (Education for Sustainable Development), which we
have been working on for many years, is not yet fully successful. More promotion of environmental
education is needed.

Even the EU's efforts have not come up with a concrete plan on what to do with the plastics that have
already entered the environment. If left unchecked, the number of microplastics will only increase,
making it even more difficult to collect them. It is necessary to consider effective measures to collect
marine plastic waste and dispose of it appropriately as soon as possible.
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9 Recommendations

In order to achieve the following goals of the Agenda2030 for Sustainable Development (SDGs):
Goal 3: "Health and well-being for all," Goal 6: "Safe water and sanitation for all,” Goalll 7:
"Livable cities,” Goall2 8: "Responsibility to create, responsibility to use,” Goall3 9: "Concrete
measures to combat climate change," Goal 10: "Protect the ocean," and Goal 11: "Protect the land.
The following actions should be taken in order to achieve the following goals: "Take concrete
measures against climate change," 14"Protect the richness of the sea,” and 15"Protect the richness
of the land.

(1) The Government of Japan should urgently investigate the origin of microplastics in the ocean,
their dynamics in the aquatic environment, their feeding by marine organisms, and their migration
to and adverse effects on ecosystems (physical and adverse effects of additives and adsorbed toxic
chemicals). At the same time, promote cross-disciplinary basic and epidemiological research on the
toxic effects on organisms and humans and their mechanisms, and hasten the collection of scientific
knowledge that will contribute to a comprehensive presentation of scientific findings and to
environmental and health risk assessment.

(2) The government should accelerate national, industrial, and citizen efforts to "reduce total plastic
emissions™ by reducing the production and use of "disposable plastics.

(3) The government should curb the use of primary microplastics and develop and promptly

implement effective methods of collecting marine plastics that are the origin of secondary
microplastics.
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< Glossary of terms>

Primary microplastics
Plastics manufactured in the form of particles smaller than 5 mm, including resin pellets and
microbeads in facial cleansers and cosmetics.

SDGs

The Sustainable Development Goals (SDGs) are the international goals for the period from 2016 to
2030 that were set out in the "2030 Agenda for Sustainable Development™” adopted at the United
Nations Summit in September 2015 as the successor to the Millennium Development Goals (MDGS)
set out in 2001. The Agenda consists of 17 goals and 169 targets to achieve a sustainable world, and
pledges to leave no one behind on the planet.

Oestradiol
There are three types of oestrogens, oestrone, oestradiol, and oestriol, which are hormones secreted by
the ovaries. Of these, oestradiol is the most biologically active.

Osaka Blue Ocean Vision
A vision shared at the G20 Osaka Summit in June 2009. It aims to reduce new pollution caused by
marine plastic waste to zero by 2050.

Luteinizing hormone

It is a gonadotropic hormone secreted by gonadotropin-producing cells in the anterior pituitary gland.
In males, it acts on the testes to produce testosterone and inhibin, and in females, it acts on the ovaries
to produce oestrogen and progesterone.

Governance
It means "governing, ruling, administering countries.” It also means "to bring together and govern a
country, region, or group.

Substances regulated by the Stockholm Convention

Chemical substances regulated by the Stockholm Convention on Persistent Organic Pollutants (POPS)
The POPs Convention stipulates the elimination, restriction and reduction of the production and use of
persistent organic pollutants (POPs), such as polychlorinated biphenyls (PCBs) and DDT, which are
highly toxic to humans and other living organisms due to their persistence in the environment,
bioaccumulation, and long-distance mobility.

Testosterone
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It is a type of male hormone, and approximately 95% of this substance is produced and secreted by the
testes. It acts on multiple organs and plays an important role in maintaining a healthy body.

Total Diet Study

This is a method of estimating the intake of harmful chemical substances such as food additives and
pesticides, taking into account the increase or decrease of these substances due to processing and
cooking, in order to ascertain the actual level of intake in a wide range of foods sold in the market in
light of the diet of the research subjects.

Secondary microplastics

This includes plastic products that have entered the ocean and have been crushed and shredded by
physical forces such as ultraviolet rays, heat, and wind waves; and polyester and acrylic fibers generated
when washing synthetic fiber clothes, and worn melamine resin sponges used for washing dishes.

Microplastics
Plastics less than 5 mm.

Resin Pellets

These are plastic grains of several millimeters in diameter in the form of disks, cylinders, or spheres,
and are used as intermediate raw materials for plastic products.
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Figurel. Takada, H., Koro, M., Kwan, C.S., 2022. Marine Plastic Pollution: Chemical Aspects and
Possible Solutions, In: Nakajima, T., et al. (eds.), Overcoming Environmental Risks to Achieve
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Singapore, Singapore.

26



Figure 2. Yearly changes in the production of plastic products (Japan Plastics Industry Federation, Plastic Products
Production http:/Amww.jpif.gr.jp/3toukei/toukei.htm), prepared by the Environmental Risks Subcommittee. The
FY1999 and FY2018 production figures for each component are shown in numerical values, and the changes
between the two years are shown in spark lines, where t represents tons of production. Product items and total

lines are shown in gray.
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<Reference Material 1> SDG goals and targets related to the proposal

Goal 3: Ensure healthy living and promote the well-being of all people of all ages.

3.1 By 2030, reduce the global maternal mortality ratio to below 70 per 100,000 live births.

3.2 Eradicate preventable deaths of newborns and children under five by the 2030year 2020, with
the aim that all countries reduce neonatal mortality to at least 12 out of 1,000 live births and under-
five mortality to at least 25 out of 1,000 live births Eradicate preventable deaths of newborns and
children under five by 2010.

3.3 By 2030, eradicate communicable diseases such as AIDS, tuberculosis, malaria and neglected
tropical diseases, and address hepatitis, waterborne diseases and other infectious diseases.

3.4 By 2030, reduce by one-third the youth mortality rate from non-communicable diseases
through prevention and treatment, and promote mental health and well-being.

3.5 Strengthen prevention and treatment of substance abuse, including drug abuse and harmful use
of alcohol.

3.6 By 2020, halve the number of people killed or injured in road traffic crashes worldwide.

3.7 By 2030, make sexual and reproductive health services available to all, including family
planning, information and education, and their inclusion in national strategies and plans for sexual
and reproductive health.

3.8 Achieve universal health coverage (UHC), including protection from financial risk, access to
quality basic health services, and access to safe, effective, quality and affordable essential
medicines and vaccines for all people.

3.9 By 2030, substantially reduce the number of deaths and illnesses caused by hazardous
chemicals and air, water and soil pollution.

3.a Strengthen the implementation of the World Health Organization Framework Convention on
Tobacco Control in all countries, as appropriate.

3.b Support research and development of vaccines and medicines for communicable and non-
communicable diseases that primarily affect developing countries. It will also provide access to
affordable essential medicines and vaccines in accordance with the Agreement on Trade-Related
Aspects of Intellectual Property Rights (TRIPS Agreement) and the Doha Declaration on Public
Health. The Declaration affirms the right of developing countries to exercise to the fullest extent the
flexibility provisions of the Agreement on Trade-Related Aspects of Intellectual Property Rights
(TRIPS Agreement) in the protection of public health and, in particular, the provision of access to
medicines for all.

3.c Substantially expand health financing and the recruitment, capacity building, training and
retention of health personnel in developing countries, especially least developed countries and
small island developing states.

3.d Strengthen the capacity of all countries, especially developing countries, for early warning of
national and global health risk factors, risk factor mitigation and risk factor management.
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Goal 6: Ensure the availability and sustainable management of water and sanitation for all.
6.1 By 2030, achieve universal and equitable access to safe and affordable drinking water for all
people.

6.2 By 2030, achieve adequate and equal access for all people to adequate sewage and sanitation
facilities and eliminate open defecation. Special attention will be paid to the needs of women and
girls, and vulnerable groups.

6.3 By 2030, improve water quality by reducing pollution, eliminating dumping and minimizing
the release of harmful chemicals and substances, halving the proportion of untreated wastewater,
and significantly increasing recycling and safe reuse on a global scale.

6.4 By 2030, significantly improve the efficiency of water use in all sectors to ensure sustainable
extraction and supply of freshwater and address water scarcity, and significantly reduce the number
of people suffering from water scarcity.

6.5 By 2030, implement integrated water resources management at all levels, including appropriate
cross-border cooperation.

6.6 By 2020, protect and restore water-related ecosystems, including mountains, forests, wetlands,
rivers, aquifers, and lakes.

6.a By 2030, expand international cooperation and capacity-building support to target activities and
planning in the water and sanitation sector in developing countries, including water collection,
desalination, efficient use of water, wastewater treatment, and recycling and reuse technologies.

6.b Support and strengthen the participation of local communities in improving water and sanitation
management.

Goal 11: Achieve inclusive, safe, resilient and sustainable cities and human settlements.

11.1 By 2030, ensure access to decent, safe and affordable housing and basic services for all people
and improve slums.

11.2 By 2030, provide all people with access to safe, affordable, easily accessible and sustainable
transport systems by improving transport safety, including through the expansion of public
transport, with particular attention to the needs of vulnerable groups, women, children, persons with
disabilities and older persons.

11.3 By 2030, promote inclusive and sustainable urbanization and strengthen the capacity of all
countries for participatory, inclusive, and sustainable human settlements planning and management.
11.4 Strengthen efforts to protect and preserve the world's cultural and natural heritage.

11.5 By 2030, substantially reduce the number of people killed and affected by disasters, including
water-related disasters, and substantially reduce direct economic losses as a percentage of global
gross domestic product, with a focus on protecting poor and vulnerable populations.

11.6 By 2030, reduce adverse environmental impacts per capita in cities, including through special
attention to air quality and general and other waste management.
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11.7 By 2030, provide universal access to safe, inclusive and accessible green spaces and public
spaces for people, including women, children, older persons and persons with disabilities.

11.a Support good economic, social, and environmental linkages among urban, peri-urban, and
rural areas through enhanced country- and region-wide development planning.

11.b By 2020, significantly increase the number of cities and human settlements that have
introduced and implemented integrated policies and plans for inclusion, resource efficiency, climate
change mitigation and adaptation, and disaster resilience, and develop and implement integrated
disaster risk management at all levels, in line with the Sendai Framework for Disaster Risk
Reduction 2015-2030. management at all levels, in line with the Sendai Framework for Disaster
Risk Reduction 2015-2030.

11.c Support the development of sustainable and resilient buildings using local materials in least
developed countries through financial and technical assistance.

Goal 12: Ensure sustainable production and consumption patterns.

12.1 Implement the 10-Year Framework for Sustainable Consumption and Production (10YFP),
taking into account the development status and capacities of developing countries, and take
measures by all countries under the leadership of developed countries.

12.2 By 2030, achieve sustainable management and efficient use of natural resources.

12.3 Halve global per capita food wastage at retail and consumption levels by 2030, and reduce
food losses in production and supply chains, including post-harvest losses.

12.4 By 2020, in accordance with agreed international frameworks, achieve environmentally
appropriate management of chemicals and all wastes throughout the product lifecycle, and
substantially reduce the release of chemicals and wastes into the air, water and soil to minimize
adverse impacts on human health and the environment.

12.5 By 2030, substantially reduce waste generation through prevention, reduction, recycling and
reuse.

12.6 Encourage companies, particularly large corporations and multinational companies, to adopt
sustainable practices and to include sustainability information in their periodic reports.

12.7 Promote sustainable public procurement practices in accordance with national policies and
priorities.

12.8 By 2030, ensure that people everywhere have information and awareness of sustainable
development and lifestyles in harmony with nature.

12.a Support developing countries in strengthening their scientific and technical capacity to
promote more sustainable consumption and production patterns.

12.b Develop and implement methods to measure the impact of sustainable development on
sustainable tourism leading to job creation, local cultural promotion and product promotion.

12.c Eliminate market distortions, taking into account the special needs and circumstances of
developing countries, while minimizing adverse development impacts in a manner that protects the
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poor and communities, through tax reform and the phasing out of harmful subsidies, where they
exist, taking into account their environmental impacts, and in accordance with national
circumstances Rationalize inefficient subsidies for fossil fuels that encourage wasteful consumption

by.

Goal 13: Take urgent measures to mitigate climate change and its impacts*.

13.1 Strengthen resilience and adaptive capacity to climate-related hazards and natural disasters in
all countries.

13.2 Incorporate climate change measures into national policies, strategies and plans.

13.3 Improve education, awareness-raising, human capacity and institutional functions related to
climate change mitigation, adaptation, impact reduction and early warning.

13.a Implement the commitment by developed parties to the UNFCCC to jointly mobilize $100
billion per year from all sources by 2020 to address the needs of developing countries in
implementing key mitigation actions and ensuring transparency in their implementation, and as
soon as possible capital to fully launch the Green Climate Fund.

13.b Promote mechanisms to build capacity for effective climate change-related planning and
management in Least Developed Countries and Small Island Developing States, including through
a focus on women and youth and on rural and marginalized communities.

*Recognizes that the United Nations Framework Convention on Climate Change (UNFCCC) is the
fundamental international and intergovernmental dialogue forum for negotiating a global response
to climate change.

Goal 14: Conserve and sustainably use the oceans and marine resources for sustainable
development.

14.1 By 2025, prevent and substantially reduce all types of marine pollution, including marine litter
and eutrophication, especially pollution from land-based activities.

14.2 By 2020, efforts will be made to restore marine and coastal ecosystems to achieve healthy and
productive oceans through sustainable management and protection, including through enhanced
resilience, in order to avoid significant adverse impacts on marine and coastal ecosystems.

14.3 Minimize and address the impacts of ocean acidification, including through the promotion of
scientific cooperation at all levels.

14.4 By 2020, effectively regulate fishing, end overfishing and illegal, unreported and unregulated
(IUV) fishing and destructive fishing practices, and implement scientific management Implement a
scientific management plan.

14.5 By 2020, conserve at least 10 percent of coastal and marine areas, based on the best available
scientific information, in accordance with national and international law.

14.6 Appropriate, effective, special and different treatment for developing and least developed
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countries

Recognizing that subsidies should be an integral part of World Trade Organization (WTO) fisheries
subsidies negotiations, by 2020, prohibit fisheries subsidies that lead to overcapacity and
overfishing, eliminate subsidies that lead to illegal, unreported and unregulated (1UU) fishing, and
discourage the introduction of similar new subsidies**.

14.7 By 2030, increase the economic benefits of sustainable use of marine resources in small island
developing States and least developed countries, including through sustainable management of
fisheries, aquaculture and tourism.

14.a To improve the health of the oceans and enhance the contribution of marine biodiversity to the
development of developing countries, particularly small island developing States and least
developed countries, by promoting scientific knowledge, building research capacity and
transferring marine technology, taking into account the criteria and guidelines of the UNESCO
Intergovernmental Oceanographic Commission on the Transfer of Marine Technology Transfer of
marine technology.

14.b Provide small-scale and coastal micro-fishermen with access to marine resources and markets.
14.c Enhance the conservation and sustainable use of the oceans and marine resources by
implementing international law as reflected in the United Nations Convention on the Law of the
Sea (UNCLOS), which provides a legal framework for the conservation and sustainable use of the
oceans and marine resources, as recalled in para. 158 of "The Future We Seek Enhance the
conservation and sustainable use of the oceans and marine resources by implementing international
law as reflected in the United Nations Convention on the Law of the Sea (UNCLOS), which
provides a legal framework for the conservation and sustainable use of the oceans.

**Consider the mandate of the ongoing World Trade Organization (WTQ) negotiations and the
WTO Doha Development Agenda, as well as the Hong Kong Ministerial Declaration.

Goal 15: Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably
manage forests, combat desertification, and halt or reverse land degradation and biodiversity
loss.

15.1 By 2020, ensure the conservation, restoration and sustainable use of terrestrial ecosystems,
including forests, wetlands, mountains and drylands, and inland freshwater ecosystems and their
services, in accordance with its obligations under international agreements.

15.2 By 2020, promote the implementation of sustainable management of all types of forests, halt
deforestation, restore degraded forests, and substantially increase new plantations and reforestation
worldwide.

15.3 By 2030, address desertification, restore degraded lands and soils, including lands affected by
desertification, drought and floods, and commit to achieving a world unburdened by land
degradation.
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15.4 Ensure the conservation of mountain ecosystems, including biodiversity, in order to enhance
their capacity to deliver essential benefits for sustainable development by 2030.

15.5 Take urgent and meaningful measures to limit the degradation of natural habitats, halt
biodiversity loss, protect endangered species, and prevent extinction by 2020.

15.6 Promote the fair and equitable sharing of benefits arising from the utilization of genetic
resources, and appropriate access to genetic resources, in accordance with international agreements.
15.7 Take urgent measures to combat poaching and illegal trade in protected animal and plant
species, and address both the demand for and supply of illegal wildlife products.

15.8 By 2020, introduce measures to prevent the invasion of alien species and significantly reduce
the impact of these species on terrestrial and marine ecosystems, as well as exterminate or eradicate
priority species.

15.9 By 2020, integrate the value of ecosystems and biodiversity into national and local planning,
development processes and strategies and accounting for poverty reduction.

15.a Mobilize and significantly increase funding from all sources for the conservation and
sustainable use of biodiversity and ecosystems.

15.b Mobilize substantial resources from all sources at all levels to finance sustainable forest
management and provide adequate incentives to developing countries to promote sustainable forest
management, including conservation and reforestation.

15.c Strengthen global support for efforts to address poaching and illegal trade in protected species,
including by building the capacity of local communities to pursue sustainable livelihood
opportunities.

(Excerpt from the report "The Role of Japanese Academia in Achieving the Sustainable
Development Goals (SDGs)," Committee on Environment, Science Council of Japan, September
29, 2017)
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