






Program 
 

Chair   : Tetsuo Yanagi (International EMECS Center) 
   Co-chair : Patama Singharuk(Chulalongkon Univesity) 
 
 

13:30 – 13:35   Opening Remarks  
Takanori Konishi: Head of delegation, Hyogo Prefectural Assembly, Japan 

 
Part 1 (13:30 -14:45) 
 

1. 13:35 – 14:00  <Invited paper> 
Tetsuo Yanagi: Development of Coastal Management Method to Realize the Sustainable 

Coastal Sea  (Japan) 
2. 14:00 – 14:15 

Wataru Nishijima: Management of the ecosystem in the Seto Inland Sea  (Theme 1: Seto 
Inland Sea)  (Japan) 

3. 14:15 – 14:30 
Teruhisa Komatsu: Satoumi practice and sciences support sustainable use of a rias-type bay 

in southern Sanriku Coast after the huge tsunami 2011   (Theme 2: Sanriku Coast)   (Japan) 
4. 14:30 – 14:45 

Takafumi Yoshida: Land-ocean integrated management of Toyama Bay in the international 
semi enclosed sea, Japan Sea  (Theme 3: Japan Sea)   (Japan) 

 
Coffee-break (14:45 – 15:00) 
 
Part 2 (15:00-16:30) 
 
5. 15:00 – 15:30  <Invited paper> 

Robert M. Summers: Restoration framework for Guanabara bay, Rio de Janeiro Brazil  (USA) 
6. 15:30 – 15:45 

Takuro Uehara: An ecosystem services-based assessment for Sato-umi  (Theme 4: Social & 
Human Science)(Japan)  

7. 15:45 – 16:00 
Suhendar I. Sachoemar: Satoumi activities in Indonesia    (Indonesia) 

8. 16:00 – 16:15 
Satoshi Yamamoto: The environmental water management in the enclosed coastal seas in 

Japan  (Japan) 
9. 16:15 – 16:30 

R.W. Carter: Does anyone care about declining water and biotic quality in the eastern 
Andaman Sea? (Australia) 
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 Summary 
 
 

This session demonstrated that the Satoumi Concept is one that is steadily 
increasing in visibility not only in Japan but also at international conferences in Europe, 
the United States and other parts of Asia. The Special Session featured reports on various 
activities to preserve marine environments, presented by specialists from both Japan and 
various other countries including Indonesia. 

The session attracted an overflow crowd of attendees, with some in the standing 
room area. There were intense discussions and a spirited exchange of views, so much so 
that the session actually went overtime. It was decided that there should be further efforts 
to promote Satoumi internationally as an effective means for achieving Integrated Coastal 
Management (ICM).  
 

“12th International Conference on the Environmental Management of Enclosed 
Coastal Seas (EMECS 12)” included a special session entitled “Satoumi and ICM Session”. 
The special session was held from 1:30 p.m. to 4:30 p.m. on November 5, 2018 at the 
Jomtien Palm Beach Hotel in Pattaya, Thailand. 
 

At the opening of the session, Takanori 
Konishi, Vice-Chair of the Hyogo Prefectural 
Assembly, took the podium and greeted the 
attendees. He said that Seto Inland Sea 
(Japan), which has managed to overcome the 
extreme pollution of its past, is now suffering 
from declining fishing catches. He said that 
scientists, government and local residents 
were cooperating in the effort to restore the 
beautiful and abundant Seto Inland Sea, and 
said he hoped that today’ s session would play 
a role in restoring its abundance. 
 

In the first half of the session , by way of introducing the Satoumi concept, Principal 
Researcher Yanagi (International EMECS Center) presented an overview of the S13 
“Development of Coastal Management Method to Realize the Sustainable Coastal Sea” 
Project of the Ministry of the Environment, and discussed the approach to putting 
together a final report. Next, Professor Wataru Nishijima (Hiroshima University) reported 
on the results of research into S-13 Topic 1. He said that the revitalization of Zostera beds 
in coastal ocean areas was the most effective way of managing nutrient salt concentrations 
in Hiroshima Bay. Next, Professor Teruhisa Komatsu (Yokohama College of Commerce) 
reported on the results of research into S-13 Topic 2. He said that, at Shizugawa Bay in 
Miyagi Prefecture, which is working to recover from the damage caused by the “Huge 
Tsunami in 2011”, fishermen, the government and scientists had worked together to 
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devise the ideal cultivation technique for use in the bay.  Finally, Chief Researcher 
Takafumi Yoshida( Northwest Pacific Region Environmental Cooperation Center (NPEC)) 

reported on the results of research 
into S-13 Topic 3. He said that 
environmental management in the Sea of 
Japan would require management on three 
levels: the entire area, the medial zone of 
the Tsushima Current, and the nearby 
ocean areas. As an example of 
management of nearby ocean areas, he 
said that, in Toyama Bay, groundwater 
management efforts designed to 
accommodate the effects of climate change 
would be important. 
 

In the second half of the session, Robert M. Summers (U. S.) reported on 
environmental improvement policies in Guanabara Bay, Brazil and the results of those 
policies. Professor Takuro Uehara(Ritsumeikan University) reported on research into S-13 
Topic 4. He said that, in order to achieve sustainable coastal ocean areas, it was effective 
to establish activities to evaluate sustainability on three levels, based on integrated 
sustainability indicators. Suhendar Sachoemar (Indonesia) reported on the successful 
conclusion of combined aqaculture on the Karawang Coast in Indonesia and off the coast 
of Banting, based on the Satoumi Concept. Satoshi Yamamoto(Director of the Office for 
Environment Management of Enclosed Coastal Seas, Ministry of the Environment,Japan) 
reported that Japan’s policy of Management Pollutant Load System was effective and was 
improving water quality in various enclosed coastal seas in Japan. Finally, R. W. Carter of 
Australia spoke about the deterioration of water quality in the eastern part of the 
Andaman Sea, and raised the question of what measures would be effective and which 
entity in the coastal ocean area should take the lead in implementing those measures. 
 

There was spirited debate during the question and answer session, with questions 
such as “In Indonesia, where there are various types of local wisdom such as the 
traditional ‘Sasi’ system of managing fishery resources, is there really a need to introduce 
the concept of Satoumi?” “What are the similarities and differences in coastal marine area 
management in Japan, Brazil, Indonesia and Thailand?” and “What is the most effective 
methodology for achieving cooperative action on the part of local residents, the 
government and scientists?”  

Finally, the need to continue to hold international workshops on “Satoumi and 
ICM” was confirmed. 

 
 

�3



Opening Remarks 
 

Takanori Konishi: 12th EMECS Conference delegation from the Hyogo Prefectural 

Assembly, Vice Chairman of Hyogo Prefectural Assembly 

 

Hello everyone. Welcome to the 

Satoumi and ICM Special Session. My name is 

Takanori Konishi, a representative of the 12th 

EMECS Conference delegation from the 

Hyogo Prefectural Assembly where I serve as 

a vice chairman. 

The Seto Inland Sea is the most well-

known enclosed coastal sea in Japan, and 

Hyogo prefecture is facing the Seto Inland Sea. Due to our high economic growth in the 

1960s, we had a serious water pollution and eutrophication problem in the Seto Inland 

Sea. At that time, it was called as “The dying sea”. Therefore, municipalities around the 

Seto Inland Sea including Hyogo prefecture worked together to reduce industrial waste 

water and domestic waste water, and as a result, the water quality was much improved. 

On the other hand, new problems had appeared such as a declining fish catch, a 

decreasing sea weed bed and tidal flat where various organisms are grown. 

In order to regenerate the Seto Inland Sea as “Clean and Productive Coastal 

Sea,Satoumi”, in Hyogo prefecture, the local governments, people in fishery industry and 

citizens are working together to establish biological habitat such as sea weed bed and 

tidal flat. This kind of effort matches the concept of Satoumi, a coastal sea with high 

biodiversity and productivity under human interaction, and it should be the ideal model 

for the Seto Inland Sea in the future. 

In this session, with everyone here, I would like to encourage you all to share 

information and new knowledge about Satoumi from various perspectives. 

I am very pleased to have this opportunity to discuss the common theme 

“Satoumi and Integrated Coastal Management.” 

We strongly hope that environmental conservation activities for the world’s 

enclosed coastal seas will expand with the word “Satoumi” as the key concept, and also 

we hope that we can all corporate and take care of new challenges in the future to pass 

on a rich and beautiful Satoumi to the next generation.  

Thank you very much everyone. 
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2  Management of the Ecosystem in the Seto Inland Sea 

                           

Wataru Nishijima1* Tetsuji Okuda2, Akira Umehara1, Satoshi Nakai3 and Kuninao Tada4 
1 Environmental Research and Management Center, Hiroshima University, 1-5-3 Kagamiyama, Higashi-
hiroshima, Hiroshima, 739-8513, Japan 
2 Department of Environmental Solution Technology, Faculty of Science and Technology, Ryukoku 
University, 1-5 Yokoya, Seta Oe-cho, Otsu, Shiga, 520-2194, Japan 
3 Graduate School of Engineering, Hiroshima University, 1-4-1 Kagamiyama, Higashi-Hiroshima, 
Hiroshima 739-8527, Japan 
4 Faculty of Agriculture, Kagawa University, 2393 Ikenobe, Miki, Kita 761-0795, Japan 

 

The Seto Inland Sea is a semi-enclosed sea with 
23,203 km2 of area and 38.0 m of mean depth, which 
were subject to severe eutrophication and pollution in 
the 1970s. A Total Pollutant Load Control System 
(TPLCS) has been implemented since 1979 and 
contributed to decline the pollutant loads from land 
and to improve water quality. In this stage, highly 
sustainable coastal management techniques are 
required to maintain high water quality without the 
remarkable decline of biological productivity. However, the basic knowledge of ecosystem structure 
in the sea is lacking. We estimated the distribution of temporal and spatial primary production in the 
sea and then the production of zooplankton was estimated in some parts of the sea. The decrease in 
the primary production was estimated about 20% from the first half of the 1980s to present even if 
the reduction of total nitrogen and total phosphorus from land was 40% and 61%, respectively, since 
nutrient load from the connecting sea (the Pacific Ocean) is dominant in the sea. Moreover, large 
reduction of the primary production was observed near the coast, where chlorophyll-a concentration 
was still high and high primary production would not be transferred to the second production by 
zooplankton. Therefore, the reduction of phytoplankton growth in the coastal area is still required 
without the reduction of production in offshore area. The nutrients absorption by seaweed and 
seagrass in the growth period of phytoplankton was evaluated to develop the measure to control 
excess growth of phytoplankton in the coastal area. 

 

Keywords: environmental management, nutrient, seaweed bed, biological productivity 

*Presenter: E-mail: wataru@hiroshima-u.ac.jp 
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3  Satoumi practice and sciences support sustainable use of a rias-type bay in southern Sanriku Coast 
after the huge tsunami 2011 

 

Teruhisa Komatsu1*, Shuji Sasa1, Shigeru Montani1, Chihiro Yoshimura2, Manabu Fujii2, Masafumi 
Natsuike2, Osamu Nishimura3, Takashi Sakamaki3 and Tetsuo Yanagi4 

 

1Yokohama College of Commerce, 4-11-1 Higashiterao, Tsurumi-ku, Yokohama 230-8577, Japan 
2School of Environment and Society, Tokyo Institute of Technology, 2-12-1-M1-4 Ookayama, Meguro-
ku, Tokyo 152-8550, Japan 
3School of Engineering, Tohoku University, 6-6-06, Aza Aoba, Aramaki, Aoba-ku, Sendai 980-8579, 
Japan 
4International EMECS Center, DRI East 5F, 5-2 Wakinohama-kaigandori 1-chome, Chuo-ku, Kobe 651-
0073 Japan 

 

Rias-type bays, where aquacultures have 
been active due to a sheltered geomorphological 
characteristic with a deep bottom, are one of the most 
common coastal types in Japan. The huge tsunami hit 
Sanriku Coast facing Pacific Ocean and consisting of 
rias-type bays near the epicenter on 11 March 2011. It 
is very important to include sustainability in a 
recovering program of Sanriku Coast. Satoumi is 
defined as a human use and management of coastal 
seas for high productivity while maintaining high 
biodiversity. We proposed Satoumi approach to an open rias-type bay, Shizugawa Bay, in southern 
Sanriku Coast. Committee for Shizugawa Bay Management of Fishermen’s Cooperative of Miyagi 
Prefecture decided to decrease in aquaculture facilities for sustainable development of aquaculture 
after the tsunami. We conducted scientific researches on mapping of coastal habitats and aquaculture 
facilities, hydrography, and material flows of nutrients, a minor element (Fe) and organic matters in 
the bay including those from the rivers and from the offshore waters. We clarified the seasonal 
material flows. Based on these data, a physical-biological coupling model was developed for examining 
the number of aquaculture facilities that are suitable not only for yields but also for environments. The 
results show that the current number of aquaculture facilities is sustainable but the past one. We have 
discussed the results at Council for Shizugawa Bay Environment in the Future organized by the 
fishermen’s’ cooperative, local governments, WWF and scientists. Our experiences will help to realize 
sustainable use of a bay in Asia and the world. 

 

Keywords: Satoumi, rias-type bay, tsunami, aquaculture, sustainability 

*Presenter: E-mail: komatsu@aori.u-tokyo.ac.jp 
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4  Land-ocean Integrated Management of Toyama Bay in the international semi enclosed sea, Japan 
Sea 

 

Takafumi Yoshida1*, Jing Zhang1, Akihiko Morimoto2, Ryota Shibano2, Naoki Hirose3, Katsumi 
Takayama3, Xinyu Guo2, Yucheng Wang2 and Takashi Mano2 

 

1Northwest Pacific Region Environmental Cooperation Center, Toyama, Japan 
2 Center for Marine Environmental Studies, Ehime University, Ehime, Japan  
3 Research Institute for Applied Mechanics, Kyushu University, Fukuoka, Japan 

 

“Development of Coastal Management 
Method to Realize the Sustainable Coastal Sea” was 
established in 2014 by Ministry of Environment 
Japan in order to develop environmental policy for 
sustainable use of coastal area. In this project, Japan 
Sea was selected as target sea area. Japan Sea is semi 
enclosed international sea area, thus international 
cooperation is necessary. In addition, Japan Sea faces 
various environmental changes. Objective of our 
group is to propose how to manage Japan Sea with 
relevant countries, and how to manage coastal area 
of Japan Sea. 

Using numerical ecosystem models, impacts of global warming and the East China Sea on 
environment and ecosystem in Japan Sea are studied. Our study showed environment in coastal area 
of Japan is influenced strongly from the East China Sea, and sea surface water temperature will 
increase next 100 years. Due to the environmental changes, not only primary production but also high 
trophic marine species such as Japanese common squid and snow crab might be impacted. Therefore 
we proposed three layer management for sustainable use of Japan Sea. The first layer is wide scale 
which covers Japan Sea and East China Sea. Second layer is middle scale and focus on the variation of 
the Tsushima Warm Current. The third layer is local scale, and land-ocean integrated management is 
studied in Toyama Bay. Toyama Bay is located in central part of Japan and submarine groundwater 
discharge is key factor for land-ocean integrated management. We will introduce the characteristic of 
Toyama Bay and its management. 

 

Keywords: Japan Sea, East China Sea, Global warming, coastal area management 

*Presenter: E-mail: yoshida@npec.or.jp 
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6 An ecosystem services-based assessment for Sato-umi  

 

Nakagami Ken’ichi1, Uehara Takuro2*, Obata Norio1, Takao Katsuki1, Ota Takahiro3, Sakurai Ryo2 and 
Yoshioka Taisuke4 

 

1 Specially Appointed Professor, College of Policy Science, Ritsumeikan University, Osaka, Japan 
2 Associate Professor, College of Policy Science, Ritsumeikan University, Osaka, Japan 
3 Associate Professor, Graduate School of Fishery and Environmental Science,  

Nagasaki University, Nagasaki, Japan 
4 Senior Researcher, Research Organization of Open Innovation and Collaboration, Ritsumeikan 
University, Osaka, Japan 

 

The Japanese term “Sato-umi” inspires us to 
pursue a sound coastal zone governance by taking 
sustainable development into consideration (Yanagi, T 
(2008)). The integrated coastal zone management 
(ICZM) is a potential approach toward a coastal area 
with the harmonious interaction between human being 
and natural environment (i.e., Sato-umi). The Seto 
Inland Sea in Japan, our study site, has undergone 
serious environmental degradation due to 
anthropogenic pressures. To recover and sustain its 
unique values, an ecosystem service-based ICZM that 
reflects wellbeing obtained from the coastal area is highly required. As inputs to ICZM, this study 
estimates long-term changes in people’s willingness to pay (WTP) for ecosystem services benefited 
from the Seto inland Sea, and identify associated socio-ecological attributes determining the WTP.  
Furthermore, to evaluate the comprehensive sustainable values of Sato-umi, this study designs a 
three-step framework for dynamic sustainability assessment. The first step is the state  of 
sustainability of the environment, economy and society. The second step is the management ability 
of sustainability composed of diversity, vulnerability and resilience. The last step is the will of 
sustainability composed of management, capability and social consensus. This study applies the 
dynamic sustainability assessment to examine sustainability towards regional revitalization through 
the case studies of Hinase Bay, Shizugawa Bay and Nanao Bay. 

 

Keywords: Sato-umi; Seto Inland Sea; Ecosystem services; Sustainability; ICZM  

*Presenter: E-mail: takuro@fc.ritsumei.ac.jp 
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7  Satoumi Activities in Indonesia   

 

Suhendar I Sachoemar1*, Tetsuo Yanagi2, Ratu Siti Aliah1, Singo Kochi2, Mitsutaku Makino3 and Mark 
L. Wells4 
 

1Agency for the Assessment and Application of Technology (BPPT), INDONESIA  
2International EMECS Center, JAPAN 
3Fisheries Research and Education Agency (FREA), JAPAN 
4Maine System University, Orono, USA   

 

Since excessive intensive shrimp farming 
activities have been developed along the coastal areas 
of Indonesia during the 1980s, coastal environment has 
been degraded and resulted in brackish water prawn 
productivity declining from 4 tons per hectare (ha) to 
less than 1 ton per ha. As consequences, the utilization 
of brackish water pond that reaches 1,2 million ha 
decreases to 37.5 %, while in the onshore coastal area, 
the marine culture activities is only occupied  2 % of 
4.5 million ha potential area due to mismanagement of 
the coastal resources environment as well as poor 
technology on the provision of seeds and marine culture.  To overcome the utilization of coastal and 
marine resources within Indonesian region, it is time to implement the concept of management and 
utilization of natural resources taking into account the balance and stability of the natural resources 
and the environment, such as in the concept of Satoumi. By applying the Integrated Multi Tropic 
Aquaculture (IMTA) model on the bases of bio-recycle system and Satoumi concept in the coastal and 
marine area, it is expected that coastal environment conditions can be more stable and productive.  
To socialize the concept of Satoumi, the workshop, training and demonstration plot development 
activities cooperate with various stakeholder of the National and International Organization such as 
International EMECS Center and PICES (The North Pacific Marine Science Organization) has been 
conducted since 2013. The objective of the workshop, training and demonstration plot experiment is 
to inspire and give new spirit to manage coastal and marine resources optimally, harmonious and 
productive to improve human well-being. The Sato Umi concept application is being expanded to the 
west and eastern coastal area of Indonesia. 

    

Keywords: Sato Umi, IMTA, coastal area, Indonesia 

*Presenter: E-mail: suhendarsachoemar@yahoo.com 
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8  The environmental water management in the enclosed coastal seas in Japan  

 

Satoshi Yamamoto*, Takashi Sakaguchi and Kana Shimazu 

 

Office for Environment Management of Enclosed Coastal Seas, Water Environment Management 
Division, Environmental Management Bureau, Ministry of the Environment, Japan 

 

Coastal sea areas were once habitats of various 
species and provided much benefits to people. 
However, we experienced serious water pollution 
issues through the period of the high economic growth 
in 1960s. Due to the concentration of both population 
and industry in coastal areas, large amounts of 
pollutants began to flow from the land into the seas, 
resulting in critical damages to the fishing industry and 
the environment due to “red tides” and “dead zones.”  

To resolve those issues, we have taken various 
measures, such as improving effluent regulation and 
sewerage systems based on the Water Pollution Control Act and various laws other.  Total Pollutant 
Load Control System (TPLCS) have been implemented in Tokyo Bay, Ise Bay, and the Seto Inland Sea, 
which are relatively extensive, densely populated and industrialized regions.  As a result, the amounts 
of pollutants have been steadily decreasing, and water quality has also gradually improved.  
However, red tides and dead zones still occur in some areas.  Meanwhile, from the viewpoint of the 
"Bountiful Sea," what has been pointed out is the importance to secure bio-diversity and bio-
productivity. 

In the 8th Basic Policy of the TPLCS, formulated in 2016, we have incorporated a new set of 
initiatives including the conservation and restoration of seaweed beds and tidal flats in addition to 
improvement of water quality.  In the same year, the standard for Dissolved Oxygen concentration 
at the sea bottom was introduced as an environmental standard with the intent to conserve and 
restore the habitats for aquatic life.  

 

Keywords: Total Pollutant Load Control System, environmental standard, red tides, dead zones 

*Presenter: E-mail: SATOSHI_YAMAMOTO@env.go.jp 
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9  Does anyone care about declining water and biotic quality in the eastern Andaman Sea? 

 

Pasinee Worachananant1, Suchai Worachananant2 and R.W. (Bill) Carter3* 
 

1Department of Environmental Technology and Management, Kasetsart University, Bangkok, 10900 
Thailand.  
2Department of Marine Science, Kasetsart University, Bangkok 10900 Thailand 
3Sustainability Research Centre, University of the Sunshine Coast, Maroochydore, Q-4558, Australia 

 

The effect of increasing tourist numbers on the 
natural environment, in association with unplanned 
and poorly managed tourism development, is of 
widespread concern. Tourist perception and 
satisfaction not only influence destination selection, 
but also affect how the destination and experience is 
evaluated after the vacation. This can determine 
whether the tourist will return to the destination. We 
explored the awareness of tourists (n=930), tourist 
service providers (n=42) and environmental managers 
(n=12) regarding the status of reef and water quality 
and sources of degradation around the tourist destinations of the south-west island areas of Thailand. 
For the tourists, we hypothesized that satisfaction would decline with increasing tourist intensity and 
decreasing environment quality, and that this would be reflected in tourist motivations to visit. Tourists 
were divided into underwater experience seekers (Surin) and rest and relaxation seekers (Phuket and 
Phi Phi). Satisfaction with the natural environment correlates with biological and water quality, but 
negatively with tourist intensity. With a perceived decline in reef quality, Thai tourists would contribute 
to resource restoration, while international tourists would change their destination preference. Given 
the economic importance of international tourism to Thailand, the study area’s tourism dependency 
on quality marine experiences, yet declining reef quality, efforts to abate existing anthropogenic 
threats must be a priority for tourism to be sustainable. Yet tourism service providers were ignorant 
of reef and water quality status and resource managers were ambivalent. 

 

Keywords: tourism, water quality, perception, Thailand 

* Presenter: E-mail: bcarter@usc.edu.au  
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LAND�OCEAN�INTEGRATED�
MANAGEMENT�OF�TOYAMA�BAY
IN�THE�INTERNATIONAL�SEMI�
ENCLOSED�SEA,�JAPAN�SEA

TakafumiYOSHIDA�and�Jing�ZHANG�(Northwest�Pacific�Environmental�Cooperation�Center)

Akihiko�MORIMOTO�and�Ryota�SHIBANO�(Ehime�University)

Naoki�HIROSE�and�Katsumi�TAKAYAMA�(Kyushu�University)

Xinyu�GUO,�YuchengWANG�and�Takashi�MANO�(Ehime�University)

EMECS�12�
4�8�November�2018
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�‡ �,�Q�F�U�H�D�V�H���:�:���F�R�O�O�H�F�W�L�R�Q���	���W�U�H�D�W�P�H�Q�W���L�Q���W�K�H���Z�D�W�H�U�V�K�H�G��
�‡ �'�H�Y�H�O�R�S���L�Q�V�W�L�W�X�W�L�R�Q�D�O���L�P�S�U�R�Y�H�P�H�Q�W�V���� �*�R�Y�H�U�Q�D�Q�F�H

�ƒ �7�K�H���L�Q�L�W�L�D�O���L�Q�W�H�Q�W�L�R�Q���Z�D�V���W�R���D�F�K�L�H�Y�H���W�K�H�V�H���J�R�D�O�V���E�H�I�R�U�H��
�W�K�H���*�D�P�H�V

9

�7�K�H���3�U�R�M�H�F�W

�ƒ�2�Y�H�U�D�O�O���R�E�M�H�F�W�L�Y�H�V��
�‡�$�V�V�H�V�V���W�K�H���F�X�U�U�H�Q�W���F�R�Q�G�L�W�L�R�Q�V���R�I���W�K�H���%�D�\
�‡�'�H�V�F�U�L�E�H���W�K�H���P�D�L�Q���W�K�U�H�D�W�V���L�P�S�D�F�W�L�Q�J���L�W�V���K�H�D�O�W�K
�‡�'�H�Y�H�O�R�S���D���U�H�V�W�R�U�D�W�L�R�Q���I�U�D�P�H�Z�R�U�N

�ƒ�$�V�V�H�V�V�P�H�Q�W���E�D�V�H�G���R�Q���H�[�L�V�W�L�Q�J���G�D�W�D
�ƒ�:�R�U�N�V�K�R�S�V�����V�W�D�N�H�K�R�O�G�H�U���L�Q�Y�R�O�Y�H�P�H�Q�W
�ƒ�����P�D�L�Q���U�H�S�R�U�W�V����

�‡�'�L�D�J�Q�R�V�W�L�F���R�I���W�K�H���6�W�D�W�H���R�I���W�K�H���*�X�D�Q�D�E�D�U�D���%�D�\
�‡�(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���5�H�V�W�R�U�D�W�L�R�Q���3�O�D�Q���)�U�D�P�H�Z�R�U�N

10

�5�H�S�R�U�W���������'�L�D�J�Q�R�V�W�L�F���R�I���W�K�H���6�W�D�W�H���R�I��
�W�K�H���*�X�D�Q�D�E�D�U�D���%�D�\

�ƒ �5�L�R���G�H���-�D�Q�H�L�U�R���L�V���Z�R�U�O�G���I�D�P�R�X�V���I�R�U���L�W�V���E�H�D�X�W�L�I�X�O���V�X�E���W�U�R�S�L�F�D�O��
�V�F�H�Q�H�U�\���D�Q�G���E�H�D�F�K�H�V�����E�X�W������

Sewer outfall in Guanabara Bay

11 

�/�D�Q�G���X�V�H���L�Q���*�X�D�Q�D�E�D�U�D���%�D�\
�:�D�W�H�U�V�K�H�G

�ƒ �+�L�J�K�O�\���X�U�E�D�Q�L�]�H�G
�‡ �����������S�H�R�S�O�H�����N�P��

�ƒ �)�R�U�H�V�W���F�R�Y�H�U���L�Q���W�K�H��
�0�5�5�-���Z�D�V��������������
�L�Q����������

�ƒ �8�U�E�D�Q���X�V�H�V���F�O�R�V�H��
�W�R���%�D�\���± �:�H�V�W�H�U�Q��
�V�K�R�U�H

�ƒ �8�U�E�D�Q�L�]�D�W�L�R�Q���U�D�W�H�V
�‡ �����������W�R����������������������

�J�U�R�Z�W�K��
�‡ �3�U�R�M�H�F�W�H�G���J�U�R�Z�W�K��

�����������W�R�������������L�V��
�P�X�F�K���O�R�Z�H�U������������ 12
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�6�D�Q�L�W�D�W�L�R�Q���L�Q���W�K�H���*�X�D�Q�D�E�D�U�D���%�D�\��
�:�D�W�H�U�V�K�H�G

�ƒ �6�H�Z�D�J�H���L�Q�I�U�D�V�W�U�X�F�W�X�U�H���K�D�V���I�D�O�O�H�Q��
�E�H�K�L�Q�G���S�R�S�X�O�D�W�L�R�Q���J�U�R�Z�W�K

�ƒ �2�O�G���X�U�E�D�Q���V�H�Z�D�J�H���F�R�O�O�H�F�W�L�R�Q���V�\�V�W�H�P�V��
�D�U�H���Q�R�W���D�E�O�H���W�R���K�D�Q�G�O�H���K�L�J�K�H�U���I�O�R�Z�V

�ƒ �1�R���V�\�V�W�H�P���L�P�S�U�R�Y�H�P�H�Q�W�V���������������D�Q�G��
��������

�ƒ �6�L�Q�F�H���������������W�K�H���S�D�F�H���R�I���V�H�Z�D�J�H��
�V�\�V�W�H�P���L�P�S�U�R�Y�H�P�H�Q�W�V���K�D�V���L�Q�F�U�H�D�V�H�G��
�G�X�H���W�R���3�'�%�*���D�Q�G���3�6�$�0�����E�X�W�«

�ƒ �3�6�$�0���H�V�W�L�P�D�W�H�V�����������R�I���W�K�H��
�S�R�S�X�O�D�W�L�R�Q���L�V���V�H�U�Y�H�G���E�\���V�H�Z�D�J�H��
�W�U�H�D�W�P�H�Q�W

�‡ �1�R���W�U�H�D�W�P�H�Q�W���V�H�U�Y�L�F�H�V���I�R�U�����������P�L�O�O�L�R�Q
�‡ �3�U�R�M�H�F�W�V���D�U�H���X�Q�G�H�U�Z�D�\���W�R���E�U�L�Q�J���W�K�D�W��

�X�S���W�R�����������E�\����������

13 

Source: Data from 1940 to 2007 is from Coelho 2007 and data for 
2015 was extrapolated using data from SNIS.

�3�D�W�K�R�J�H�Q�L�F���%�D�F�W�H�U�L�D���7�K�U�H�D�W�H�Q��
�3�X�E�O�L�F���+�H�D�O�W�K

�ƒ “Potentially pathogenic bacteria are 
found in higher abundance in the inner 
bay. 

�ƒ The identified bacterial taxa may 
represent a serious threat to human 
and animal health. 

�ƒ Multidrug resistant bacteria have been 
isolated from GB areas, indicating a 
further threat to human health.

�ƒ The spread of organic matter rich and 
anoxic regions around the Fundão and
Governador islands may further 
contribute to the dissemination of 
important pathogenic microbes in the 
GB.”

Soares-Gomes, A., et al., An environmental overview of Guanabara Bay, Rio de Janeiro, Regional Studies 
in Marine Science (2016), http://dx.doi.org/10.10.16/j.rsma.2012.01.009

�6�R�O�L�G���:�D�V�W�H���L�Q���*�X�D�Q�D�E�D�U�D���%�D�\

�ƒ �3�R�R�U���K�D�Q�G�O�L�Q�J���R�I���V�R�O�L�G���Z�D�V�W�H
�‡ ���������R�I���K�R�X�V�H�K�R�O�G�V���K�D�Y�H���V�R�O�L�G��

�Z�D�V�W�H���F�R�O�O�H�F�W�L�R�Q���V�H�U�Y�L�F�H�V
�‡ �(�V�W�L�P�D�W�H�G���W�K�D�W���D�S�S�U�R�[�L�P�D�W�H�O�\��

�������������W�R�Q�V���G�D�\���D�U�H���Q�R�W���F�R�O�O�H�F�W�H�G
�ƒ �,�O�O�H�J�D�O���G�X�P�S�L�Q�J��

�‡ �3�D�U�W�L�F�X�O�D�U�O�\���L�Q���Z�D�W�H�U�Z�D�\�V
�‡ �����������U�H�S�R�U�W�����H�V�W�L�P�D�W�H�G��������������

�W�R�Q�V���G�D�\���H�Q�W�H�U�V���%�D�\
�™�(�Y�L�G�H�Q�F�H���R�I���F�X�O�W�X�U�D�O�����V�R�F�L�D�O����

�E�H�K�D�Y�L�R�U�D�O���S�U�R�E�O�H�P�V

�ƒ �3�U�R�E�O�H�P�V���F�D�X�V�H�G���E�\���W�U�D�V�K��
�‡ �9�L�V�X�D�O���S�R�O�O�X�W�L�R�Q
�‡ �2�G�R�U�V
�‡ �'�L�V�H�D�V�H���Y�H�F�W�R�U
�‡ �%�D�U�U�L�H�U���W�R���U�H�F�U�H�D�W�L�R�Q���D�Q�G���E�R�D�W���W�U�D�I�I�L�F����

�L�Q�F�O�X�G�L�Q�J���W�U�D�Q�V�S�R�U�W�D�W�L�R�Q
�‡ �+�D�]�D�U�G���W�R���Z�L�O�G�O�L�I�H

14

�,�Q�G�X�V�W�U�L�D�O���3�R�O�O�X�W�L�R�Q���L�Q���*�X�D�Q�D�E�D�U�D���%�D�\

�ƒ ���Q�G�O�D�U�J�H�V�W���L�Q�G�X�V�W�U�L�D�O���K�X�E���Z�L�W�K���K�L�J�K���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���L�Q���W�K�H���Z�D�W�H�U�V�K�H�G
�ƒ �:�H�V�W�H�U�Q���V�K�R�U�H�����a��������
�ƒ �0�D�L�Q���V�H�F�W�R�U�V�����&�K�H�P�L�F�D�O�����S�H�W�U�R�F�K�H�P�L�F�D�O�����Q�R�Q���P�H�W�D�O�O�L�F���P�L�Q�H�U�D�O�V���D�Q�G���P�H�W�D�O�O�X�U�J�L�F�D�O�����I�R�R�G��

�D�Q�G���E�H�Y�H�U�D�J�H�����D�Q�G���W�H�[�W�L�O�H
�ƒ �a���������R�I���R�U�J�D�Q�L�F���O�R�D�G���D�Q�G���D�O�P�R�V�W���W�K�H���H�Q�W�L�U�H���W�R�[�L�F���O�R�D�G
�ƒ �,�Q�G�X�V�W�U�L�D�O���S�R�O�O�X�W�L�R�Q���U�H�J�X�O�D�W�L�R�Q�V���D�U�H���Q�R�W���H�Q�I�R�U�F�H�G���F�R�Q�V�L�V�W�H�Q�W�O�\���Z�L�W�K���V�S�R�U�D�G�L�F���P�R�Q�L�W�R�U�L�Q�J

The sub-basins that most contribute for industrial organic load according 
information from 2000. Source: Pacific Consultants International, 2003.

The areas with significant presence of heavy metals. Source: ITPA (n.d.).
15 
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�*�X�D�Q�D�E�D�U�D���%�D�\���:�D�W�H�U�V�K�H�G
�����������:�D�W�H�U���4�X�D�O�L�W�\���,�Q�G�H�[���1�)�6

Source: INEA/GEAG, 2014 16

�����������&�R�Q�I�R�U�P�L�W�\���,�Q�G�H�[���I�R�U���*�X�D�Q�D�E�D�U�D��
�%�D�\���0�R�Q�L�W�R�U�L�Q�J���6�W�D�W�L�R�Q�V��

Source: INEA/GEAG, 2014
17 

�(�F�R�V�\�V�W�H�P���,�P�S�D�F�W�V

�ƒ �*�X�D�Q�D�E�D�U�D���%�D�\���H�F�R�V�\�V�W�H�P���L�V��
�R�Y�H�U�O�R�D�G�H�G���Z�L�W�K���R�U�J�D�Q�L�F���S�R�O�O�X�W�L�R�Q��
�I�U�R�P���X�Q�W�U�H�D�W�H�G���V�H�Z�D�J�H����
�Z�D�V�W�H�Z�D�W�H�U���I�U�R�P���L�Q�G�X�V�W�U�L�H�V���D�Q�G��
�V�K�L�S�V���D�Q�G���R�W�K�H�U���V�R�X�U�F�H�V�����W�U�D�V�K���D�Q�G��
�R�W�K�H�U���F�R�Q�W�D�P�L�Q�D�W�L�R�Q���I�U�R�P���W�K�H���O�D�Q�G��

�ƒ �3�O�D�Q�W�V���D�Q�G���D�Q�L�P�D�O�V���O�L�Y�L�Q�J���L�Q���W�K�H��
�%�D�\���D�U�H���V�H�Y�H�U�H�O�\���V�W�U�H�V�V�H�G���D�Q�G��
�S�R�S�X�O�D�W�L�R�Q�V���D�U�H���Q�R�W���K�H�D�O�W�K�\����
�S�D�U�W�L�F�X�O�D�U�O�\���L�Q���W�K�H���L�Q�Q�H�U���S�D�U�W�V���R�I���W�K�H��
�%�D�\���I�X�U�W�K�H�U���I�U�R�P���W�K�H���R�F�H�D�Q��

�5�H�S�R�U�W���������6�W�D�W�H���R�I���W�K�H���%�D�\
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