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Background and Significance of this Research

Vietnam has attained the highest GDP growth rate among developing nations in the East Asia-Pacific 
region. Japan, as the largest donor of Official Development Assistance (ODA), also contributes 
significantly to economic cooperation. With a growing number of Japanese small- and medium-sized 
enterprises seeking to establish operations in Vietnam, addressing environmental pollution of the 
atmosphere, rivers, and oceans resulting from industrial development is the shared responsibility of 
both Vietnam and Japan. Vietnam’s primary industries include agriculture, livestock, and fisheries, 
with the environmental preservation of farmland and fishing grounds being crucial for sustainable 
economic development, food safety, and security.

In Vietnam, the excessive application of pesticides, chemical fertilizers, and antibiotics to boost 
yields has led to contamination of the agricultural, livestock, soil, and water environments. 
Additionally, there has been an increase in violations of the Food Sanitation Act concerning pesticides 
and veterinary medicines in foods imported from Vietnam to Japan. Moreover, as Vietnam’s primary 
industry workers possess a low level of safety awareness, there is an urgent need to disseminate safe 
and secure agricultural, livestock, and fishery production methods among producers. In response to 
requests for enhancing the quality of education in Vietnam, the Japan International Cooperation 
Agency (JICA) signed an implementation agreement with the Vietnam Japan University (VJU) to 
establish a master’s course in 2015, with Ritsumeikan University collaborating as a lead institution in 
the Environmental Engineering course, inaugurated in 2016. Students who graduated from VJU and 
enrolled in the doctoral program of Ritsumeikan University have shown an interest in livestock 
wastewater treatment and the effective utilization of fishery waste since their time at VJU.

It is anticipated that Japan’s environmental technology, informed by its own experiences with 
pollution issues, will be applied in Vietnam, exemplified by initiatives such as the Ministry of the 
Environment’s Asian Water Environment Improvement Model Project and Shiga Prefecture’s Water 
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Environment Business Overseas Expansion Model Project Subsidy. Although some progress has been 
made in the treatment of urban sewage and industrial wastewater, the current efforts are insufficient to 
address Vietnam’s specific agricultural, livestock, and fishery challenges, which is the primary 
objective of this project.

Objectives

This research aims to solve environmental problems related to agriculture, livestock, and fisheries in 
Vietnam, and to develop elements of sustainable environmental technology, propose systems, and 
evaluate them from three perspectives: water circulation, resource circulation, and food production. 
Building upon previous research accomplishments and established human resource networks, this 
project aims to train graduate students from Vietnam at our university to become emerging 
researchers. This initiative seeks to contribute to the future enhancement of amicable relations between 
Vietnam and Japan.

Actual Activities

(1) Constructed Wetlands for Treating Livestock Wastewater
In northern Vietnam (e.g., Hoai Duc District, Hanoi), pig farming is thriving, resulting in the 
generation of large amounts of highly concentrated wastewater. Anaerobic biological treatment is 
mainly used, but it is not sufficient to prevent water pollution. Therefore, advanced treatment using 
constructed wetlands and duckweed-based oxidation ponds is promising. This process is expected to 
contribute to water purification by absorbing nitrogen and phosphorus, and also to enable recycling 
into feed and fertilizer resources since aquatic plants such as duckweed and water spinach accumulate 
starch.

(2) Development of an Artificial Wetland System Using Recycled Fishery Waste
Vietnam has an active aquaculture industry, and a large amount of waste such as clam shells is 
generated in Thai Binh and other provinces. The goal of this project is to develop a technology to 
remove heavy metals from mine wastewater by using constructed wetlands that utilize clam shells as 
filtering material.

Result and Perspectives

(1) ‌�Soil Adsorption, Photodegradation, and Removal of Antibiotics from Water by Duckweed: 
Case Studies Examining Erythromycin, Lincomycin, and Others

For obtaining fundamental data about the treatment of ampicillin (ABPC), oxytetracycline (OTC), 
erythromycin (EM), and lincomycin (LCM) in water environments, distributions of resistant bacteria, 
soil adsorption, photodegradation, and removal by duckweed were studied. Against the total 
population of heterotrophic bacteria in a water sample from Lake Biwa, bacteria resistant to 50 mg/L 
ABPC, OTC, EM, and LCM were, respectively, 4.3, 19, 2.5, and 26%. During the soil adsorption test, 
ABPC and OTC at 10 mg/L decreased respectively to 81% and 15% in 2 days. Under sunlight, 1.0 
mg/L OTC and EM decreased respectively to ＜0.5% and 58% in 5 days. The duckweed uptake test 
results showed that 0.1 mg/L ABPC and EM decreased respectively to 28% and 21% in 7 days. These 
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results are summarized in Figure 1 and demonstrate that LCM was only slightly adsorbed into soil, 
photodegraded, or removed by duckweed, indicating its persistence in water environments.

(2) ‌�Image Analysis for Estimation of Biomass and Nutrient Removal of Duckweed Lemna 
aoukikusa, Spirodela polyrhiza, and Wolffia globosa in Lab-Scale Cultivation

Image analysis was applied for the non-destructive measurement of the respective frond areas of three 
duckweed species. As shown in Figure 2, the dry biomass (y, mg) was found to be proportional to the 
frond area (x, cm2) measured by image analysis as follows: y = 1.99x－0.24 for lesser duckweed 
Lemna aoukikusa, y = 2.36x－ 3.22 for giant duckweed Spirodela polyrhiza, and y = 1.17 x +0.91 for 
rootless duckweed Wolffia globosa. These duckweed species were cultivated separately for 7 days in a 
modified Hoagland medium under laboratory batch conditions. Biomass growth and nitrogen and 
phosphorus removal in the medium could be quite accurately predicted from the changes in the frond 
areas and from the typical biomass yields of nutrients without disturbing the batch operations.

Figure 1. Possible behaviors of ABPC, OTC, EM, and LCM in water environment

Figure 2. ‌�Duckweed used for this study. Healthy (upper) and withered (lower) conditions of L. aoukikusa 
(A), S. polyrhiza (B), and W. globosa (C). Red squares are 1.0 cm2 area markers.
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(3) ‌�Recycling Clamshells as Substrate in Lab-scale Constructed Wetlands for Heavy Metal Removal 
from Simulated Acid Mine Drainage

The feasibility of clamshells as a substrate in constructed wetlands (CWs) for removing heavy metals 
from acid mine drainage (AMD) was evaluated as summarized in Figure 3. Column-type CWs (ID 
12.5 cm, H 50 cm) filled with clamshells or gravel were planted with cattails. Synthesized AMD 
containing 20 mg/L zinc (Zn), 0.3 mg/L cadmium (Cd), 20 mg/L copper (Cu), 1.1 mg/L lead (Pb), 0.6 
mg/L manganese (Mn), and other minerals (pH=4.1) was fed to CWs (1 L/column) with hydraulic 
retention times of 2–7 days in sequencing batch mode. Results indicated higher metal removal in 
clamshell-based CWs with the pH neutralization than in gravel-based CWs. The removal efficiencies 
were 85.3–92.6%, 84.1–98.3%, 96.5–99.7%, 98.3–99.1%, and 64.0–83.8%, respectively, for Zn, Cd, 
Cu, Pb, and Mn. During 6 months of operation, 790.7 mg of Zn, 10.6 mg of Cd, 762.4 mg of Cu, 40.1 
mg of Pb, and 19.9 mg of Mn were fed to each CW. Of those, the main metal-removal route was 
retention in the substrate, representing 49.7–82.5%, followed by plant uptake (16.1–39.0%), and other 
processes (0.6–3.2%). After treatment, the metal content of the clamshells had increased, while the 
calcium content was lower. The clamshell-based CWs extended the cattail root and incubated sulfate-
reducing bacteria, increasing the population. These findings suggest a way of recycling clamshells as 
filter media in CWs for heavy-metal-rich wastewater treatment.

(4) ‌�Greywater Treatment Using Lab-scale Systems Combining Trickling Filters and Constructed 
Wetlands with Recycled Foam Glass and Water Spinach

A low energy-consuming system for greywater treatment was developed with a trickling filter (TF) 
followed by constructed wetlands (CWs), as summarized in Figure 4. The roles of substrates, plants, 
and microorganisms were intentionally explored. TFs and CWs were filled with recycled foamed 
glass. Water spinach and parsley planted in the CWs provided additional value. Microorganisms in the 

Figure 3. Diagram of lab-scale CWs for removing heavy metals from synthetic AMD
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system were characterized through carbon-utilization tests and 16S rRNA gene next-generation 
sequencing. In 5.5 months, TOC, TN, and TP removals from greywater were, respectively, 83.5, 85.5, 
and 92.1 %. TOC was removed in the TF at 22.6 g-C/m2/d. The CWs exhibited TN and TP removals at 
0.44 g-N /m2/d and 0.19 g-P/m2/d. Water spinach was harvested at 792 g-wet/m2/week, accounting for 
7.1 % and 12.6 % for TN and TP removals. Denitrification, microbial diversity, and carbon source 
utilization potentials were enhanced by water spinach. This is a sustainable wastewater treatment 
model that uses recycled materials and edible plants.

Project Members and Roles

SODA Satoshi. Professor, College of Science and Engineering, Ritsumeikan University. Project leader. Supervising 
and designing wastewater treatment systems.

NAKAJIMA Jun. Professor Emeritus, College of Science and Engineering, Ritsumeikan University. Environmental 
systems engineering.

AMANO Koji. Professor, College of Gastronomy Management, Ritsumeikan University. Environmental systems 
engineering, food and water consumption.

CHIKAMOTO Tomoyuki. Professor, College of Science and Engineering, Ritsumeikan University. Building 
engineering and natural energy.

LI Asuka. Associate Professor, College of Science and Engineering, Ritsumeikan University. Building engineering and 
natural energy.

SATO Keisuke. Associate Professor, College of Science and Engineering, Ritsumeikan University. River basin 
environment information engineering.

HASEGAWA Tomoko. Associate Professor, College of Science and Engineering, Ritsumeikan University. Climate 
change impact assessment.

SHIMIZU Toshiyuki. Associate Professor, College of Science and Engineering, Ritsumeikan University, 2018–2022. 
Associate Professor, Fukuyama City University. Water and wastewater engineering.

Figure 4. ‌�Diagram of the trickling filter (TF) and constructed wetland (CW) systems used for greywater 
treatment. CW-A was planted with water spinach (Phases 1–3) and parsley (Phase 4). CW-B was 
left unplanted during the whole process.
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年度

惣田訓 : 科学技術振興機構さくらサイエンスプラン「日印のインフラ環境と科学技術」2023 年度
惣田訓：（（株）水 ing）食物連鎖を利用した水処理及び余剰汚泥減容化. 2024 年度
Nguyen Thuong Thi（代表者）科研費研究活動スタート支援. Development of Hybrid Multi-stage Constructed 

Wetlands Based on Indigenous Adsorptive Materials for Sustainable Heavy Metal Treatment from Mine Drainages 
in Japan. 2023 ～ 2024 年度

惣田訓 : 受託事業（キョーラク（株））活性汚泥法の効率改善に関する技術開発．2023 ～ 2024 年度
惣田訓（代表）: 陸上でのアマモ育苗における下水から回収した MAP の施肥試験　公益信託下水道振興基金. 
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2023 年度
惣田訓 : 科学技術振興機構さくらサイエンスプラン 2024「日本インドのインフラ環境と科学技術」2024 年度


