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EXECUTIVE SUMMARY 

 

Rural and suburban areas of developing countries are now under high pressures of rapid 

economic growth and modernization. As a result, improper waste and wastewater 

management in farming systems is a main burden in those areas. It was a long practice 

in a crop-livestock system that human and livestock excreta were intensively applied as 

nutrient sources for crop cultivation. Recently, chemical fertilizers became a more 

preferable agricultural input than human and livestock excreta. The crop-livestock 

system has changed to a crop-livestock-fish one, in which human and livestock excreta 

are applied to fish ponds for fish cultivation. In the new system, fish ponds play an 

important role as a platform for conveying waste and wastewater of farming systems to 

the environment. Consequently, changes on farming systems and their waste and 

wastewater management have significantly contributed to the agricultural diffuse source 

contamination of groundwater and surface water. To deal with these problems, the study 

aims at understanding the historical changes on waste and wastewater management 

manners and then subsequent nutrient cycles for designing a sound water and nutrient 

management intervention.  

Material flow analysis in an integrated crop-livestock-fish farming system in 

suburban Hanoi, Vietnam 

The first objective of this study was to examine the historical changes of waste and 

wastewater and subsequent nutrient flows. Trai hamlet, represents for a typical 

agricultural suburban context under rapid modernization, was selected as a study site.  A 

material flow model of nitrogen and phosphorus were constructed and applied to the 

area. Data necessary for flow model calculation were collected by a structure interview 

for 100 households, a livestock waste composition survey, and secondary data.  

The results showed that traditional practices of excreta recycling for agriculture have 

been decreasing following an urbanization process. The ratio of nitrogen and 

phosphorus from human and livestock excreta applied to paddy fields decreased by half 
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from 1980 to 2010. The N and P derived from chemical fertilizers were 6% decreased 

from 1980 to 2000 for both N and P and increased 1.4 times for N and 1.2 times for P 

from 2000 to 2010. As of 2010, the total inputs to paddy fields were 425 kg N/ha/year 

and 90 kg P/ha/year, of which chemical fertilizers contributed to 40% of N and 65% of 

P. The total inputs of N and P to paddy fields were estimated to be exceeded the 

recommended level by 2.0 and 3.5 times, respectively. Excessive application of 

nutrients resulted in the huge N burden to water bodies and P burden accumulated in 

soil and/or contaminated in ground water.  

The total N and P loads to the water bodies were gradually increased by 1.9 and 3.2 

times from 1980 to 2010, respectively. Fish ponds were considered as the biggest 

contributor, contributed to 71% of total P load in water bodies. The total N and P loads 

from fish ponds were greatly increased from 1980 to 2010. Since the role of fish ponds 

became more important in nutrient cycles recently, nutrient balances in fish ponds 

should be studied in more details.  

Material flow analysis in fish ponds in suburban Hanoi 

The next objective was to evaluate the role of fish ponds on nutrient management by 

estimating the historical changes as well as seasonal changes of water and nutrient 

budgets in fish ponds. A structure interview to fish farmers was conducted to understand 

pond’s daily activities and pond’s management practices. Pond’s characteristics such as 

depth, area, and water quality were obtained by a pond’s survey. Evaporation rate was 

calculated by Thornthwaite method. Finally, water and nutrient budgets were examined 

by a material flow model applied for fish ponds.  

The results showed that water sources for fish ponds came mainly from water filling and 

precipitation, which were 49 and 47% of total 43,280 m
3
/ha water gains in a year, 

respectively. Water distributed to fish ponds unevenly between rainy and dry season. 

High water exchange happened in dry season. The total water loss was 51,179 m
3
/ha in 

a year, of which 42%, 20%, and 8% was lost to water bodies by water removal, seepage 

and overflow.  
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The total nutrient inputs applied to fish ponds were 7.3 and 6.3 times higher than those 

in 1980, respectively. As of 2010, the total inputs to fish ponds were 886.9 kg N/ha and 

210.4 kg P/ha, of which 41%N and 38%P were derived from livestock excreta. 

Although the water volume from livestock excreta contributed to fish ponds was quite 

low, livestock excreta was a main source of nutrients for fish ponds due to their high 

nutrient contents. Only 20%N and 13%P of total inputs was taken up by fish. Twenty-

five percent of N and 13% of P were discharged from fish ponds to water bodies 

through water removal, seepage, and overflow. A large amount of nutrients was 

estimated to remain in the sediment, accounted for 34%N and 74%P of the total inputs.  

As a result, fish ponds were considered to play a key role in nutrient management in the 

study area. To reduce nutrients flushed out to the water bodies, low water exchange and 

overflow control could be possible counter measures. In addition, to control pond water 

quality and nutrient cycles, the application of pond sediment to paddy fields should be 

considered.  

Potential interventions of nutrients-oriented waste management 

As the results obtained from two first objectives, nutrients-oriented wastes including 

human excreta, livestock excreta, and pond’s sediments should be utilized in a close 

loop for a sustainable farming and an improvement of water pollution.  

The third objective of this study was to propose sound nutrient recycling interventions 

suitably to a modernizing society. The current nutrients-oriented waste recycling 

manners and the people’s preferences should be understood. Questions about excreta-

related matters such as excreta storage and handling, means of excreta collection, time 

for excreta-made compost/manure, and people’s awareness of compost/manure were 

obtained from the household structure interview.  The information of pond’s sediment 

management practices such as frequency of sediment removal, sediment use, and 

people’s awareness on sediment-made compost was reviewed by the structure interview 

for fish farmers. People’s preferences on proposed interventions were examined by a 

preference ranking method.  
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The results showed that, a large numbers of farmers did not agree compost made from 

livestock excreta (68%) and pond’s sediment (83%). Meanwhile, 80% of interviewed 

households accepted to use compost made from human excreta. The only thing farmers 

worried was hygienic conditions of the dry toilets. If a modern type of dry chamber 

toilets was provided, they accepted using compost from human excreta and willing to 

use for long time.  

The intervention of human excreta recycling was proposed and local people were asked 

for their preferences. A cistern type dry urine diversion toilet was proposed to separate 

feces and urine. Feces were used for making compost. Urine was treated as in three 

interventions “Urine storage/dilution”, “Simplified P precipitation system”, and “urine-

compost made”. The “simplified P precipitation system” intervention got the highest 

preference score from local people. The most advantage of this intervention was that 

urine could be used as fertilizer in solid forms, which was easy to handle and transport 

to the paddy fields. However, the performance of this intervention in terms of personal 

hygiene, nutrient recovery, and people’s acceptability should be investigated.    

Development of simplified P precipitation system from human urine with ash 

application  

The last objective of this study was to assess the feasibility and people’s acceptability of 

the selected intervention. The selected intervention was “cistern type dry urine diversion 

toilet with a simplified P precipitation system from human urine with ash application”. 

Firstly, the possibility of ash application for P precipitation should be examined in 

laboratory. Three kinds of local ashes (rice straw ash, rice husk ash, and wood ash) were 

collected. Experiments on the reactions of ashes with synthetic urine were conducted to 

evaluate how much and how long P precipitated. Secondly, a pilot system was designed 

and constructed in one selected household. Lastly, system’s reviews in terms of nutrient 

recovery and people’s opinions were assessed.  

The results showed that, rice straw ash was found to be the most suitable material for 

highest P recovery rate from human urine. With rice straw ash, about 60% of P was 

precipitated mostly as struvite in 1h of reaction. Thus, rice straw ash was selected for 
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the pilot verification. A cistern type dry urine diversion toilet was constructed with two 

fecal chambers for compost making. Urine was used for P precipitation with rice straw 

ash. The simplified P precipitation-batch system was designed with an ash bags-hanging 

system. Urine was collected to a storage tank keeping outside of the toilet. To make 

struvite, urine was pour into a reaction tank contained ash bag and leave there for one 

day. It was found that after one day of reaction, 40.4% of P in urine could be 

precipitated in ash bags. Those ash bags could be applied for paddy fields as slow-

release fertilizers. Remaining urine which contained 32.0% of initial P could be used for 

gardening inside the house’s premises. Local people used the pilot system properly and 

they were satisfied with the system in terms of nutrient utilization for agriculture.  

For more conveniences for the local people, the simplified P precipitation-continuous 

system should be proposed. For this purpose, the storage tank design and operation, ash 

retention time, and P precipitation efficiency should be further investigated. More 

importantly, health risks of using P precipitates for agricultural application should be 

considered carefully.  

Keywords: Human excreta, human urine, MFA, nitrogen, livestock excreta, P 

precipitation, phosphorus, struvite, Vietnam.  
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Chapter 1 Introduction 

1.1 Research background 

Nowadays, developing countries are under high pressures of economic development and 

rapid urbanization. Suburban and rural areas in these countries play greater roles in 

supplying agricultural products to satisfy increasing urban population demands. As a 

consequence, environmental issues are affected seriously in those areas. Greater waste 

and wastewater generation and their improper management, over exploitation of natural 

resources, and water environmental pollution are greatly growing concerns. 

1.1.1 Effects of urbanization on farming systems and their 

waste and wastewater management 

In rural and suburban areas of developing countries, one of the traditional waste and 

wastewater management practices was crop-livestock farming. A crop-livestock 

farming system managed their waste and wastewater in a closed loop between crop and 

livestock subsystem [FAO, 1995]. This practice was traditional and well-developed in 

developing countries [Edwards, 1990; Berg, 2002; Devendra, 2002]. Human and 

livestock excreta, a natural source of nutrients, were intensively applied for crop yield 

and soil fertility in the early days of agriculture.  

Chemical fertilizers, a synthetic source of nutrients, were produced significantly under 

recent economic growth and high technology development. With higher nutrient 

contents, faster nutrient release, and convenience to use, chemical fertilizer has become 

a more preferable source of nutrients than human and livestock excreta. Chemical 

fertilizer consumption has been dramatically increasing [Heffer, 2010]. As reported by 

[UNEP, 2011], the chemical fertilizer consumption in East and Southeast Asia was 196 

kg/ha, which was higher than many regions in the world. As a result, the utilization of 

human and livestock excreta use for agriculture have been decreasing [Sy, 2005; IAEA, 

2008]. 
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While the utilization of human and livestock excreta for agriculture decreased, the 

demands of human and livestock excreta application to fish ponds for fish cultivation 

have been increasing. Fishery is developing, expanding, and intensifying in almost all 

regions of the world as the expected increasing of global population demand for fish 

products [FAO, 2005]. To meet the demand, the integration of fish into crop-livestock 

farming system is probably closer today, and more important than ever before [FAO, 

2000]. The main potential linkages between livestock and fish production concern use 

of nutrients, particularly reuse of livestock excreta for fish production. In this context, 

the existed crop-livestock farming system has changed to crop-livestock-fish farming 

system. In the new system, the role of fish ponds has found to be a platform conveying 

waste and wastewater of farming systems to the environment. A large proportion of 

nutrients is trapped and accumulated in pond sediment [Boyd, 1995, Nhan, 1998]. 

Intentional discharges and overflows carry nutrients from fish ponds to water bodies 

[Boyd, 2008]. 

1.1.2 Environmental concerns 

Under economic growth and rapid urbanization, changes on farming systems and their 

waste and wastewater management have significantly contributed to the agricultural 

diffuse source contamination of groundwater and surface water.  

Due to pressures of nutrient inputs for crop and fish cultivation, potential nutrients 

leaching from paddy fields and pond’s sediment may result in N contamination in 

groundwater. A survey of groundwater nitrate-N concentration in China showed that 

45% of 600 groundwater samples exceeded the WHO standard for nitrate in drinking 

water (50 mg NO3
-
/L) [Zhang, 2004]. According to [Cam, 2008], a significant number 

(18%) of samples in Vinh Phuc province, Vietnam had nitrate concentrations in excess 

of the WHO standard for drinking water. 

Nutrients discharging from paddy field through runoff and from fish ponds through 

overflows and intentional discharge may be reasons for an eutrophication problem in 

surface water. The Citarum river in Indonesia, a vital source for water supply to the 

Bandung metropolitan area, was highly polluted with nitrogen and phosphorus from 



3 

 

residential and agricultural activities [Garno, 2002]. The Bang Pakon river in Thailand, 

which plays an important role for nutrient drainage into the estuary and the Gulf of 

Thailand, was reported with high nitrogen and phosphorus concentration due to 

agricultural discharges [Wallapa and Suphaphat, 2011]. The Nhue-Day river basin in 

Vietnam, where agriculture activities were actively conducted in the downstream, was 

at an alarming level of nutrient pollution of the water environment [Environmental 

Report of Vietnam, 2006].   

Besides environmental impacts, there is a growing concern of phosphate rock depletion 

due to the over exploitation to produce phosphorus chemical fertilizer. As reported by 

[Tirado, 2012], phosphorus for chemical fertilizer accounts for 80-90% of that for 

global consumption. Phosphate rock is a non-renewable resource that takes 10-15 

million years to form from seabed to uplift and weathering. The reserve of phosphate 

rock is estimated to be lasted in next 50-100 years [Cordell, 2009].  

To deal with these issues, the changes of farming systems and their waste and 

wastewater management required to be understood to design a sound nutrient 

management system. Nutrient balances, which are likely affected by these changes, and 

the role of fish ponds in a crop-livestock-fish system on nutrient management are 

necessary to be studied. A sound nutrient management system should recycle wastes-

derived nutrients in a sanitary manner and be socially suitable for a modernizing society. 

It is desirable not only to achieve a sustainable agriculture with closed nutrient loops 

and but also to prevent water environmental pollution. Moreover, the feasibility and 

people’s acceptance for the nutrient recycling interventions must be taken into account 

for long-term implementation and maintenance.  

1.2 Purposes 

Since the farming activities have been changing and likely affecting the waste and 

wastewater management manners and subsequent nutrient balances, the study aims at 

understanding the historical changes on waste and wastewater management manners 

and then analyzing water and nutrient cycles for designing sound water and nutrient 
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management interventions. This study was conducted with a case study in suburban 

Hanoi, Vietnam, where modernization process is happening rapidly. 

The specific objectives include: 

1. To examine the historical changes of waste(water) and subsequent nutrient 

management by a material flow model of nitrogen and phosphorus 

2. To clarify the roles of fish ponds on the changes of waste(water) and subsequent 

nutrient management 

3. To propose potential nutrients-oriented waste management interventions in a 

modernizing society and evaluate people’s preferences 

4. To assess the feasibility and people’s acceptability of the selected intervention 

by a pilot construction and validation in suburban Hanoi 

The dissertation was conducted continuously from my master research. The summarized 

content of my master thesis was given in the appendix. This dissertation consists of 

seven chapters. The outline is given as follows  

Introduction 

 Introduction of this dissertation (Chapter 1) 

Literature reviews (Chapter 2) 

 Overviews of a custom of agricultural use of excreta  

 Overviews of technologies for recycling nutrients from excreta 

 Overviews of improper excreta management-related issues 

 Overviews of material flow analysis 

 Overviews of Hanoi, Vietnam 

Waste(water) and nutrient management 

 Study of Material Flow Analysis (MFA) in an integrated crop-livestock-fish 

farming system in a suburban community in Hanoi, Vietnam. MFA, which is a 

systematic tool of the flows and stocks of materials within a system define in a 
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space and time [Brunner, 2004], were applied to develop a material flow model 

of N and P in the study area. Then, the historical changes of nutrient flows and 

the nutrient loads to the environment were examined (Chapter 3).  

 Study of MFA in fish ponds. By applying MFA for fish ponds, the historical 

changes and seasonal changes of water and nutrient budgets in fish ponds were 

analyzed to clarify the contribution of fish ponds to the pollution control and 

nutrient management (Chapter 4). 

Nutrients-oriented waste management interventions 

 Study of nutrients-oriented waste management interventions. The current 

nutrients-oriented waste management manners were described. Combining with 

the results obtained from Chapter 3 and 4, the potential interventions were 

proposed and assessed people’s preferences on each intervention (Chapter 5). 

 Study of a pilot construction in suburban Hanoi. From the result obtained in 

Chapter 5, a modern dry urine diversion toilet with a simplified P recovery 

system from human urine with ash application was most preferable. The 

possibility of using ash for precipitating P from human was examined in the 

laboratory by experiments and then the pilot was designed and constructed in 

actual conditions of the study site in suburban Hanoi. Finally, system reviews in 

terms of system use and management and nutrient recovery were examined 

(Chapter 6). 

Conclusions and recommendations 

 Conclusions of this dissertation and recommendations for further studies 

(Chapter 7). 

Structure of the dissertation is shown in Figure 1-1. 
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Figure 1-1 Research framework 

1.3 Internship and survey in Vietnam 

The Graduate School of Global Environmental Studies, Kyoto University offers 

students an internship program in the Environmental Management course, which 

requires at least five months in doctoral courses in the graduate school. The author 

Chapter 1: Introduction

Chapter 2: Literature reviews

Chapter 3: MFA in an integrated crop-livestock-fish system in suburban Hanoi, Vietnam

To examine the historical changes of waste and wastewater and nutrient management

1. To develop a material flow model

2. To estimate water supply, use, and discharge, and nutrient flows

Chapter 4: MFA in fish ponds

To clarify the roles of fish ponds on the changes of waste and wastewater and nutrient management

1. To examine the seasonal changes of water budgets in fish ponds

2. To examine the seasonal changes and historical changes of nutrient budgets in fish ponds

- Nutrient use and recycling?

- Nutrient loads to the water environment?

- How much of nutrient inputs to fish ponds? 

Fish consumed? Accumulated in sediment? 

- How changes? How season affected?

Chapter 5: Potential interventions of 

nutrients-oriented wastes management

To find out the most preferable intervention 

for the local people

1. To describe the current nutrient 

management manner

2. To propose potential interventions

3. To assess people’s preference

Chapter 6: Development of a simplified P recovery system 

from human urine with ash application

To assess feasibility and people’s acceptability of the selected 

intervention

1. To evaluate the possibility of using ash for P precipitation

2. To propose, design, and construct the pilot

3. To review system in terms of nutrient recovery and system’s 

use and management 

- Which intervention is the most suitable 

and preferable?

- Can use local ash for P precipitation? P recovery ratio?

- How system worked in real conditions? 
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completed five-month-internship for survey and data collection related to the research. 

Schedules and contents of the internship were listed in Table 1-1.    

Table 1-1 Schedule of internship and survey 

Schedule Content Host institute 

October 2
nd

 – November 

30
th

, 2012 

Fish pond survey INEST, HUST 

August 2
nd

 – September 

30
th

, 2013 

Fish pond survey INEST, HUST 

March 2
nd

 – 30
th

, 2014 Construction of pilot system (Urine 

diversion toilet cistern type) 

INEST, HUST 

September 29
th

 – October 

30
th

, 2014 

Experiment and construction of P 

precipitation system from human urine 

INEST, HUST 
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Chapter 2 Literature reviews 

2.1 A custom of agricultural use of excreta 

2.1.1 Excreta as resources 

Excreta are a mixture of feces and urine. Excreta are considered as valuable resources 

due to their rich nutrient contents (Table 2-1). In general, characteristics of human 

excreta show a high range of variety, reflecting people’s diet, physical conditions, or 

regions.  

Table 2-1 N and P content in human excreta, feces, and urine (g/cap/day) 

Ref. 
N amount in 

excreta 

N amount in 

feces 

N amount in 

urine 

P amount in 

excreta 

P amount in 

feces 

P amount in 

urine 
a 7.9 ± 1   1.6 ± 0.2   
b 10      
c 12.1   1.4   
d  1.2 (1 – 2) 10 (3.6 – 16)  0.5 (0.1 – 1.7) 1 (0.4 – 2.5) 
e      0.4 – 0.6 
f 11.4   0.7 – 1.5   

b, g 3.9 – 11.2   1 – 11.3   
b, i 4.6 – 10.4   0.8 – 1.4   
b, j 4.5 – 10.3   0.8 – 1.4   
a, b 6 – 8   1.1   
b 9.9 – 13.2 2 – 3.5 7 – 9 1.8 0.9 0.8 

b, d 10.3 – 13.7 

1.8 – 3.1 

(1.2 – 4.2) 

6.6 – 8.4 

(4.5 – 11.4) 

1.9 0.8 (0.5 – 1.1) 0.7 (0.5 – 1) 

h 8.1   1.2   
b, l  1.5 – 5.3 6.7 – 15.1  0.7 – 1.3 0.8 – 1.4 

b, l, m  0.8 – 10.9 6.7 – 15.1  0.3 – 2.7 0.8 – 1.4 

a. Schouw et al., 2002 (Southern Thailand) 

b. Heinss et al., 1998 

c. Jonsson et al., 2004 

d. GHD, 2003 (Developed countries) 

e. Gumbo and Savenije, 2002 (Zimbabwe) 

f. WASTE, 2004 (Tingloy/Philippine) 

g. Polprasert et al., 1981 (Vietnam) 

h. FAOSTAT, 2004; Jonsson et al., 2004 

(Vietnam) 

i. Schouw et al., 2002 (Prik/Thailand) 

j. Schouw et al., 2002 (Phattalung/Thailand) 

l. Polprasert, 1996 

m. Feachem et al., 1983 (Developing 

countries) 

 Source: Montangero, 2007 
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In comparison with feces, urine has superiority of nutrient content. There is 88% of N, 

67% of P, and 73% of K were excreted in urine while the remaining is from feces 

[Jonsson, 2004]. It is indicated that urine should be collected separately at source to 

obtain effectively concentrated nutrients.  

2.1.2 Integrated crop-livestock-fish farming systems  

Integrated crop-livestock-fish farming is a good practice for excreta recycling in 

developing countries. Integrated crop-livestock-fish farming systems, a major 

agricultural system practiced by smallholders in Asia, cover 2.5 billion ha of land 

globally [De Haan, 1997]. In these systems, an output from one sub-system may have 

been wasted becomes an input to another sub-system, resulting in a greater efficiency of 

desired products [Prein, 2002].  Examples of integrated farming systems include 

rice/wheat/cattle/sheep/goats in India; rice/goats/ducks/fish in Indonesia; 

rice/buffalo/pigs/chickens/ducks/fish in the Philippines; rice/vegetables/pigs/ducks/fish 

in Thailand; rice/vegetables/goats/pigs/ducks/fish in Vietnam.  

According to Devendra (2002); integrated farming systems have more advantages over 

stand-alone farming systems in terms of economic efficiency, resource utilization, and 

environmental benefit. Stand-alone farming systems are characterized by low capital 

input; limited access to resources; and low economic efficiency. Meanwhile, integrated 

farming systems are used to intensify outputs; to have a source of cash for purchasing 

farm inputs; and to add value to sub-systems and their by-products. The closed loop of 

wastes-nutrients in integrated farming systems is the best option for maximization of the 

multi-purposes role of their sub-systems, in which excreta are regarded as resources.  

2.2 Nutrient recovery from excreta 

2.2.1 Human excreta 

Ecological sanitation involves treating human excreta as a resource, sanitizing them, 

and then recycling as nutrient sources for agriculture [Esrey, 1998]. In developing 

countries, ecological sanitation often refers to a dry urine diversion toilet where urine 
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and feces are collected separately. The separation of feces and urine is recommended for 

efficient nutrient recovery and safer handle of feces and urine [Höglund, 2001].  

Feces are a good nutrient source for agriculture; however, they may contain pathogens 

which could be harmful for farmers. The proper fecal treatment before use is necessary. 

A common practice for fecal treatment is composting with the addition of ash, lime, or 

dried soil [Vinneras, 2007]. Composting is a self-heating microbial aerobic degradation 

of feces [Niwagaba, 2009]. The objectives of composting are 1) to decrease the risk of 

odor, 2) to decrease the risk of flies, and 3) to decrease hygiene risk by fecal pathogens 

die-off [Jönsson, 2004]. A composting process often relies on increase in temperature, 

pH (addition of ash), or prolong storage to ensure pathogen reduction. As indicated by 

[Schönning, 2007], for composting under temperatures never rose to 20
o
C, 12-month-

storage before use was sufficient for the inactivation of most pathogens to accepted 

levels. Vietnamese guidelines on excreta use recommended a minimum composting 

period of six months as a sufficient time for pathogen die-off [Ministry of Health, 2005].   

Although urine contains high contents of nutrients, there has been little attention to 

urine treatment in developing countries. The costs of treatment are considered to be 

prohibitive for application of complex technologies in many cases [Pronk, 2009]. Some 

technologies for nutrient recovery from urine are reviewed in this section.  

Urine dilution 

Urine dilution and direct application for agriculture is the simplest way. An advantage 

of this practice is that nutrients in urine can be fully utilized and these nutrients are in 

available forms for plants [Richert, 2010]. Dilution urine with water can reduce odor, 

enables prompt irrigation, and toxic reduction for plants due to high ammonia content in 

urine [Munch, 2009]. However, high volume in liquid form of urine dilution makes it 

less suitable for long distance transportation and difficult to handle.  

Struvite formation 

Struvite (i.e MAP, Magnesium Ammonium Phosphate) is a well-known precipitation 

produced from urine with the addition of magnesium ions [Ban, 2004] 
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Mg
2+ 

+ NH4
+
 + PO4

3-
 + 6H2O → MgPO4NH4.6H2O 

The precipitation rate can be increased when pH value is around 9.0 – 10.0 and molar 

ratio of phosphate ion and magnesium ion is 1.0 – 1.2 [Jaffer, 2001]. During urine 

storage, urea hydrolyses spontaneously in the presence of urease enzyme, resulting in 

ammonia formation and pH increases. 

CO(NH2)2 + H2O  → CO2 + 2NH3 

This reaction makes pH increases to around 9, offering a favorable pH for struvite 

formation without any addition of alkaline.  

Struvite can be used as a slow release fertilizer. Odorless, solid form of fertilizer, and 

easy handling are positive features of struvite formation to be an attractive option for 

urine recovery.   

Adsorption 

Adsorption enables nutrient recovery through ion exchange by adsorbents. Zeolites, 

especially clinoptiolite (R(Na,K)6(Al6Si30O72)·2H2O) attracts researcher’s concerns due 

to its selective capturing capability for ammonia [Lind, 2000]. As confirmed by Lind, 

65-80% of nitrogen was adsorbed in excellent ammonia adsorbent qualities of zeolite. 

Moreover, nitrogen-capture zeolite can be directly used as fertilizer [Pond, 1984]. 

2.2.2 Livestock excreta 

Livestock excreta from livestock houses can be separated as solid and liquid manure. 

The in-house separation of excreta is done with either slatted floors or solid concrete 

floors. The solid manure is collected manually by scraping the floors. Floors are cleaned 

by hosing and then the liquid manure together with cleaning water is discharged to 

lagoons, fish ponds, or rivers. In some cases, the solid and liquid manure can be 

removed together by hosing and obtained slurry includes feces, urine, water, and feed 

residue. 
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Solid manure and liquid effluent may contain fecal pathogens which are harmful to both 

human and livestock. Before recycling, solid and liquid manure should be treated 

properly to reduce pathogens. There are some methods to handle and process livestock 

manures and effluents, including physical treatments (solid-liquid separation), 

biological treatments (anaerobic composting, anaerobic or aerated lagoons), and 

combined treatments involving physical and biological interactions. The purposes of 

manure treatment are: (1) easy handling, (2) odor reduction, (3) environmental pollution 

prevention, (4) biogas production, (5) organic fertilizers, and (6) pathogen die-off 

[IAEA, 2008].  

The manure treatment by individual farm-based composting requires much local labor. 

The main drawback of this approach has been the uncertainty of markets for the 

compost produced [IAEA, 2008]. Meanwhile, the integration of fish and livestock 

production is probably closer today and more important than ever before [Little, 2003]. 

Livestock wastes are flowed to fish ponds for fish cultivation by hosing and in turn, 

pond water is used for watering livestock. Fish yields may not be optimized for a variety 

of reasons but livestock wastes purposely used in ponds, support the production of most 

cultured fish in Asia [Little, 2003].   

2.3 Improper nutrient management-related issues 

2.3.1 Potential phosphorus resource depletion 

Phosphate rock is a very important source for agricultural production. Ninety percent of 

its consumption was primarily used to produce phosphorus fertilizer [Jasinski, 2011]. 

Due to rapid economic growth, chemical fertilizer consumption keeps increasing to feed 

global population [Munch, 2009]. Phosphate rock, a non-renewable resource, has been 

depleting due to their over exploitation to produce chemical fertilizers [Cordell, 2009]. 

The remaining years of phosphate reserves vary from countries to countries. For 

example, the USA with the largest producer, consumer, importer and exporter, has more 

than 20 years left of phosphate reserves. With largest reported phosphate reserves, 

China has more than 120 years remaining [Uan, 2008; Jansinski, 2008; Cordell, 2009].   
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Nowadays, agriculture inputs 

depend on much more 

phosphorus derived from 

phosphate rock than that from 

organic fertilizer. Phosphorus 

fertilizer consumption has been 

stable in many of developed 

countries, but it seems to continue 

to dramatically increase in 

developing countries (Figure 2-2) 

[Heffer, 2010]. The increasing 

demand of agricultural 

productivity in developing countries will create higher exploitation of phosphate rock, 

resulting in potential phosphorus depletion in the near future. Thus, the promotion of 

excreta used for agriculture is desirable to slow down the depletion of natural resources 

and to work towards more sustainable agriculture. 

2.3.2 Surface water eutrophication and groundwater 

contamination  

Although there are both natural and anthropogenic sources of nutrients could possibly 

lead to the eutrophication of surface water and contamination in ground water, the 

anthropogenic sources are the ones that most often cause the serious consequences. 

Agriculture makes a significant contribution to the diffuse source contamination of 

surface and groundwater such as leaching and/or runoff of fertilizer, discharging of 

excreta [Goss, 1995].  

Eutrophication in water bodies has raised a public growing concern. The Citarum river 

in Indonesia [Garno, 2002], the Bang Pakon river in Thailand [Wallapa and Suphaphat, 

2011], the Nhue-Day river basin in Vietnam [Environmental Report of Vietnam, 2006] 

was reported with high nitrogen and phosphorus concentration due to intensive 

agricultural activities in surrounding areas of the rivers.  

Figure 2-1 Global phosphorus consumption 

[Heffer, 2010] 
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Nitrate contamination in groundwater is closely linked to agricultural management 

practices [Rass, 1999], for example excessive of fertilizer application. A survey of 

groundwater nitrate-N concentration in China showed that 45% of 600 groundwater 

samples exceeded the WHO standard for nitrate in drinking water (50 mg NO3
-
/L) 

[Zhang, 2004]. According to [Cam, 2008], a significant number (18%) of samples in 

Vinh Phuc province, Vietnam had nitrate concentrations in excess of the WHO standard 

for drinking water. 

Therefore, reducing chemical fertilizer application and recycling nutrients from excreta 

are necessary to control N and P leaching and discharge into groundwater and water 

bodies, resulting in a potential prevention of water environmental pollution.   

2.4 Material flow analysis (MFA) 

2.4.1 Definition 

MFA is one of tools for assessing environmental impacts to support decision-making 

[Finnveden, 2005]. As defined by [Brunner, 2004], “MFA is a systematic assessment of 

flows and stocks of materials within a system defined in space and time. It connects the 

sources, the pathways, the intermediate and final sinks of a material. Because of the law 

of the conservation of matter, the results of an MFA can be controlled by a simple 

material balance comparing all inputs, stocks, and outputs of processes. It is this distinct 

characteristic of MFA that makes the method attractive as a decision-support tool in 

resource management, waste management, and environmental management”  

There are three types of MFA: Total Material Requirement (TMR), Material Intensity 

per Unit Service (MIPS), and Substance Flow Analysis (SFA) [Finnveden, 2005]. SFA 

has been used to determine the main entrance routes to the environment, the processes 

associated with these emissions, the stocks and flows within the industrial system as 

well as the trans-media flows, chemical, physical, biological transformations and 

resulting in the environment [Ayres, 2002]. MFA of nutrients such as nitrogen and 

phosphorus is an example of SFA.  
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2.4.2 Terminology  

Substances 

A substance is any (chemical) compound composed of uniform units. Chemical 

elements such as carbon (C), nitrogen (N), phosphorus (P), or chemical compounds 

such as CO2 or NH3 are substances [Brunner, 2004] 

Good  

Good are mixtures of one or several substances with functions valued by men [Baccini, 

1991]. Human excreta, livestock excreta, or chemical fertilizer are examples of goods 

Process 

A process is referred as the transformation, transportation, or storage (stocks or 

accumulation) of substances or goods [Brunner, 2004]. For example, application of 

excreta to paddy fields, fish harvesting, or greywater discharge to water bodies. 

Component 

Component is defined as a platform to convey the flows of goods or substances, for 

example, household component, paddy field component, fish pond components… 

System and system boundary 

A system is the actual object of an MFA investigation. A system is defined by one or 

several processes, the interactions between the processes, and the system boundary 

among these processes and other processes located outside the boundary (in space and 

time) [Brunner, 2004].   
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2.4.3 MFA procedure  

 

Figure 2-2 MFA procedure [Brunner, 2004] 

The MFA procedure is illustrated in Figure 2-2. Goals and system definition comprises 

the formulation of the target questions (primary objectives), the definition of scope, and 

system boundary. The process chain analysis defines the substances, the goods, the 

input and output flows quantitatively by accounting and balancing. The fundamental 

principle of mass conservation law is used to balance inputs and outputs of each 

component for each substance. Modeling may be applied in the basic form of 
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“bookkeeping” or with increasing complexity as static and dynamic modeling [Ayres, 

2002]. The results have to be condensed into a clear message related to primary interests 

and should be presented in a comprehensive technical report and in stakeholder oriented 

summaries [Brunner, 2004]. 

2.5 Overviews of Hanoi, Vietnam  

2.5.1 General description of Vietnam 

Socialist Republic of Vietnam is a 

Southeast Asian country. The country 

is bordered by China to the North, 

Laos and Cambodia to the West, the 

Gulf of Thailand in the Southwest, 

and the South China Sea to the East 

and South (Figure 2-3). The country 

is divided into 64 provinces and Hanoi 

is the capital. The total area of the 

country is 331,052 km
2
. Its terrain is 

characterized as low and flat delta in 

the south and north, highlands in the 

central, and hilly and mountainous in 

the far north and northwest [CIA, 

2011]. The total population of 

Vietnam in 2012 was approximately 

88.7 million, of which about 70% was 

living in suburban and rural areas.  

GDP of Vietnam in 2009 was 90,091 million USD with a value added in agriculture 

reaching to 21% of the GDP [FAO, 2011]. Agriculture plays very important role in 

socio-economic development, in poverty alleviation, and in food security. Recently, the 

Figure 2-3 A map of Vietnam (CIA, 2011) 
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country has become one of the three top countries in the world for rice export, together 

with Thailand and the United State.  

Table 2-2 General information of Vietnam 

Item Unit Data Ref 

Area km
2 

330.951 GSO, 2012 

Total population People 88,772,900 GSO, 2012 

Rural population People 60,416,500 GSO, 2012 

Urban population People 28,356,400 GSO, 2012 

GDP Billion current USD 155.8 WB, 2012 

GNI, Atlas method Current USD per capita per year 1,150 WB, 2012 

The climate in Vietnam tends to vary considerably from the North to the South because 

of differences in latitude and the marked variety in topographic. In the north, tropical 

monsoon climate characterizes four distinguish seasons: spring, summer, autumn, and 

winter. With tropical climate in the south, only dry season and rainy season are 

noticeable. The average annual temperature varies less in the southern plains around Ho 

Chi Minh City and the Mekong Delta, ranging between 21 and 28
o
C in a year. Since 

seasonal variations in the North are much more dramatic, temperatures vary from 5
o
C in 

December and January to 37
o
C in July and August.  

Vietnam has a dense river network of 2,360 rivers with a length of more than 10 km for 

each. There are 16 river basins, of which half have a catchment area larger than 10,000 

km
2
. The largest basins are the Mekong in the south and the Red river/Thai Binh in the 

North, covering 45% of the territory [FAO, 2011]. The distribution of water resources is 

highly variable due to unevenly distributed monsoon rainfall. High variations combined 

with limited storage and flood control infrastructure resulted in devastating floods in the 

rainy season and extreme low flows in the dry season.  
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2.5.2 General description of Hanoi 

Hanoi, the capital of Vietnam, is located in the Red river delta. The city was found in 

1010 as the name of Thang Long. It was renamed as Hanoi in 1831 [UNDP, 2000]. 

Hanoi had a population of 6.8 million in 2012, living in an area of 3,300 km
2
. 

Population density was 2,059 people/km
2
. The city is composed of 12 urban districts, 

one town, and 17 suburban districts [HSO, 2012]. 

 

Figure 2-4 A map of Hanoi (HPC, 2010) 

Under rapid urbanization, suburban districts plays greater role in agriculture and 

livestock breeding to provide food for higher demand of urban residents. When Hanoi 

city extended its boundaries in 2008, agricultural land has increased five times from 

37,900 ha in 2007 [GSO, 2008] to 188,600 ha in 2010 [HSO, 2011]. In 2010, 57% of 

total Hanoi area dedicated to agriculture. The private economy in Hanoi’s suburban 

agriculture is mainly family-based and farm-based. The main source of income comes 

from rice production and livestock breeding, mainly pigs and poultry.  

Due to intensive agricultural activities in suburban areas, agricultural waste and 

wastewater management including human excreta, livestock excreta, and agricultural 
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waste is a big concern in those areas. Traditionally, suburban agriculture could have a 

positive impact on waste management since both liquid and solid waste could be 

applied to crop safely if they were properly treated [Lee, 2010]. Human excreta and 

livestock excreta were covered by agricultural residue such as rice husk or rice straw to 

reduce bad smell, to keep flies away, and to reduce pathogens. The treated excreta were 

then used as organic fertilizer. Some extra manure was sold for cash [Chinh, 2005]. 

Wastewater was discharged to gardens, ponds, and then into canals and rivers. 

Another excreta treatment was biogas digester. There was a biogas programs for the 

Vietnam Livestock sector, especially for pigs, started in Vietnam from 2003. The 

programs were implemented in both suburban and rural Vietnam in an effort to increase 

farmers’ income and reduce environmental pollution [Dung, 2009]. The main purpose 

of using biogas digester was to produce methane gas for fuel. The effluent from biogas 

digester could be used as organic fertilizer for crop, or as fish feeds, or direct discharge 

to the water bodies.  

 

Figure 2-5 Ratio of waste treatment (Region 1: town and industrial area; Region 2: 

agricultural area with wastewater; Region 3: flooding area of Red River)     

(Source: [Sy, 2005])   

However, the process of urbanization has affected suburban waste and wastewater 

management very much. According to Sy (2005), the requirement of compost and 
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manure decreased due to decrease on farming land, change on farming system, from 

paddy field to horticulture, or people preferences on decreasing labor forces. Similarly, 

the requirement of agricultural wastes as fuel decreased due to the replacement of gas 

when living condition was improved. As a result, the ratio of wastes discharged to water 

bodies or dumped into soil has been increasing. 

The process of urbanization has shown up many problems due to planning standard, the 

weakness of managing and controlling level in interdisciplinary scope. Especially, lack 

of keen attention paid on environmental issue in the city planning has been affected 

seriously to living standard of suburban residents [Sy, 2005].  
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Chapter 3 Material flow analysis in an integrated 
crop-livestock-fish farming system in 
a suburban community of Hanoi 

3.1 Introduction 

As mentioned in the introduction, rural and suburban areas in developing countries are 

now under the rapid economic growth. As a result, waste management practices and 

subsequent nutrient flows of farming systems in those areas have been changed. 

Recently, chemical fertilizers have become a more preferable source of nutrients than 

human/livestock excreta. A huge amount of human/livestock excreta is now flowed into 

fish ponds for fish cultivation or directly discharged to the environment. Consequently, 

pollution in rivers, lakes, and/or ponds is a growing concern coupled with the loss of 

valuable nutrients. Nhue river, one of the main rivers in Hanoi, has been reported to be 

polluted at an alarming level. The main pollutants to the river are organic substances, 

nutrients, suspended solids, black color, offensive odor, and pathogens; all of them have 

exceeded the Vietnamese Standard many times [Env. Report of Vietnam, 2006]. 

Since the farming activities have been changing and likely affecting the material 

balance, it is required to understand the manners of waste management and then nutrient 

cycles for designing a sound material cycle. Recently, several studies have been 

conducted using material flow analysis (MFA), which is a systematic tool of the flows 

and stocks of materials within a system defined in a space and time (Brunner, 2004). 

Yan et al. (1999) and Chen et al. (2008) applied MFA to estimate agricultural nutrient 

budget and its environmental impacts in China. Briggs et al. (2008) applied MFA to 

estimate nutrient balance in shrimp ponds in Thailand. Similarly, Montangero et al. 

(2007), Harada et al. (2010), and Nga et al. (2011) applied MFA to develop nutrient 

flows and to estimate nutrient loads to the environment in Vietnam. However, those 

studies focused on current waste and nutrient management and evaluated their 

contribution to environmental pollution at a specific time. There is no study to show the 

historical changes of waste management manners, leading to the change of material 

balance coupled with the change of interactions between farming systems and the 



26 

 

environment.  

The primary objective of this chapter was to develop a detailed material flow model for 

nitrogen (N) and phosphorus (P) for a typical suburban community in Hanoi. The area is 

now under the rapid urbanization process, which is affecting a traditional waste and 

nutrient management practice, resulting in environmental sanitation pollution. This 

chapter was also aimed at evaluating the impacts of nutrients management on the 

environment in this area. 

3.2 Materials and Methods 

3.2.1 Study site 

 

Figure 3-1 Map of the study site 
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The study area was Trai hamlet in Van Tu commune, Phu Xuyen district, Hanoi, located 

on the bank of the Nhue River, 40 km south of the center of Hanoi (Figure 3-1). It has a 

population of 800 people in an area of 56.1 ha, with a typical land use pattern of 

suburban areas. Trai hamlet represents a typical land use pattern in suburban areas. 

Farming is the major occupation of the residents and rice is the dominant crop. The area 

of paddy fields, which has not changed from 1980 to 2010, covers more than 90% of the 

whole area. Some general information for this hamlet is summarized in Table 3-1.  

 

Local people in the study site have access to on-site sanitation facilities, for example pit 

latrines, flush toilets, and/or septic tanks. Like elsewhere in suburban areas of Hanoi, 

local people use human and livestock excreta for agriculture or discharge into fish 

ponds and/or open canals, then end up to Nhue river together with untreated greywater. 

 

Information Symbol Unit Data 

1980 1990 2000 2010 

Population  Po People     505   686   782   800 

Household number Nhh Household    240   240   240   240 

Livestock number 

 Pig Npi Head    109   152    293   229 

 Poultry  Npo Head  2101 3342 6106 5810 

 Cattle Nca Head        3     12     16     22 

Residential area Shh ha        0.8          0.8           0.8          0.8 

Paddy field area   Sa ha      52.6        52.6         52.6        52.6 

Total area ∑S ha      56.1        56.1         56.1        56.1 

Table 3-1 General information of the study site 
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Despite pollution and eutrophication, the river is still a main irrigation source for paddy 

fields in this area.  

3.2.2 Data collection 

Necessary data were collected to develop material flow model by different methods: 

structure interview, livestock waste composition survey, fish pond survey, and 

secondary data collection.  

Structure interview 

 

Table 3-2 Contents of the interview 

Items Contents Expected results 

Water use * Water use for cooking, bathing, 

washing, toilet 

* Irrigation water: pumping hour, 

pumping capacity 

* Volume of water for domestic 

usage 

* Volume of irrigation water 

Waste and 

wastewater 

discharge 

* Human and livestock waste 

generation 

* Waste(water) disposal 

- Applied to paddy fields 

- Used for livestock breeding 

- Discharged to fish ponds 

- Discharged to the env. 

* Volume of human waste and 

livestock waste  

* The ratio of waste(water) 

- Applied to paddy fields 

- Used for livestock breeding 

- Used for fish cultivation 

- Discharged to the env. 

 

Chemical 

fertilizer 

consumption 

* Chemical fertilizer amount 

applied to paddy fields (kg/ha/year) 

* Type of chemical fertilizer 

* N and P amount derived from 

chemical fertilizer 

 



29 

 

Door-to-door interviews with questionnaires and author’s observation were 

implemented in Trai hamlet. The minimum required sampling size was calculated by 

Yamane’s formula [Yamane, 1967] 

n = N / (1 + Ne
2
) 

   Where n: size of sampling  

              N: size of household (240) 

e: the accept of probability of error equal to 90% or 0.1  

Thus n is equal to 71. In this study, 100 interviews were conducted for 100 households.  

Trai hamlet has been divided into three zones, i.e. upstream zone (upper 300m of Nhue 

river), middle zone (400m of Nhue river), and downstream zone (lower 300m of Nhue 

river). 60% of population concentrated in middle stream, while 25% and 15% lived in 

upstream and downstream, respectively. Hence, 59 household in the middle zone, 24 

households in the upstream zone, and 16 households in the downstream zone were 

selected for the interview. 

The interview was conducted through October to November, 2010 with 31 households 

and through May to June, 2011 with 69 households. Following the street from upstream 

to downstream, the interviewer visited households accidentally with the help of the 

hamlet’s leader.  

The questionnaire sheet was firstly prepared after field observation and then was 

modified after interviewing five reference households. The main contents of interview 

were shown in Table 3 -2. 

Livestock waste composition and generation survey 

Since previous studies [Montangero, 2007; Harada, 2010; Nga, 2011] showed a wide 

range of generation and composition data of livestock wastes, a composition survey was 

conducted for them in this research. Livestock feces were sampled from 23 pigs, 24 
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poultries, and three cattle. Urine samples were taken from 10 pigs and three cattle.  

Total nitrogen (T-N) and total phosphorus (T-P) in samples were analyzed using the 

Kjeldahl method and molybdenum blue method after digestion by HNO3 and H2SO4. 

Water contents were also analyzed. These analyses were based on the Standard Method 

[APHA, 2005]  

Excreta of poultry, cattle, and a pig were collected for one entire day to identify the 

weight of daily manure that each livestock discharges per day. In the next morning, 

collected samples were then measured for the weight. The process was repeated for 

seven different days showing seven data of manure of each livestock. The weight of 

daily manure was represented by the average of these seven data. 

mi = (∑  7
𝑛=1 mi,n)/7 where i = poultry, cattle, sow, and piglet 

                                         mi = manure weight per day (kg/day) 

Urine of cattle and a pig were collected once in a day to identify the daily urine volume 

that each livestock discharges per day. Collected samples were then measured for the 

volume. After counting how many time each livestock urinate per day by observing 

animals for an entire day, the total volume of each livestock urinate per day was 

identified. The process was repeated for five times.  

Vi = (∑  5
𝑛=1 vi,n  x Ni,n)/5    Vi: Urine volume (mL) per day 

                                            i = cattle, pig 

                      vi:  Urine volume per one time of urination (mL)             

                                           Ni,n: Urinate time per day 

The detail calculation and data were given in Appendix.  

Secondary data collection  

General attributions such as population, number of livestock, rainfall, agricultural 

production, etc. were collected from statistics. Other waste composition data except 
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livestock waste were collected from references. It is assumed that waste composition 

data have not changed from 1980 to 2010, except the N and P concentration in Nhue 

river. Water quality of the river is affected much by the rapid socio-economic 

development. According to the annual results of water quality monitoring of Nhue river 

started from 2007 [VEA, 2012], N and P concentration was increased threefold and 

fourfold from 2007 to 2011, respectively. It might be assumed that N and P 

concentration in 2000 was equivalent to one-third and one-fourth of those in 2010, 

respectively. In the year of 1980 and 1990, when socio-economic was not much 

developed, N and P concentration was assumed to be stable comparing to those in 2000. 

All of collected data were listed up in Table 3-3.    
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Table 3-3 A list of data collection 

Explanation Unit 1980 1990 2000 2010  

β1,3 
Ratio of human exc. go 

to fish ponds 
- 0 0 0 0.05 

1) 

β1,4 Ratio of human exc. go 

to paddy fields 
- 0.97 0.97 0.93 0.52 

1)
 

β1,6 Ratio of human exc. go 

to water bodies               
- 0 0 0 0.07 

1)
 

β1,7 Ratio of human exc. go 

to soil/groundwater               
- 0.03 0.03 0.07 0.04 

 

β1,st Ratio of human exc. go 

to septic tank 
- 0 0 0 0.36 

1)
 

β2,3 Ratio of greywater go to 

fish ponds 
- 0.16 0.16 0.16 0.16 

1)
 

β2,4 Ratio of greywater go to 

paddy fields 
- 0.25 0.25 0.25 0.25 

1)
 

β2,6 Ratio of greywater go to 

water bodies 
- 0.59 0.59 0.59 0.59 

1)
 

β3,2 Ratio of kitchen waste 

go to livestock  
- 0.27 0.27 0.27 0.27 

1)
 

β3,3 Ratio of kitchen waste 

go to fish ponds 
- 0.04 0.04 0.04 0.04 

1)
 

β3,6 Ratio of kitchen waste 

go to water bodies 
- 0.07 0.07 0.07 0.07 

1)
 

β3,7 Ratio of kitchen waste 

go to soil/ground water  
- 0.62 0.62 0.62 0.62 

1)
 

β7,bio Ratio of pig exc. go to 

biogas system 
- 0.01 0.01 0.01 0.15 

1)
 

β7,3 Ratio of pig exc. go to 

fish ponds 
- 0.04 0.04 0.15 0.53 

1)
 

β7,4 Ratio of pig exc. go to 

paddy fields 
- 0.96 0.95 0.84 0.32 

1)
 

β8,4 Ratio of cattle exc. go to 

paddy fields 
- 0.67 0.67 0.67 0.67 

1)
 

β8,7 Ratio of cattle exc. go to 

soil/ground water 
- 0.33 0.33 0.33 0.33 

1)
 

β9,bio Ratio of poultry exc. go - 0 0 0 0.01 
1)
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to biogas system 

β9,3 Ratio of poultry exc. go 

to fish ponds 
- 0.03 0.04 0.07 0.09 

1)
 

β9,4 Ratio of poultry exc. go 

to paddy fields 
- 0.76 0.75 0.73 0.70 

1)
 

β9,7 Ratio of poultry exc. go 

to soil/ground water 
- 0.21 0.21 0.20 0.20 

1)
 

β11,2 Ratio of agri.res. go to 

livestock  
- 0.03 0.03 0.03 0.03 

1)
 

β11,4 Ratio of agri.res. go to 

paddy fields 
- 1 1 1 0.73 

1)
 

β11,7 Ratio of agri.res. go to 

soil/groundwater 
- 0 0 0 0.27 

1)
 

αres Ratio of agri.res. to agri. 

production (rice) 
- - - - 0.53 

1)
 

Ratio of agri.res. to agri. 

production (bean) 
- - - - 1.0 

1)
 

C1,N N amount in human exc. g/cap/d - - - 8.1 
2)

 

C1,P P amount in human exc. g/cap/d - - - 1.2 
2)

 

C2,N N amount in grey water g/cap/d - - - 0.4 
3)

 

C2,P P amount in grey water g/cap/d - - - 0.4 
3)

 

C3,N N amount in kitchen 

waste 
g/cap/d - - - 0.65 

4)
 

C3,P P amount in kitchen 

waste 
g/cap/d - - - 0.83 

4)
 

C4,N N amount in rain water mg/L - - - 0.25 
5)

 

C4,P P amount in rain water mg/L - - - 0.06 
5)

 

C5,N N amount in ground 

water  
mg/L - - - 4.6 

6) 

C5,P P amount in ground 

water 
mg/L - - - 0.4 

6) 

Qgr Ground water 

consumption 
L/cap/d - - - 60 

1) 

Qr Average rainfall mm/yr - - - 2,015 
7)

 

C7,N N amount in pig exc. g/head/d - - - 20.33 
1) 

C7,P P amount in pig exc. g/head/d - - - 4.59 
1)

 

C8,N N amount in cattle exc. g/head/d - - - 31.66 
1)

 

C8,P P amount in cattle exc. g/head/d - - - 5.13 
1)

 

C9,N N amount in poultry exc. g/head/d - - - 0.36 
1)
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C9,P P amount in poultry exc. g/head/d - - - 0.08 
1)

 

C10,N N amount in pig kg/kg - - - 0.022 
8) 

C10,P P amount in pig kg/kg - - - 0.0018 
8) 

C11,N N amount in poultry kg/kg - - - 0.0248 
8) 

C11,P P amount in poultry kg/kg - - - 0.0016 
8) 

C12,N N amount in cattle kg/kg - - - 0.024 
8) 

C12,P P amount in cattle kg/kg - - - 0.01 
8) 

Wpi Pig meat product kg/head - - - 96 
9) 

Wpo Poultry meat product kg/head - - - 1.6 
9) 

Wca Cattle meat product kg/head - - - 410 
9) 

C14,N N amount in commercial 

feed for fish 
kg/kg - - - 0.04 

10) 

C14,P P amount in commercial 

feed for fish 
kg/kg - - - 0.01 

10) 

C15,N N amount in fish  kg/kg - - - 0.03 
10) 

C15,P P amount in fish kg/kg - - - 0.0045 
10) 

Pf Fish production kg/yr 3,875 6,200 9,900 15,850 
11) 

FCR Feed conversion ratio - - - - 1.65 
10) 

kN,emi N emis. from surface 

water 
- - - - 0.2 

10) 

C18,N N amount in chemical 

fertilizer 
%   5 – 46 (depended on fertilizer types) 

1)
 

C18,P P amount in chemical 

fertilizer 
% 10 – 16 (depended on fertilizer types) 

1)
 

C19,N N amount in irrigation 

water (Nhue river) 
mg/L 2.6 2.6 2.6 7.7 

12) 

C19,P P amount in irrigation 

water (Nhue river) 
mg/L 0.17 0.17 0.17 0.66 

12)
 

Qir Irrigation water 

consumption 
m

3
/ha - - - 16,200 

1)
 

C21,N N amount in rice kg/kg - - - 0.0114 
13)

 

N amount in bean kg/kg - - - 0.0064 
13)

 

C21,P P amount in rice kg/kg - - - 0.0026 
14)

 

P amount in bean kg/kg - - - 0.0019 
14)

 

Pa Rice production kg/yr 292,143 342,446
 

570,744
 

630,720
 

11) 

Bean production kg/yr 0 0 0 50,400 
11) 

kN,ex N emission factor of exc  - - - - 0.2 
15) 

kN,cf N emission factor of 

chemical fertilizer 
- - - - 0.1 

15) 
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RN Ratio of runoff for N - - - - 0.3 
16) 

RP Ratio of runoff for P 

                   Rice 

                   Bean 

 

- 

- 

 

- 

- 

 

- 

- 

 

- 

- 

 

0.01 

0.02 

 
16) 

16) 

 

1)
Investigated in this study 

2)
Montangero (2007) 

3)
Busser (2005) 

4)
Shouw (2002); World Bank 

(2004); Nakamura (2005); Kawai (2007) 
5)

Khanh (2000); Huong (2007) 
6)

Anh (2005) 
7)

HSO 

(2010) 
8)

Mext (2008) 
9)

GSO (2008); Harada (2008) 
10)

Nga (2011) 
11)

GSO (2010); GSO 

(2004) 
12)

VEA (2012) 
13)

FAO (2003); FAO (2004); Thuy (1998); Nakamura (2005) 
14)

USDA 

(2014) 
15)

IPCC (2000) 
16)

Takamura (1976); Takeuchi (1997)  

 

3.2.3 Material flow model development and calculation 

A material flow model for N and P, as described in Figure 3-2, was developed and then 

applied to Trai hamlet to estimate the pollution load to the water environment from 

1980 to 2010. The reaction processes are summarized in Table 3-4 by a matrix 

expression. All the components are listed across the top of the table with symbols and 

the bottom of the table with names and units. The model composes of eight components 

(Xj), in which household (X1), livestock (X2), fish pond (X3), and paddy field (X4) are 

within the boundary and market (X5), water bodies (X6), soil/ground water (X7), and 

atmosphere (X8) are out of the boundary. The rows show all of the 26 reaction processes 

(Pi) involved in the model. The main text of the matrix conveys quantitative 

relationships between each process and change in each component, which refers to 

stoichiometry (υij) for each reaction. The reaction rates for each process (ρi) were 

recorded in the rightmost column of the matrix in the appropriate row. Within a system, 

the net reaction rate of a single component may be affected by a number of different 

processes, which can be seen by moving down the column representing a component. 

Base on the mass conservation law, the net reaction rate rj for component Xj, which are 

inside the boundary, was considered in the mass balance 

rj= [∑ (𝝂𝒊𝒋  ×  𝝆𝒊)/ ∑ 𝑺] = 𝟎𝒊  (j = 1 ~ 24, i = 1~ 4) 
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Figure 3-2 A material flow model 
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Table 3-4 Matrix expression on the description of reaction processes 

Component  Xj → 

Process Pi↓ 

X1 X2 X3 X4 X5 X6 X7 X8 Reaction rate of Pi 

ρi (kg-N/year or kg-P/year) 

P1 Human excreta 

discharge  

- 1 +  

β1,st 

 β1,3 β1,4  β1,6 β1,7  C1,N(P) × Po × 365 × 10
-3

 

 

P2 Greywater 

discharge  

- 1  β2,3 β2,4  β2,6   C2,N(P) × Po × 365 × 10
-3

 

P3 Kitchen waste 

discharge  

- 1 β3,2 β3,3   β3,6 β3,7  C3,N(P)× Po × 365 × 10
-3

 

P4 Rain water 

supply 

𝑆ℎℎ

∑𝑆
 

 𝑆𝑃𝑖

∑𝑆
 

𝑆𝑎

∑𝑆
 

   - 1 C4,N(P) × Qr  × ∑ 𝑆 × 10
-2

 

P5 Ground water 

supply 

+ 1      - 1  C5,N(P) × Qgr × Po × 365 × 10
-6

 

P6 Food supply to 

households 

+ 1    - 1    P1+ P2+ P3 – 
𝑆ℎℎ

∑𝑆
 × P4 – P5 

P7 Pig excreta 

discharge 

β7,bio - 1 β7,3 β7,4     C7,N(P) × Npi  × 365 × 10
-3

 

P8 Cattle excreta 

discharge 

 - 1  β8,4   β8,7  C8,N(P) × Nca  × 365 × 10
-3

 

P9 Poultry excreta β9,bio - 1 β9,3 β9,4   β9,7  C9,N(P) × Npo × 365 × 10
-3
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discharge  

P10 Pig product  - 1   + 1    C10,N(P) × Npi × Wpi 

P11 Poultry product  - 1   + 1    C11,N(P) × Npo × Wpo 

P12 Cattle product  - 1   + 1    C12,N(P) × Nca × Wca 

P13 Food supply to 

livestock  

 + 1   - 1    P7 + P8 + P9 + P10 + P11 + P12 – β3,2 × 

P3 – P13 – αres × β17,2 × P23 

P14 Commercial 

feed for fish 

  + 1  - 1    C14,N(P) × Pf  × FCR 

P15 Fish harvesting   - 1  + 1    C15,N(P) × Pf  

P16 N emission 

from pond 

surface 

  - 1      +1 (P1 × β1,3 +P2 × β2,3+P3 × β3,3 +P4 × 
𝑆𝑃𝑖

∑𝑆
 + P7 × β7,3+ P9 × β9,3 + P14 + P15) 

× kN,emis 

P17 Sedimentation 

& unintentional  

discharge from 

fish pond 

  - 1   + 1   ( P1 × β1,3 +P2 × β2,3 +P3  × β3,3 +P4 × 
𝑆𝑃𝑖

∑𝑆
 + P7 × β7,3 + P9 × β9,3 + P14 + P15)  

– P16  – P17 – P18 

P18 Chem. fertilizer 

application 

   + 1 - 1    C18,N(P) × mcf  × Sa 

P19 Irri. water to    + 1  - 1   C19,N(P) × Qir × Sa 
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paddy field 

P20 N fixation    + 1     - 1 337 × 𝑒−0.0098 ×𝑃2𝑜/𝑆𝑎 × Sa 
(*)

 

P21 Agri.  product 

harvesting 

 αres× 

β23,2 

 - (1 + αres) 

+αres ×β23,4 

+ 1  αres×β

23,7 

 C21,N(P) × Pa 

P22 Agricultural 

runoff 

   - 1  + 1   (P1× β 1,4 + P2× β 2,4 + P3× β 3,4 + 
𝑆𝑎

∑𝑆
 ×P4 + P7 × β7,4 + P8 × β8,4 + P9× 

β9,4 +  P20 + P21 + P22 + P23 × β 17,4 × 

αres) × R 

P23 N emitted from 

paddy field 

   - 1    +1 (P1× β 1,4+P7×β7,4 + P8 × β8,4+P9 × 

β9,4) × kN,ex + P20 × kN,cf 

P24 Soil 

accumulation & 

discharge from 

paddy field 

   - 1   + 1  (P1× β 1,4 + P2× β 2,4 + P3× β 3,4 

+
𝑆𝑎

∑𝑆
×P4 + P7× β7,4 + P8× β8,4 + P9× 

β9,4 +  P20 + P21+ P22 + P23 × β 23,4× 

αres) (1 –R) –  (1 +  αre) × P23–P25 

Net reaction rate(kg/yr) rj= ∑ (𝜈𝑖𝑗  ×  𝜌𝑖) = 0𝑖  

(i = 1 ~ 26) 

rj= ∑ (𝜈𝑖𝑗 × 𝜌𝑖)𝑖  

(i = 1 ~ 26) 

(*)
 Obtained from Zerk and Beki 

(1998) 
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3.3 Results and Discussions 

3.3.1 Water supply and wastewater management 

Water supply 

Total 1.8 × 10
6
 m

3
 of water was provided to Trai hamlet, of which 50% (9.0 × 10

5
 m

3
), 

3%, and 47% (8.5 × 10
5
 m

3
) was from precipitation, ground water, and irrigation water 

pumped from Nhue river, respectively.  

There were two water supply sources for domestic usage (Table 3-5), rain water harvest 

and ground water extract. No tap water existed in this study area. Residents consumed 

0.7 × 10
4 

m
3 

per year
 
of precipitation for drinking and cooking and 1.7 × 10

4 
m

3 
of 

ground water per year for personal hygiene, toilet usage, and other purposes. 0.6 × 10
4 

m
3 

of precipitation was stored in rain water tank for the stock of water supply. 

Table 3-5 Water supply sources and consumption for domestic usage 

Water sources Purposes Unit Consumption amount 

Rain water Cooking, drinking L/cap/day 25 

Ground water Washing, bathing, and 

toilet usage 

L/cap/day 60 

(Source: Interview results and verification by Tomita, 2012) 

Since aquaculture and agriculture were dominant activities in suburban areas, a big 

amount of water supply was required for these activities. Nhue river played an 

important role for irrigation sources to fish ponds and paddy fields in the study area. 

The water budgets for fish ponds were described in more details in chapter 4. The 

schedule of main water supplies for paddy fields was shown in Table 3-6. 

Irrigation water and precipitation were two main water sources provided for paddy 

fields. Before each harvesting season, water from Nhue river was pumped into paddy 

fields. The water depth of paddy fields was about 0.18 – 0.2 m. During sunny or dry 
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periods, water was lost through evapotranspiration and irrigation water was added to 

maintain water depth in paddy fields. The schedule and duration of water pumping was 

also mentioned in Table 3-6. According to statistics, total water supply including 

irrigation water and precipitation to paddy fields was 1.7 × 10
6 

m
3
 in 2010, which 

accounted for 94% of total water supply for the study area. It is indicated that paddy 

fields played an important role in the water supply in suburban areas.  

Table 3-6 Water supply sources for paddy fields 

Water sources Time Duration Total amount 

Irrigation water from Nhue 

river with two pumps (1000 

m
3
/h)  

1
st
 season 

- End of Dec 

 

 

- Feb – March 

 

 

2
nd

 season 

- End of May 

 

 

- Jul – Aug 

 

7 – 10 days  

10h/day 

 

4 – 5 times      

1 – 2 days/time 

10h/day 

 

2 – 3 days 

10h/day 

 

4 – 5 times 

1 – 2 days/time 

10h/day 

16, 200 m
3
/ha/year 

(FAO, 2010) 

Precipitation Depended on a month and a year 1,612 mm/year 

(GSO, 2010) 

Wastewater management 

Regarding to wastewater management, the domestic and livestock wastewater stream 

were described in Figure 3-3 and Figure 3-4. About 88% of water supply to 

households was discharged as greywater and the remaining was as black water. No 

treatment facilities have been established for greywater in this area. Fifty-nine percent 

of greywater is discharged directly to the water bodies without any proper treatment.  

There were four main types of toilets in the area: cistern flush toilet, pour flush toilet, 

non-urine diversion dry chamber toilet, and urine-diversion dry chamber toilet. With 

flush toilets, people consumed ground water for flushing after urination or defection, 

about 3L/time in the case of pour flush toilet and 6L/time in the case of cistern flush 
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toilet. Most of flush toilets connected with septic tanks, which had the function of black 

water treatment only and did not receive greywater. With dry toilets, 1.2L/cap/day 

[Jonsson, 2004] of urine was composted together with feces and mostly applied to 

paddy fields.  

 

Figure 3-3 Domestic wastewater stream 

Livestock waste stream in 2010 was shown in Figure 3-4 and Table 3-7. While the 

recycling ratio of livestock solid waste was quite high, the management of livestock 

liquid waste was improper.  

 

Figure 3-4: Livestock liquid waste 

stream in 2010 
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Pig urine (229 heads)

20L/head/day
Biogas (15%)

Fish pond (53%)

Water bodies (32%)

Cattle urine (22 heads)

44L/head/day
Paddy field (67%)

Soil (33%)

 Proportion 

Pig Poultry Cattle 

Paddy field 0.32 0.70 0.67 

Fish pond 0.53 0.10 0.00 

Biogas system 0.15 0.01 0.00 

Water bodies/Soil 0.00 0.19 0.33 

 

Table 3-7 Livestock solid waste 

destination in 2010 
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Recently, people preferred discharging pig excreta including both solid waste (feces) 

and liquid waste (urine) into fish ponds for fish cultivation. In 2010, the ratio of pig 

solid waste applied to paddy fields decreased to 32% meanwhile pig liquid waste was 

discharged directly to water bodies (32%). In the case of cattle, 67% of households 

keeping their cattle in paddy fields in the daytime. It was assumed that both feces and 

urine from cattle were used for agriculture. The 33% of remaining households 

discharged cattle feces and urine to soil. The total amount of pig urine and cattle urine 

was 0.2 × 10
4
 m

3 
in 2010, in which 0.9 × 10

3
 m

3
 and 0.5 × 10

3
 m

3
 was discharged into 

fish ponds and directly to water bodies, respectively. Fish ponds played an important 

role in receiving livestock urine. The water budgets of fish ponds were described in 

more details in chapter 4. 

Most of wastewater from the study site 

reached to an irrigation canal, stocked 

there for nine months, and then was 

discharged to Nhue river by opening a 

water control gate after 2
nd

 harvesting 

season finished (in September). Total 

water output from the area was 1.8 × 10
6 

m
3
, including surface water discharge from households, livestock, fish ponds, and paddy 

fields, evapotranspiration and soil infiltration from fish ponds and paddy fields. Since 

paddy fields accounted for 94% of total water loss (Figure 3-5), they were considered 

as a platform for conveying water to/from this area. 

3.3.2 N and P flow 

The N and P flows in the study site are illustrated in Figure 3-6 and 3-7. In general, the 

dominant flows were chemical fertilizers, N runoff, and P soil accumulation. It was 

indicated that paddy fields, which cover more than 90% of the whole area, were a key 

component of nutrient flows in the study site. On the other hand, fish ponds contributed 

the biggest P load to the water bodies.  
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Figure 3-5 Water budget in paddy fields  

in 2010 (m
3
/year) 



44 

 

 

0.8

N emis.(1.7)

0.6

Emis. 

20.9

1.3

0.2 0.1

0.1

0.1

7.3

4.0

0.1

0.2
R

es
id

u
e 

Ir
ri

. 

(3
9

.4
)

R
u
n
o

ff
 

(7
4

.4
)

Soil 

acc.&dis.

(61.7)

G
ro

u
n
d

 w
at

er

E
x
cr

et
a

K
it

.w
as

t.

G
re

y
-w

at
er

Food (28.3)

1.0

Rain water

Household 

(X1)

Paddy field 

(X4)

Fish pond 

(X3)

Livestock (X2)

Atmosphere (X8)
M

a
rk

et
(X

5
)

Water bodies (X6)

S
o
il

/g
ro

u
n

d
 w

a
te

r 
(X

7
)

0.0

0.43.76.6

25.8

0.6

P
ig

 e
x
c.

P
o

u
lt

ry
 e

x
c.

C
at

tl
e 

ex
c.

Chem. fert. (136.2)
Product 

(59.4)

31.5

0.6

0.3

0.8

0.2

Product 

(6.1)

Food (25.9)

Sediment accumulation 

& water discharge (2.0)

Food (4.6)

Product (2.1)

P
o

u
lt

ry
 e

x
c.

C
at

tl
e 

ex
c.

Product 

(16.6)

N emis.(8.7)

N emis.36

2.1

0.9

15.2

0.3 0.1

1.2

0.1

5.1

4.0

0.2

0.2

R
es

id
u
e 

Ir
ri

g
at

io
n

(1
2

4
.7

)

R
u
n
o

ff
 

(1
3

1
.3

)

Soil 

acc.&dis.

(34.9)

Product (8.5)

Food (18.6)

G
ro

u
n
d

 w
at

er

E
x
cr

et
a

K
it

.w
as

t.

G
re

y
-w

at
er

Food (44.1)

2.7

X1

Biogas sys. 4.5

Rain water

Household 

(X1)

Paddy field 

(X4)

Fish pond 

(X3)

Livestock (X2)

Atmosphere (X8)

M
a

rk
et

(X
5
)

Water bodies (X6)

S
o

il
/g

ro
u

n
d

 w
a

te
r 

(X
7
)

2.1

3.09.54.6

21.9

16.1

P
ig

 e
x
c.

Chem. fert. (174.3)

Product (128.4)

18.3

91.8

1.0

0.5

X1

Septic tank

1.7

1.5

3.0

1.2

Food (64.8)

N fix.

6.4

Sediment accumulation & 

water discharge (21.4)

Figure 3-6 N flow in 1980 (left) and 2010 (right) 
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Figure 3-7 P flow in 1980 (left) and 2010 (right) 



46 

 

The historical changes of human excreta management 

Figure 3-8 shows the historical changes of nutrient amount derived from human excreta. 

As shown in the figure, the total amount of N and P from human excreta was increased 

1.7 times for both N and P from 1980 to 2010 due to 1.6 times population growth. 

However, the proportion of N and P from compost coming to paddy fields was sharply 

decreased after 2000. As a custom in Vietnam, the application of compost to paddy 

fields has a long history. In 1980, 97% of total N and P from human excreta were 

applied to paddy fields. Those ratios were decreased to 50% in case of N and 49% in 

case of P in 2010. Instead of being used to intensively apply to paddy fields, human 

excreta were flowed to septic tanks and to fish ponds.  

Those transitions of N and P load may be resulted from the effects of modernization 

process. Dry chamber toilets, from which human excreta can be reused for agriculture, 

have been gradually replaced by flush toilets. In 2010, 44% of households using flush 

toilets stopped applying human excreta to agriculture; instead, they discharged excreta 

to septic tanks or fish ponds. The N and P amount from human excreta flowed to fish 

ponds were 2.1 and 0.3 kg/ha/year in 2010 while there was no excreta flowed to fish 

ponds in 1980.  

 

Figure 3-8 N and P derived from human excreta (kg/ha/year) 
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The historical changes of livestock excreta management  

Figure 3-9 shows the historical changes of P amount derived from livestock excreta 

from 1980 to 2010. Corresponding to the change in livestock’s numbers, the total 

amount of N and P derived from livestock excreta was 2.8 and 2.9 times respectively 

increased from 1980 to 2000 since the government has a policy of livestock production 

increase [ACI, 2002] and then decreased by 14 and 16% respectively from 2000 to 2010 

due to poultry influenza H5N1 and pig PRRS disease caused by porcine reproductive 

and respiratory syndrome virus. The recycling practices of livestock excreta have also 

changed remarkably. The ratio of N and P flowed from livestock to paddy field 

component was decreased from 54 and 80% in 1980 to 30 and 42% in 2010. Instead, 

those to biogas systems or fish ponds were increased. The N and P amount from 

livestock to fish ponds was dramatically increased by 24 and 30 times respectively from 

1980 to 2010. In 2010, livestock contributed to fish ponds 17.27 kg N/ha and 3.9 kg 

P/ha, which was equivalent to 31 and 37% of the total N and P derived from livestock 

excreta, respectively.   

 

Figure 3-9 N and P derived from livestock excreta (kg/ha/year) 
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however, only 16% of households raising pig constructed biogas plants to treat pig 

excreta. Fifty-three percent of households discharged pig excreta into fish ponds. 

According to Vu et al. (2010), pig farmers in northern Vietnam raise pigs solely to 

provide excreta as a feed for their fish ponds because they believe that fish in ponds 

fertilized with pig excreta grow significantly faster than when other feeds are applied. 

Thus, fish ponds have gradually becoming a platform for receiving nutrients from 

livestock rather than from paddy fields in the study area.   

The historical changes of chemical fertilizer consumption 

 

Figure 3-10 Nutrient derived from compost & manure and chemical fertilizer 
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livestock production increase, the nutrient inputs from manure has been gradually 

decreasing as mentioned in the previous section. Due to economic development, 

chemical fertilizer becomes a more preferable source of nutrients rather than 

compost/manure and is expected to be continuously increasing in the near future. 

The historical changes of nutrient balances in paddy fields 

N and P balances in paddy fields in 1980 and 2010 were shown in Figure 3-11 and 3-

12. The dominant flows for N were chemical fertilizer, irrigation, production, and runoff 

while those for P were chemical fertilizer, production, and soil accumulation and 

discharge. The total inputs to paddy fields were 435 kg N/ha/year and 90 kg P/ha/year in 

2010, which were 1.5 and 1.3 times higher than those in 1980, respectively. Chemical 

fertilizer contributed to the 1980’s and 2010’s total inputs 47% and 40% in the case of 

N, respectively and 74% and 65% in the case of P, respectively. Especially, the inputs 

from irrigation water represented 29% of total N (125 kg N/ha/year) and 12% of total P 

(11 kg P/ha/year) in 2010 since the irrigation source, Nhue river, were much 

contaminated by N and P [VEA, 2012]. The total inputs to paddy fields were estimated 

to exceed the recommended level, 200 kg N/ha/year and 52% kg P/ha/year [Bo et al., 

2003] in both years 1980 and 2010. The excessive application of N and P inputs to 

paddy fields; especially, because of huge inputs of chemical fertilizer, caused the greater 

burden N to the water bodies and P to the soil. The differences between N and P load 

can be partly explained by the higher runoff coefficient of N to surface water and the 

larger fraction of P accumulating in soil [Carpenter, 1998].  

For a sound material cycle, chemical fertilizer consumption needs to be reduced and 

human and livestock excreta should be promoted to reuse in agriculture. There were 33 

kg N/ha/year and 5 kg P/ha/year from human/livestock excreta discharged directly or 

via septic tank/biogas systems to the environment. If those amounts were applied to 

paddy fields, the chemical fertilizer could be reduced by 19% for N and 8% for P. It 

may not only contribute to a better nutrient management but also help to achieve 

environmentally-friendly sanitation.      
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Historical changes of nutrient loads to the water bodies 

Figure 3-13 describes the N and P loads to the water bodies and their changes from 

1980 to 2010. Total N and P loads to the water bodies were gradually increased 1.9 and 

3.2 times from 1980 to 2010, respectively. As can be seen in the figure, the N load from 

paddy fields contributed a big proportion to the total N load, 131.3 kg/ha/year in 2010,  

which was 1.8 times as high as the load in 1980. In contrasted, fish ponds were the main 

contributor, accounted for 71% of total P load to the water bodies. The P load from fish 

ponds discharged to the water bodies was increased by 6.2 times from 1980 to 2010.  

The differences between N and P loads can be partly explained by the higher runoff of 

N to surface water and the larger fraction of P accumulating in pond sediments. 
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[Carpenter et al., 1998].  The increase of N load from paddy fields to the water bodies 

through runoff resulted from the application of excessive N to paddy fields. During the 

period of economic development, chemical fertilizers have replaced human and 

livestock excreta as the preferred nutrient sources for paddy fields. As mentioned in the 

previous section, the N input from chemical fertilizers to paddy fields increased by 1.3 

times from 1980 to 2010 and reached at 174 kg/ha in 2010, exceeding the optimum 

amount (100-140 kg N/ha/year) recommended by Huan et al. (2000).  

 

Figure 3-13 Nutrient loads to the water bodies (kg/ha/year) 

The dramatic increase of nutrient outputs from fish ponds to the water bodies could be 

explained by the increase of the inputs to fish ponds from livestock component as 

mentioned in the previous section. Although, fish cultivation has been only developed at 

small scales (at household level), the excessive nutrient inputs to fish ponds resulted in 

severe fish pond eutrophication in the study area. Montangero et al. (2004) also reported 

the water pollution and eutrophication in Viet Tri city because of large N input 

generated from households and livestock excreta to fish ponds. Fish ponds have   

gradually becoming a platform for conveying domestic and livestock wastes from this 

area to the environment; therefore, the pollution loads from fish ponds to the water 

bodies was expected to be continuous in the future.   
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3.4 Conclusions 

By developing a material flow model of N and P, this chapter exhibited the historical 

changes of domestic waste management, nutrient usage, and the pollution loads to the 

environment in the study area. Paddy fields were the key component of nutrient cycles 

in this study area. Following an urbanization process, the traditional waste recycling 

manners have been decreasing and chemical fertilizer becomes a preferable source of 

nutrients than human and livestock excreta. The total inputs to paddy fields in 2010 

were 425 kg N/ha/year and 90 kg P/ha/year, which was 1.5 and 1.3 times higher than 

those in 1980. As of 2010, the largest input flow to paddy fields was chemical fertilizer, 

contributed to 40% N and 65% P of the total input. The total inputs of N and P to paddy 

fields were estimated to exceed the recommended level by 2.0 and 3.5 times, 

respectively. Excessive application of N resulted in the huge N burden to the water 

bodies through runoff meanwhile that of P resulted in excess accumulation in soil 

and/or contamination in ground water.  

The total N and P loads to the water bodies were gradually increased by 1.9 and 3.2 

times respectively from 1980 to 2010. While paddy fields accounted for a large 

proportion of total N loads, fish ponds were considered as the biggest contributor, 

contributed to 71% of total P load in the water bodies. The total N and P loads from fish 

ponds were greatly increased from 1980 to 2010. As a result, fish ponds have an 

important role in nutrient cycle in the study area.  

A proper measure to reduce chemical fertilizer consumption and to promote human and 

livestock excreta use for agriculture should be proposed for a sound nutrient cycle in 

this area. Instead of discharging human/livestock excreta directly or via septic 

tank/biogas systems, if they were applied to paddy fields, the chemical fertilizer 

consumption could be reduced by 19% for N and 8% for P. It may not contribute to a 

better nutrient management but also help to achieve environmentally-friendly sanitation.  

To propose a counter measure to control nutrient loads from fish ponds to the water 

bodies, nutrient balances in fish ponds should be studied in more details in the next 

chapter.  
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Chapter 4 Material flow analysis in fish ponds in 
suburban Hanoi 

4.1 Introduction 

As mentioned in the previous chapter, the rapid economic growth has induced changes 

to waste management practices and subsequent nutrient flows in integrated farming 

systems. A huge amount of livestock excreta, which used to intensively apply to paddy 

fields, is being discharged directly into fish ponds for fish cultivation. Fish ponds have 

gradually become a platform for receiving domestic and livestock wastes. In this 

context, fish ponds may have a role in controlling water pollution because a large 

proportion of nutrients contained in the wastes applied to fish ponds might be trapped in 

sediment [Boyd, 1995; Nhan, 2008]. 

Since the farming activities have been changing and likely affecting the material 

balance, it is required to understand the contribution of fish ponds to the pollution 

control for designing a sound material cycle. Recently, several studies have been 

conducted on water and nutrient budgets in fish ponds [Teichert-Coddington, 1998; 

Nath, 1998; Boyd, 2000; Sharma, 2013]. However, those studies evaluated current 

water and nutrient budgets of fish ponds at a specific time of survey. There is no study 

to show the historical changes of water and nutrient balance coupled with the changes of 

interactions between farming systems and the environment.  

This chapter aims at understanding the historical changes as well as the seasonal 

changes of water and nutrient budgets to evaluate the role of fish ponds on nutrient 

management and water pollution control.  

4.2 Materials and Methods 

4.2.1 A structure interview to fish farmers 

First, ponds utilized for fish cultivation were identified following interviews with pond 

owners. Daily activities and the management practices used at those ponds, such as the 
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intensity of excreta use and frequency of water exchange were also obtained. Details of 

the content of the interview are shown in Table 4-1. Each interviewee was asked to 

describe not only their current practices (in 2010), but also their past activities (in 1980, 

1990, and 2000).  

Table 4-1 Contents of the interview 

Interviewed 

items 
Contents Expected results 

Pond 

attribution 

Purpose of pond Clarification of pond types: 

fishing or non-fishing 

Pond area and pond depth Verification of survey results 

Pond 

activities 

Intensity of fish feeding: household 

wastes, livestock waste, 

commercial feeds 

Identification and calculation of 

nutrient inputs to fish ponds 

 Water exchange frequency, fish 

harvesting 

Identification and calculation of 

nutrient outputs from fish ponds 

 

4.2.2 Pond survey 

Surveys of all fish ponds were conducted in October–November, 2012 to identify pond 

depth, area and water quality. Pond shape was marked using GPS and then pond area 

was calculated. Pond depth was measured by a flow rate meter (AEM213-D) at the 

central point of a pond if the pond was accessible by boat. There were 11 ponds whose 

depths could be measure directly, then other seven ponds whose depths were collected 

from the interview with the owner. Water samples were collected from ponds and 

irrigation canals, and TN and TP were measured by Standard Method [APHA, 2005]. 

4.2.3 Water budgets 

The fundamental equation for water and nutrient budgets in fish ponds is 



61 

 

Inflow = Outflow ± Volume change (m
3
/year) 

Figure 4-1 describes water budgets in fish ponds. Water inflows included (1) water to 

fill fish ponds before fish stocking (WF), (2) precipitation into ponds (P), (3) regulated 

inflows including greywater, black water discharged from households and livestock 

urine (WI). The inflow from runoff during the rainy season was negligible since most of 

fish ponds in the study area are embankment ponds, which have small watershed (Boyd, 

2000). Water outflows included (1) water removal for fish harvest (WR), (2) 

evapotranspiration (E), (3) seepage (S), and (4) overflow (OF).  

 

 

 

 

 

 

So hydrological equation for fish ponds is written as 

𝑑𝑉

𝑑𝑡 
 = WF + P + WI – WR – E – S – OF (m

3
/year) 

In some cases, water may be pumped additionally (additional water, AW) to fish ponds 

to maintain water levels in dry season.  

Water filling 

Before fish stocking, fish farmers pumps water from an irrigation canals into fish ponds 

to fill up them. The volume of water filling (m
3
/year) can be calculated as follows: 

WF = ∑ 𝑆𝑃𝑖
× 𝐷𝑃𝑖

× 𝑓𝑃𝑖
× 104 

Sludge 

OF 

WF WR 

WI P E 

S 

S S 

Figure 4-1 Water budgets in fish ponds 
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Where 𝑆𝑃𝑖
 is the surface area of pond i (ha); 𝐷𝑃𝑖

 is the depth of pond i (m); and 𝑓𝑃𝑖
 is the 

frequency of water exchange of pond i (times/year) 

Precipitation 

Water gains from precipitation to fish ponds can be calculated from precipitation data 

for a given location obtained from statistic. 

P =  ∑ (∑ 𝑆𝑃𝑖
×  𝑃𝑚𝑚  × 10) 

Where 𝑆𝑃𝑖
 is the surface area of pond i (ha); Pm is the monthly rainfall (mm/month) 

Table 4-2 summarized average monthly rainfall in 2012 at Phu Xuyen station 

Table 4-2 Average monthly rainfall (mm), 2012 at Phu Xuyen station 

 Dry season Rainy season 

Oct Nov Dec Jan Feb Mar Apr May June July Aug Sep 

Pm 97.0 198.0 1.4 25.0 18.0 15.5 70.0 361.0 157.0 477.0 347.0 248.0 

(Unpublished statistical data) 

Regulated inflows 

Regulated inflows included greywater, human urine and livestock urine. The volume of 

regulated inflows (Table 4-3) is calculated based on the data of wastewater streams 

(proportion of wastewater flowed to fish ponds) and waste generation, which obtained 

from the previous chapter. 

Table 4-3 Regulated water inflows 

 Greywater Black water Livestock urine Total WI 

m
3
/year 4,000 600 900 5,500 
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Water removal 

To harvest fish, fish farmers pump water from fish ponds out to an irrigation canal. The 

volume of water removal (m
3
/year) can be calculated as follows: 

WR = ∑ 𝑆𝑃𝑖
× 𝐷𝑃𝑖

× 𝑓𝑃𝑖
× 104 

Where 𝑆𝑃𝑖
 is the surface area of pond i (ha); 𝐷𝑃𝑖

 is the depth of pond i (m); and 𝑓𝑃𝑖
 is the 

frequency of water exchange of pond i (times/year) 

Evapotranspiration (E) 

Thornthwaite method (1948) is an empirical approach to simulate evapotranspiration in 

a water budget. The approach is based purely on air temperature, and it’s relation to a 

heat index [Rao, 2008]. Thornthwaite proposed the following formula 

E(0) = 1.6 × (
10𝑇

𝐼
)𝑎          

E(L) = K × E(0) 

Where E(L) is the evapotranspiration (cm/month) month of 30 days each and 12 hours 

daytime; T is the mean monthly air temperature (
o
C); I is the annual heat index, the 

summation of 12 values of monthly heat indices given by i = (
𝑡

5
)1.514 ; and a is an 

empirical exponent computed by using the equation 

a = 6.75 × 10
-7

 × I
3
 – 7.71 × 10

-5 
× I

2 
+ 0.0179 × I + 0.49239 

The E can be simply calculated in the Thornthwaite website 

(http://ponce.sdsu.edu/onlinethornthwaite.php) with the inserted data of monthly 

temperature obtained from statistics and the study site’s latitude (20
0
43’3’’) 

Seepage 

Water can seepage into or out of ponds. It is not possible to separate seepage in from 

seepage out but we could determine the rate of net seepage. Seepage can be estimated if 

http://ponce.sdsu.edu/onlinethornthwaite.php
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the change of water level during the measurement period is recorded when there is no 

precipitation or overflow.  

S = ∆V - E  

S could be positive (seepage) or negative (infiltration) 

Seepage can be estimated by an experiment 

conducted in a pond in December 2013 (dry 

season). A bucket of water was kept at the surface 

center of a pond for 23 consecutive days with the 

absence of rainfall and regulated water inflows. 

The water levels of the pond and the bucket were 

measured on the first and last day. The changes of 

water level in the bucket indicated the water 

evapotranspiration. Then seepage rate was 

calculated as: 

S = Water level change in pond – water level change in bucket = ∆VP - ∆Vb 

Water usually seeps out of embankment ponds [Boyd, 1984]; therefore, it is assumed 

that seepage rate is constant in both rainy season and dry season.  

Overflow 

Overflow happens normally in rainy season when water volume is exceeded ponds’ 

water storage capacity after heavy precipitation. In this study, overflow was calculated 

based on balancing equation 

OF = WF + P + WI – WR – E – S 

4.2.4 Nutrient budgets 

Nutrient budgets in fish ponds (kg/year) were calculated for N and P with the same 

equation used for water budgets. The nutrient inputs to fish ponds originated household 

Figure 4-2 Evapotranspiration 

measurement by a bucket 
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wastes including human excreta, kitchen waste, and greywater, livestock wastes, 

commercial feeds, water filling, and precipitation. Fish production, water removal, 

evapotranspiration, seepage, and overflow were considered to be nutrient outputs. The 

difference between nutrient inputs to fish ponds and outputs from them was regarded to 

represent sediment accumulation. 

The value of nutrient flows from household wastes, livestock wastes, commercial feeds, 

and fish production were obtained from the previous chapter while the nutrient amounts 

derived from others were calculated by Eq.1 to Eq.5 

Nutrient contained in water filling 

NF = WF × Cir = ∑ 𝑆𝑃𝑖
× 𝐷𝑃𝑖

× 𝑓𝑃𝑖
× 𝐶𝑖𝑟 × 10−3               (Eq.1) 

Nutrient contained in precipitation 

NP = WP × CP                                                                                                  (Eq.2) 

Nutrient contained in water removal 

NR = WR × CP  = ∑ 𝑆𝑃𝑖
× 𝐷𝑃𝑖

× 𝑓𝑃𝑖
× 𝐶𝑃 × 10−3                                             (Eq.3) 

Nutrient seepage:   NS = S × CP                            (Eq.4) 

Nutrient overflow:  NOF = OF × CP                                       (Eq.5) 

Where CIr and CPi are the nutrient concentrations (mg/L) in the irrigation canal and 

pond i, respectively. 
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4.3 Results and Discussion 

4.3.1 Characteristics of fish ponds and associated daily 

activities 

Table 4-4 Fish ponds’ characteristics  

There are 18 fish ponds in the site. Their characteristics are described in Table 4-4. 

There is no change in pond areas from 1980 to 2010. Fish ponds regularly receive grey 

water, kitchen waste, human excreta, livestock excreta, and commercial feed for feeding 

fish. When fish are harvested, pond water is pumped out to irrigation canals. The 

frequency of harvesting ranged from zero to three times per year. However, in 1980, 

 
Surface area 

(m
2
) 

Depth 

(m) 

Frequency of water exchange (times/year) 

1980 2010 Exchanged month 

Pond 1 160 1.21 0 1 Nov. 

Pond 2 700 1.00 0 3 Apr., Jul., Nov.  

Pond 3 3200 1.03 0 3 Apr., Jul., Nov. 

Pond 4 920 1.09 0 3 Apr., Jul., Nov. 

Pond 5 2100 1.00 0 2 Apr., Nov. 

Pond 6 3700 1.00 0 3 Apr., Jul., Nov. 

Pond 7 4100 0.95 0 1 Oct. 

Pond 8 1900 0.84 0 2 Apr., Nov. 

Pond 9 1600 0.81 0 2 Apr., Nov. 

Pond 10 1800 1.00 0 2 Apr., Nov. 

Pond 11 1600 1.13 0 3 Apr., Jul., Nov. 

Pond 12 1500 1.20 0 2 Apr., Nov. 

Pond 13 560 1.00 0 2 Apr., Nov. 

Pond 14 240 1.34 0 1 Oct. 

Pond 15 870 0.79 0 1 Oct. 

Pond 16 380 1.00 0 3 Apr., Jul., Nov. 

Pond 17 940 1.17 0 1 Nov. 

Pond 18 390 1.00 0 1 Nov. 

Total 2.7 × 10
4
     

Ave. 1,480 1.03 0 2  

SD 1,140 0.14 0 1  
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fish were harvested without removing water probably due to the small scale of fish 

cultivation, resulting in no water exchange.  

4.3.2 Water budgets in fish ponds 

Water budgets of fish ponds in the study site are described in Table 4-5. The total water 

gains into fish ponds in a year were 43,280 m
3
/ha fish ponds, of which 49% derived 

from water filling, 47% from precipitation, and only 4% from regulated flows including 

household wastes and livestock waste. Water distributed to fish ponds unevenly in 

different time in a year. In rainy season, seventy-nine percent (15,900 m
3
/ha) of total 

precipitation in a year added to fish ponds while in dry season, most of water came from 

water filling. Normally, the frequency of water exchange depended on each household. 

According to Table 4, local people harvested fish two times in dry season (April, 

October and/or November) and one times in rainy season (July). Therefore, a higher 

amount of water filling was applied to fish ponds in dry season. 

Water losses out of fish ponds was 51,179 m
3
/ha in a year through water removal (42%), 

evapotranspiration (30%), seepage (20%) and overflow (8%). Similar to water gains, 

there were differences of water loss between two seasons. There was 17,210 m
3
 of water 

pumped out of fish ponds for fish harvesting in dry season, accounted for 81% of total 

water removal in a year. The amount of water losses through evapotranspiration in dry 

season was also higher than in rainy season due to high temperatures in a month. In 

contrast, there was 3,496 m
3 

of water lost in rainy season by overflow after heavy rains 

occasionally, which was six times higher than that in dry season . The seepage rate was 

considered as a constant in every day; 2.8 mm/day, according to the result of experiment. 

The seepage rate in this study is quite low compared to other researches. Seepage rate in 

ponds in US ranged from 1 to 25 mm/day [Boyd, 1984]. In Thailand, fish ponds seeped 

4 to 16 mm/day [Diana, 1985].  Seepage rate depends primarily on the soil porosity, 

pond construction materials and methods, and pond management practices [Boyd, 1982; 

Teichert-Coddington, 1989]. The characteristic of clay soil in the pond bottoms would 

be possible answer of the low seepage rate in the study area.  
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Table 4-5 Water budgets of fish ponds in 2012 (m
3
/ha pond) 

Month 
Water 

filling 

Precipi

-tation 

Water 

inflows 

Water 

gain 

Water 

removal 

Evapotran-

spiration 
Seepage Overflow 

Water 

loss 

Additional 

water 

R
a
in

y
 s

ea
so

n
 

May        0 3,610 148 3,758 0 1,918 868 972 3,758 - 

Jun.        0 1,570 143 1,713 0 2,489 840 - 3,329 1,616 

Jul. 4,030 4,770 148 8,948 4,030 2,415 868 1,635 8,948 - 

Aug.        0 3,470 148 3,618 0 1,861 868 889 3,618 - 

Sep.        0 2,480 143 2,623 0 1,792 840 - 2,632 9 

Total in  

rainy season 
4,030 15,900 730 20,660 4,030 10,475 4,284 3,496 22,285 1,625 

D
ry

 s
ea

so
n

 

Oct. 1,890    970 148 3,008 1,890 1,197 868 - 3,955 947 

Nov. 8040 1,980 143 10,163 8040    692 840 591 10,163 - 

Dec.        0      14 148 162 0 441 868 - 1,309 1,147 

Jan. 0 250 148 398 0 355 868 - 1,223 825 

Feb. 0 180 143 323 0 595 840 - 1,435 1,112 

Mar. 0 155 148 303 0 723 868 - 1,591 1,288 

Apr. 7,420 700 143 8,263 7,420 958 840 - 9,218 955 

Total in     

dry season 
17,210 4,249 1,021 22,620 17,210 4,961 5,992 591 28,894 6,274 

Total in Year 21,240 20,149 1,751 43,280 21,240 15,436 10,276 4,087 51,179 7,899 
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4.3.3 Nutrient budgets in fish ponds 

Historical changes of nutrient budgets from 1980 to 2010 

The nutrient budgets in the fish ponds (kg/ha fish pond/year) in 1980 and 2010 are 

shown in Table 4-6. The total nutrient inputs applied to fish ponds for feeding fish were 

886.9 kg N/ha/year and 210.4 kg P/ha fish pond/year in 2010, which were 7.3 and 6.3 

times higher than those in 1980, respectively. In 1980, when nutrients from household 

and livestock components were intensively applied to paddy fields, nutrient inputs to 

fish ponds were mainly from commercial feeds. They supplied to fish ponds 95.6 kg 

N/ha/year and 22.9 kg P/ha/year, which accounted for 79% and 69% of total N and P 

inputs to fish ponds at that time, respectively. From 2010, livestock excreta became a 

nutrient source for fish ponds together with commercial feeds. Although the volume of 

livestock excreta included in regulated water inflows was quite small compared to other 

sources, with high nutrients-contained, they accounted for 45% of the total N and 48% 

of the total P inputs to fish ponds. Due to small scales of fish cultivation in 1980 

resulted in no water exchange, no nutrient inputs derived from water filling and 

additional water.  From 2010, although fish ponds received a small amount of nutrients 

from water exchange but they became an important platform to convey a large amount 

of water inside the study area. 

Only 176.6 kg N/ha and 27.0 kg P/ha were taken up by fish as fish production in 2010, 

accounted for 20 and 13% of the total N and P inputs, respectively. Those results were 

in accordance with the research of Jackson et al (2002) and Briggs (2008). The large 

amount remaining accounted for by (1) N release, (2) discharges during pond water 

removal, seepage, overflow, and (3) accumulation in sediment. Since no data recorded 

for nutrient contents in ponds in 1980, sediment accumulation and unintentional 

discharges including seepage and overflow could not be separated. A small portion of 

nutrients lost to the water through seepage and overflow. The large remaining, 304.8 kg 

N/ha/year (34% of total input) and 156.0 kg P/ha/year (74% of total input) in 2010, 

were trapped in the sediment.  Proportionally, more P accumulated in the sediment than 

N did and a large proportion of N was flushed out to the water bodies.   
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Table 4-6 Historical changes of nutrient budgets in fish ponds in 1980 and 2010 

 N  P 

1980  2010  1980  2010 

kg/ha (%)  kg/ha (%)  kg/ha (%)  kg/ha (%) 

In
p

u
t 

Commercial feeds 95.6  (79)  386.5  (44)  22.9  (69)  97.7  (46) 

Livestock excreta 14.5  (12)  359.5  (41)  2.1    (6)  81.0  (38) 

Household wastes 5.9    (5)    51.9    (6)  6.2  (19)  13.3   (6) 

Water filling - -    56.2    (6)  - -  11.8   (6) 

Additional water - -  27.8 (3)  - -  4.5 (2) 

Precipitation 5.0    (3)    5.0    <<  2.1    (6)  2.1   (1) 

Total input 121.0 (100)  886.9  (100)  33.3 (100)  210.4 (100) 

O
u

tp
u

t 
 

Fish production 43.6   (36)    176.6   (20)  6.2   (19)  27.0   (13) 

N release 24.2   (20)    177.4   (21)  - -  - - 

Water removal - -    137.2   (15)  - -  16.5     (8) 

Seepage 53.2   (44)  65.2 (7)  27.1   (81)  7.9 (4) 

Overflow  25.7 (3)   3.0 (1) 

Sediment accumulation  304.8   (34)   156.0   (74) 

Total output and accumulation 121.0 (100)  886.9 (100)  33.3 (100)  210.4 (100) 
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Seasonal changes of nutrient budgets in fish ponds 

Table 4-7 Nutrient budgets in fish ponds in rainy season and dry season 

 N (kg/ha/month)  P (kg/ha/month) 

Rainy 

season  

Dry 

season  

 Rainy 

season  

 Dry 

season    

In
p

u
t 

Commercial feeds 14.6 44.7  3.7  11.3 

Livestock excreta 30.0 30.0  6.8  6.8 

Household wastes 4.3 4.3  1.4  1.4 

Water filling 2.0 6.7  0.4  1.4 

Additional water 0.8 3.4  0.2  0.5 

Precipitation 0.8 0.2  0.2  0.04 

Total input 52.5 89.2  12.5  21.4 

O
u

tp
u

t 
 

Fish production 6.7 20.4  1.0  3.1 

N release 7.6 17.8  -  - 

Water removal 4.9 16.1  0.5  2.0 

Seepage 5.2 5.6  0.6  2.0 

Overflow 4.3 0.6  0.5  0.07 

Total output 28.7 60.5  2.6  7.2 

Sediment accumulation 23.8 28.7  9.9  14.2 

 

The differences of nutrient budgets in fish ponds between rainy season and dry season 

were shown in Table 4-7. As can be seen in the table, the nutrient 

inputs/outputs/accumulation to/from/in fish ponds in dry season were higher than those 

in rainy season due to high water exchange of fish ponds in dry season. The high 

nutrient concentration in irrigation canals and fish ponds in dry season also resulted in 

bigger amount of nutrients supplied to fish ponds and discharged to the water bodies 

compared to those in rainy season.  
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There were 14.4 kg N/ha/month and 1.6 kg P/ha/month in rainy season while 22.3 kg 

N/ha/month and 4.1 kg P/ha/month in dry season discharged to the water bodies. Out of 

those, 30% of N and 31% of P were from overflow in rainy season and 73% of N and 

49% of P were from water removal in dry season.  

To reduce the nutrient loads flushed out to the water bodies, water removal and 

overflow controls are immediately possible counter measures. By changing time for fish 

harvesting from dry season to rainy season, we can reduce nutrient amounts flushed out 

of fish ponds through water exchange. However, water exchange normally should not 

be used [Boyd, 1990]. A fishing trawl could be used for fish harvesting and ponds could 

be drained only at six to eight year intervals, when it is necessary for fish stock 

renovation [US Department of Agriculture, 1997]. To control overflow after heavy rains, 

providing enough storage capacity for precipitation into ponds as a water conservation 

measure is very important and should be emphasized.  

Beside counter measures to control nutrient loads from fish ponds to the environment, 

pond water quality control and nutrient management are also required. As mentioned in 

previous section, pond sediment was considered as nutrient traps. If nutrients in the 

sediment could be reused by applying for agriculture as fertilizers, it may improve pond 

water quality and reduce nutrient loads to the environment.   

4.4 Conclusions 

By developing a material flow model and applying to fish ponds, the study exhibited the 

historical changes as well as the seasonal changes of water and nutrient budgets to 

evaluate the role of fish ponds on nutrient management and water pollution control.  

Water sources for fish ponds came mainly from water filling and precipitation, which 

were 49 and 47% of total water gains in a year, respectively. Water distributed to fish 

ponds unevenly between rainy season and dry season. High water exchange happened in 

dry season.  
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The total nutrient inputs applied to fish ponds for feeding fish were 7.3 and 6.3 times 

higher than those in 1980, respectively. Although, the water volume from livestock 

contributed to fish ponds was quite small, livestock excreta became an important source 

of nutrients for fish cultivation due to their high nutrient-contained. Only small 

proportion of nutrients was taken up by fish. A large amount of nutrients was estimated 

to remain in the sediment, accounted for 34%N and 74%P of the total inputs.  

As a result, fish ponds are considered to play a key role in nutrient management in the 

study area. To reduce nutrients flushed out to the water bodies, low water exchange and 

overflow control could be possible counter measures. In addition, to control pond water 

quality and nutrient cycles, the application of pond sediment to paddy fields should be 

promoted. If the N and P amounts remained in sediment were applied to paddy fields, 

the chemical fertilizer consumption could be reduced by 8% in the case of nitrogen and 

13% in the case of phosphorus. It is not significant amounts, but it would improve water 

quality and also contribute to a better material cycle in the study area, especially for 

phosphorus.  
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Chapter 5 Potential interventions of nutrients-
oriented waste management 

5.1 Introduction 

As mentioned in the previous chapters, waste management manners in suburban areas 

have been changing following an urbanization process. The ratio of human/livestock 

excreta applied to paddy fields as manures/composts decreased. Chemical fertilizers 

have become a preferable source of nutrients to paddy fields than human and livestock 

excreta.  

To reduce the nutrient inputs to paddy fields as well as the pollution loads from paddy 

fields to the environment, chemical fertilizer consumption should be reduced. Nutrient 

sources supplied to paddy fields; instead, should be promoted from human and livestock 

excreta.  

In addition, fish ponds have become a nutrient sink in the study area. As a result, fish 

pond sediment could be a potential nutrient source for paddy fields. This manner could 

improve pond water quality and also contribute to a better nutrient cycle in the area.   

Recently, many practical studies on nutrients-oriented waste management interventions 

were conducted with attempts to achieve a sustainable agriculture with closed nutrient 

loops and also to prevent environmental pollution. Urine-diversion toilets where human 

excreta were treated as resources were implemented in many developing countries such 

as Nepal [WaterAid, 2008], Philippines [Lipkow, 2009], and Vietnam [Harada, 2006]. 

Pond sediments were used for gardening in Thailand [Rahman, 2004] and Vietnam [Phu, 

2012]. However, the information of specific local conditions, people preferences, and 

people acceptability were not in consideration in those studies to ensure people’s 

willingness to use those interventions for long time.   

The objectives of this chapter are 1) to describe the on-going nutrients-oriented waste 

recycling manners in suburban areas by a case study in Trai hamlet, 2) to propose 
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potential interventions of nutrient management and to examine people’s preferences on 

proposed interventions.  

5.2 Materials and Methods 

5.2.1 Structure interviews to households 

Structure interviews were conducted for 100 households, who were same households 

interviewed in Chapter 3 to understand their current practices of human and livestock 

excreta management. Questions about compost/manure-related matters such as excreta 

storage and handling, means of compost/manure collection, transportation, and time 

duration were given to all interviewees during the interviews.  

To understand people’s awareness of using compost/manure in the future, structure 

interviews were conducted for 15 households who were using traditional dry toilets and 

having a demand to construct a new toilet and for 19 households were raising pig. 

Details of the interviews were listed in Table 5-1. 

Table 5-1 Contents of the interview to households 

Item Content 

Human excreta management - Type of toilets 

- How to make compost? Composting time?  

- How to handle/transport compost? 

- Willing to use compost for long time? Reason? 

Livestock excreta 

management 

- How to make manure? Time?  

- How to handle/transport manure? 

- Willing to use manure for long time? Reason? 

Structure interviews were conducted for 18 fish farmers, which were the same 

households interviewed in Chapter 4. The pond management practices were included 

through questions on frequency of pond sediment removal, sediment use, and people’s 
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awareness of pond sediment use for agricultural purposes. Details of the interviews 

were listed in Table 5-2. 

Table 5-2 Contents of interviews to fish farmers 

Item Content 

Pond sediment 

management 

- Frequency of sediment removal? 

- Purposes of sediment removal? 

- Understanding of role of fish ponds on nutrient 

trapped? 

Pond sediment use - Willingness to use compost made from pond 

sediment? Reasons? 

 

5.2.2 Preference ranking method 

Based on interview’s results, potential interventions of nutrient-oriented waste 

management were proposed. Each intervention were ranked by respondents with four 

criteria “safe to use”, “convenience to use”, “price affordability”, and “soil conditioner” 

from least preferred (score “1”) to most preferred (score “k”). The total score of an 

intervention, intervention preference index (IPI), was a sum of all respondent’s scores 

on four criteria as shown in Eq 5-1 

𝐼𝑃𝐼𝑖 =  ∑(∑(𝑘 × 𝑁𝑘)/𝑛))/4

𝑘

1

4

𝑗=1

 

Where, IPIi was preference index for intervention i, j was criteria (safe to use, convenience 

to use, price affordability, and soil conditioner), k was score (equaled to numbers of 

proposed interventions), Nk was number of respondents who scored “k” for criterion “j” of 

intervention “i”, and n was total number of respondents.  
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5.3  Results and Discussion 

5.3.1 The current state of nutrients-oriented waste 

management in the study area 

Human excreta 

As indicated in Chapter 3, 52% of households, who were using dry chamber toilets, 

made compost from excreta and ash for agriculture. All the dry chamber toilets here 

were single-chamber toilets (Figure 5-1). In the dry single chamber toilets, the chamber 

was continuously used and the excreta inside the chamber were a mixture of fresh 

excreta and semi-compost.  As described in Table 5-3, 9% of those households emptied 

their toilets regularly in every one or two weeks, continuously carried out composting 

process outside their toilets, in jute bags (Figure 5-2) or in their gardens. Most of cases, 

47 out of 56 households did not remove excreta but made compost inside their toilets, 

which caused unhygienic conditions of the toilets due to incompletely dry excreta. As 

author’s observation, most of toilets were in obvious unhygienic conditions with foul 

odor, flies, and dirty appearance. In addition, people probably had contact with fresh 

excreta at the top of compost heaps when they emptied the full chambers.  

   

 

 

 

 

Figure 5-1 Dry single       

chamber toilet 

Figure 5-2 Compost making                

in jute bags 
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Table 5-3 Types of toilets and associated excreta management 

Type of toilets % Excreta management 

Flush toilets 44 Discharged to septic tanks or ponds 

Dry single chamber toilets 56 Compost making 

Inside toilets Outside toilets 

47 9 

All 56 households added agricultural ash into the fecal chambers after each defecation 

but not all of households used lime (Table 5-4). As interviewed, people thought that ash 

was added to lower the moisture and therefore to reduce smell and flies meanwhile lime 

was a disinfectant which could kill the number of organisms in excreta. 

Table 5-4 Addition of lime and ash to toilets 

 HHs 
Frequency  

After every defecation Weekly Monthly 

Ash addition 56/56 56/56 0/56 0/56 

Lime addition 33/56 0/56 13/56 20/56 

Normally, people make compost with only ash and lime application. There were five 

out of nine households composting outside their toilets mixed with food residue, falling 

leaves, rice straw, or pig and poultry excreta (two out of five households). Composting 

was lasted for four to six month depending on households and cropping seasons. 

Table 5-5 Cropping pattern and compost use 

 Fall crop Summer crop Bean crop 

Starting month Dec./Jan. May/Jun. Sep./Oct. 

Crop type Rice Rice Bean 

Compost application (%) 52/56 37/56 3/56 

Application time 

- Seed planting 

- One month after 

planting 

 

47/52 

41/52 

 

37/37 

0/37 

 

If there is any 

availability of 

compost 
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As shown in Table 5-5, there were differences among households in the application 

pattern of compost for agriculture. According to the crop schedule, some households (15 

out of 52 households applying compost in fall crop) skipped applying compost in 

summer crop due to limited amount of compost and also short composting time (4 

months from Jan. to May). Only three out of 56 households intended to use compost for 

bean cultivation if there was any availability of compost. In many bean crops, people 

just applied agricultural ash without human feces in bean crop for soil fertility. They 

wanted to keep enough amount of compost for rice cultivation. 

After four-or-six-month-composting, people handled compost and applied to paddy 

fields. Most of people showed that they did not have any concerns on hygienic 

conditions of compost. It can be understood that only 19 and 27 out of 52 households 

applying compost for agriculture used gloves and mask, respectively (Table 5-6). 

According to their answers, they believed that excreta-made compost was completely 

dry, no smell, and then no harmful effects to people. People used boots only for 

avoiding water in paddy fields to contact with their feet and used hats for avoiding 

extreme sunlight.  

Table 5-6 Type of protective measures for people when handling compost 

 
Protective 

clothing 
Gloves Boots Mask Hat 

HHs 5/52 19/52 41/52 27/52 52/52 

Due to unhygienic conditions of dry single chamber toilets and the efforts on compost 

making, many households changed their toilet types to flush toilets. According to the 

local people, flush toilets worked well in terms of good appearance, cleanliness, 

convenience and bad odor reduction. The disadvantages of flush toilets were high cost 

of construction and maintenance and also no excreta to make compost. There were 15 

out of 100 interviewed households keep using the dry toilets and making compost for 

fertilizers in 2012. As they said, they did not have enough money to change their toilets 

but more importantly, they still needed compost for soil conditioners and better rice 

product quality.  



81 

 

Livestock excreta 

Livestock breeding, including poultry, pig, and cattle was very popular in the area. 

Therefore, livestock excreta management was a very important issue. Among them, pig 

excreta management received a biggest concern due to high volume and rich nutrient 

content, as mentioned in livestock waste generation and composition survey. As shown 

in Table 5-7, most of households raising pigs used to intensively made manure from pig 

feces to apply for agriculture. Many households recently preferred using pig feces for 

fish cultivation to using them for agriculture. Fifty-three percent of households raising 

pigs discharged pig excreta into fish ponds in 2010.  

Table 5-7 Pig excreta management  

 1980 2010 

Manure application for 

agriculture 

48/50 6/19 

Direct discharge for fish 

cultivation 

1/50 10/19 

Other 1/50 3/50 

People cleaned their pig houses every day. With the households making manure, the 

practices for making manure are shown in Table 5-8. People collected pig feces and 

kept them with ash in jute bags or in a large space nearby pig houses to make manure 

(Figure 5-3). Pig urine was not collected but directly discharged to ponds or drainage 

systems together with wastewater for cleaning breeding facilities.  

Same to human excreta, 100% of households added agricultural ash for making manure. 

According to people’s perspective, pig excreta were more unhygienic compared to 

human excreta since people eat better food than pigs. Therefore, most of households 

added lime for disinfection of pig manure. In addition, 100% of households used 

protective measures when they had to contact with pig fresh excreta and pig manure. 

Similar to compost application, the application of pig manure depended on cropping 

schedule.   
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Table 5-8 Practices of making pig manure 

 HHs 

Site for making manure 

- Jute bag 

- Outside nearby pig houses 

 

4/6 

2/6 

Materials for making manure 

- Ash application 

- Lime application 

- Mixed with human excreta 

 

6/6 

4/6 

2/6 

Application time 

- Both fall and summer crop 

- Only fall crop 

- Only summer crop 

 

5/6 

1/6 

0/6 

Protective measures (gloves, mask, hat, 

boots) 

6/6 

 

In the case of households using pig excreta for fish cultivation, people believed that fish 

in ponds fed by pig excreta grow significantly faster than when other feeds were applied 

[Vu, 2010]. Interestingly, three out of 19 households raising pigs said that they raised 

pigs just due to they had fish ponds nearby their houses. According to their interviews, 

Figure 5-3 Making manure in a space 

beside pig house 
Figure 5-4 Discharging pig excreta 

directly to fish ponds through pipes 
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it was clean, convenient, and not much labor force required to treat pig excreta and to 

clean pig houses with pig-fish systems. In contrast, they needed to put much effort on 

making manure with a higher health risk since they had to directly handle fresh pig 

feces every day.        

Fish pond’s sediment 

 

Figure 5-1 Pond sediment management practices (n = 18) 

As indicated in Chapter 4, fish ponds were found to be nutrient sinks especially in case 

of P since 74% of total P inputs to fish ponds were trapped in pond’s sediment. 

Although the ratios of water exchange of fish ponds were high (one-three times/year) 

but the frequencies of sediment desluging were low. As can be seen in Figure 5-5, 39% 

of fish ponds had been desludged at least once previously, and only 11% were regularly 

desludged (every two-three years). According to the results of interviews, fish farmers 

did not want to desluge pond’s sediment frequently since it required high cost and much 

labor force. Most pond owners utilized pond sediment only for the construction of 

pond’s dykes. Only one out of 18 fish farmers applied sediment to their garden to 

fertilize vegetables. The practices of applying pond’s sediment to paddy fields were not 

popular in the study area. 

61%
61%

11%

No removal

Non-regular removal

Regular removal
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According to Rahman et al. (2004), plants absorbed 62%, 67%, and 64% of available N, 

P and K in the sediment, respectively. Phu et al. (2012) confirmed the possibility to use 

the sediment from catfish (Pangasianodon hypothalamus) ponds for paddy field 

fertilization. Thus, the use of the sediment to paddy fields should be promoted for 

reducing water pollution in the study area, especially of P, because of its higher 

accumulation compared to N. 

5.3.2 People’s awareness of wastes-oriented compost 

As mentioned before, most of people did not have any concerns on hygienic conditions 

of compost. In addition, they preferred compost because by their long agricultural 

experiences they found that compost helped to improve soil conditions and rice product 

quality.  

 

Figure 5-2 People’s opinions to compost made from human excreta (n = 15), pig 

excreta (n = 19), and pond’s sediment (n = 18) 
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However, compost making process attracted concerns of local people. Unhygienic 

conditions of facilities (toilets, pig houses), direct handle of excreta, and labor force 

requirement were obstacles that prevented farmers to use compost for long time. Figure 

5-6 describes people’s opinions towards compost made from nutrients-oriented wastes. 

A large numbers of farmers did not agree compost made from livestock excreta (68%) 

and pond’s sediment (83%). They listed up all of negative reasons that mentioned above. 

In addition, they found that using pig excreta for fish cultivation was the easiest and 

most convenient way to treat pig excreta.  

Meanwhile, a large number of farmers accepted to use compost made from human 

excreta. The only thing farmers worried was hygienic conditions of the dry toilets. If a 

modern type of dry chamber toilets were provided, they totally accepted using compost 

from human excreta and willing to use for long time. Only two out of 15 interviewed 

households did not agree to use compost anymore and one household indicated that they 

did not know whether they continued to use compost from human excreta or not. Those 

households were spending enough money to change their dry toilets to flush toilets.   

5.3.3 Proposals of nutrient management interventions and 

people’s preferences 

Based on interview’s results, compost made from human excreta was the most preferred 

in the area. Feces application as compost to paddy fields was easy way and well 

developed in the study area. However, urine use was still limited due to its smell, high 

volume, and difficult transportation. Recently, many researches have been conducted to 

find the best ways to treat human urine for practical application to agriculture. A wide 

variety of technologies can be used to treat urine including: volume reduction, nutrient 

recovery, stabilization, hygienization, micro-pollutant removal, and nutrient removal 

[Maurer, 2006]. For agricultural purposes in the study area, we focused on nutrient 

recovery from urine and proposed three interventions for local people to select. 

Intervention 1: Urine storage/dilution    
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In this intervention, urine was separated from feces, collected to a storage tank for 

several months before use. Storage was a possible way to reduce potential health risk 

from fecal pathogens. According to [Hoglund, 2002], urine could be considered as safe 

fertilizer for any crop if they were stored at 20
o
C for at least six months. The 

disadvantages of urine storage were the precipitation of phosphorus [Udert, 2003] and 

the evaporation of ammonia [Udert, 2005]. In addition, a big storage tank and space 

were required for long storage.  

Urine should be diluted before use to reduce the risk of over application and of applying 

urine at high rates that became toxic for the crop [Jonsson, 2004]. The level of dilution 

varied between approximately 1:1 to 10:1. This practice was simple; however, it 

increased the volume to be spread and therefore required labor force.  

This intervention was suitable for applying to nearby-house-gardens due to high volume 

of urine and therefore difficulties in further transportation.  

Intervention 2: Simplified P precipitation system from urine 

Phosphate in urine could be reacted with magnesium and calcium to form precipitates, 

which could be possible ways to recover phosphorus from urine. Since urine contained 

many species such as ammonia, phosphate, sodium, potassium, calcium, magnesium, 

protons, and hydroxyl ions, many kinds of precipitates could be formed under alkaline 

conditions. However, struvite (MgNH4PO4.6H2O) seemed to be predominant product, 

followed by hydroxyapatite (Ca5(PO4)3OH) and calcite (CaCO3) [James, 2002; Udert, 

2003]. Struvite was very useful for agriculture since it could be used as slow-release-

fertilizer. Therefore, attempts to recover phosphate from urine by struvite formation 

have attracted public’s concerns.  

There were many kinds of magnesium and calcium salts could be used to produce 

struvite from urine; however, the costs should be very high for enough amounts of salts 

to be used in a year. The alternative Mg-contained materials which were much cheaper 

than Mg salts should be considered. Local ash was a potential option.  
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The biggest advantage of this intervention was the utilization of nutrients from urine in 

solid forms, which could reduce the volume of storage and then could be transported 

easily to paddy fields. However, how to obtain the maximum recovery rate of phosphate 

was still questionable.  

Intervention 3: Urine-compost mix 

This intervention followed the existing practices. Urine and feces was not separated but 

discharged together to fecal chambers and made compost there. This intervention could 

save time and labor force; however, the retention time for composting was probably 

longer than a minimum of six-month-requirement (Ministry of Health, 2005) or ash 

should be added much more than normal amounts because urine co-composted made 

higher moisture inside the chambers. As a result, large families would have not enough 

space inside the chambers, excreta needed to be removed during composting process, 

and thus potential health risks would be addressed.  

People’s preference 

12 households were asked to give preference points to each intervention. The results 

were shown in Table 5-9. 

Table 5-9 People’s preference ranking on each intervention 

 Urine 

storage/Dilution 

Simplified P 

precipitation system 

Urine-compost 

mix 

Safe to use 1.9 2.3 1.8 

Convenience to use 2.1 2.2 1.8 

Price affordability 1.8 1.9 2.1 

Soil conditioner 2.1 2.0 1.9 

Overall preference 

(average) 

2.0 2.1 1.9 

As can be seen in the table, the intervention 2 “Simplified P precipitation system” 

attracted local people most. The most advantage of this intervention was that local 
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people could utilize human urine as fertilizer in solid forms. According local people’s 

point of views, they always understood the valuable nutrient contents of urine and 

wanted to apply them for fertilizer; however, the annoyances of smell and the 

difficulties in transportation were the obstacles of urine reuse. Thanks to this 

intervention, they could handle and transport urine easily and they willing to use that 

kind of urine for long time if they found the system worked with high performance in 

terms of personal hygiene and nutrient recovery.  

For urine storage/dilution intervention, local people concerned about the maintenance 

costs when they needed to add water for dilution. In the study area, where tap water was 

not provided, local people wanted to save water for cooking and personal hygiene. In 

the case of intervention 3 “urine-compost mix”, the most thing local people disliked was 

the probable long retention time. They needed to apply compost at least twice a year to 

improve soil conditions and also to have a better rice quality.  

5.4 Conclusions 

In this chapter, the current situations of nutrients-oriented waste management in the 

study area as well as the people’s opinions on wastes-oriented composts were reviewed. 

Recently, the waste management situations tended to change from recycling practices to 

discharging one followed by urbanization process. Local people did not worry about 

hygienic conditions of compost or the effects of compost to agriculture. They had 

concerns on the compost making process, especially the hygienic conditions of 

composting facilities and the labor force requirement. A large numbers of farmers did 

not agree compost made from livestock excreta (68%) and pond’s sediment (83%) while 

80% of interviewed households accepted to use compost made from human excreta. The 

only thing farmers worried was hygienic conditions of the dry toilets. If a modern type 

of dry chamber toilets were provided, they totally accepted using compost from human 

excreta and willing to use for long time.  

Three interventions of nutrient-oriented waste management were proposed and asked 

local people for their preference, including “Urine storage/dilution”, “Simplified P 



89 

 

precipitation system”, and “urine-compost mix”. The “simplified P precipitation system” 

intervention got the highest preference score from local people. The most advantage of 

this intervention was that urine could be used as fertilizer in solid forms, which was 

easy to handle and transport to the paddy fields. However, the performance of this 

intervention in terms of personal hygiene and nutrient recovery should be investigated 

in a next chapter.    
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Chapter 6 Development of a simplified P 
recovery system from human urine 
with ash application  

6.1 Introduction 

P together with N and K are necessary elements for the growth of crop. The main source 

of P to produce chemical fertilizer is phosphate rock. Reserves of P are estimated to be 

depleted in several hundred years [Cordell, 2009] due to the rapid increase of chemical 

fertilizer consumption. Meanwhile, 3.4 million tons of P was excreted from human in 

2009, of which 1.7 million tons was from human urine [Mihelcic, 2011]. Thus, human 

excreta are an essential source of P and the recovery of P from excreta could reduce the 

pressure on P resource depletion.  

Separating human urine and feces at source is a good way to provide nutrient sources 

for agriculture and to reduce nutrient loads to the environment. As mentioned in the 

previous chapter, the application of human feces as composts to agriculture has a long 

history and well developed in the north of Vietnam. However, direct urine application is 

not preferable due to many obstacles of smell, high volume, storage and transportation 

[Jonsson, 2009]. Phosphate precipitation is a potential approach to recover P from 

human urine with the addition of Mg and/or Ca salts.  

Phosphate precipitates can be used as a slow-release-fertilizer for soil application and 

plant growth. Phosphate precipitation is a potential method to recover P from many 

types of wastewater such as municipal wastewater and human urine. Recently, many 

researchers conducted their research on P recovery with industrial salts such as 

magnesium chloride (MgCl2·6H2O), magnesium sulfate (MgSO4·7H2O), or magnesium 

oxide (MgO) [Uludag-Demirer, 2005; Capdevielle, 2014]. In addition, a practical study 

on P recovery from urine by struvite formation with magnesium salts was conducted at 

community scale in Nepal [Gantenbein, 2009]. However, the project seems to be not 

beneficial since the costs of urine collection-and-transportation and industrial salts are 

significant burden for local farmers in developing countries. An alternative way to find 
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cheaper Mg and Ca-contained materials for phosphate precipitation and to reduce the 

transportation cost is raising a question that many researchers interested in.  

Ash is an interesting low-cost Mg and Ca source that can be easily found in suburban 

areas. It contains silica, ferric oxide, calcium oxide, magnesium oxide, and carbon 

[Ahmaruzzaman, 2010]. However, there is a little knowledge on the possibility to use 

ash for phosphate precipitation from urine. In addition, for the practical application of P 

recovery system from urine, all the information of source-separated urine including 

urine generation, composition, and urine storage are required.  

As an alternative way to urine-nutrient discharge to the water bodies caused by 

conventional water flush toilets without adequate treatment, our research team is 

currently developing a simplified on-site phosphorus recovery system from human urine 

by using ashes in the study area. The specific objectives are to 1) to examine the 

possibility of ash application for phosphate precipitation, 2) to propose a simplified P 

recovery pilot system from human urine using ash in the actual conditions in a suburban 

community in Hanoi, Vietnam, and 3) to review system’s use and management and 

people’s feeling.  

6.2 Experimental methodology 

6.2.1 Sample preparation 

Agricultural ash 

Different kinds of ashes including rice straw ash, rice husk ash, and wood ash were 

collected in the study site. Local people burned rice straw in the paddy fields after rice 

harvesting, kept ashes in jute bags, and then used for making composts in their toilets. 

Rice husk ash and wood ash were produced when local people used rice husk and 

charcoal as fuel in their fireplaces.  

All obvious unburned particles were removed before use. To analyze ash chemical 

compositions, three samples with different amounts of each ash were digested in 6ml 
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conc. HNO3, 3ml conc. HCl and 0.25ml H2O2 30%, microwaved for 20 minutes (EPA 

3050B, 1996) and then analyzed Ca, Mg, K, and Na concentration by ICP-MS DRC – e 

(Perkin Elmer Ltd.) in INEST, HUST.  

 

Synthetic urine 

Synthetic urine containing seven major inorganic solutes of human urine was prepared 

for the experiments (adapted from [Harada, 2006]). The compositions of synthetic urine 

were summarized in Table 6-1. 

          Table 6-1 Compositions of prepared synthetic urine 

Component 
Concentration 

Reagent 
mmol/L mg/L 

PO4-P 6.84 212 Na2HPO4 

NH4-N 22.71 318 NH4Cl 

Mg 1.88 45 MgCl2·6H2O 

Ca 1.20 48 CaCl2·2H2O 

K 11.85 462 KCl 

Na 69.57 1600 Na2HPO4, NaCl  

Rice husk ash Rice straw ash Wood ash 

Figure 6-1 Different kinds of ashes 
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6.2.2 Experimental conditions 

Ash dissolution experiment 

Ash dissolution experiments were conducted to examine the amount of Mg and Ca from 

ashes dissolved in milliQ water under alkaline condition. One-little beakers of milliQ 

water with pH = 9 adjusted by NaOH 5N and 0.5N were prepared. A certain amount of 

ash (20g) was dosed to those beakers and the solutions were mixed by a magnetic stirrer 

at 100 rpm. The temperature of the solutions was kept at 25
o
C. The supernatants were 

sampled in 10 minute intervals, separated immediately from the precipitates by filtration 

(0.4 µm), and analyzed for pH, Mg, Ca, K, and Na as dissolved concentration. The 

experiment lasted for 4h. 

Precipitation experiment 

Precipitation experiments were conducted to examine how much and how long PO4-P in 

urine reacted with Mg and Ca from ash to precipitate. The experimental protocol was 

similar to the dissolution experiment but synthetic urine was used instead of milliQ. The 

supernatants were sampled in 10 minute intervals, separated immediately from the 

precipitates by filtration (0.4 µm), and then analyzed for pH, TP, TN, Mg, Ca, K, and 

Na. The experiment lasted for 4h. All sediments were collected for weight measurement 

and for further analysis.  

6.2.3 Sample analysis 

pH of solutions were measured immediately after each sampling by pH meter (Laquaact 

D71, Horiba Ltd.). Supernatants after filtration were stored at 4
o
C prior to analysis. 

PO4-P, NH4-N, TP, and TN were analyzed in ENFIT lab, GSGES by Autoanalyzer (BL-

TEC Autoanalyzer III, Ltd.). Ca, Mg, K, and Na were analyzed in INEST, HUST by 

ICP-MS (DRC – e, Perkin Elmer Ltd.).  

Filtered sediments were dried at 105
o
C in 2h for further analysis. First, sediments were 

dissolved in 6ml conc. HNO3, 3ml conc. HCl and 0.25ml H2O2 30%, microwaved for 20 

minutes, and then analyzed Ca, Mg, K, and Na concentration by ICP-MS (DRC – e, 
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Perkin Elmer Ltd.). On the other hand, they were dissolved in 1.5 ml conc. HNO3 + 

0.5ml conc. H2SO4 and then analyzed PO4-P and TP by followed by ascorbic acid 

method (Standard method APHA, 2005). The measured values were converted to the 

precipitate amounts in 1L. In addition, sediments  were sent to Laboratory of 

Petrochemical Refining and Catalysis, School of Chemical Engineering, HUST for X-

Ray diffraction analysis (D8 Advance Bruker, Bruker Ltd.) to identify what kinds of 
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6.3 Experimental Results 

6.3.1 Compositions of different kinds of ashes 

Table 6-2 Ash compositions 

 Rice straw ash         

(n = 3)  

Rice husk ash           

(n = 3) 

Wood ash                 

(n = 3) 

Average 

(mg/g) 

St. dev 

(mg/g) 

Average 

(mg/g) 

St. dev 

(mg/g) 

Average 

(mg/g) 

St. dev 

(mg/g) 

Calcium 36.0 6.0 6.9 1.2 116.1 10.3 

Magnesium 12.2 3.1 1.5 0.2 2.4 0.9 

Potassium 106.6 5.0 16.5 3.1 61.4 4.1 

Sodium 5.6 0.5 11.1 1.9 4.1 1.3 

Phosphorus 47.5 4.7 4.5 0.8 20.8 1.9 

Nitrogen -  -  -  

Table 6-2 summarizes the compositions of rice straw ash, rice husk ash, and wood ash 

collected in the community. The concentration of elements in ash was variable 

depending on the type of fuel and combustion conditions [Khanna, 1994]. In this study, 

the concentration of Ca, Mg, K, and Na was lower compared to other literatures 

probably due to uncontrolled temperature ash burning at local fireplaces. Among three 

kinds of ashes, the concentration of elements in rice husk ash was low. The result was 

consistent with [Ghassan, 2010] since a large fraction of silica existed in rice husk ash.  
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6.3.2 Dissolution of ashes 

Figure 6-2 and Figure 6-3 describe the time changes of Mg and Ca concentration 

during the dissolution experiments at pH = 9 with three kinds of ashes.  

As can be seen in the Figure 6-2 and Figure 6-3, dissolved concentrations of Mg and 

Ca reached at almost stable state in one hour after rice straw ash and wood ash added 

into water and that in two hours in the case of rice husk ash. It is interpreted that two 

hours are enough to have equilibrium dissolved concentration for the recovery system 

using ash.  

At stable state, the highest concentration of Mg ion was observed with rice straw ash. 

After 1h of reaction, 90 mg of Mg from rice straw ash released to the water, which 

corresponded with 37% of initial Mg concentration in ash. Only 3% of Ca from 720 

mg/L of Ca in rice straw ash released to the water (20 mg/L). The highest concentration 

of Ca ion was released from rice wood ash. After 1h of reaction, 3% of initial Ca 

concentration in wood ash was released to the water (80 mg/L). Meanwhile, the 

concentration of Mg in the solution after 1h of reaction with wood ash reached to 15 

mg/L. The lowest concentration of Ca and Mg ion was observed with rice husk ash due 

to low initial concentration of Ca and Mg in rice husk ash. After 2h of reaction, 10 mg 

of Ca and 11 mg of Mg was released to the water.    

The solubility of ash components would be expected to be controlled by “solubility 

product” principles although the specific components have not been identified [Khanna, 

1994]. The solubility of Ca and Mg in the form of CaO and MgO from different ashes to 

Ca
2+

 and Mg
2+

 in milliQ water in this study was consistent with the explanation of 

Khanna (1994), who reported that the total amount of Ca and Mg dissolved in water was 

less than 20% in the case of Ca and 40% in the case of Mg.  

Thus, the different dissolved amounts of Ca and Mg of three kinds of ashes would be 

expected for the different precipitation ratios and products for each kind of ashes when 

dissolved in urine. 



97 

 

 

Figure 6-2 Mg concentration of the solution when dissolving 20g ashes into 1L 

milliQ water at pH = 9 

 

 

Figure 6-3 Ca concentration of the solution when dissolving 20g ashes into 1L 

milliQ water at pH = 9  
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6.3.3 Precipitation experiments with ashes 

Figure 6-4, Figure 6-5, and Figure 6-6 describe the changes of PO4-P, Mg, and Ca 

concentration during precipitation experiments with ashes. As can be seen in the figure, 

PO4-P concentration of the synthetic urine decreased from 212 mg/L initially to 76 

mg/L, 181 mg/L, and 153 mg/L at the stable state after adding rice straw ash, rice husk 

ash, and wood ash to synthetic urine, respectively. It means that 61% of PO4-P (4.4 

mmol/L) was removed from synthetic urine by precipitation using rice straw ash. 

Meanwhile, only 15% and 28% of PO4-P in synthetic urine was removed with addition 

of rice husk ash and wood ash, respectively.  

 

Figure 6-4 PO4-P conc. of synthetic urine when dissolving 20 g ashes into 1L 

synthetic urine at pH = 9 

The highest PO4-P removal ratio with the addition of rice straw ash was probably due to 

PO4-P precipitation with Mg ion in the solution. As mentioned in the previous session, 

rice straw ash could release to the water a high amount of Mg to be reacted with PO4-P 

in the solution. After 1h of reaction, the total Mg removed from the solution was 101 

mg/L, equaled to 4.2 mmol/L. The molar decrease in P was a bit higher than that in Mg. 

It is indicated that PO4-P precipitated mainly in the form of struvite. The slight decrease 

of Ca concentration indicated that a small amount of Ca possibly precipitated. 
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The lowest PO4-P removal rate with the addition of rice husk ash was due to low 

solubility amounts of Ca and Mg into the solution. The slightly decrease of P in the 

solution probably due to other forms of precipitates, neither struvite nor calcium 

phosphate.  

 

Figure 6-5 Mg concentration of synthetic urine when dissolving 20g ashes into 1L 

synthetic urine at pH = 9 

 

Figure 6-6 Ca concentration of synthetic urine when dissolving 20g ashes into 1L 

synthetic urine at pH = 9 
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In the precipitation experiment with wood ash, the PO4-P precipitation was affected by 

the interaction of Ca and Mg. The molar ratio of dissolved Ca:Mg in the solution was 

higher than 1:1, at which condition PO4-P precipitation with Mg ion could be inhibited 

by the formation of calcium phosphate [Harada, 2006]. It could be stated that a quantity 

of Ca and PO4-P precipitated as calcium phosphate.  

6.3.4 Crystallization of precipitates 

Figure 6-7, Figure 6-8, and Figure 6-9 describes the XRD analysis of sediments 

obtained from precipitation experiments with rice straw ash, rice husk ash, and wood 

ash, respectively.   

 

Figure 6-7 XRD analysis of precipitate obtained from precipitation experiments 

using rice straw ash 

Struvite was the dominant crystalline phase in the sediments of rice straw ash (Figure 

6-7), which released much more Mg ions than Ca ions as shown in the dissolution 

experiment. No Ca compounds were detected. Although they seemed to be precipitated 

during the reaction, their amounts were probably too low to be detected.  
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Figure 6-8 XRD analysis of precipitate obtained from precipitation experiment 

using rice husk ash 

 

Figure 6-9 XRD analysis of precipitate obtained from precipitation experiment 

using wood ash 

Struvite and calcium phosphate were not detected with sediment of rice husk ash 

(Figure 6-8), which released the least concentration of Mg and Ca ions. The result 
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confirmed that struvite formation and calcium precipitation could not be happened due 

to the low concentration of Ca and Mg ions in rice husk ash. Instead, silicon phosphate 

was detected because of high silica content in rice husk ash, resulted in slight decrease 

of phosphate concentration in the solution.  

Various crystalline phases of calcium phosphate were detected with sediment of wood 

ash (Figure 6-9), which released the highest concentration of calcium ions. It is 

indicated that high concentration of Ca ions would inhibit struvite formation by the 

precipitation of calcium phosphate.  

6.3.5 Phosphorus content in ash after precipitation 

As can be seen in the Table 6-3, TP content in rice straw ash collected after 

precipitation experiment with synthetic urine was increased from 47.5 mg/g ash to 55.1 

mg/g ash. It was calculated that 4.9 mmol of TP was precipitated when 20g ash was 

dosed to 1L of synthetic urine. 

Table 6-3 Compositions of ash before and after precipitation experiments 

 Rice straw ash Rice husk ash Wood ash 

mg/g 

ash 

mmol/L 

urine 

mg/g 

ash 

mmol/L 

urine 

mg/g 

ash 

mmol/L 

urine 

TP Before exp. 47.5 30.6 4.5 2.9 20.8 13.4 

After exp. 55.1 35.5 5.3 3.4 21.2 13.7 

Mg Before exp. 12.2 10.2 1.5 1.3 116.1 96.8 

After exp. 17.9 14.9 - - - - 

Ca Before exp. 36.0 18.0 6.9 3.5 2.4 1.2 

After exp. 38.8 19.4 - - - - 

Meanwhile, Mg precipitation amount was equaled to 4.8 mmol, which was not so 

different from TP precipitation amount. It was indicated that mainly TP precipitation 

was in struvite. Ca content in rice straw ash was slightly increased probably due to Ca 

precipitation. In the case of rice husk ash and wood ash, the P content before and after 
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precipitation was not so different. The slight differences were because of low P 

precipitated in the experiments using those ashes. The Mg and Ca contents in rice husk 

ash and wood ash were not analyzed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thus, from the results of dissolution and precipitation experiments, it was concluded 

that rice straw ash would be the most suitable materials for phosphate precipitation from 

urine. The summary of experimental results of each ash is illustrated in Figure 6-10. 

Figure 6-10 pH and concentration of PO4-P, Mg, Ca when adding 20g ash into 1L 

synthetic urine at pH = 9: a) rice straw ash, b) rice wood ash, and c) wood ash 

9

9.2

9.4

9.6

9.8

10

0

50

100

150

200

250

0 20 40 60 80 100120140160180200220240

P
O

4
-P

, 
C

a
, 

M
g

 (
m

g
/L

)

Time (minutes)

9

9.2

9.4

9.6

9.8

10

0

50

100

150

200

250

0 20 40 60 80 100120140160180200220240

Time (minutes)

p
H

9

9.2

9.4

9.6

9.8

10

0

50

100

150

200

250

0 20 40 60 80 100120140160180200220240

PO4-P Mg Ca pH

P
O

4
-P

, 
C

a,
 M

g
 (

m
g
/L

)

Time (minutes)

p
H

P
O

4
-P

, 
C

a,
 M

g
 (

m
g
/L

)

Time (minutes)

p
H

P
O

4
-P

, 
C

a,
 M

g
 (

m
g
/L

)

Time (minutes)

p
H

P
O

4
-P

, 
C

a,
 M

g
 (

m
g
/L

)

Time (minutes)

p
H

a) 

b) c) 

PO4P 



104 

 

Rice straw ash is very easily produced with a large amount and low cost in suburban 

areas. Compared to the normal P fertilizer (10-16% of P), the P content in rice straw ash 

after struvite formation was quite low. However, this product was still recommended to 

be used for urine treatment and soil conditioner enhancement. Rice straw ash contains 

high content of alkaline minerals (Ca compound) that can help to improve acidic soils. 

6.4 Pilot system set up in the study site 

6.4.1 Pilot system proposal 

Figure 6-11 shows the simplified image of the pilot system. By a urine diversion toilet-

cistern type, feces and urine were separated. Feces were defecated with ash for 

composting and then applied to paddy fields as fertilizers. Urine was collected with rice 

straw ash for P precipitates. The simple hanging system of ash-bags could be prepared 

from existed local materials with low costs. With the hanging system, farmers easily 

added or removed ash without urine-direct handle. After a certain time, ash bags could 

be used for agricultural purposes. 

 

 

Figure 6-11 Pilot system proposal  

6.4.2 Toilet construction 

A household in the study site was selected for a toilet introduction. There were two 

models of toilets, which were imported from China (Ecovita Ltd.) with named “eco-dry 

Ash bag

Feces for compost
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urine diverting toilet for composting system” and “eco-flush urine diverting toilet”.  

After discussion with the hamlet’s leader and the house’s owner, the dry toilet was 

decided to be constructed in the selected household (Figure 6-12).  

 

                     Figure 6-12 The dimensions of toilet 

 

Figure 6-13 Inside of the toilet 

 

 

Figure 6-14 Outside of the toilet 

Figure 6-13 and 6-14 shows the inside and outside of the toilet. There were two-fecal 

chambers under the toilet’s pan. One chamber was in use for feces defecation and 

another was not in use for feces composting with ash. After a retention time, feces were 

removed and applied to paddy fields as fertilizers. Urine was collected into a small can 

keeping outside the toilet. Stored urine was used for further investigation of a P 

precipitation system. The toilet was located inside the house’s premises. The cost for 

toilet import was 1200$ and that for toilet construction was 700$.  
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6.4.3 Urine analysis 

Urine accumulation rate survey 

When the toilet started to be used, urine was collected by the can keeping outside the 

toilet. The can was marked for each volume of 0.5L (Figure 6-15). The stored volume 

of urine in the can was recorded everyday together with the toilet use check sheet 

(Figure 6-16) by the house’s owner. The survey was conducted in two weeks.  

 

Figure 6-15 Stored urine in can with 

volume measurement 

 

Figure 6-16 Toilet use investigation 

check sheet 

 

Urine sampling 

Since the compositions of stored urine were expected to be changed during storage, 

collected urine in the can was sampled with time. Urine was pooled into the can right 

after the toilet started to be used. In every three days, 200mL of urine was collected and 

analyzed. We analyzed TP, TN, PO4-P, and NH4-N followed standard methods [APHA, 

2005], and Ca, Mg, K, and Na by ICP-MS in INEST, HUST. The sampling time lasted 

for one month. To compare the compositions of stored urine and fresh urine, samples of 

fresh urine were collected for three times from a total of six peoples. All of the collected 

urine was mixed at each of three collected times and analyzed with same parameters as 

stored urine. In addition, the volumes of a single urination were recorded from 10 

peoples. Precipitates in the storage urine can were collected in day 31 after urine 
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collection started to examine their compositions. Collected precipitates were analyzed in 

the same manners as mentioned in 3.2.5. 

6.4.4 System reviews in terms of toilet’s use and management 

and nutrient recovery 

After six-month-toilet-use, the short interview and survey on the toilet use and 

management conditions were conducted with the selected household. The answers of 

the household’s members were justified by the author’s observation. The contents of the 

interview were given in Table 6-4.  

Table 6-4 Contents of interview on toilet’s use and management 

Interviewed items Contents 

Toilet use and management Cover fecal hole? 

No ash or no ash container inside toilet? 

Ash, lime application after defecation? 

Clean floor? Fecal smell? 

Flies inside the vault/toilet? 

Urine use after full storage can? 

People’s feeling Convenient or not? 

Hygienic or not? 

Easy to use? 

Willing to use for long time?  

 

To review system in term of nutrient recovery, stored urine after specific days for 

stabilization (exact day was obtained from urine analysis) was collected for experiments 
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with rice straw ash in the laboratory to examine the P recovery rate. The experimental 

protocols were same as those mentioned in 3.2.4 and 3.2.5. Based on obtained results 

from those experiments on P recovery rate, urine generation and composition data, the 

mass balance of the pilot batch- system was calculated.  

6.5 Pilot system performance 

6.5.1 Changes on urine compositions during storage 

The time changes of N concentration and pH of the supernatant in urine tank during 

storage were shown in Figure 6-17. As can be seen in the figure, the pH value increased 

and became stable in a range 9.0 – 9.1 after five days due to the urea hydrolysis [Udert 

K. M., 2003]. The urea hydrolysis also leaded to the increase of NH4-N concentration 

while TN was not changed much. 

 

Figure 6-17 Changes of pH and supernatant N concentration during urine storage 

Figure 6-18 describes the time transitions of PO4-P, Ca, and Mg concentration. As 

shown in the figure, Mg concentration was very low after five days. It is indicated that 
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almost all of the Mg in supernatant were precipitated with PO4-P right after pH reached 

to a stable value of 9. PO4-P concentration was gradually decreased and became stable 

after 16 days of urine storage. In the case of Ca, the slow decrease of Ca concentration 

in the first 16 days of storage indicated that Ca was also precipitated but not as fast as 

Mg did. The molar ratio of Ca: Mg in the storage tank was 1.28:1, which caused the Ca 

precipitation after Mg did [James, 2002]. The changes of Na and K concentration were 

not shown here since they changed not much during storage, although the values not 

stable properly because of the urine influents. In other words, Na and K did not 

precipitate during urine storage.  

 

Figure 6-18 Changes of PO4-P, Ca, and Mg supernatant concentration           

during urine storage  

The compositions of precipitates in the storage tank after one-month-storage are 

summarized in Table 6-5. The molar ratio of phosphate precipitate amount and 

magnesium precipitate amount was 1.2, which indicated that phosphate precipitates 
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to the higher supernatant concentration of Ca than that of Mg in stored urine. In the 

storage tank, Mg precipitated fast until a very low concentration remained. After that, 

Ca precipitated in the storage tank.  

Table 6-5 Compositions of precipitates in the storage tank after one month of 

storage (day 31) 

 TP PO4-P Mg Ca 

Amount (mmol/g-precipitate) 2.98 2.26 1.88 0.93 

The compositions of fresh urine and stored urine after 16 days of storage (day 31) were 

shown in Table 6-6. The dilution rate of urine by flush water was estimated to be 1.6 

times with the assumption that Na did not precipitate during urine storage. With dilution 

rate of 1.6, PO4-P and TP concentration in the supernatant of stored urine were 

equivalent to 80.0 and 76.4% of those in the influent to the storage tank, respectively. 

As calculated, 20% and 23.6% of PO4-P and TP influent were precipitated during urine 

storage.  

Table 6-6 Composition of fresh urine and urine after one month of storage (day 31) 

Item Unit Fresh urine (n = 3) Stored urine (n = 3) 

Average S.D Average S.D 

pH - 6.31 0.15 9.16 0.04 

TN mg/L 6580   551 4383  627 

NH4-N mg/L 696 223 2520 983 

TP mg/L 375 35 179 11 

PO4-P mg/L 316 47 158 4 

Mg mg/L 51 8 3 1 

Ca mg/L 109 17 44 7 

K mg/L 968 39 594 85 

Na mg/L 2895 225 1805 260 
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6.5.2 Pilot system reviews 

System’s use and management 

The interview and observation conducted with the selected household after six month 

starting of toilet use showed that the toilet was used properly. According to the 

household’s owner, there were four adults and two children in their house. Only three 

adults including the owner, his wife, and his daughter in law used the toilet frequently. 

Their son worked out and their children were too small to use their toilet. Therefore, 

they could keep the toilet clean and used it properly.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-19 Toilet after 6-month-use (left) and toilet 

cleaning by households’ members (right) 

Figure 6-20 Covering chamber for making compost 
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A container with ash, a straw broom, and a bottle of flush water were always kept inside 

the toilet. They applied ash after every defecation and applied lime twice in a month. 

They cleaned the urination hole by water and the fecal hole by a straw broom. There 

was no smell and flies inside the toilet. After six months, one of the two fecal chambers 

was already full and was closing to make compost. The second chamber was in use at 

that time. As author’s observation, they covered the chamber carefully to make compost. 

The opinions of household’s members on the pilot system were also questioned.  

According to people’s feeling, the toilet they were using was not as clean as flush water 

was; however, it was very useful as feces and urine could be utilized for agricultural 

purposes. Before the P precipitation system from urine was implemented, they stored 

urine in a tank and used it for gardening after dilution by water. Indeed, all household’s 

members were satisfied on their toilet.  

P balance through the pilot recovery - batch system  

Stored urine in the storage tank was collected for experiment of P recovery in laboratory 

in INEST, HUST. The experiment was carried out with 1L of stored urine, 20g of rice 

straw ash, pH at 9.18, and lasted in 24 hours. The results revealed that TP concentration 

of the supernatant was decreased from 161 to 77 mg/L after 24h of reaction. In other 

words, 52% of phosphorus in the influent to storage tank was estimated to be 

precipitated with rice straw ash application. 

The urine accumulation rate in the storage tank was measured to be an average of 288 

mL/urination. The urine volume of single urination collected from 10 people was 

estimated to be 190 mL/urination. With the assumption of dilution factor of urine by 

flush water as 1.6 folds as mentioned above, the diluted urine volume flowed to the 

storage tank was calculated as 304 mL/urination. It is indicated that, through urine 

diversion toilet, 94.7% of urine (288 of 304 mL) flowed to the storage tank. A small 

percent (5.3%) was discharged to fecal chambers. In the storage tank, 22.3% of P 

(23.6% of 94.7) in the urine influent to the storage tank was precipitated during storage. 

After ash application, 40.4% of P precipitated in straw ash while 32% remained in the 

urine solution. Mass balance of P through pilot system was illustrated in Figure 6-21.  
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Figure 6-21 Mass balance of phosphorus through the P recovery-batch system 

Thus, through the pilot system, 40.4% of P in urine could be precipitated with rice 

straw ash. It was easy to the farmers to utilize this product for paddy fields as slow-

release fertilizer. As mentioned before, although the P content in ash after precipitation 

was not high but this product was still recommended to be used for urine treatment and 

soil condition improvement. Remaining urine which contained 32.0% of initial P could 

be used for gardening inside the house’s premises as this manner did not require long 

transportation and much human labor force.  

 

Figure 6-22 Proposed P precipitation continuous system from human urine with 

ash application 
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For more conveniences for the local people, the simplified P precipitation-continuous 

system should be proposed (Figure 6-22). For this purpose, the storage tank design and 

operation, ash retention time, and P precipitation efficiency should be further 

investigated. More importantly, health risks of using P precipitates for agricultural 

application should be considered carefully.  

6.6 Conclusions 

By conducting lists of experiments in the laboratory, rice straw ash was found to be the 

most suitable material to provide a magnesium source for P precipitation from human 

urine. A pilot system on P recovery from human urine with ash application was 

constructed in the study area to validate our results. The pilot composed of a urine-

diversion toilet with two fecal chambers for compost making and simplified P 

precipitation system from human urine with ash bags-hanging system. Through the pilot, 

40.4% of P in urine could be precipitated in ash bags. Those ash bags could be applied 

for paddy fields as slow-release fertilizers. Remaining urine which contained 32.0% of 

initial P could be used for gardening inside the house’s premises. Local people used the 

pilot system properly and they were satisfied with the system in terms of nutrient 

utilization for agriculture. To improve the system performance, the reaction design and 

operation, urine collection efficiency, P precipitation efficiency should be further 

investigated. More importantly, health risks of using P precipitates for agricultural 

application should be considered carefully.  

References 

Ahmaruzzaman M., 2010. A review on the utilization of fly ash. Prog Energy Combust Science, 

36, 327-363. 

APHA, 2005. Standard methods for the examination of water and wastewater. Washington DC, 

USA: 21st Association/American Water Works Association/Water Environment Federation. 

Ban Z. S., Dave G. (2004). Laboratory studies on recovery of N and P from human urine 

through struvite crystalisation and zeolite adsorption. Environmental Technology, 25, 111-

121. 



115 

 

Capdevielle A., Sýkorová E., Béline F., Daumer ML., 2014. Kinetics of struvite precipitation in 

synthetic biologically treated swine wastewaters. Environmental Technology, 35(10), 1250-

1262. 

Cordell D., Jan-Olof D., White S., 2009. The story of phosphorus: Global food security and 

food for thought. Global Environmental Change, 292-305. 

Gantenbein B., Khadka R., 2009. Struvite Recovery from Urine at Community Scale in Nepal 

(STUN) - Final Project Report Phase I. UN-Habitat Water for Asian Cities Programme 

Nepal: Eawag, Water and Sanitation in Developing Countries (Sandec). 

Ghassan Habeeb and Hilmi Bin Mahmud Abood, 2010. Study on properties of rice husk ash and 

its use as cement replacement material. Mat. Res., 13 (2), 1516-1439. 

Harada H., Shimizu Y., Miyagoshi Y., Matsui S., Matsuda T., 2006. Predicting struvite 

formation for phosphorus recovery from human urine using an equilibrium model. Water 

science and technolgy, 54(8), 247-255. 

James D. Doyle, Simon A. Parson, 2002. Struvite formation, control, and recovery. Water 

research, 36, 3925-3940. 

Jonsson H., Vinneras B., Burstrom A., Hoglund C., Stenstrom TA., 2009. Source separation of 

human urine - nitrogen and phosphorus emissions. The 8th international conference on the 

FAO ESCORENA network on recycling of Agricultureal, municipal and industrial residues 

in agriculture, 251-259. Rennes, France. 

Udert M. Kai, Tove A. Larsen, Martin Biebow, Willi Gujer, 2003. Urea hydrolysis and 

precipitation dynamics in a urine-collecting system. Water research, 37, 2571-2582. 

Khanna P. K., Raison R. J., Falkiner R. A., 1994. Chemical properties of ash derived from 

Eucalyptus litter and its effects on forest soils. Forest Ecology and Management, 66, 107-

125. 

Mihelcic JR., Fry LM., Shaw R., 2011. Global potential of phosphorus recovery from human 

urine and feces. Chemosphere, 32, 693-698. 

Rao G. S. L. H. V. Prasada  (2008). Agricultural meteorology. Eastern Economy Edition, P.384. 

Uludag-Demirer S., Demirer G. N., Chen S. S., 2005. Ammonia removal from anaerobically 

digested dairy manure by struvite precipitation. Process Biochemistry, 40, 3667-3674. 

 

  



116 

 

  



117 

 

Chapter 7 Conclusions and Recommendations 

7.1 Conclusions 

Rural and suburban areas of developing countries are now under high pressures of rapid 

economic growth and modernization. As a result of changes on waste and wastewater 

management manners, nutrient balances of farming systems in those areas have been 

changed. By developing a material flow model of nitrogen and phosphorus, the study 

examined the historical changes of water and nutrient cycles and then proposed a sound 

nutrient management intervention. Some main results of this research are illustrated in 

Figure 7-1. 

Figure 7-1 Illustration of some main results of this research 
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The historical changes of nutrient cycles were examined in a suburban community in 

Hanoi, Vietnam. The results showed that traditional practices of excreta recycling for 

agriculture have been decreasing following an urbanization process. The ratio of 

nitrogen and phosphorus from human and livestock excreta applied to paddy fields 

decreased by half from 1980 to 2010. The N and P derived from chemical fertilizers 

were 6% decreased from 1980 to 2000 for both N and P and increased 1.4 times for N 

and 1.2 times for P from 2000 to 2010. As of 2010, the total inputs to paddy fields were 

425 kg N/ha/year and 90 kg P/ha/year, of which chemical fertilizers contributed to 40% 

of N and 65% of P. Paddy fields contributed to the largest proportion of N to water 

bodies and P to soil accumulation.  The total N and P loads to the water bodies were 

gradually increased by 1.9 and 3.2 times from 1980 to 2010, respectively. Fish ponds 

accounted for 71% of total P load in water bodies due to their excessive nutrient inputs.  

The total nutrient inputs applied to fish ponds were 7.3 and 6.3 times higher than those 

in 1980, respectively. As of 2010, the total inputs to fish ponds were 886.9 kg N/ha and 

210.4 kg P/ha, of which 41%N and 38%P were derived from livestock excreta. 

Although the water volume from livestock excreta contributed to fish ponds was quite 

low, livestock excreta was a main source of nutrients for fish ponds due to their high 

nutrient contents. Only 20%N and 13%P of total inputs was taken up by fish. Twenty-

five percent of N and 13% of P were discharged from fish ponds to water bodies 

through water removal, seepage, and overflow. A large amount of nutrients was 

estimated to remain in the sediment, accounted for 34%N and 74%P of the total inputs.  

Thus, improper waste and wastewater management caused the huge burden to the loss 

of valuable nutrients and the water environmental pollution. For a sustainable farming 

and an improvement of water pollution, nutrients-oriented wastes should be utilized in a 

close loop. If the discharging human and livestock excreta were applied to paddy fields, 

the chemical fertilizer consumption could be reduced by 19% for N and 8% for P. 

Similarly, if pond’s sediment were applied to paddy fields, the chemical fertilizer 

consumption could be reduced by 10% for N and 14% for P. 

However, a large numbers of farmers did not agree compost made from livestock 

excreta (68%) and pond’s sediment (83%). Meanwhile, 80% of interviewed households 
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accepted to use compost made from human excreta.  Thus, the intervention of human 

excreta recycling was proposed by a cistern type dry urine diversion toilet to separate 

feces and urine. Feces were used for making compost. Urine was treated as in three 

interventions “Urine storage/dilution”, “Simplified P precipitation system”, and “urine-

compost made”. The “simplified P precipitation system” intervention got the highest 

preference score from local people. The most advantage of this intervention was that 

urine could be used as fertilizer in solid forms, which was easy to handle and transport 

to the paddy fields.  

Among rice straw ash, rice husk ash, and wood ash, rice straw ash was found to be the 

most suitable material for highest P recovery rate, 60% of P from human urine. Thus, 

rice straw ash was selected for the pilot verification. The simplified P precipitation-

batch system was designed with an ash bags-hanging system. Urine was collected to a 

storage tank keeping outside of the toilet. To make struvite, urine was pour into a 

reaction tank contained ash bag and leave there for one day. It was found that after one 

day of reaction, 40.4% of P in urine could be precipitated in ash bags. Those ash bags 

could be applied for paddy fields as slow-release fertilizers. Remaining urine which 

contained 32.0% of initial P could be used for gardening inside the house’s premises. 

Local people used the pilot system properly and they were satisfied with the system in 

terms of nutrient utilization for agriculture.  

For more conveniences for the local people, the simplified P precipitation-continuous 

system should be proposed. For this purpose, the storage tank design and operation, ash 

retention time, and P precipitation efficiency should be further investigated. More 

importantly, health risks of using P precipitates for agricultural application should be 

considered carefully. 
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7.2 Recommendations for further studies 

MFA in this research was constructed based on much reference data and people’s 

memories. It is good for overall understanding the situation with time changes under big 

limitation and uncertainty of data in developing countries. To validate the model, some 

measurements of actual nitrogen and phosphorus flow should be considered.  

Although the nitrogen and phosphorus accumulated in fish ponds were estimated in this 

research, the actual accumulation rate should be tested to suggest better pond 

management interventions.  

A pilot system of modern urine diversion toilet – cistern type with a simplified P 

precipitation batch-system was constructed in the study area. It is good approach to 

maintain the traditional waste recycling practice in an urbanizing society. For more 

convenient to local people, a continuous system should be proposed. In addition, further 

studies should focus on the analysis of heavy metals as well as pathogenic 

microorganisms in nutrients-oriented wastes-made composts. Those data can be used 

for the estimation of potential health risk.  
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Appendix 

Appendix A: Summary of master thesis 

 

STUDY ON NUTRIENTS MANAGEMENT FOR IMPROVING 

RESOURCES-ORIENTED SANITATION SYSTEM IN HANOI 

 

Pham Huong Giang 

 

Key Words: Waste, Wastewater, Nitrogen, Phosphorus, Hanoi 

 

1. BACKGROUND AND OBJECTIVES 

Hanoi, the capital of Vietnam, has faced rapid modernization. It leads to the 

improper management of waste and wastewater in the city and the collapse in use of 

locally available resources, resulting in the deterioration of environmental sanitation and 

the huge consumption of chemical fertilizers. The manner of waste management and 

fertilizer consumption has been changing recently. Therefore, its time transition should 

be comprehensively understood  

The purpose of this study is to identify the time transition of domestic waste and 

wastewater management in a sub-urban community in Vietnam to provide a basis for 

sustainable management of sub-urban wastes and improvement of environmental 

sanitation. Material flows were developed in nitrogen and phosphorus from 1980—2010, 

and then the effects of waste management intervention under different scenarios were 

evaluated.   
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2. METHODOLOGY 

Firstly, a door-to-door interview survey was implemented for 100 households on 

the management of kitchen waste, wastewater, human excreta, and livestock excreta, as 

well as the consumption of chemical fertilizer through 1980—2010. Then, the nitrogen 

and phosphorus flows were established for the whole study area based on the waste and 

wastewater stream and unit composition data of each object. Finally, impacts of waste 

management intervention were evaluated on reduction of chemical fertilizer 

consumption and nutrients load to the environment based on three waste management 

scenarios: 1) scenario 1 employing septic tanks for human excreta treatment, 2) scenario 

2 employing compositing for human and livestock excreta, 3) scenario 3 employing 

anaerobic digestion for human and livestock excreta. 

 

3. RESULTS AND DISCUSSION 

The current nitrogen and phosphorus flows showed that as of 2010, the total 

nutrients inputs to the agriculture were 19,174 kg-N/year and 4,753 kg-P/year, in which 

51% of nitrogen and 69% of phosphorus were derived from chemical fertilizer. Local 

resources of human excreta and livestock excreta in 2010 were used for agriculture with 

high recycling ratios: 55% of nitrogen and phosphorus from human excreta and 35% of 

those from livestock excreta.  

From 1980 to 2010, significant changes of nitrogen and phosphorus flows were 

observed. The chemical fertilizer consumption decreased from 1980 to 2000; however, 

from 2000 to 2010, it has increased by 36% for nitrogen and by 20% for phosphorus in 

total agricultural inputs. The total nutrients load to the water bodies in 2010 was 3,396 

kg-N/year and 751 kg-P/year, which were approximately 700% of nitrogen and 606% of 

phosphorus in 1980.  

A scenario study revealed that the scenario employing anaerobic digestion for 
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human and livestock excreta is highly recommended for this hamlet, in which chemical 

fertilizer consumptions could be decreased by 47% for nitrogen and 21% for 

phosphorus from chemical fertilizer, and nutrients load to water bodies could be 

reduced.by 73% and 54%, respectively. 

    

4. CONCLUSIONS 

This study assessed the quantitative data of nitrogen and phosphorus flows with 

time trend from 1980-2010, as well as evaluated the effects of waste management 

intervention in terms of nutrients. These could be a basis for sustainable management of 

sub-urban waste and wastewater in Hanoi. 
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Appendix B: Questionnaire survey sheet 

 

SURVEY QUESTIONNAIRE/BẢNG CÂU HỎI ĐIỀU TRA 

 

Name of 

Interviewee:……………………………………………………………………………. 

Address 

(Hamlet/Commune/District):…………………………..……………………………….. 

Date of 

Interview:………………………………………………………………………………… 

Name of 

Interviewer:……………………………………………………………………………... 

 

 

Part 1: General Information/Thông tin chung 

1.1.1 Household characteristic 

1.1.2 How many people in your family? Age?  

1.1.3 What is your main occupation? 

……………………………………………………………………………………

…………………. 

1.1.3 How much is your family’s income per month from your main job? 

a. <500.000VND                               b. 500.000 - < 1.000.000 VND 

c.1.000.000 - <2.000.000 VND                                   d. ≥ 2.000.000 VND 
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1.1.4 Have you got any extra job?……........................... 

1.1.4.1 If yes, what is it?/.................................................................................. 

1.1.4.2 How much is your family’s income per month from your extra job? 

a. <500.000VND                               b. 500.000 - < 1.000.000 VND 

c.1.000.000 - <2.000.000 VND                            d. ≥ 2.000.000 VND 

1.2 Agricultural information 

1.2.1 Where do you cultivate? 

a. Rice-field       b. Garden           c. Others(…………………………..) 

1.2.2 How big your agricultural area? 

Rice-field…………………………………………… 

Garden………………………………………………. 

Others………………………………………………... 

1.2.3 Agricultural productivity 

Productivity 
Production 

(kg/crop) 

Value 

(VND) 

Sold quantity 

(kg/crop) 

Income from sale 

(VND) 

Rice     

Vegetable     

Fruit     

Soy Bean     

 

1.2.4 How do you manage agricultural residual?  

a. Use for agricultural (How many percent? Which residual?) 

…………….............................................................................................................

.......) 

b. Use for fuel (How many percent? Which residual?) 

……………………………………………………………………………………

……)            

c. Use for livestock (How many percent? Which residual?) 

……………………………………………………………………………………

……)   
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d. No treatment, dumping outside or to water bodies (How many percent? Which 

residual?……………………………………………………………………..…..

………) 

e. Others 

(………………………………………………………………….………….) 

 

 1980 1990 2000 2010 2020 

a      

b      

c      

d      

 

1.2.5 Do you use chemical fertilizer? 

a. Yes                            b. No 

1.2.6 What kind of fertilizer do you use? (N-P-K, Urea…) Which company?  

1.2.7 Chemical fertilizer components? 

 

Nitrogen (1980-1990-2000-2010) 

 

Phosphorus (1980-1990-2000-2010) 

Potassium (1980-1990-2000-2010) 

 

N-P-K/others (1980-1990-2000-2010) 

 

 

1.2.8 The quantity of fertilizer you use for a year (kg)?  
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Rice 

 1980 1990 2000 2010 

N     

P     

K     

N-P-K     

Others     

Bean:  

1.2.9 The amount of money you spend for chemical fertilizer for a year?....................... 

1.2.10 What is the source of irrigation water?  

a. River (which river…………………………..)         b. Rain           c. Pond                                       

d. Ground water             e. Others (…………………………) 

1.2.11 How much water do you use for 

irrigation?...............................................................................m
3
/day 

 

1.3 Livestock information 

1.3.1   

Livestock Quantity Type of food/Origin Quantity of food 

Buffalo/Cow    

Pig    

Goat    

Chicken    

Duck    

Other    

1.3.2 Livestock product 

Livestock Egg Meat Milk Breeding 

Buffalo/Cow     

Pig     
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Goat     

Chicken     

Duck     

Other     

 

1.3.3 How do you manage livestock excreta? 

a. Use for agriculture 

How many percent? How do you use for 

agriculture…………………………………..……….. 

……………………………………………………………………………………

…………………. 

b. Sell (How many percent) 

c. Non-treatment, dumping outside or to water bodies. How many percent? 

d. Others (……………………………………………………..) 

 1980 1990 2000 2010 

a     

b     

c     

d     
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Part 2: Environment, Sanitation, and Health Condition 

Điều kiện vệ sinh môi trường và sức khỏe 

 

2.1 What is your main source of domestic water?  

In rainy seasons 

a. Tap water (…………….……%, ………………..m
3
/day)              

b. Well water (…………………%,…………………….…m
3
/day)               

c. Rain water (………………%, ……………………..m
3
/day) 

d. River water (………………..%.............................m
3
/day)                   

e. Others/Khác (…………………….,………………..%)
 

In dry seasons 

a. Tap water (…………….……%, ………………..m
3
/day)              

b. Well water (…………………%,…………………….…m
3
/day)               

c. Rain water (………………%, ………………….m
3
/day) 

d. River water (………………..%.............................m
3
/day)                   

e. Others (…………………….,………………..%)
 

2.2 Do you have a toilet in your house?  

a. No (go to 2.2.1) 

           b. Yes (go to 2.2.2) 
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2.2.1 Where do you usually defecate? 

a. Public to                              b. Over water bodies                                                                 

c. Garden, Rice-field                       d. Others 

2.2.2 What kind of toilet do you have? 

a. Cistern flush toilet            b. Pour flush toilet            c. Urine diversion toilet 

d. Dry chamber toilet                                            e. Others 

If Flush toilet 

2.2.2.1 How much water do you use for each 

defecation?...........................................................................m
3
 

2.2.2.2 How much does your toilet 

cost?.............................................................VND 

2.2.2.3 Where is your toilet connected? 

a. Septic tank            b. Biogas tank            c. River,Pond 

d. Open channel         e. Others 

If Septic tank 

2.2.2.1.1 How is the structure of septic tank? 

……………………………………………………………………………………

…………………………… 

2.2.2.1.2 Where is the tank connected? 

a. Sewage pipe    b.River, Pond       c. Open channel 
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d. Not connected             e. Others 

2.2.2.1.3 The volume of septic tank is?...................m
3
 

2.2.2.1.4 How old is your toilet and septic 

tank……………………………………………. 

2.2.2.1.5 How often do you remove sludge in septic tank? 

a. ……..month/time       b. Never     c. Future 

2.2.2.1.6 How do you treat sludge? 

…………………………………………………………………………… 

 

If Urine diversion toilet or Bucket/Pit latrine 

2.2.2.2 Which material you use for excreta treatment after defecation? And how 

much do you use?  

 

2.2.2.3 How do you treat urine/ use urine?  

 

2.2.2.4 How often do you remove excreta?  

 

2.2.2.5 How do you use excreta?  

2.2.2.6 The volume of pit is? 

2.2.2.7 What is bottom of pit latrine made of 
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2.2.3 Do you have washing hand place? Do you usually wash your hand after 

defecation? 

………………………………………………………………………………………... 

……………………………………………………………………………………………

…………. 

2.2.4 Do you use urine for agriculture? 

a. Yes/Có (How)…………………………………………………………………... 

b. No 

2.2.5 Do you use sludge or excreta for agriculture?  

 1980 1990 2000 2010 

Yes or No     

 

[IF YES/NẾU CÓ] 

2.2.5.1 How do you get urine, sludge or excreta?  

a. Toilet               b. Buy/            c. Others (………………………………..) 

2.2.5.2 How do you treat excreta before using for agriculture? 

a. Fresh excreta        b. composting           c. Others (……………………) 

2.2.5.3 How do you make compost? How long does it take?  

………………………………………………….………………...………………………

…………. 
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2.2.5.4 What kind of agricultural product do you use sludge or excreta?  

a. Rice                              b. Vegetable (…………………………)   

c. Fruit                      d. Others (………………………..) 

 

2.2.5.5 How much do you use sludge or excreta for agriculture?  

 

2.2.5.6 Do you use all sludge or excreta in the tank?  

a. Yes                     b. No 

 

If no, how do you manage the remaining sludge or excreta?  

 

[ALL] 

2.2.5.7 Do you have any problems about toilet or defecation?  

 

2.3 Do you know where grey water discharge? 

a. No 

b. Open channel 

c. River, pond 

d. Outside of house 
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e. Others (……………………………………………….) 

2.3 How much does grey water discharge per day?/………………. m
3 

2.4 Health status 

Have your family ever had diarrhea or related hygienic diseases? If yes, please specify 

WHO? AGE?  

 

THANK YOU VERY MUCH FOR YOUR CO-OPERATION! 
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Appendix C: Survey results 

C-1 Household’s characteristic 

HHs HH size 

Age structure 

< 30 30-60 >60 

1 2 

 

2 

 2 3 1 2 

 3 4 2 2 

 4 5 2 2 1 

5 6 2 2 2 

6 5 1 2 1 

7 5 1 2 1 

8 6 2 4 

 9 5 3 2 

 10 5 2 2 1 

11 4 2 2 

 12 2 

 

2 

 13 2 

 

2 

 14 5 2 4 

 15 4 2 2 

 16 4 2 2 

 17 5 3 2 

 18 4 2 2 

 19 5 2 2 1 

20 2 

  

2 

21 5 1 4 

 22 3 

 

3 

 23 4 2 2 

 24 7 3 2 2 

25 4 2 2 

 26 4 2 2 

 27 4 2 2 

 28 3 

 

3 

 29 5 1 4 

 30 2 

 

2 

 31 4 

 

2 2 

32 4 2 2 

 33 3 1 2 

 34 3 1 2 

 35 5 2 2 1 
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36 7 3 2 2 

37 5 3 2 

 38 3 1 2 

 39 4 2 2 

 40 4 2 2 

 41 6 2 2 2 

42 4 2 2 

 43 2 

 

2 

 44 4 2 2 

 45 4 2 2 

 46 2 

 

2 

 47 4 2 2 

 48 4 2 2 

 49 4 2 2 

 50 5 2 3 

 51 3 1 2 

 52 3 1 2 

 53 3 1 2 

 54 6 2 2 2 

55 4 2 2 

 56 5 2 2 1 

57 3 1 2 

 58 3 1 2 

 59 2 

 

2 

 60 5 3 2 

 61  5 2 2 1 

62 4 2 2 

 63 4 2 2 

 64 4 2 2 

 65 4 2 2 

  66 5 2 2 1 

67 4 2 2 

 68 4 2 2 

 69 4 2 2 

 70 4 2 2 

 71 3 1 2 

 72 4 2 2 

 73 4 2 2 

 74 4 2 2 

 75 4 2 2 

 76 4 2 2 

 77 4 2 2 
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78 3 1 2 

 79 4 2 2 

 80 3 1 2 

 81 4 2 2 

 82 4 2 2 

 83 4 2 2 

 84 4 2 2 

 85 3 1 2 

 86 6 2 2 2 

87 3 1 2 

 88 4 2 2 

 89 5 3 2 

 90 4 2 2 

 91 5 2 1 2 

92 4 2 2 

 93 4 2 2 

 94 3 

 

2 1 

95 4 2 2 

 96 5 2 2 1 

97 2 

 

2 

 98 3 1 2 

 99 4 2 2 

 100 5 2 3 

 

 

 



138 

 

C-2 Chemical fertilizer consumption 

HHs 

Rice Bean 

N fertilizer P fertilizer K fertilizer 
NPK 

N  P  
Van Dien Viet Nhat Son Lam 

1980 1990 2000 2010 1980 1990 2000 2010 1980 1990 2000 2010 1980 1990 2000 2010 1980 1990 2000 2010 1980 1990 2000 2010 2010 2010 

1 120 120 120 60 400 400 400 0                 0 0 0 200             

2 120 120 120 60 400 400 400 0   50 60 0         0 0 0 200         30 50 

3 140 140 120 140 400 400 200 400   60 60 60                         30 70 

4 140 140 140 100 300 300 300 200   40 40 0         0 0 0 140         30 70 

5 160 160 160 20 200 200 200 0                 0 0 0 260         30 100 

6 160 120 0 0 400 300 0 0   60 0 0 0 0 0 560                 30 50 

7 140 140 120 40 300 300 200 0         0 0 0 500                     

8 120 120 140 100 300 300 400 0         0 0 0 400                 30 60 

9 140 140 140 120 400 400 400 300   60 60 60                         30 50 

10 140 100 100 0 300 200 200 0   40 40 40         0 0 0 200             

11 100 120 120 140 160 180 180 200   50 50 60                         30 50 

12 120 120 100 120 400 400 300 400   80 60 80                         30 70 

13 150 200 200 200 200 300 300 300   100 100 100                         30 50 

       

14 100 100 100 120 300 300 300 400   50 50 60                             

15 140 140 140 200 300 300 300 400                                     

16 120 120 100 40 400 400 300 0                 0 0 0 240             

17 120 120 120 0 200 200 200 0   40 40 40         0 0 0 300         30 100 

18 120 120 70 120 300 300 200 300   60 60 60                         30 50 

19 140 120 120 40 300 200 200 0                 0 0 0 240         30 60 

20 80 80 80 80 200 200 200 200                                 30 50 

21 100 100 120 140 200 200 240 240                                 30 50 

22 100 100 100 100 300 300 300 300   60 60 60                         30 50 
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23 80 80 80 100   300 300 400                                 30 70 

24 100 100 100 120 300 300 300 400                                 30 50 

25       10                 0 0 400 0 0 0 0 280         30 60 

26 100 100 100 120 160 160 160 200   50 50 60                             

27 160 160 160 160 400 400 400 400                                 30 80 

28 120 120 0 30 300 300 0 0         0 0 0 600 0 0 260 0         30 60 

29 120 120 120 0 200 200 200 0                 0 0 0 240         30 50 

30 100 100 100 120 200 200 200 300   40 40 40                         30 60 

31 100 100 100 100 400 400 400 400   100 100 100                             

32 140 140 120 0 300 300 200 0         0 0 0 500                     

33 160 160 160 160 300 300 300 300   60 60 60                         30 70 

34 120 120 120 140 400 400 400 400                                     

35 100 100 100 100 300 300 300 400   100 100 100                         30 60 

36 120 120 120 140 200 200 200 400                                     

37 120 120 120 120 300 300 300 300   80 80 80                         30 50 

38 120 120 120 120 400 400 400 400   60 60 60                         30 50 

39 100 100 100 120 200 200 200 300                                     

40 160 160 160 0                         0 0 0 400             

41 120 120 120 20 200 200 200 0                 0 0 0 200         30 60 

42 120 120 120 0 400 400 400 0                 0 0 0 300         30 50 

43 120 120 120 160 300 300 300 400   60 60 60                         30 50 

44 140 140 140 140 300 300 300 300                                 30 50 

45 120 120 120 0           100 100 0 0 0 0 500                     

46 100 100 100 0 300 300 300 0         0 0 0 440                 40 100 

47 120 120 100 0 400 400 300 0         0 0 0 360                 30 50 

48 140 140 120 60 400 400 300 0         0 0 0 500                 30 50 
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49 140 140 120 40 400 400 300 0                 0 0 0 300         30 60 

50 80 80   1980 1990 2000 2010 200                                 30 50 

51 160 160 160 160 200 200 200 200                                 30 50 

52 120 120 120 0 200 200 200 0                 0 0 0 240         20 35 

53 120 120 120 20 300 300 300 0                 0 0 0 270         30 50 

54 120 120 0 0 200 300 0 0         0 0 400 400                 30 0 

55 120 120 120 60                         0 0 0 240         20 50 

56 120 120 80 20 400 400 400 0   60 60 0 0 0 0 500                 30 60 

57 140 140 100 40 300 300 200 0         0 0 0 500                 30 50 

58 120 120 120 120 300 300 300 0         0 0 0 300                 30 50 

59 40 40 40 0 220 220 220 100                 0 0 0 300             

60 160 160 120 0 300 300 300 0                         0 0 0 560 30 70 

61  160 160 160 0 300 300 300 0   0 0 60         0 0 0 240         30 50 

62 120 120 60 20 300 300 0 0         0 0 200 0 0 0 0 240         30 50 

63 160 160 120 0 300 300 200 0   60 60 60         0 0 0 200         30 80 

64                         0 0 300 300                 30 50 

65       120       400       60                             

 66     60 60                 0 0 240 240                 30 50 

67     20 40                 0 0 500 500                     

68                         0 0 0 500                 30 70 

69       40                 0 0 0 240                     

70 140 120 100 20 400 300 300 0                 0 0 0 240         30 70 

71 140 140 140 80 400 400 400 0         0 0 0 400                 30 50 

72 140 140 120 0 400 400 300 0                 0 0 0 280         30 60 

73 120 120 120 120 200 200 200 200                                 30 50 

74 140 140 140 140 300 300 300 300                                 30 50 
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75 200 150 100 200 400 300 200 400                                 30 70 

76 120 120 120 120 400 400 400 400                                     

77 100 100 100 100                                             

78 120 120 100 140 300 300 200 400                                 30 50 

79 120 120 120 140 200 200 200 300                                 30 50 

80 140 140 100 140 200 200 200 200                                 30 50 

81         400 400 400 400   60 60 60                         20 50 

82 140 120 120 140 400 300 300 400                                 30 70 

83 100 100 100 100 400 400 400 400                                     

84 120 120 120 140 200 200 200 300                                 30 50 

85 100 100 140 140 200 200 300 300                                 30 50 

86 120 120 100 140 300 300 200 400                                     

87 100 100 100 120 400 400 400 400                                     

88 120 120 100 120 200 200 150 200                                 30 70 

89 120 120 120 0 250 250 250 0         0 0 0 500                 20 70 

90 120 120 120 150 300 300 300 400   40 40 40                         30 50 

91 120 120 120 60 300 300 300 0       50         0 0 0 300         30 60 

92 120 120 120 120 200 200 200 200                                 30 50 

93 100 100 100 40 200 200 200 0                 0 0 0 300         25 100 

94 100 100 100 100 400 400 400 400         0 0 0 100                 30 50 

95 120 80 80 120 300 300 300 300                                 25 50 

96 100 100 100 100 400 400 400 400                                 30 80 

97 150 100 100 100 400 400 400 400                                 30 50 

98 140 140 140 0 400 400 400 0                 0 0 0 350         30 50 

99 140 140 140 140 300 300 300 300                                 30 50 

100 120 120 120 150 200 200 200 300                                 30 50 
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C-3 Type of fertilizers 

  N fertilizer  P fertilizer Viet Nhat fertilizer NPK Van Dien NPK Son Lam 

N % 46 

 

16 16 12 

P2O5 % 

 

16 12 9 10 

 

C-4 Average chemical fertilizer consumption 

 Chemical fertilizer (kg/ha/year) 

Nitrogen Phosphorus 

1980 145.4 55.5 

1990 142.7 55.4 

2000 136.8 52.2 

2010 185.6 62.5 
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C-5 Toilet system and human excreta management 

HHs 

Toilet system Human waste management 

No 
toilet 

Flush toilet 

Urine 

diversion 
toilet 

Dry 

chamber 
toilet 

1980 1990 2000 2010 

Cistern Pour 
Used 
for 

agri. 

Discharge 
Used 
for  

agri. 

Discharge 
Used 
for  

agri. 

Discharge 
Used 
for  

agri. 

Discharge 
Septic 
tank 

w/o 

septic 
tank Others 

Septic 
tank 

w/o 

septic 
tank others 

1           1 
 

    1   1   1     1 

2           1       1   1   1     1 

3               1   1   1   1   1   

4                 1 1   1   1   1   

5         1         1   1   1     1 

6                 1 1   1   1   1   

7           1       1   1   1     1 

8   1                 1   1   1   1 

9         1         1   1   1     1 

10                 1 1   1   1   1   

11               1   1   1   1   1   

12   1               1   1   1     1 

13         1         1   1   1     1 

       

14                 1 1   1   1   1   

15                 1 1   1   1   1   

16   1               1   1   1   1   

17   1               1   1   1   1   

18         1         1   1   1     1 

19                 1 1   1   1   1   

20                 1 1   1   1   1   
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21                 1 1   1   1   1   

22   1               1   1   1     1 

23                 1 1   1   1   1   

24                 1 1   1   1   1   

25         1         1   1   1     1 

26   1               1   1   1     1 

27                 1 1   1   1   1   

28   1               1   1   1     1 

29                 1 1   1   1   1   

30               1   1   1   1   1   

31         1         1   1     1   1 

32   1               1   1   1     1 

33                 1 1   1   1   1   

34                 1 1   1   1   1   

35         1         1   1   1     1 

36                 1 1   1   1   1   

37   1               1   1   1     1 

38         1         1   1   1     1 

39                 1 1   1   1   1   

40         1           1   1   1   1 

41   1               1   1   1     1 

42                 1 1   1   1   1   

43                 1 1   1   1   1   

44         1         1   1   1     1 

45               1   1   1   1   1   

46               1   1   1   1   1   
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47                 1 1   1   1   1   

48                 1 1   1   1   1   

49                 1 1   1   1   1   

50               1   1   1   1   1   

51         1         1   1   1     1 

52                 1 1   1   1     1 

53   1               1   1   1     1 

54   1               1   1     1   1 

55                 1 1   1   1   1   

56   1               1   1   1     1 

57         1         1   1   1     1 

58   1               1   1   1     1 

59               1   1   1   1     1 

60                 1 1   1   1   1   

61    1               1   1   1     1 

62       1           1   1   1     1 

63                 1 1   1   1     1 

64     1                       1   1 

65         1                       1 

 66         1                   1   1 

67   1                       1     1 

68   1                             1 

69         1                       1 

70         1       1 1   1   1   1 1 

71               1   1   1   1   1   

72                 1 1   1   1   1   
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73         1         1   1   1     1 

74               1   1   1   1   1   

75                 1 1   1   1   1   

76                 1 1   1   1   1   

77                 1 1   1   1   1   

78         1         1   1   1     1 

79                 1 1   1   1     1 

80                 1 1   1   1   1   

81                 1 1   1   1   1   

82           1       1   1   1     1 

83 1                   1   1   1   1 

84         1         1   1   1     1 

85                 1 1   1   1     1 

86                 1 1   1   1   1   

87           1       1   1   1     1 

88                 1 1   1   1     1 

89               1   1   1   1   1   

90                 1 1   1   1   1   

91               1   1   1   1   1   

92                 1 1   1   1   1   

93                 1 1   1   1   1   

94           1       1   1   1   1   

95                 1 1   1   1     1 

96                 1 1   1   1   1   

97                 1 1   1   1   1   

98               1   1   1   1   1   

99                 1 1   1   1   1   

100                 1 1   1   1   1   
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C-6: Human excreta management 

 

 

Used for agriculture Used for fishery Discharged 

No of HHs  

per total HHs 
 (%) 

No of HHs per 

total HHs 
(%) 

No of HHs per 

total HHs 
 (%) 

1980  91/94 97 0/94 0 3/94 3 

1990 91/94 97 0/94 0 3/94 3 

2000 90/97 93 0/97 0 7/97 7 

2010 52/101 51 5/101 5 44/101 44 
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C-7 Livestock breeding 

HHs 

Livestock breeding 

1980 1990 2000 2010 

Poultry Pig Cow/buffalo Poultry Pig Cow/buffalo Poultry Pig Cow/buffalo Poultry Pig Cow/buffalo 

1 1 1   1 1   1 1   1     

2 1     1     1     1     

3 1     1 1   1 1   1     

4 1     1     1 1   1     

5 1 1   1 1   1 1   1     

6 1     1 1   1 1   1     

7       1     1 1   1     

8 1 1   1 1   1     1     

9 1 1   1 1   1 1   1     

10 1     1 1   1 1   1     

11 1     1     1     1 1   

12 1     1     1 1   1 1   

13 1 1   1     1     1     

       

14 1 1   1 1   1 1   1     

15 1 1   1 1   1 1   1     

16               1         

17 1 1 1 1 1   1 1   1     

18               1         

19 1     1 1   1 1   1     

20 1 1   1 1   1 1   1     

21 1 1   1 1   1     1     

22 1 1 1 1 1 1 1 1 1 1   1 
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23 1 1   1 1   1 1   1     

24 1 1   1 1   1 1         

25 1     1     1     1     

26 1 1   1 1   1 1   1     

27                         

28 1 1   1 1   1 1   1 1   

29 1 1   1 1   1 1         

30 1 1   1 1   1 1   1     

31             1     1     

32               1         

33   1     1     1         

34 1     1     1     1     

35 1 1   1 1   1     1     

36 1     1     1           

37                         

38 1 1   1 1   1 1   1 1   

39   1     1               

40 1 1   1 1   1 1   1     

41 1 1   1 1   1     1     

42                         

43 1 1   1 1   1 1   1 1   

44 1 1   1 1   1 1   1 1   

45                         

46 1 1   1 1   1 1         

47 1     1     1 1   1     

48         1   1 1         
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49               1         

50 1 1   1 1   1 1   1 1   

51 1     1     1     1     

52 1 1   1 1   1     1     

53 1     1     1     1     

54 1 1   1 1   1 1   1 1   

55 1     1     1     1     

56             1 1   1 1   

57 1 1   1 1   1 1   1     

58 1 1   1 1   1 1   1 1   

59                         

60 1 1 1 1 1 1 1 1 1 1 1 1 

61  1 1   1 1   1 1   1     

62             1     1 1   

63 1     1     1 1   1 1   

64             1 1         

65                   1     

 66             1     1     

67             1     1     

68                         

69                   1     

70 1 1   1 1   1 1   1     

71 1     1     1           

72 1 1   1 1   1 1         

73                         

74 1     1     1           
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75 1 1   1 1   1 1   1     

76 1     1     1     1     

77 1     1     1     1     

78 1 1   1 1   1 1   1     

79 1 1   1 1   1 1   1     

80 1     1     1 1   1     

81 1 1   1     1     1     

82 1     1 1   1 1   1     

83 1     1     1     1     

84 1 1   1 1   1 1   1     

85 1 1   1 1   1     1     

86 1 1   1 1   1 1   1     

87 1     1     1     1     

88 1     1     1 1   1     

89 1 1   1 1   1 1         

90 1 1   1 1   1 1   1     

91 1 1   1 1   1 1         

92 1     1     1     1 1   

93 1 1   1 1   1 1   1   1 

94 1 1   1 1   1 1   1 1   

95 1     1 1   1 1   1     

96 1     1     1     1     

97 1     1 1   1 1   1 1   

98 1 1   1 1   1 1   1 1   

99   1     1     1     1   

100   1     1     1     1   
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C-8 Poultry excreta management 

HHs 

Poultry excreta management 

1980 1990 2000 2010 

For 

agri. 

For 

fishing 

Non-

treatment Others 

For 

agri. 

For 

fishing 

Non-

treatment Others 

For 

agri. 

For 

fishing 

Non-

treatment Others 

For 

agri. 

For 

fishing 

Non-

treatment Others 

1 1       1       1       1       

2 1       1       1       1       

3 1       1       1       1       

4 1       1       1       1       

5 1       1       1       1       

6     1       1       1       1   

7           1       1       1     

8     1       1       1       1   

9 1       1       1       1       

10     1       1       1       1   

11 1       1       1       1       

12 1       1       1         1     

13 1       1       1       1       

       

14 1       1       1       1       

15 1       1       1       1       

16                                 

17 1       1       1       1       

18                                 

19 1       1       1       1       

20 1       1       1       1       

21 1       1       1       1       

22     1       1       1       1   
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23 1       1       1       1       

24     1       1       1           

25 1       1         1       1     

26 1       1       1       1       

27                                 

28 1       1       1         1     

29     1       1       1           

30 1       1       1       1       

31                 1       1       

32                                 

33                                 

34     1       1       1       1   

35   1       1       1       1     

36 1       1       1               

37                                 

38 1       1       1       1       

39                                 

40 1       1       1       1       

41 1       1       1       1       

42                                 

43 1       1       1       1       

44     1       1       1       1   

45                                 

46 1       1       1               

47 1       1       1       1       

48                     1           
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49                                 

50 1       1       1       1       

51     1       1       1       1   

52 1       1       1       1       

53   1       1       1       1     

54 1       1       1       1       

55 1       1       1       1       

56                 1       1       

57 1       1       1       1       

58 1       1       1       1       

59                                 

60 1       1       1         1     

61  1       1       1       1       

62                   1           1 

63 1       1       1       1       

64                   1             

65                         1       

 66                 1       1       

67                 1       1       

68                                 

69                             1   

70 1       1       1       1       

71     1       1       1           

72 1       1       1               

73                                 

74 1       1       1               
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75 1       1       1       1       

76 1       1       1       1       

77     1       1       1       1   

78     1       1       1       1   

79 1       1       1       1       

80 1       1       1       1       

81 1       1       1       1       

82 1       1       1       1       

83     1       1       1       1   

84     1       1       1       1   

85     1       1       1       1   

86 1       1       1       1       

87 1       1       1       1       

88 1       1       1       1       

89 1       1       1               

90 1       1       1       1       

91 1       1       1               

92     1       1       1       1   

93 1       1       1       1       

94 1       1       1       1       

95 1       1       1       1       

96 1       1       1       1       

97 1       1       1       1       

98 1       1       1       1       

99                                 

100                                 
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C-9 Pig excreta management  

HHs 

Pig excreta management 

1980 1990 2000 2010 

For 

agri. 

For 

fishing 

Non-

treatment Others 

For 

agri. 

For 

fishing 

Non-

treatment Others 

For 

agri. 

For 

fishing 

Non-

treatment Others 

For 

agri. 

For 

fishing 

Non-

treatment Others 

1 1 

   

1 

   

1 

       2 

                3 

    

1 

   

1 

       4 

        

1 

       5 1 

   

1 

   

1 

    

1 

  6 

    

1 

    

1 

      7 

         

1 

      8 1 

   

1 

           9 1 

   

1 

   

1 

       10 

    

1 

   

1 

       11 

             

1 

  12 

        

1 

    

1 

  13 1 

               14 1 

   

1 

   

1 

       15 1 

   

1 

   

1 

       16 

        

1 

       17 1 

   

1 

   

1 

       18 

        

1 

       19 

    

1 

   

1 

       20 1 

   

1 

   

1 

       21 1 

   

1 

           22 1 

   

1 

    

1 
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23 1 

   

1 

   

1 

       24 1 

   

1 

   

1 

       25 

                26 1 

   

1 

   

1 

       27 

                28 1 

   

1 

   

1 

    

1 

  29 

   

1 

   

1 

   

1 

    30 1 

   

1 

   

1 

       31 

                32 

        

1 

       33 

 

1 

   

1 

   

1 

      34 

                35 1 

   

1 

           36 

                37 

                38 1 

   

1 

   

1 

   

1 

   39 1 

   

1 

           40 1 

   

1 

   

1 

       41 1 

   

1 

           42 

                43 1 

   

1 

   

1 

   

1 

   44 1 

    

1 

   

1 

   

1 

  45 

                46 1 

   

1 

   

1 

       47 

        

1 

       48 

    

1 

    

1 
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49 

        

1 

       50 1 

   

1 

   

1 

       51 

                52 1 

   

1 

           53 

                54 1 

   

1 

    

1 

   

1 

  55 

                56 

         

1 

   

1 

  57 1 

   

1 

   

1 

       58 1 

   

1 

   

1 

    

1 

  59 

                60 1 

   

1 

   

1 

      

1 

61 1 

   

1 

   

1 

       62 

               

1 

63 

        

1 

   

1 

   64 

         

1 

      65 

                66 

                67 

                68 

                69 

                70 1 

   

1 

   

1 

       71 

                72 1 

   

1 

   

1 

       73 

                74 
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75 1 

   

1 

   

1 

       76 

                77 

                78 1 

   

1 

   

1 

       79 1 

   

1 

   

1 

       80 

        

1 

       81 1 

               82 

    

1 

   

1 

       83 

                84 1 

   

1 

   

1 

       85 1 

   

1 

           86 1 

   

1 

   

1 

       87 

                88 

        

1 

       89 1 

   

1 

   

1 

       90 1 

   

1 

   

1 

       91 1 

   

1 

   

1 

       92 

             

1 

  93 1 

   

1 

   

1 

       94 1 

   

1 

   

1 

    

1 

  95 

    

1 

   

1 

       96 

                97 

    

1 

   

1 

   

1 

   98 1 

   

1 

   

1 

   

1 

   99 1 

   

1 

   

1 

   

1 

   100 1 

   

1 

   

1 

      

1 
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C-10 Cow/Buffalo excreta management 

HHs 

Cow/Buffalo excreta management 

1980 1990 2000 2010 

For 

agri. 

For 

fishing 

Non-

treatment Others 

For 

agri. 

For 

fishing 

Non-

treatment Others 

For 

agri. 

For 

fishing 

Non-

treatment Others 

For 

agri. 

For 

fishing 

Non-

treatment Others 

1                                 

2                                 

3                                 

4                                 

5                                 

6                                 

7                                 

8                                 

9                                 

10                                 

11                                 

12                                 

13                                 

14                                 

15                                 

16                                 

17 1                               

18                                 

19                                 

20                                 

21                                 

22     1       1       1       1   
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23                                 

24                                 

25                                 

26                                 

27                                 

28                                 

29                                 

30                                 

31                                 

32                                 

33                                 

34                                 

35                                 

36                                 

37                                 

38                                 

39                                 

40                                 

41                                 

42                                 

43                                 

44                                 

45                                 

46                                 

47                                 

48                                 
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49                                 

50                                 

51                                 

52                                 

53                                 

54                                 

55                                 

56                                 

57                                 

58                                 

59                                 

60 1       1       1       1       

61                                 

62                                 

63                                 

64                                 

65                                 

66                                 

67                                 

68                                 

69                                 

70                                 

71                                 

72                                 

73                                 

74                                 
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75                                 

76                                 

77                                 

78                                 

79                                 

80                                

81                                 

82                                 

83                                 

84                                 

85                                 

86                                 

87                                 

88                                 

89                                 

90                                 

91                                 

92                                 

93                         1       

94                                 

95                                 

96                                 

97                                 

98                                 

99                                 

100                                 
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C-11 Livestock waste management 

 

 

Used for 

agriculture 
Used for fishery 

Anaerobic 

digested 

Discharged 

No of HHs  

per total 

HHs 

% 

No of HHs 

per total 

HHs 

% 

No of HHs 

per total 

HHs 

% 

No of HHs 

per total 

HHs 

% 

Poultry 
1980  57/75 76 2/75 3 0/75 0 16/75 21 

1990 57/75 76 3/75 4 0/75 0 15/75 20 

2000 60/83 72 6/83 7 0/83 0 17/83 21 

2010 52/74 70 7/74 10 1/74 1 14/74 19 

Pig 

1980 48/50 96 1/50 2 0/50 0 0/50 0 

1990 53/56 95 3/56 5 0/56 0 0/56 0 

2000 52/62 84 9/62 15 0/62 0 0/62 0 

2010 6/19 32 10/19 53 3/19 16 0/19 0 

Cow/Buffalo 

1980 2/3 66 0/3 0 0/3 0 1/3 33 

1990 1/2 50 0/2 0 0/2 0 12 50 

2000 2/3 66 0/3 0 0/2 0 1/3 33 

2010 1/2 50 0/2 0 0/2 0 12 50 
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C-12 Kitchen waste management 

 

 

Used for 

agriculture 

Livestock 

breeding 
Fishery 

Discharged 

No of HHs  

per total 

HHs 

% 

No of HHs 

per total 

HHs 

% 

No of HHs 

per total 

HHs 

% 

No of HHs 

per total 

HHs 

% 

1980  8/94 9 27/94 29 0/94 0 59/94 63 

1990 8/94 9 27/94 29 0/94 0 59/94 63 

2000 8/97 8 27/97 28 0/97 0 62/97 64 

2010 7/100 7 27/100 27 4/100 4 62/100 62 

 

C-13 Grey-water management  

 

 

Used for 

agriculture 
Used for fishery Discharged 

No of HHs  

per total 

HHs 

 (%) 

No of HHs 

per total 

HHs 

 (%) 

No of HHs 

per total 

HHs 

 

(%) 

1980  25/94 27 15/94 16 54/94 57 

1990 25/94 27 15/94 16 54/94 57 

2000 25/97 26 16/97 16 56/97 58 

2010 25/100 25 16/100 16 59/100 59 
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Appendix D: Results of livestock waste composition survey 

 

1. Pig excreta 

Parameter Feces (n = 23) Urine (n=10) Excreta 

Moisture content 

(%) 
69.72 ± 5.11 - - 

T-P (kg/head/day) 3.85 ± 1.07 0.74 ± 0.19 4.59 ± 1.26 

T-N (kg/head/day) 9.65 ± 3.09 10.67 ± 2.5 20.32 ± 5.53 

 

2. Poultry excreta 

Parameter Feces (n = 24) Urine  Excreta 

Moisture content 

(%) 
77.73 ± 7.99 - - 

T-P (kg/head/day) 0.08 ± 0.04 - 0.08 ± 0.04 

T-N (kg/head/day) 0.36 ± 0.08 - 0.36 ± 0.08 

 

3. Cow/buffalo excreta 

Parameter Feces (n = 3) Urine (n=3) Excreta 

Moisture content 

(%) 
87.35 ± 1.14 - - 

T-P (kg/head/day) 4.02 ± 0.21 1.11 ± 0.20 4.59 ± 1.26 

T-N (kg/head/day) 18.84 ± 2.26 12.82 ± 0.50 31.66 ± 2.76  
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Appendix E: Questionnaire survey for fish farmers 

 

Name of household: 

Pond number:  

 

1. Which kind of pond? 

Purpose 

           a. For irrigation only               b. For daily fishery          

           c. For intensive fishery            d. Others  

Structure 

           a. Open pond (discharged point connected to…………………… ) (go to 2)                              

           b. Close pond                                                                                     (go to 5) 

2. The situation of discharged point? 

           a. Always open                                                                                   (go to 3) 

           b. Normally close, open only when raining                                        (go to 4) 

           c. Others 

3. Measured flow rate of discharge point……………………………………………… 

4. How many times per year discharged point is opened?............................................. 

5. When pond was constructed? ………………………………………………………. 
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6. a. Constructed pond area (m
2
)………………………………………………………. 

    b. Constructed pond capacity (m
3
)………………………………………………… 

    c. Measured pond area (m
2
)……………………………………………………….. 

    d. Measured pond depth (m)……………………………………………………… 

    e. Measured distance from water surface to soil road surface (m) 

7. Which kind of fishery? 

                  a. For meat          b. For variety          c. Others 

8. a. What kind of food for fishes?  

          a. Human wastes   b. Livestock wastes   c. Food wastes      d. Industrial wastes 

    b. Breeding frequency? (times/day)………………………………………………… 

    c. How much of food?................................................................................................. 

9. Frequency of fish harvesting? (times/year)………………………………………… 

10. How much kg of fishes in each harvesting time?..................................................... 

11. a. Frequency of water exchange? (times/year)…………………………………… 

      b. Volume of water exchange (m
3
)……………………………………………… 

12. a. Frequency of sediment removal? (times/year or years/time)…………………… 

      b. Quantity of sediment removal? (kg/time)……………………………………… 
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Appendix F: Results of measured pond area 

 

 

  
 

Surface area 

(m
2
) 

Depth 

(m) 

P1 160 1.21 

P2 700 1.00 

P3 3200 1.02 

P4 920 1.09 

P5 1900 1.00 

P6 3900 1.00 

P7 4200 0.93 

P8 1900 0.84 

P9 1600 0.81 

P10 1800 1.00 

P11 1400 1.28 

P12 1500 1.20 

P13 560 1.00 

P14 240 1.34 

P15 870 0.79 

P16 380 1.00 

P17 940 1.17 

P18 390 1.00 
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Appendix G: Seepage measurement result 

 

Day 
h bucket  

(cm) 

H pond  

(m) 

December 2 10.8 1.32 

 

4 10.5 

 

 

6 10.3 

 

 

9 9.9 1.29 

 

11 9.7 

 

 

13 9.6 

 

 

17 9.4 

 

 

20 9.1 1.24 

 

23 8.7 

 

 

25 8.6 1.23 

    Delta 23 2.5 0.09 

S = (∆H - ∆h)/23 = 0.28 cm/day 

 

  



171 

 

Appendix H: People’s opinions on wastes-made compost 

 
Human excreta-

made compost 

Pig excreta-

made compost 

Pond's sediment-

made compost 

Not agree 2 13 15 

Do not know 1 2 1 

Agree if hygienically 

treated 
8 3 0 

Totally agree 4 1 2 

Total of respondent 15 19 18 
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Appendix I: Preference ranking method 

Household name 

Price 

affordability 
Safe to use 

 

Convenience 

to use 

 

Good for soil 

P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3 

Household 1 1 2 3 2 1 3 1 3 2 2 1 3 

Household 2 2 1 3 3 1 2 1 2 3 3 2 1 

Household 3 1 3 2 3 2 1 3 1 2 3 1 2 

Household 4 2 3 1 1 2 3 1 2 3 1 2 3 

Household 5 1 2 3 3 2 1 2 1 3 1 2 3 

Household 6 1 3 2 3 1 2 3 1 2 1 3 2 

Household 7 2 3 1 1 2 3 3 2 1 2 3 1 

Household 8 1 2 1 3 1 2 3 1 2 2 3 1 

Household 9 3 1 2 1 2 3 3 1 2 3 2 1 

Household 10 3 1 2 1 3 2 1 3 3 2 1 3 

Household 11 3 1 2 1 3 2 1 3 2 2 1 3 

Household 12 2 3 1 1 2 3 3 2 1 3 2 1 

Least preferred (1) 5 4 4 6 4 2 5 5 2 3 4 5 

Medium (2) 4 3 5 1 6 5 1 4 6 5 5 2 

Most preferred (3) 3 5 3 5 2 5 6 3 4 4 3 5 

 

 

P1  

(diluted urine) 
P2  

(Urine compost mix) 
P3  

(P precipitation) 

Price affordability 1.8 2.1 1.9 

Safe to use 1.9 1.8 2.3 

Convenience to use 2.1 1.8 2.2 

Good for soil 2.1 1.9 2.0 

Overall preference 

(average) 
2.0 1.9 2.1 
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Appendix J: P precipitation experiment with rice straw ash 

1. Straw ash composition  

       

  
C1 

(mg/g) 

C2 

(mg/g) 

C3 

(mg/g) 

Aver 

(mg/g) 

Std 

(mg/g) 

Calcium  35.7 42.2 30.1 36.0 6.0 

Magnesium 11.9 9.2 15.4 12.2 3.1 

Potassium 107 111 101 107    5 

Sodium   6.03 5.7 5.1 5.6 0.5 

Phosphate 49.80 42.1 50.5 47.5 4.7 

 

2. Dissolution experiment, 1000 mL milli Q, pH = 9, ash = 20g 

 

Time 
(mins) 

pH 
Ca 

(mg/L) 

Mg 

(mg/L) 

K 

(mg/L) 

0   9.00 0.00 0    0 

20 10.78 10.3 56.4 765 

40 10.78 16.3 62.8 995 

60 10.76 20.0 84.8       1002 

120 10.68 18.6 83.4 997 

180 10.61 19.2 85.8 968 

240 10.55 17.6 89.6 965 

 

3. Precipitation experiment, 1000 mL miliQ, pH = 9, ash = 20g 

 

 Time 

(mins) 

pH 

(-) 

PO4-P 

(mg/L) 

Mg 

(mg/L) 

Ca 

(mg/L) 

K 

(mg/L) 

0 9.01 212.00 45.0 48.0 462 

20 9.53 146.20 51.1 59.7   1020 

40 9.57  91.17 26.5 61.2   1315 

60 9.59  75.68 28.6 69.9   1234 

120 9.59 76.82 25.4 57.3   1209 

180 9.61 77.36 26.7 55.1   1347 

240 9.59 76.21 24.5 51.1   1109 
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Appendix K: P precipitation experiment with rice husk ash 

1. Husk ash composition  

       

  
C1 

(mg/g) 

C2 

(mg/g) 

C3 

(mg/g) 

Aver 

(mg/g) 

Std 

(mg/g) 

Calcium  8.2 7.2 5.4 6.9 1.2 

Magnesium 1.7 1.2 1.4 1.5 0.2 

Potassium 13 20 17 17 3 

Sodium 11.2 13.4 8.7 11.1 1.9 

Phosphate 3.82 4.27 5.61 4.50 0.78 

 

2. Dissolution experiment, 1000 mL milli Q, pH = 9, ash = 20g 
 

Time 

(mins) 
pH 

Ca 

(mg/L) 

Mg 

(mg/L) 

K 

(mg/L) 

0 9.00 0.0 0         0 

20 9.13 5.7 3.4     122 

40 8.87 9.1 5.2     194 

60 8.76 9.2 8.8     198 

120 8.29      10.1      10.7     178 

180 8.28      10.3      10.9     189 

240 8.25 9.3      11.1     191 

 

3. Precipitation experiment, 1000 mL milli Q, pH = 9, ash = 20g 

 

 Time 

(mins) 

pH 

(-)  

PO4-P 

(mg/L) 

Mg 

(mg/L) 

Ca 

(mg/L) 

K 

(mg/L) 

0 9.01 212.0 45.0 48.0 462 

20 9.53 211.2 44.5 55.8 570 

40 9.57 198.0 51.8 58.7 639 

60 9.59 189.1 55.2 59.6 632 

120 9.59 181.4 56.9 59.1 601 

180 9.61 181.5 54.8 58.6 609 

240 9.59 180.9 57.1 59.8 612 
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Appendix L: P precipitation experiment with wood ash 

1. Wood ash composition  

       

  
C1 

(mg/g) 

C2 

(mg/g) 

C3 

(mg/g) 

Aver 

(mg/g) 

Std 

(mg/g) 

Calcium  103.1 116.8 128.4 116.1 10.3 

Magnesium 1.2 3.2 2.8 2.4 0.9 

Potassium 56 65 63 61 4 

Sodium 6.3 5.1 8.2 6.5 1.3 

Phosphate 18.3 21.5 22.7 20.8 1.9 

 

2. Dissolution experiment, 1000 mL milli Q, pH = 9, ash = 20g 

 

 Time 

(mins) 
pH  

Ca 

(mg/L) 

Mg 

(mg/L) 

K 

(mg/L) 

0 9 0 0 0 

20 9.13 54.7 7.2 745.1 

40 8.87 62 14.4 780.6 

60 8.76 80.2 15.1 791.6 

120 8.29 78.5 12.9 770.4 

180 8.28 76.7 12.7 798.5 

240 8.25 81.3 11.6 784.7 

 

3. Precipitation experiment, 1000 mL miliQ, pH = 9, ash = 20g 

 

Time 

(mins)  
pH  

PO4-P 

(mg/L) 

Mg 

(mg/L) 

Ca 

(mg/L) 

K 

(mg/L) 

0 9.01 212.0 45.0 48.0 462 

20 9.53 173.5 48.8 28.6 1091 

40 9.57 162.1 49.7 20.3 1070 

60 9.59 153.9 48.3 25.4 1166 

120 9.59 154.2 49.4 27.1 1190 

180 9.61 153.8 47.9 18.6 1087 

240 9.59 153.4 48.1 20.4 1087 
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Appendix M: Compositions of human urine 

1. Fresh urine 

         

  Unit S1 S2 S3 Aver.  Std. 

pH - 6.52 6.27 6.15 6.31 0.15 

TN mg/L 6090 7350 6300 6580 551 

NH4-N mg/L 463 996 629 696 223 

TP mg/L 376 332 418 375 35 

PO4-P mg/L 313 260 376 316 47 

Mg mg/L 61 42 49 51 7.8 

Ca mg/L 89 131 107 109 17 

K mg/L 916 978 1009 968 39 

Na mg/L 2812 3203 2671 2895 225 

 

2. Stored urine from day 0 to day 30 

  

Day pH 
NH4-N 

(mg/L) 

TN 

(mg/L) 

PO4-P 

(mg/L) 

Mg 

(mg/L) 

Ca 

(mg/L) 

TP 

(mg/L) 

0 6.42 437 3859 196 28 69 228 

3 8.51 1115 3944 198 33 78 227 

5 9.12 2775 3725 181 2 72 201 

7 9.12 3004 4058 182 1 63 201 

10 9.13 3120 3917 168 3 63 189 

12 9.12 3141 4012 159 2 58 168 

14 9.15 2964 4312 161 1 56 163 

17 9.13 3032 4198 150 3 49 161 

19 9.13 2887 3985 158 1 51 174 

21 9.10 2656 3856 161 3 55 173 

24 9.11 2761 4173 164 2 52 174 

26 9.11 2559 3810 158 4 58 178 

28 9.11 2578 3974 159 2 54 179 

30 9.12 2513 3941 161 2 53 167 
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3. Stored urine in day 31 

 

  Unit S1 S2 S3 Aver Std 

pH - 9.12 9.22 9.15 9.16 0.04 

TN mg/L 4111 5250 3789 4383 627 

NH4-N mg/L 3898 1675 1987 2520 983 

TP mg/L 174 194 168 179 11 

PO4P mg/L 158 154 163 158 4 

Mg mg/L 4.5 2.8 1.7 3.0 1.2 

Ca mg/L 39 54 38 44 7.3 

K mg/L 480 682 620 594 84 

Na mg/L 1475 2110 1830 1805 260 
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Appendix N: Result of urine accumulation survey 

Day 
Number of  

urination (time/day) 

∆V in  

storage tank (L) 

Acc.rate  

(mL/urination) 

1 6 1.8 300 

2 7 2.2 314 

3 5 1.1 220 

4 5 1.4 280 

5 8 2.3 288 

6 7 2.1 300 

7 6 1.9 317 

8 7 1.7 243 

9 8 2.3 288 

10 6 1.7 283 

11 6 1.6 267 

12 5 1.8 360 

Aver. 
  

288 
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Appendix O: Result of single urination 

People 
Number of  

urination (time/day) 

V  

(mL) 

Urination rate  

(mL/urination) 

1 3 696 232 

2 2 384 192 

3 2 312 156 

4 3 587 196 

5 2 492 246 

6 3 611 204 

7 1 173 173 

8 2 318 159 

9 3 428 143 

10 3 593 198 

Aver. 
  

190 

 

 

 




