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Abstract 

Human excreta contain substantial amounts of essential amounts of essential plant nutrients, Particularly 

Phosphorus (P), nitrogen (N), and potassium (K), which can be recovered and reused to support sustainable 

agriculture. This study aims to quantify phosphorus recovery from human excreta and evaluate its potential as 

an alternative to chemical fertilizers, along with assessing community awareness and practices regarding 

excreta management. A field based survey was conducted among 50 households in Patharghata Upazila, 

Barguna, Bangladesh using a structured questionnaire to assess sanitation practices, waste disposal behavior 

and perceptions toward resource recovery. Laboratory analysis was performed using the struvite precipitation 

method to recover phosphorus from wastewater. Results showed that phosphorus concentration significantly 

decreased from an initial high value of 21.48 to as low as 0.82 after treatment, indicating effective nutrient 

recovery. Survey findings revealed that 50% of respondents use improved (pacca) latrines, while 60% 

discharge waste directly into rivers, posing serious environmental risks. Additionally, 44% of households 

desludge septic tanks after more than one year, and 70% of respondents are unaware of the role of human 

excreta as a recyclable source and the majority expressed negative perceptions toward its use in agriculture. 

The study highlights that despite the high potential for nutrient recovery through struvite precipitation, limited 

awareness, inadequate sanitation practice remain significant barriers. Therefore, prompting public awareness, 

improving sanitation infrastructure and adopting safe nutrient recycling technologies are essential for 

sustainable water management, environmental protection and agricultural development. 
 

Keywords: Phosphorus, Human excreta, Struvite precipitation, Recycling, Nutrients, Sanitation. 
 

1. Introduction 

Human beings acquire mineral nutrients from food 

for their growth and development (Welch, 2002). 

However, a significant portion of these nutrients 

remains unused and is excreted as waste, primarily 

through metabolic residues such as urine and feces 

(Harder et al., 2019). Urine is a liquid by-product of 

metabolism in humans and many animals, excreted 

through the urethra (Marshall, 1926). Feces are the 

solid or semi-solid residues of food that are not 

digested in the small intestine (MacFarlane, 2018). 

The physical and chemical characteristics of urine 

and feces largely depend on an individual’s health 

status, as well as the quantity and type of food and 

liquid consumed (Lentner et al., 1981; Feachem et 

al., 1983; Kar et al., 2021). 
 

Human excreta are valuable sources of plant 

nutrients, particularly macronutrients such as nitro-
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gen (N), phosphorus (P), and potassium (K). These 

nutrients can be recycled and used as alternatives to 

chemical fertilizers (Vinnerås et al., 2008), which 

are largely produced from finite fossil resources and 

are not sustainable in the long term (Palmquist & 

Jönsson, 2004). Nearly all nitrogen, phosphorus, and 

potassium present in urine and feces can be recycled 

in agriculture, with only minor nitrogen losses 

occurring in the form of ammonia (Jönsson, 2001). 

 

Table 1: Presents the approximate amounts of nitrogen (N), phosphorus (P), and potassium (K) in human 

urine and feces (Jönsson, 1994). 
 

Types of waste Nitrogen Phosphorus Potassium 

Urine 64 43 52 

Feces 7 22 9 
 

This recycling process conserves substantial energy 

by reducing dependence on synthetic fertilizers. 

Additionally, the organic matter in excreta enhances 

soil humus content, improves water-holding capa-

city, and helps prevent soil degradation (Esrey et al., 

2001; GTZ, 2002; Ahmed et al., 2024). 
 

The human kidney is the primary excretory organ 

(Jensen-Jarolim et al., 2013). On average, an 

individual produces approximately 500 kg of urine 

and 50 kg of feces annually, with feces containing 

around 10 kg of dry matter. This corresponds to an 

annual production of approximately 5.7 kg of nitro-

gen, 0.6 kg of phosphorus, and 1.2 kg of potassium 

per person (Wolgast, 1993). Urine contributes the 

largest share of macronutrients, accounting for about 

80% of nitrogen and 60% of phosphorus. Black-

water (a mixture of urine, feces, toilet paper, and 

flush water) contains approximately 90% of the 

nitrogen and phosphorus present in excreta (Jönsson 

et al., 2005). The nitrogen in urine is mainly in the 

form of ammonium, with a plant availability of 85–
100%, comparable to that of chemical fertilizers 

(Jönsson et al., 2005). 
 

A substantial portion (60–70%) of nutrients applied 

in agricultural fields eventually enters wastewater 

systems (Jönsson et al., 1995). These nutrients are 

released through decomposition and transported to 

river systems via sewerage networks (Carey & 

Migliaccio, 2009). Consequently, excessive nutrient 

loading particularly nitrogen, phosphorus, and 

potassium in aquatic systems often exceeds the 

ecological carrying capacity, leading to environ-

mental degradation and deterioration of water 

quality (Tiwari & Pal, 2022). Recycling nutrients 

from human excreta aligns with the principles of 

sustainable development. Instead of being lost in 

wastewater treatment systems, these nutrients can be 

recovered and reused in agriculture, reducing depen-

dence on non-renewable resources and minimizing 

environmental pollution. In particular, phosphorus is 

a finite and essential nutrient for plant growth, 

making its recovery and reuse critically important 

for long-term agricultural sustainability. 
 

However, human excreta also contain pathogens and 

parasites that pose significant health risks, especially 

in developing countries (Prüss et al., 2002). Most 

pathogens are present in feces (Feachem et al., 

1983), and improper handling can lead to conta-

mination of water sources and the spread of 

infectious diseases (Esrey et al., 1998). The risk can 

be minimized by proper sanitation practices, 

including the separation and safe treatment of fecal 

matter (Esrey et al., 2001). Although urine generally 

contains fewer pathogens, contamination may occur 

due to fecal mixing; introducing potential health 

risks (Schönning et al., 2002). In Bangladesh, nearly 

half of the 55 million urban populations lacks 

adequate sanitation infrastructure for proper waste 

management (Andersson et al., 2016). As a result, 

large volumes of untreated waste are discharged into 

the environment, posing serious environmental and 

public health risks (Anetor, 2016; Lejars et al., 

2012). Therefore, there is an urgent need to develop 

safe, affordable, and sustainable methods for the 

collection, treatment, and reuse of human waste. 

Considering that human excreta are organic in 

nature (Sharma et al., 2019), they represent a 

valuable resource that can be harnessed for nutrient 

recycling, particularly for phosphorus recovery in 

agriculture. 
 

The objective of this study is to measure the amount 

of phosphorus in human excrement and investigate 

its possible application as a substitute fertilizer. 

Phosphorus recovery from human waste can pro-
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mote sustainable agriculture and energy conser-

vation. The study also looks at methods for 

recycling nutrients and evaluates people's attitudes, 

interests, and methods of handling human waste. It 

also emphasizes how crucial it is to increase 

awareness so that appropriate recycling and manage-

ment can preserve resources and safeguard the 

environment. By encouraging poverty reduction, 

environmental sustainability, and better access to 

clean energy, water, and sustainable agricultural 

production, such practices may also help achieve the 

Millennium Development Goals. 
 

Research questions 

This research is conducted as an attempt to recycling 

nutrients of plants from human excreta and reusing 

them in agricultural production for saving agri-

cultural energy. Based on the objective of the study, 

the following research questions will be answered in 

this paper: 

o What are the plant nutrients exist in human 

excreta? 

o What is the technology used in determination 

of plant nutrients (phosphorous)?  

o What is the present status and knowledge gaps 

of community regarding to reusing and recycle 

human excreta? 
 

2. Methodology 

Study area of the research 

Patharghata Upazila is located in the coastal region 

of Barguna district. Due to its coastal geographical 

setting and increasing salinity intrusion, access to 

safe water and sanitation facilities remains limited 

for many households (Shammi et al., 2019). A large 

proportion of households still use non-sanitary 

latrines, while some families continue practicing 

open defecation because of inadequate sanitation 

infrastructure (Rakib et al., 2019). A socio-

economic survey in Patharghata reported that only 

about 44.15% of households have access to sanitary 

latrines, whereas around 50.97% use non-sanitary 

latrines and about 4.89% still use open spaces for 

defecation (UDD). 
 

In addition, coastal communities in the area often 

suffer from poor water quality and sanitation-related 

health risks due to salinity intrusion and limited 

freshwater sources. Many residents depend on ponds 

or other alternative water sources because safe 

drinking water is scarce in the region (The Daily 

Star, 2024). These conditions contribute to inade-

quate sanitation practices, poor hygiene behavior, 

and increased vulnerability to water-borne diseases 

in the community. 
 

Research Design 

A self-administered questionnaire was used to assess 

the community people perception, awareness, their 

knowledge about human excreta and their man-

agement way of waste and their interest to recycling 

waste. The questionnaire consisted 13 items 

distributed into different dimensions: Knowledge (2 

items with 2 choices), Interest for crop production (3 

items with 4 choices), Interest for biogas production 

(4 choices) and religious views about recycling 

human excreta, source of their drinking water (4 

choices), suffering from water borne diseases (2 

choices) etc. 
 

Sample size 

A sample of 50 households was chosen as it 

provided an adequate balance between statistical 

representation and practical feasibility because it 

adequately represented the different perceptions, 

awareness levels, and management practices related 

to human excreta among households in Patharghata 

Upazila, Barguna and at the same time was 

manageable within the study’s time and funding 

constraints. Using the Cochran sample size formula 

to ensure statistical validity of the survey (Chao-

kromthong & Sintao, 2021). 
 

Sample size, 𝑛0 = 𝑧2×𝑝×𝑞𝑒2 = (1.96)2×0.5×0.5(0.14)2 ≈ 49 
 

Adjusted sample size, 𝑛 = 𝑛01+[𝑛0−1𝑁 ]  = 491+[ 49−147166] ≈48.95 
 

Where, total targeted household, N= 47,166, Con-

fidence level=95%, Margin of error, e= 10%  
 

Laboratory Analysis 

A nutrient recycling treatment known as ‘Struvite 

Precipitation’ was selected for this research. 

Struvite-type crystals are composed primarily of 

orthophosphate (PO₄³⁻), magnesium (Mg²⁺), and 
mono- or divalent cations such as ammonium 

(NH₄⁺), potassium (K⁺), sodium (Na⁺), copper 
(Cu²⁺), nickel (Ni²⁺), lead (Pb²⁺), and manganese 
(Mn²⁺). These ions form structured crystalline 
compounds under suitable chemical conditions 

(Huang et al., 2019, Perwitasari et al., 2018). The 
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most common and stable form of struvite is 

magnesium ammonium phosphate hexahydrate 

(MgNH₄PO₄·6H₂O), commonly abbreviated as MAP 

(Mpountas, Papadakis & Koutsoukos, 2017). MAP 

can exist in crystalline (orthorhombic) and non-

crystalline forms. The crystalline structure typically 

appears as a white prismatic compound (John, 

1992). Due to its high nutrient content and 

controlled solubility, struvite is widely recognized as 

an effective slow-release fertilizer and a valuable 

product in nutrient recovery systems, supplying 

essential nutrients to plants (Min et al., 2019). 

Struvite precipitation occurs when magnesium, 

ammonium, and phosphate concentrations exceed 

the solubility product, leading to supersaturation and 

crystal formation (Tansel, Lunn, & Monje 2018). 

Since wastewater often lacks sufficient magnesium, 

an external magnesium source is added to initiate 

the reaction (Semerjian & Ayoub, 2003). The 

precipitation process follows the chemical equation: 

Mg2+ + NH4++ HnPO4
3−n+ 6H2O → MgNH4PO4⋅6H2

O + nH+ 
 

Where n = 0, 1, or 2, depending on the phosphate 

species present (PO₄³⁻, HPO₄²⁻, or H₂PO₄⁻) (Barbosa 

et al., 2016). 

 

 
 

Fig. 1: Study Area Map. 
 

Operational methods 

First of all, MgCl2, NH4Cl and sample waste water 

were taken in beaker. The volume was 30 ml. And 

the concentrations of MgCl2, NH4Cl were the same 

0.01M. After that stirred the 60 ml sample at the rate 

of 60 rpm, and add drop wise NaOH of the mol\L at 

the 0.10 ml/s flow to make the H reaction 10. After 

that left the sample overnight to precipitate. Next 

day before started next step pH was measured of 

that 30ml sample .And until the pH reaction was 

stable 10 the sample was again left for precipitate 

overnight after adjusting drop wise NaOH solution. 

After stabled the pH, the solution was filtered. 

 

 
 

Fig. 2: pH stabilizing, Filtration of solution, 0, 0.2, 0.5, 1 and 2 ppm P standard solution Solutions for P 

absorbance. 
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Fig. 3(a):  Molar ratio and volume of waste water, MgCl2, NH4Cl solution. 
 

Extraction for P Analysis: Reagents 

Stannous chloride dehydrate (SnCl2.2H2O) stock 

solution: By adding 2 g of SnCl2.2H2O in 5 ml of 

concentrated HCl was prepared. And Kept the 

solution in a black, glass-stoppered bottle, and the 

solution remains effective for every 6 weeks. After 

six weeks a fresh solution need to prepare. 

Ammonium paramolybdate [(NH4)6Mo7 O24. 

4H2O]: By dissolving 1.5 g of [(NH4)6Mo7 O24. 

4H2O] in 35 mL of DI water and adding 35 mL of 

concentrated HCl to the flask slowly.   Cool solution 

to room temperature and added DI water to a 

volume of 100 mL. Stored in an opaque plastic 

bottle.  A fresh solution need to be prepared every 2 

months. 

SnCl2 dilute solution:  By mixing 1mL of SnCl2 

stock solution in 333.34 mL of DI water dilute 

solution was prepared.  Must have to make a fresh 

solution every 6 hours. 

100 ppm P stock solution:  By adding 0.5394 g of 

oven-dry 𝑁𝑎2𝐻𝑃𝑂2 in DI water, bring to 1 L 100 

ppm stock solution was prepared. 
 

 

 
  

Fig. 3(b): Working Procedure. 
 

 

Data analysis 

A descriptive discussion has made for the better 

understanding of this study. Beside this some 

quantitative assessment has done through MS Excel 

software program and analysis to explain it more 

specific and finally the author could claim that the 

findings of the research would be representative and 

valid. Finally, results with summary and conclusion 

have been presented.  
 

3. Results and Discussion 

Phosphorous absorbance determination 

Fig. 4(a) illustrates the variation in phosphorus (P) 

concentration following the application of the 

struvite precipitation treatment. Struvite precipita-

tion is a nutrient recovery process that enables the 

removal and recovery of ammonium and phosphate 

ions from wastewater through crystal formation 

(Lorick et al., 2020, Wang et al., 2019). The results 

exposed a noteworthy variation in P concentration. 

The highest recorded value was 21.48, while the 

lowest was 0.76. The initial phosphorus con-

centration in the wastewater was comparatively 

high. After the application of struvite precipitation, 

the phosphorus concentration was reduced to 0.82 

and 4.93, indicating a considerable decrease. Prior to 

treatment, the P concentrations were significantly 

elevated (21.48 and 4.94), demonstrating the 

presence of high nutrient loads in the septic tank 

wastewater. High phosphorus removal efficiency 

through struvite crystallisation under ideal con-

ditions has been reported in related research 

(Shalaby & El-Rafie, 2015). Septic tank wastewater 

can be a useful source of phosphorus recovery, as 
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demonstrated by the observed decrease in phos-

phorus levels. Phosphate ions can be resourcefully 

recovered and repurposed through struvite precipit-

ation, supporting resource recycling and sustainable 

nutrient management (Starck, Fardet & Esculier, 

2024). 
 

Distribution of Toilet Facilities among Res-

pondents 

A large and growing proportion of the overall 

population depends on improved sanitation facil-

ities. In Bangladesh, the proportion of households 

with access to improved sanitation increased 

steadily from 25.4% to 45.4% between 2007 and       

2014, but slightly decreased to 44.0% in 2017-18 

(Ahmed et al., 2023). The graph indicates that 50% 

of the respondents use pacca latrines, which are 

considered improved sanitation facilities. However, 

10% of respondents use kacha latrines, which are 

classified as unimproved and unhygienic sanitation 

systems and may contribute to the spread of diseases 

and infections. Additionally, 16% of respondents 

use semi-kacha latrines, which are also considered 

insufficient in terms of hygiene standards. Around 

24% of respondents use semi-pacca latrines. The 

whole distribution of toilet types suggests that 

sanitation facilities in Patharghata, Barguna are not 

sufficiently developed and still require substantial 

improvement to ensure better public health and 

environmental conditions (Hoque et al., 2022). 

 

 
 

Fig. 4(a): The variation of Phosphorous concentration; b) Patterns of Toilet Usage among Respondents. 
 

Frequency of Septic Tank Desludging 

Fig. 5(a) illustrates the desludging practices of the 

respondents. The graph shows that only 12% of 

respondents desludge their waste every three 

months, while 20% do so after six months. Addi-

tionally, 24% of respondents reported desludging 

once a year, and 44% stated that they desludge their 

septic tanks after more than one year.  
 

These findings indicate that regular desludging 

practices are not appropriately maintained. Such 

infrequent waste management is not considered 

hygienic and does not follow recommended 

sanitation guidelines. Ideally, septic tanks should be 

desludged at appropriate intervals to ensure proper 

operation and maintain public health standards 

(Strande & Brdjanovic, 2014, Peal et al., 2014). In 

the same way, Tilley et al. (2014) indicated that in 

order to prevent over-flow, system failure, and 

contamination risks, septic tanks should be 

desludged at suitable intervals. 

Waste Disposal Practices of Respondents 

Fig. 5(b) presents the waste disposal practices of the 

respondents. The results show that 16% of 

respondents dispose of their waste by digging a hole 

in the land. This method can be considered 

relatively safer compared to open dumping, and over 

time, it may contribute to fertility of soil. However, 

14% of respondents have drainage systems con-

nected to ponds, resulting in direct waste discharge 

into water bodies that leads to environmental 

contamination.  
 

Moreover, 10% of respondents discharge their waste 

into lakes, negatively affecting aquatic life, 

including plants and fish, and further degrading the 

environment. Since the study area is a coastal 

region, a significant proportion (60%) of respon-

dents has drainage systems connected to rivers. This 

practice poses serious environmental risks, as it 

contributes to river pollution and creates substantial 

ecological and public health hazards. 
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Fig. 5(a): Desludging Practices of Respondents; b) Dumping Sites of Household Waste. 
 

The current results are consistent with earlier 

research (Wilson et al., 2015; WHO, 2018; Islam & 

Tanaka, 2004) that found improper waste disposal, 

especially direct discharge into water bodies, 

contributes to environmental pollution, ecosystem 

degradation, and public health risks. 
 

Human excreta responsible for environmental 

contamination 

As the study area is a coastal region, many 

respondents have limited awareness regarding the 

environmental impacts of improper human excreta 

management. Fig. 6(a) clearly illustrates the level of 

awareness among the respondents. The results show 

that 40% of respondents are aware that improper 

management of human excreta contributes to 

environmental contamination. On the other hand, 

60% of respondents reported that they are not 

conscious to the consequences of environment 

which associated with human excreta mismanage-

ement. Similar findings have been documented in 

earlier research, showing that poor sanitation 

practices and environmental contamination are 

largely caused by a lack of knowledge and 

awareness (WHO, 2018; UNEP, 2015). Further-

more, research has shown that increasing 

environmental education and raising community 

awareness are crucial for improving sanitation 

practices and depressing risks to environmental 

health (Rosenthal et al., 2020). 
 

Sources of drinking water 

From the Fig. 6(b), it is evident that 40% of 

respondents collect their drinking water from tube 

wells, while 30% obtain water from taps. In 

contrast, 20% of respondents depend on river water, 

and 10% collect water from ponds. The use of river 

and pond water for drinking purposes is measured 

unsafe and unhygienic, as these water sources are 

often exposed to various forms of waste conta-

mination. In the study area, some respondents 

discharge human waste into rivers and canals, which 

further raises the risk of water contamination. 

According to the World Health Organization, 

drinking contaminated water greatly increases the 

risk of contracting waterborne illnesses (WHO, 

2017; WHO, 2018). Furthermore, research has 

shown that poor sanitation practices, such as the 

release of human waste into bodies of water, 

increase the risks to public health and water 

contamination (Prě-Ustün et al., 2019). Such 

practices may contribute to the spread of waterborne 

diseases and pose significant health threats to the 

community.  
 

 
 

Fig. 6(a): Human excreta are related to environmental pollution, b) Sources of drinking water. 
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Water borne diseases faced by respondents 

Due to the use of unsafe water for domestic and 

household purposes, many respondents in the 

community suffer from water borne diseases such as 

diarrhea, cholera, and dysentery. Fig. 7(a) illustrates 

the prevalence of waterborne diseases among the 

respondents. The results show that 40% of 

respondents reported suffering from water-related 

illnesses, while 60% stated that they do not suffer 

any such diseases. As indicated earlier, the majority 

of respondents use tube wells for drinking purposes, 

which may contribute to the comparatively lower 

incidence of waterborne diseases. The prevalence of 

water borne diseases in the study area is in line with 

the global evidence that water, sanitation, and 

hygiene (WASH) conditions are a major contributor 

to the burden of diarrheal and water-related diseases 

(Prüss-Ustün et al., 2019; Wolf et al., 2014). 

Research has also shown that unsafe drinking water 

and poor sanitation practices are major contributors 

to water-related problems in developing countries 

(Fewtrell et al., 2005; WHO, 2023). 
 

 
 

Fig. 7(a): Water borne diseases faced by respondents; b) Attitudes toward Integrated Sanitation-Aquaculture 

Systems. 
 

Perception of Sustainable and Hygienic Fish 

Farming Practices in the Study Area 

During the survey, respondents were asked whether 

they were aware of fish farming ponds where toilets 

are constructed or hung above the water. They were 

also asked about their perception of fish farming 

practice types. The findings reveal that 80% of 

respondents have a negative perception of this 

practice, while 20% stated a positive perception Fig. 

7(b). The majority’s negative response indicates 

concerns regarding hygiene, environmental safety, 

and public health implications associated with this 

cultivation method. The results obtained in this 

study verify previous studies that emphasize that the 

lack of incorporation between the sanitation system 

and aquatic environments can create potential 

environmental and health risks (WHO, 2018; Moe & 

Rheingans, 2006). The importance of adopting a 

hygienic and sustainable method in the management 

of aquatic cultures has also been emphasized in 

some studies (Subasinghe, 2017; Islam & Tanaka, 

2004). 
 

 
 

Fig. 8 (a): Knowledge about the uses of human excreta; b) Perception of Human Excreta as a Recyclable 

Resource. 
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Community Awareness Regarding the Utilization 

and Management of Human Excreta 

As the study area is a coastal and relatively 

underdeveloped region, many people have limited 

knowledge regarding the proper use and man-

agement of human excreta. The survey results show 

that 46% of respondents are aware of the potential 

uses of human waste; however, they do not practice 

or apply this knowledge actually. On the other hand, 

54% of respondents reported that they have no 

knowledge about the usage or benefits of human 

waste Fig. 8(a). Earlier studies have highlighted that 

for sustainable human excreta management, there is 

a need for ample community awareness, knowledge, 

and implementation strategies (WHO, 2018; Strande 

& Brdjanovic, 2014; Tilley et al., 2014). These 

findings indicate a significant gap in awareness and 

highlight the need for education and training 

programs to help sustainable waste management 

practices in the community. 
 

Perception of Human Excreta as a Recyclable 

Resource 

Many respondents lack awareness that human waste 

can be recycled and employed for agricultural 

purposes, biogas production, and other sustainable 

applications. The Fig. 8(b) indicates that 72% of 

respondents do not know whether human waste is 

recyclable or not. In contrast, only 28% of 

respondents are aware of its potential for reuse. 

These findings highlight a considerable knowledge 

gap within the community regarding resource 

recovery and sustainable waste management. 

Previous studies have emphasized that human 

excreta can be recycled securely for agricultural 

purposes, biogas generation, and nutrient recovery 

with the provision of adequate treatment facilities 

and awareness among the people (WHO, 2018; 

Strande & Brdjanovic, 2014; Andersson, Dickin & 

Rosemarin, 2016). Therefore, increasing awareness 

and providing proper education on recycling human 

waste could contribute to environmental protection 

and resource sustainability. 
 

Perception of Respondents toward Human Ex-

creta Recycling  

Fig. 9 shows respondents’ attitudes toward the use 

of human excreta in crop production. The results 

specify that 56% of respondents strongly disagreed 

with the use of human excreta for crop production, 

while 30% disagreed. Only 10% of respondents 

agreed with this practice. Regarding the recycling of 

nutrients from human excreta, 46% of respondents 

disagreed and 36% strongly disagreed with the 

concept. In contrast, only 8% of respondents agreed 

and 10% strongly agreed with nutrient recycling 

from human excreta. When asked whether recycling 

human excreta could reduce the use of chemical 

fertilizers, only 20% of respondents agreed and 14% 

strongly agreed with the statement. On the other 

hand, 42% of respondents strongly disagreed. The 

findings highlight that the majority of respondents 

have negative perceptions and limited acceptance 

concerning the recycling and use of human excreta, 

The results are consistent with previous studies that 

emphasized the significance of nutrient recovery 

from human excreta for sustainable agriculture, 

decreasing the need for chemical fertilizers while 

addressing the issue of public acceptance as a major 

challenge (Cordell et al., 2009; Sengupta, Nawaz, & 

Beaudry, 2015; Smol, 2017). 

 

 
 

Fig. 9: Perception of Respondents toward Human Excreta Recycling. 
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Biogas production 

Fig. 10 illustrates the respondents’ opinions reg-

arding biogas production using human excreta. The 

results indicate that 30% of respondents agreed with 

the production of biogas from human excreta. In 

contrast, 20% of respondents disagreed, while 34% 

strongly disagreed with this statement. These 

findings indicate that although some respondents are 

supportive of this sustainable practice, a consider-

able proportion still hold negative perceptions 

toward the use of human excreta for biogas 

production. Previous studies have highlighted the 

importance of producing biogas from organic waste 

materials, including human excreta, for generating 

renewable energy, reducing dependency on fossil 

fuels, and improving waste management systems 

(Atelge et al., 2020; Bond & Templeton, 2011). 

Biogas technology has been widely renowned as an 

effective approach for converting organic waste into 

useful energy while simultaneously addressing 

sanitation challenges (Kothari et al., 2024). How-

ever, several studies have also reported that socio-

economic constraints, lack of awareness, and 

cultural perceptions often hamper the adoption of 

biogas technologies in rural communities (Mwirigi 

et al., 2014). Moreover, anaerobic digestion of 

organic waste is considered a technically feasible 

and environmentally sustainable process for energy 

recovery and waste stabilization (Huang et al., 

2019). 
 

 
 

Fig. 10: Biogas production using human excreta. 
 

Awareness of Water Contamination Caused by 

Human Excreta 

Human excreta can significantly contribute to water 

contamination if not properly managed. However, 

many people are not aware of this environmental 

impact. Fig. 11(a) clearly shows that 70% of 

respondents do not know that human excreta can 

cause water pollution. In contrast, only 30% of 

respondents are aware of the role of human excreta 

in contributing to water pollution. This result 

indicates a significant lack of knowledge in the 

community about the connection between water 

quality and sanitation practices. Similar findings 

have been documented in earlier research, which 

emphasises how environmental pollution and the 

spread of waterborne illnesses are caused by a lack 

of knowledge and awareness about sanitation 

practices (Prě-Ustün et al., 2019; Mara et al., 2010). 

The World Health Organization also highlights that 

one of the main causes of water contamination in 

many developing countries is inappropriate handling 

of human waste (WHO, 2018). As a result, the 

results of this study are in line with previous 

research, showing that low public awareness conti-

nues to be a significant obstacle to effective environ-

mental protection and sanitation management. 
 

Awareness of Environmental Protection through 

Reuse of Human Excreta 

Reusing human excreta can play an important role in 

protecting the environment. Reusing and properly 

treating human waste can minimize the spread of 

dangerous pathogens that could contaminate soil and 

water bodies, prevent uncontrolled disposal, and 

lessen environmental contamination. Reusing 

human waste can help reduce environmental 

pollution, but many people are still unaware of this. 

Only 36% of respondents are aware of this idea, and 

64% are unaware of it, according to Fig. 11(b). 

These results show that the community is largely 

unaware of the advantages resource recovery from 

human waste has for the environment. According to 

related studies (WHO, 2018; Strande et al., 2014; 

Andersson et al., 2016), treated human waste can be 

safely repurposed as a valuable resource for 

agriculture and energy production, thereby sup-

porting sustainable sanitation and environmental 

protection. 
 

Religious Views on Waste Recycling in Different 

Religions 

Muslims: The Islamic teachings on environmental 

health and waste management could be observed 

from various teachings of Islam. First, with regards 

to the hygienic lifestyle, to show the importance of 

being clean and hygienic, as reported by Imam al-

Bukhari in his authentic collection, the Prophet (s. a. 
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w.) mentioned that: “cleanliness/purification of half 

of faith. Second, in another narration, to prevent 

health complications that might arise from con-

suming or using contaminated water, and perhaps to 

maintain environmental health, the Prophet (s. a. w.) 

prohibited the urination on standing or static water. 

So from the second statement production of crops by 

recycling human excreta can be acceptable by 

Muslims. 

 

 
 

Fig. 11(a): Human excreta responsible for the water pollution; b) Controlling environmental pollution by 

reusing human excreta. 
 

Hinduism: The Batu Caves temple (also known as 

the Sri Subramaniar Swamy Temple) is located on a 

limestone hill dedicated to Lord Muruga. It is one of 

the Hindu religion’s major sacred areas in Malaysia. 

As it is located in a natural limestone cave, the 

temple has a very close relationship with its 

environment. Recycling activities at the temple 

started about 11 years ago, as a response to the 

launching of the national recycling day. The temple 

recycles bottles, cans, tins, paper, and cardboard. 

The temple has worked closely with other partners 

to organize, during the festival, a recycling 

campaign, called ‘‘Kempen Sampah Masyarakat’’ 
(community waste campaign), involving young 

volunteers from all walks of life. As the holy place 

Batu Caves temple appreciates the process of 

recycling waste so recycling human excreta and 

using in human welfare can also be appreciated if 

we can properly convince the people of Hindu 

religion. 
 

Christianity: Beautiful Gates Centre the Beautiful 

Gates Centre was established in 1993 and is one of 

the establishments under the Malaysian Chinese 

Methodist Church. The main objective of the center 

is to provide support for people with disabilities. 

The Beautiful Gates recycling program has also 

obtained permission from the Petaling Jaya 

municipality to place recycling bins at apartments 

and also churches. Once collection is done, the 

recyclables are then sorted according to different 

categories at a recycling centre. Main categories of 

recyclables include paper, glass, plastic, clothes, 

furniture and electronic devices.  
 

In fact every religion appreciates recycling waste 

and save environment from hazardous event. So by 

telling the activities of the every religion according 

to the respective religion of people we can invite 

and convince the people for recycling human 

excreta and using it different purposes. 
 

4. Conclusion 

The present study demonstrates that human excreta 

are a valuable source of essential plant nutrients, 

particularly phosphorus, which can be effectively 

recovered through struvite precipitation. The 

significant reduction in in phosphorus concentration 

after treatment confirms the efficiency of this 

method for nutrient recovery and highlights its 

potential as a sustainable alternative to conventional 

chemical fertilizers. Recycling nutrients from human 

excreta can contribute to resource conservation, 

reduce environmental pollution, and support 

sustainable agricultural practices. However, the 

findings also reveal limited community awareness 

and predominantly negative perceptions regarding 

the reuse of human waste, which remain key barriers 
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to its adaptation. Therefore enhancing public 

awareness, improving sanitation infrastructure and 

prompting safe, culturally acceptable recycling 

technologies are crucial for the successful 

implementation of sustainable waste management 

systems and long-term environmental and public 

health protection. 
 

5. Author Contributions 

P.H.: Conceptualization, Questionnaire formulation, 

Data Analysis, Writing, Editing; J.N.: Conceptualiz-

ation, Questionnaire formulation, Data Collection, 

Laboratory Analysis, Draft Writing; M.S..: Draft 

Writing, Analysis; 
 

6. Acknowledgment 

The authors would like to express their gratitude to 

the community members of Patharghata Upazila, 

Barguna Bangladesh, who cooperated with us 

during the data collection for this research. 
 

7. Conflicts of Interest 

The authors declare no conflict of interest.  
 

8. References 

Ahmed, A., Sayeed, A., & Tahsina, T. (2023). 

Trends and inequity in improved sanitation 

facility utilization in Bangladesh: Evidence 

from Bangladesh Demographic and Health 

Surveys. BMC Research Notes, 16(1), 303. 

https://doi.org/10.1186/s13104-023-06555-0  

Ahmed S, Bintu FA, Ismail M, and Tusar F. (2024). 

Variations of soil organic matter and 

nutrients in diverse hilly soils of Bandarban, 

Bangladesh. Int. J. Agric. Vet. Sci., 6(1), 01-

11. https://doi.org/10.34104/ijavs.024.01011 

Andersson, K., Dickin, S., & Rosemarin, A. (2016). 

Towards “sustainable” sanitation: challen-

ges and opportunities in urban areas. Sust-

ainability, 8(12), 

1289.  https://doi.org/10.3390/su8121289 

Anetor, G. O. (2016). Waste dumps in local com-

munities in developing countries and hidden 

danger to health. Perspectives in public 

health, 136(4), 245-251.  

https://doi.org/10.1177/1757913915626192  

Atelge, M. R., Krisa, D., & Unalan, S. (2020). 

Biogas production from organic waste: 

recent progress and perspectives. Waste and 

Biomass Valorization, 11(3), 1019-1040. 

https://doi.org/10.1007/s12649-018-00546-0  

Barbosa, S. G., Peixoto, L., & Pereira, M. A. (2016). 

A design of experiments to assess phosph-

orous removal and crystal properties in 

struvite precipitation of source separated 

urine using different Mg sources. Chemical 

Engineering J., 298, 146-153.  

https://doi.org/10.1016/J.CEJ.2016.03.148    

Bond, T., & Templeton, M. R. (2011). History and 

future of domestic biogas plants in the 

developing world. Energy for Sustainable 

development, 15(4), 347-354.  

https://doi.org/10.1016/j.esd.2011.09.003  

Carey, R. O., & Migliaccio, K. W. (2009). Con-

tribution of wastewater treatment plant 

effluents to nutrient dynamics in aquatic 

systems: a review. Environmental manage 

ment, 44(2), 205-217.  

https://doi.org/10.1016/j.esd.2011.09.003  

Carr, R. (2001). Excreta-related infections and the 

role of sanitation in the control of. Water 

Quality: Guidelines, Standards & Health, 

89.  

https://doi.org/10.4172/2161-0711.1000496  

Chaokromthong, K., & Sintao, N. (2021). Sample 

size estimation using Yamane and Cochran 

and Krejcie and Morgan and green formulas 

and Cohen statistical power analysis by G* 

Power and comparisions. Apheit inter j. of 

interdisciplinary social sciences and tech-

nology, 10(2), 76-86. 

Cordell, D., Drangert, J. O., & White, S. (2009). The 

story of phosphorus: global food security 

and food for thought. Global environmental 

change, 19(2), 292-305.  

https://doi.org/10.1016/j.gloenvcha.2008.10.

009  

Esrey, S. A. (2001). Closing the loop: ecological 

sanitation for food security (No. 18). 

Swedish international development coope-

ration agency (Sida). Department for natural 

resources and the environment, 43(4), 177-

87. 

Fewtrell, L., Kaufmann, R. B., & Colford, J. M. 

(2005). Water, sanitation, and hygiene inter-

ventions to reduce diarrhoea in less 

developed countries: a systematic review 

and meta-analysis. The Lancet infectious 

diseases, 5(1), 42-52.  

https://doi.org/10.1016/s1473-3099(04)012 

53-8  

http://www.universepg.com/
https://doi.org/10.1186/s13104-023-06555-0
https://doi.org/10.34104/ijavs.024.01011
https://doi.org/10.3390/su8121289
https://doi.org/10.1177/1757913915626192
https://doi.org/10.1007/s12649-018-00546-0
https://doi.org/10.1016/J.CEJ.2016.03.148
https://doi.org/10.1016/j.esd.2011.09.003
https://doi.org/10.1016/j.esd.2011.09.003
https://doi.org/10.4172/2161-0711.1000496
https://doi.org/10.1016/j.gloenvcha.2008.10.009
https://doi.org/10.1016/j.gloenvcha.2008.10.009
https://doi.org/10.1016/s1473-3099(04)01253-8
https://doi.org/10.1016/s1473-3099(04)01253-8


Hazra et al., / Asian Journal of Social Sciences and Legal Studies, 8(4), 646-661, 2026 

UniversePG l www.universepg.com                                                                                                                                  658 

Harder, R., Wielemaker, R., & Öberg, G. (2019). 

Recycling nutrients contained in human 

excreta to agriculture: Pathways, processes, 

and products. Critical reviews in environ-

mental science and technology, 49(8), 695-

743.  

https://doi.org/10.1016/j.wroa.2025.100382  

Heinonen-Tanski, H., & van Wijk-Sijbesma, C. 

(2005). Human excreta for plant produc-

tion. Bioresource technology, 96(4), 403-

411. 

https://doi.org/10.1016/j.biortech.2003.10.0

36  

Höglund, C. (2001). Evaluation of microbial health 

risks associated with the reuse of source-

separated human urine (Doctoral dissert-

ation, Bioteknologi).  

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:

diva-3090  

Höglund, C., Vinnerås, B., & Jönsson, H. (2000). 

Variation of chemical and microbial 

parameters in collection and storage tanks 

for source separated human urine. Journal 

of Environmental Science & Health Part 

A, 35(8), 1463-1475.  

https://doi.org/10.1080/10934520009377047  

Hoque, B. A., Khanam, S., Siddik, M. A., Ahmed, 

S., & Shipon, A. Z. (2022). Improving 

WASH Status and knowledge in the coastal 

areas of Bangladesh. Indonesian Journal of 

Geography, 54(3), 463-70.  

https://doi.org/10.22146/ijg.98692   

Huang, B. C., Li, W. W., & Yu, H. Q. (2019). 

Customizing anaerobic digestion-coupled 

processes for energy-positive and sustain-

able treatment of municipal waste-

water. Renewable and Sustainable Energy 

Reviews, 110, 132-142.  

https://doi.org/10/1016/j.rser.2019.04.064 

Huang, H., Zhang, D., & Dai, J. (2019). Alleviating 

Na+ effect on phosphate and potassium 

recovery from synthetic urine by K-struvite 

crystallization using different magnesium 

sources. Science of the Total Environment, 

655, 211-219.  

https://doi.org/10.1016/j.scitotenv.2018.11.2

59  

Islam, M. S., & Tanaka, M. (2004). Impacts of 

pollution on coastal and marine ecosystems 

including coastal and marine fisheries and 

approach for management: a review and 

synthesis. Marine pollution bulletin, 48(7-

8), 624-649.  

https://doi.org/10.1016/j.marpolbul.2003.12.

004  

Jensen-Jarolim, E., Schöpper, H., & Gabner, S. 

(2013). Volume and clearance: kidneys and 

excretory systems. In Comparative Medi 

cine: Anatomy and Physiology (pp. 161-

177). Vienna: Springer Vienna.  

http://10.6.20.12/handle/123456789/3562  

John, V. (1992). Crystalline Structures. In 

Introduction to Engineering Materials (pp. 

50-72). Mechanical & Materials Engine-

ering for Particle Accelerators and Detectors 

CERN Accelerator School Proceedings - 

Sint-Michielsgestel, Netherlands, 2024 Lon-

don: Palgrave Macmillan UK.   
https://doi.org/10.48550/arXiv.2509.204

13  
Kar K, Hossain MA, and Roshni A. (2021). Re-

covery and recycling of valuable metals 

from low-grade ores using microorganisms: 

a brief review. Am. J. Pure Appl. Sci., 3(1), 

1-16.  

https://doi.org/10.34104/ajpab.021.01016 

Kothari, R., Singh, H. M., & Buddhi, D. (2024). 

Utilization of rice crop residue to fortify 

biogas production with mitigation of aero-

sols for sustainable environment: mecha-

nism, potential strategies, and opportuni-

ties. Biomass Conversion and Biorefinery, 

1-28.  

https://doi.org/10.1007/s13399-024-055719  

Lejars, M., Margaillan, A., & Bressy, C. (2012). 

Fouling release coatings: a nontoxic alter-

native to biocidal antifouling coatings. 

Chemical reviews, 112(8), 4347-4390.  

            https://doi.org/10.1021/cr200350v  

Lorick, D., Macura, B., & Harder, R. (2020). 

Effectiveness of struvite precipitation and 

ammonia stripping for recovery of phos-

phorus and nitrogen from anaerobic 

digestate: a systematic review. Environ-

mental Evidence, 9(1), 27.  

https://doi.org/10.1186/s13750-020-00211-x  

MacFarlane, N. G. (2018). Digestion and absorption 

Anaesthesia & Intensive Care Medicine, 

19(3), 125-127.  

https://doi.org/10.1016/j.mpaic.2018.01.001  

http://www.universepg.com/
https://doi.org/10.1016/j.wroa.2025.100382
https://doi.org/10.1016/j.biortech.2003.10.036
https://doi.org/10.1016/j.biortech.2003.10.036
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-3090
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-3090
https://doi.org/10.1080/10934520009377047
https://doi.org/10.22146/ijg.98692
https://doi.org/10/1016/j.rser.2019.04.064
https://doi.org/10.1016/j.scitotenv.2018.11.259
https://doi.org/10.1016/j.scitotenv.2018.11.259
https://doi.org/10.1016/j.marpolbul.2003.12.004
https://doi.org/10.1016/j.marpolbul.2003.12.004
http://10.6.20.12/handle/123456789/3562
https://doi.org/10.48550/arXiv.2509.20413
https://doi.org/10.48550/arXiv.2509.20413
https://doi.org/10.34104/ajpab.021.01016
https://doi.org/10.1007/s13399-024-055719
https://doi.org/10.1021/cr200350v
https://doi.org/10.1186/s13750-020-00211-x
https://doi.org/10.1016/j.mpaic.2018.01.001


Hazra et al., / Asian Journal of Social Sciences and Legal Studies, 8(4), 646-661, 2026 

UniversePG l www.universepg.com                                                                                                                                  659 

Mara, D., Lane, J., Scott, B., & Trouba, D. (2010). 

Sanitation and health. PLoS medicine, 7(11), 

e1000363. 

https://doi.org/10.1371/journal.pmed.10003

63  

Marshall Jr, E. K. (1926). The secretion of 

urine. Physiological Reviews, 6(3), 440-484. 

https://doi.org/10.1152/PHYSREV.1926.6.3

.440   

Min, K. J., Kim, D., Lee, J., Lee, K., & Park, K. Y. 

(2019). Characteristics of vegetable crop 

cultivation and nutrient releasing with 

struvite as a slow-release fertilizer. Environ-

mental Science and Pollution Research, 

26(33), 34332-34344.  

https://doi.org/10.1007/s11356-019-05522-2  

Moe, C. L., & Rheingans, R. D. (2006). Global 

challenges in water, sanitation and 

health. Journal of water and health, 4(S1), 

41-57. 

https://doi.org/10.2166/wh.2006.0043  

Mpountas, I., Papadakis, E., & Koutsoukos, P. 

(2017). Phosphorus recovery from simu-

lated municipal wastewater (SMW) through 

the crystallization of magnesium ammonium 

phosphate hexahydrate (MAP). Journal of 

Chemical Technology & Biotechnology, 

92(8), 2075-2082.  

https://doi.org/10.1002/jctb.5202  

Mwirigi, J., Balana, B. B., & Makenzi, P. (2014). 

Socio-economic hurdles to widespread 

adoption of small-scale biogas digesters in 

Sub-Saharan Africa: A review. biomass and 

bioenergy, 70, 17-25.  

https://doi.org/10.1016/j.biombioe.2014.02.

018  

Palmquist, H., & Jönsson, H. (2004). Urine, faeces, 

greywater, greywater and biodegradable 

solid waste as potential fertilisers. In The 

2nd international symposium on ecological 

sanitation, incorporating the 1st IWA 

specialist group conference on sustainable 

sanitation. 

Peal, A., Evans, B., Blackett, I., Hawkins, P., & 

Heymans, C. (2014). Fecal sludge 

management (FSM): analytical tools for 

assessing FSM in cities. Journal of Water, 

Sanitation and Hygiene for Develop-

ment, 4(3), 371-383.  

https://doi.org/10.2166/washdev.2014.139  

Perwitasari, D. S., Muryanto, S., Jamari, J., & 

Bayuseno, A. P. (2018). Kinetics and 

morphology analysis of struvite precipitated 

from aqueous solution under the influence 

of heavy metals: Cu2+, Pb2+, Zn2+. Journal of 

environmental chemical engineering, 6(1), 

37-43. 

https://doi.org/10.1016/j.jece.2017.11.052  

Prüss, A., Kay, D., Fewtrell, L., & Bartram, J. 

(2002). Estimating the burden of disease 

from water, sanitation, and hygiene at a 

global level. Environmental health pers-

pectives, 110(5), 537.  

           https://doi.org/10.1289/ehp.110-1240845  

Prüss-Ustün, A., Wolf, J., & Johnston, R. (2019). 

Burden of disease from inadequate water, 

sanitation and hygiene for selected adverse 

health outcomes: An updated analysis with a 

focus on low-and middle-income countries. 

Inter j. of hygiene and environmental 

health, 222(5), 765-777.  

https://doi.org/10.1016/j.ijheh.2019.05.004  

Rakib, M. A., Sasaki, J., & Fukunaga, M. (2019). 

Severe salinity contamination in drinking 

water and associated human health hazards 

increase migration risk in the southwestern 

coastal part of Bangladesh. Journal of 

environmental management, 240, 238-248. 

https://doi.org/10.1016/j.jenvman.2019.03.1

01  

Rosenthal, J., Arku, R. E., & Yadama, G. N. (2020). 

Systems science approaches for global 

environmental health research: enhancing 

intervention design and implementation for 

household air pollution (HAP) and water, 

sanitation, and hygiene (WASH) programs. 

Environmental Health Perspectives, 128 

(10), 105001.  

https://doi.org/10.1289/ehp7010  

Semerjian, L., & Ayoub, G. M. (2003). High-pH–
magnesium coagulation–flocculation in 

wastewater treatment. Advances in Environ-

mental Research, 7(2), 389-403.  

https://doi.org/10.1016/S1093-0191(02)000 

09-6  

Sengupta, S., Nawaz, T., & Beaudry, J. (2015). 

Nitrogen and phosphorus recovery from 

wastewater. Current Pollution Reports, 

1(3), 155-166.  

https://doi.org/10.1007/s40726-015-0013-1  

http://www.universepg.com/
https://doi.org/10.1371/journal.pmed.1000363
https://doi.org/10.1371/journal.pmed.1000363
https://doi.org/10.1152/PHYSREV.1926.6.3.440
https://doi.org/10.1152/PHYSREV.1926.6.3.440
https://doi.org/10.1007/s11356-019-05522-2
https://doi.org/10.2166/wh.2006.0043
https://doi.org/10.1002/jctb.5202
https://doi.org/10.1016/j.biombioe.2014.02.018
https://doi.org/10.1016/j.biombioe.2014.02.018
https://doi.org/10.2166/washdev.2014.139
https://doi.org/10.1016/j.jece.2017.11.052
https://doi.org/10.1289/ehp.110-1240845
https://doi.org/10.1016/j.ijheh.2019.05.004
https://doi.org/10.1016/j.jenvman.2019.03.101
https://doi.org/10.1016/j.jenvman.2019.03.101
https://doi.org/10.1289/ehp7010
https://doi.org/10.1016/S1093-0191(02)00009-6
https://doi.org/10.1016/S1093-0191(02)00009-6
https://doi.org/10.1007/s40726-015-0013-1


Hazra et al., / Asian Journal of Social Sciences and Legal Studies, 8(4), 646-661, 2026 

UniversePG l www.universepg.com                                                                                                                                  660 

Shalaby, M. S., & El-Rafie, S. (2015). Struvite 

precipitation and phosphorous removal from 

urine synthetic solution: reaction kinetic 

study. Bulletin of Chemical Reaction Engin-

eering & Catalysis, 10(1), 88-97.  

https://doi.org/10.9767/bcrec.10.1.7172.88-

97  

Shammi, M., Rahman, M. M., & Bodrud-Doza, M. 

(2019, March). Impacts of salinity intrusion 

in community health: a review of experi-

ences on drinking water sodium from 

coastal areas of Bangladesh. In  Health-

care, 7(1), p. 50. MDPI.  

https://doi.org/10.3390/healthcare7010050  

Sharma, B., Vaish, B., & Singh, R. P. (2019). 

Recycling of organic wastes in agriculture: 

an environmental perspective. International 

journal of environmental research, 13(2), 

409-429.  

https://doi.org/10.1007/s41742-019-00175-y  

Smol, M. (2019). The importance of sustainable 

phosphorus management in the circular 

economy (CE) model: the Polish case 

study. Journal of Material Cycles and 

Waste Management, 21(2), 227-238.  

            https://doi.org/10.1007/s10163-018-0794-6  

Starck, T., Fardet, T., & Esculier, F. (2024). 

Phosphorus recycling from human excreta 

in French agroecosystems and potential for 

food self-sufficiency. Nutrient Cycling in 

Agroecosystems, 129(3), 411-425. 

Strande, L., & Brdjanovic, D. (Eds.). (2014). Faecal 

sludge management: systems approach for 

implementation and operation. IWA pub-

lishing. 

https://doi.org/10.13140/2.1.2078.5285  

Subasinghe, R. (2017). World aquaculture 2015: A 

brief overview. FAO Fisheries and Aqua-

culture Report, (1140). 

Tansel, B., Lunn, G., & Monje, O. (2018). Struvite 

formation and decomposition characteristics 

for ammonia and phosphorus recovery: A 

review of magnesium-ammonia-phosphate 

interactions. Chemosphere, 194, 504-514. 

https://doi.org/10.1016/j.chemosphere.2017.

12.004  

Tilley, E., Ulrich, L., & Zurbrügg, C. (2014). 

Compendium of sanitation systems and 

technologies. Edition: 2nd Revised Edition 

Publisher: Swiss Federal Institute of Aqua-

tic Science and technology (Eawag), Düben-

dorf, Switzerland. ISBN: ISBN 978-3-

906484-57-0 

Tiwari, A. K., & Pal, D. B. (2022). Nutrients 

contamination and eutrophication in the 

river ecosystem. In Ecological significance 

of river ecosystems (pp. 203-216). Elsevier. 

https://doi.org/10.1016/B978-0-323-85045-

2.00001-7  

Urban Development Directorate (UDD) Govern-

ment of The People’s Republic of 

Bangladesh. (n.d.). Mobilization Report on 

Package-03: Establishment of BM Pillars, 

Physical Feature, Landuse & Topographic 

Survey under “Preparation of Payra-Kua-

kata Comprehensive Plan focusing on Eco-

Tourism (PKCP).”  

Vinnerås, B., Nordin, A., Niwagaba, C., & Nyberg, 

K. (2008). Inactivation of bacteria and 

viruses in human urine depending on tem-

perature and dilution rate. Water research, 

42(15), 4067-4074.  

https://doi.org/10.1016/j.watres.2008.06.014  

Viswanathan, V. K., Hodges, K., & Hecht, G. 

(2009). Enteric infection meets intestinal 

function: how bacterial pathogens cause 

diarrhoea. Nature Reviews Microbiology, 

7(2), 110-119.  

https://doi.org/10.1038/nrmicro2053  

Wang, F., Fu, R., Lv, H., & Chen, H. (2019). 

Phosphate recovery from swine wastewater 

by a struvite precipitation electrolyzer. 

Scientific reports, 9(1), 8893.  

https://doi.org/10.1038/s41598-019-450853 

?urlappend=%3Futm_source%3Dresearchga

te.net%26utm_medium%3Darticle  

Welch, R.M. The impact of mineral nutrients in 

food crops on global human health. Plant 

and Soil, 247, 83–90(2002).  

https://doi.org/10.1023/A:1021140122921 

Wilson, D. C., Rodic, L., & Simonett, O. 

(2015). Global waste management outlook. 

Publisher: United Nations Environment. 

Programme (UNEP) Editor: David C Wil-

son.  

Wolf, J., Hunter, P. R., & Prüss‐Ustün, A. (2018). 
Impact of drinking water, sanitation and 

handwashing with soap on childhood dia-

rrhoeal disease: updated meta‐analysis and 

http://www.universepg.com/
https://doi.org/10.9767/bcrec.10.1.7172.88-97
https://doi.org/10.9767/bcrec.10.1.7172.88-97
https://doi.org/10.3390/healthcare7010050
https://doi.org/10.1007/s41742-019-00175-y
https://doi.org/10.1007/s10163-018-0794-6
https://doi.org/10.13140/2.1.2078.5285
https://doi.org/10.1016/j.chemosphere.2017.12.004
https://doi.org/10.1016/j.chemosphere.2017.12.004
https://doi.org/10.1016/B978-0-323-85045-2.00001-7
https://doi.org/10.1016/B978-0-323-85045-2.00001-7
https://doi.org/10.1016/j.watres.2008.06.014
https://doi.org/10.1038/nrmicro2053
https://doi.org/10.1038/s41598-019-45085%203?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1038/s41598-019-45085%203?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1038/s41598-019-45085%203?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1023/A:1021140122921


Hazra et al., / Asian Journal of Social Sciences and Legal Studies, 8(4), 646-661, 2026 

UniversePG l www.universepg.com                                                                                                                                  661 

meta‐regression. Tropical medicine & inter-

national health, 23(5), 508-525.  

            https://doi.org/10.1111/tmi.13051  

World Health Organization. (2018). Guidelines on 

sanitation and health. World Health Orga-

nization.  

https://ssp-learninghub.creation.camp/wp-

content/uploads/sites/63/2025/06/WHO-

2018-Sanitation-and-Hygiene-guidelines.p 

df 

  World Health Organization. (2023). Progress on 

household drinking water, sanitation and 

hygiene 2000-2022: special focus on gen-

der.  

https://washdata.org/reports/jmp-2023-was 

h-households

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Citation: Hazra P, Naher J, and Shefa MS. (2026). Recycling of plant nutrients (Phosphorus) from human 

excreta, Asian J. Soc. Sci. Leg. Stud., 8(4), 646-661. https://doi.org/10.34104/ajssls.026.06460661 

  
Copyright: © The Author(s), 2026. Published by the UniversePG. This is an Open Access article, distributed under the 

terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which permits un-

restricted use, distribution and reproduction in any medium, and provided the original work is properly cited.  

http://www.universepg.com/
https://doi.org/10.1111/tmi.13051
https://ssp-learninghub.creation.camp/wp-content/uploads/sites/63/2025/06/WHO-2018-Sanitation-and-Hygiene-guidelines.pdf
https://ssp-learninghub.creation.camp/wp-content/uploads/sites/63/2025/06/WHO-2018-Sanitation-and-Hygiene-guidelines.pdf
https://ssp-learninghub.creation.camp/wp-content/uploads/sites/63/2025/06/WHO-2018-Sanitation-and-Hygiene-guidelines.pdf
https://ssp-learninghub.creation.camp/wp-content/uploads/sites/63/2025/06/WHO-2018-Sanitation-and-Hygiene-guidelines.pdf
https://washdata.org/reports/jmp-2023-wash-households
https://washdata.org/reports/jmp-2023-wash-households
https://doi.org/10.34104/ajssls.026.06460661
https://doi.org/10.34104/ajssls.026.06460661
http://creativecommons.org/licenses/by/4.0/

	Data analysis
	A descriptive discussion has made for the better understanding of this study. Beside this some quantitative assessment has done through MS Excel software program and analysis to explain it more specific and finally the author could claim that the find...

