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Abstract 

 

Constructed wetlands (CWs) are a particularly attractive option to be applied in Indonesia 

due to their lower cost. Plants and media are the main factors which determine the 

effectiveness of the CWs in removing pollutants. Biochar is a potential media amendment 

for pollutant removal which can be used in subsurface CWs. However, limited 

information is known about the effectiveness of biochar. In addition, there are still 

challenges to implement a new technology such as CWs in local communities in 

Indonesia. The first research question of this research was to investigate the effectiveness 

of sand media amended with biochar in removing pollutants from secondary clarified 

wastewater and septage (partially treated waste stored in the septic tank mainly containing 

liquid). The second research question was to investigate the achievements and the factors 

influencing the sustainability of existing sanitation and wastewater management 

technology implemented in the Kupang Municipality in East Nusa Tenggara Province 

(ENTP) and to assess the proposed use of CWs and their acceptability by Kupang 

Municipality community stakeholders.  

 

To accomplish the first research question, quantitative experimental research was 

undertaken using 240 L vertical flow constructed wetland mesocosms. The vertical flow 

(VF) mesocosms consisted of seven media treatments using sand media amended with 

different amounts of biochar content ranging from 0 – 25% by volume. Each VF 

mesocosm was planted with one Melaleuca tree (Melaleuca quinquenervia) and 

Lemongrass plant (Cymbopogon citratus). The experiment was divided into three phases; 

establishment, continuous secondary clarified wastewater (SCW) load and intermittent 

septage load. During the establishment phase, the VF mesocosms received tertiary 

wastewater effluent (TWE) for four months. The second phase was carried over an eight-

month period. In this phase, the VF mesocosms were loaded continuously with 16 L of 

secondary clarified wastewater (SCW) every day. In the last phase, 20 L of septage was 

loaded every two days into the VF mesocosms over the remaining eight months. The 

inflows and outflows were monitored for total suspended solids (TSS), total volatile 

solids (TVS), biochemical oxygen demand (BOD5), total and faecal coliforms, total 

phosphorus (TP), phosphate (PO4-P), total nitrogen (TN), ammonium (NH4-N), and 

oxidised nitrogen (NOx-N). One-way ANOVA analyses were applied to test the 

differences among treatments for each parameter. Regression analysis was conducted to 
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investigate the effect of biochar content on the removal efficiency of the parameters 

analysed (BOD5, TSS, and nutrients). Total P, extractable bicarbonate P and microbial P 

in the media were also determined. Plants were harvested at the end of the experiment 

and TN and TP biomass were determined.  

 

The highest removal efficiencies of TSS, BOD5, and total coliforms loaded with SCW 

were in sand media amended with 25% biochar. The removal efficiencies were 81%, 

91%, and 97% for TSS, BOD5, and total coliforms, respectively. The highest removal 

efficiencies loaded with septage were in sand media amended with 25% biochar being 

82%, 91% and 99% for TSS, BOD5 and faecal coliforms, respectively. Pure sand media 

had the lowest removal efficiencies. When septage was loaded, there was a statistically 

significant improvement in performance with the addition of biochar. 

 

The highest removal efficiencies of TP and PO4-P were in the sand media with no addition 

of biochar, 81% and 83% respectively. Meanwhile, the sand media with 25% biochar was 

the poorest performer, 51% and 53%. Again the highest removal efficiencies loaded with 

septage were in the pure sand, 73% and 75% respectively and lowest with 25% biochar 

46 and 52% respectively. There was a negative correlation between removal efficiency 

and biochar content. After flushing due to a major rain event, there was no significant 

difference in removal efficiency between pure sand media and sand with 20% biochar.  

 

Removal for all N species increased with the addition of biochar. The highest removal 

efficiency of TN, NH4-N and NO3-N was achieved by sand media amended with 25% of 

biochar, 85%, 78%, 93% and the lowest in the pure sand media, 71%, 65%, 82%. For 

septage, again the highest removal efficiencies were in sand with 25% biochar 81%, 81%, 

87 % and lowest in the pure sand 62%, 65%, 72%. The removal efficiency of the 

treatments showed a strong positive correlation with the percentage of biochar content in 

the media. Further analysis revealed that statistically significant differences between the 

performances of the treatments occurred when the biochar content in the media differed 

by more than 10%.  

 

In the media, extractable bicarbonate P concentrations and microbial-P biomass 

decreased with the depth of the media. Extractable bicarbonate P was highest in pure sand 

media whilst microbial P was highest in 25% biochar. Concentrations of TP increased in 

the soil cores collected in August 2014 after the VF mesocosms were loaded with SCW 
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for six months. However, in March 2015 TP concentrations decreased due to “flushing” 

from a rainfall event in February 2015.  

 

Plant biomass for the Melaleuca trees after 21 months was 853 ± 31 g/plant of which 72% 

was above ground biomass. Plant biomass for the Lemongrass plants after 17 months was 

255 ± 58 g/plant of which 54% was shoot biomass. Total harvested plant P and N biomass 

ranged from 1.75 - 2.10g P and 13.4 - 14.0 g N. g in sand with 20% biochar and the sand 

only mesocosms respectively. The addition of biochar did not increase plant growth nor 

P and N biomass. 

 

To achieve the second research question, qualitative research methods were used. 

Stakeholders were interviewed to collect opinions in order to obtain an insight into 

sanitation and wastewater management programs implemented in the Kupang 

Municipality and to identify, analyse and describe the opinions of the stakeholders 

regarding the CWs as an alternative wastewater treatment technology. Thematic analysis 

was the main approach used for interpretation of the data.  

 

Sanitation and wastewater management programs are fully supported by the Central 

Government of Indonesia, but these programs are not fully supported by the Kupang 

Municipality Government. Regarding the institutional and human resources required for 

the effective implementation and administration of the programs, closer coordination 

among the wastewater management decision makers in the Kupang Municipality 

Government are needed. The implementation of CWs in the Kupang Municipality should 

consider the institutional and human resources factors and community engagement.  
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CHAPTER 1 

1 INTRODUCTION 

 

 Background  

The percentage of the world’s population suffering from water scarcity due to water 

pollution and lack of sanitation services is high. It is reported that, in 1990, 2.7 billion 

people in the world did not have access to improved sanitation services. In 2015, the 

number of people who lack access to sanitation facilities decreased to 2.4 billion, a mere 

7% improvement (WHO, 2015). The majority of these people live in developing 

countries, particularly Asia and Africa (WHO, 2015). It is estimated that approximately 

80 - 90% of wastewater in developing countries is released to the environment without 

treatment (Corcoran, 2010). The lack of sanitation facilities and the absence of domestic 

wastewater infrastructures are associated with human health and environmental problems. 

 

Discharge of untreated wastewater can cause major damage to human health (Mara, 

2013). Thus, the wastewater should be treated to reduce the transmission of microbial 

pathogens and to alleviate population health concerns. The amount of domestic 

wastewater released to the environment due to a lack of proper sanitation and wastewater 

facilities is the main cause of serious public health risk such as water borne diseases 

(Corcoran, 2010; Kerstens et al., 2015). It is estimated that 1.8 billion of the world’s 

population use drinking water sources which are contaminated by faecal pathogens 

(WHO, 2015). WHO (2014) reported that inadequate water and sanitation had caused 

842,000 deaths in low and middle income countries in 2012. In addition, diarrhoea 

diseases have caused high child morbidity and mortality in the world, resulting in the 

death of 567,000 children in 2013 (Qazi et al., 2015). 

 

Discharging untreated domestic wastewater into water sources or onto open land spaces 

may also result in the deterioration of the environment (Manahan, 2011; Nansubuga et 

al., 2016). The untreated wastewater released to the environment increases the 

concentrations of suspended solids, nitrogen (N), phosphorus (P), and organic matter 

(Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD)) in water 

bodies. This condition leads to accelerated eutrophication of surface water and diminished 

oxygen levels (Kadlec and Wallace, 2008). Domestic wastewater discharged to coastal 
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areas without treatment has led to negative impacts on marine and aquatic ecosystems 

(Mara, 2013; Roth et al., 2016).  

 

Domestic wastewater consists of black water which is human body waste (faeces and 

urine) together with the water used for flushing toilets, and greywater which is wastewater 

from domestic activities such as laundry, personal washing and food preparation (Kadlec 

and Wallace, 2008; Mara, 2013). In developing countries, black water is mainly stored 

and undergoes pre-treatment processes in septic tanks and other onsite sanitation systems, 

generating septage and other types of sludge. Meanwhile, the grey water is mostly 

released to the sewerage systems. Table 1.1 illustrates the characteristics of domestic 

wastewater from raw wastewater, secondary effluent (after first step treatment), raw 

septic tank and septic tank effluent. 

 

Table 1.1 The characteristics of raw wastewater, secondary effluent, raw residential septic 

tank sewage and septic tank effluent (Kadlec and Wallace, 2008) 

Parameters Raw domestic 

wastewater 

Secondary 

effluent. 

Raw residential 

septic tank sewage 

Septic 

tank 

effluent. 

BOD5 

(mg/L) 

110 – 400 10 – 45 210 – 530 140 – 200 

COD (mg/L) 250 – 1000 35 – 75   

TSS (mg/L) 100 – 350 16 - 60 230 - 600 50 – 90 

NH4-N 

(mg/L) 

12 – 50 < 1 - 20 7 - 40 40 – 60 

Org-N 

(mg/L) 

8 – 35 2 – 6   

TKN (mg/L) 20 – 85 10 – 20 50 – 90 50 – 90 

Total-N 

(mg/L) 

20 – 85 10 – 30   

Inorg-P 

(mg/L) 

4 – 15 2 – 8   

Org-P 

(mg/L) 

2 – 5 0 – 4   

Total-P 

(mg/L) 

6 – 20 4 – 8 10 – 30 12 – 20 

Faecal 

coliforms 

(CFU/ml) 

  106 - 1010 103 - 106 

Viruses 

(PFU/ml) 

   105 - 107 
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In urban areas, water resources are becoming more polluted mainly due to continuous 

population growth, urbanisation and industrialisation. Currently, 54% of the world’s 

population are living in urban areas and the percentage is expected to increase to 66% by 

2050 (UN, 2014). Thus, providing good quality sanitation and wastewater treatment 

facilities is required. However, rapid population growth in urban areas, particularly in 

developing countries, is not associated with the provision of adequate sanitation and 

wastewater treatment facilities. This condition generally occurs in slum areas. Therefore, 

a lack of sanitation and wastewater treatment facilities is an indicator of unhealthy living 

conditions and urban poverty. To deal with this problem, it is essential to implement 

sanitation and wastewater management programs which are viable for the urban 

community areas. The implementation of these programs will improve environmental 

conditions in urban areas and contribute significantly to sustainable development. 

 

 Domestic Wastewater and Sanitation Conditions in Indonesia 

Many cities in Indonesia are still facing challenges in managing domestic wastewater. In 

Indonesia, only 1% of sewerage waste is actually being treated and only twelve cities in 

Indonesia have some kind of sewerage system (WSP, 2015). Therefore, the vast majority 

of Indonesia’s wastewater is discharged into the water bodies without proper treatment. 

Domestic wastewater contributes approximately 60% of water pollution, followed by 

industrial and agricultural wastewater (Hendrawan et al., 2013). Consequently, water 

pollution in rivers, lakes, groundwater and public water bodies has risen significantly over 

the last forty years (Prihandrijanti and Firdayati, 2011). As a result, it has led to 

detrimental problems for the environment, causing waterborne diseases, eutrophication, 

and groundwater contamination. 

 

The population growth in Indonesia has been largely concentrated in urban areas. The 

percentage of inhabitants in urban areas in 2010 was 49.8% and had increased to 

approximately 53.3 % by 2015, and it is projected to reach 66.6% by 2035 (BAPPENAS, 

2015). Since there is a significant increase of population in urban areas, adequate 

infrastructures and services must be provided to fulfil the basic needs of the residents 

living in urban areas. The essential infrastructure and service needs include housing, 

electricity, water supply and sanitation facilities. 

 

In Indonesia, sanitation and wastewater management conditions are still relatively poor. 

A joint monitoring programme conducted by the Central Government of Indonesia in 



 

4 
 

2015 showed that there was still a wide disparity in improved sanitation facilities between 

rural (44%) and urban (73%) populations (WSP, 2015). Therefore, it will require great 

effort to meet the government target of 100 % access to improved sanitation by 2019. 

 

Households in urban areas separate black water from greywater. Pour-flush squat toilets 

which are connected to septic tanks are commonly found in residential housing in 

Indonesia. However, large numbers of septic tanks are often unsealed and do not have a 

soak pit (Prihandrijanti and Firdayati, 2011). Therefore, further treatment of effluent from 

the septic tank cannot be carried out, resulting in untreated or only partially treated 

wastewater from toilets being released into the environment. This condition leads to 

groundwater pollution. Costa et al. (2016) reported that the shallow groundwater in the 

Ciliwung River in Jakarta Indonesia is highly polluted by urban contaminants. Hence, 

these water resources are no longer safe for use as a drinking water supply. 

 

As in most developing countries, wastewater in Indonesia is commonly treated using 

conventional methods, such as activated sludge or biological bed processes. The 

construction of conventional wastewater treatment plants established in Indonesia is 

usually funded by the Central Government or donor institutions such as Japan 

International Cooperation Agency (JICA), U.S. Agency for International Development 

(USAID) and the World Bank. These conventional wastewater treatment plants built in 

Indonesia, in some cases, only survive a few years after connection. The main factors 

leading to the ineffectiveness of wastewater treatment plant operation are financial and 

technical (USAID, 2006). Furthermore, these conventional wastewater treatment systems 

have high energy costs, and require various chemicals and skilled labour, resulting in high 

investment, operation and maintenance costs. For these reasons, it is very difficult for 

municipal authorities or local governments to finance these projects. This condition leads 

to poor connection rates of sewerage systems to the centralised wastewater treatment 

facilities in urban areas particularly in low income communities.  

 

East Nusa Tenggara Province (ENTP) is a province in Indonesia located in the south 

eastern part of the country. It covers the islands of Timor (west), Flores and Sumba. 

Regarding the sanitation and wastewater treatment conditions in ENTP, it was reported 

that there were 65.25% of households using pour-flush toilet (BPS-NTT, 2016). In 

addition, there was no centralised wastewater treatment facilities established in ENTP. 

The sewage in most villages and district capitals is collected in septic tanks and the 
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majority of this wastewater (septage) is discharged to the environment without further 

treatment. As a result, the effluent from untreated wastewater causes many problems to 

human health and environmental resources.  

 

Currently, ENTP is facing significant water pollution problems caused by the increasing 

population growth and urbanisation. In this province, the incidence of illnesses caused by 

waterborne diseases is still high. Statistical data showed that there were 149,426 diarrhoea 

cases in 2009 and the number of cases rose significantly in 2012 to 206,216 cases but 

declined to 109,909 cases in 2015 (BPS-NTT, 2016). Decline in the water quality in some 

water sources in Kupang (Capital City of ENTP) has occurred, particularly, in the Liliba 

River, Oeba Springs, and the Dendeng River. Monitoring conducted by the 

Environmental Agency of ENTP revealed that the water quality of the Dendeng River, 

Noelmina River and Aesesa River in ENTP were classified as heavily polluted (BLHD-

NTT, 2015). Consequently, a restoration program is required to improve the water quality 

in these rivers. 

 

A national social economic survey carried out by the Central Statistical Agency Branch 

of ENTP (BPS-NTT, 2016) showed that the sanitation achievements for the year 2015 in 

ENTP at 23.90 %. In most district capitals and villages of ENTP, the sewage is collected 

in septic tanks which are funded, constructed and maintained by local householders. In 

this province, particularly in the district capitals, the proper central collection and 

treatment of wastewater from septage is difficult to implement because of the initial high 

investment in construction and ongoing, operational and maintenance costs. Therefore, 

finding alternative wastewater treatment systems which are more efficient and affordable 

than conventional systems is crucial.  

 

 Constructed Wetlands: an Alternative Technology 

Constructed wetlands (CWs) could become an alternative solution to deal with 

wastewater problems especially in developing regions like ENTP. A schematic diagram 

of using CWs as an alternative technology to deal with wastewater problems is presented 

in Figure 1.1.  
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Figure 1.1 Constructed wetlands as an alternative technology for domestic wastewater 

treatment 

 

In comparison with conventional wastewater treatment systems such as an activated 

sludge process, membrane bioreactors and membrane separation, CWs offer a low cost 

alternative technology with simple operation and maintenance requirements (Kadlec and 

Wallace, 2008; Konnerup et al., 2009). Constructed wetlands are recognised as a green 

technology (eco-technology) because they utilise natural functions of wetland vegetation, 

soil media, and microbial processes in removing pollutants. In addition, CWs have better 

performance in tropical areas because of warm temperatures, high humidity and 

continuous solar energy flux (Zhang et al., 2015). The use of CWs for wastewater 

treatment is gaining popularity. Constructed wetlands are reported to be efficient in 

removing biological oxygen demand (BOD), total suspended solids (TSS), nutrients and 

coliforms from domestic wastewater (Trang et al., 2010; Abou-Elela et al., 2013; de 

Rozari et al., 2015; Weerakoon et al., 2016). 

 

Two basic types of CWs that are widely applied are: (1) surface flow wetlands which 

have open water areas and are similar to natural marshes and, (2) sub-surface flow 

wetlands in which the water is kept underneath the surface of the bed and flows either 
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horizontally or vertically from the inlet to the outlet (Kadlec and Wallace, 2008). In 

tropical areas, mosquito breeding is a problem and is a crucial factor which must be taken 

into consideration during the design stage (Kansiime and Nalubega, 1999, Greenway, 

2005). However, Greenway et al. (2003) have shown that mosquito breeding is not a 

problem in well designed and maintained surface flow constructed wetlands.  

 

Constructed wetlands have been widely studied in subtropical countries such as Australia 

(Greenway, 2005), in tropical countries such as Thailand (Kantawanichkul et al., 2009), 

Kenya (Mburu et al., 2012) and Malaysia (Sim et al., 2008) and in temperate countries 

such as Canada and Belgium (Lesage et al., 2007), The Republic of Czech (Vymazal, 

2014), The United States of America (Kadlec et al., 2010) and The United Kingdom 

(Shutes, 2001). The CWs can be applied on a municipal scale, on a communal scale as 

well as on a household scale. A variety of pollutants can be removed with CWs through 

physical, chemical and biological mechanisms (Zhang et al., 2015). Constructed wetlands 

have the ability to remove organic matter (80-99%), coliforms (more than 90%), nitrogen 

(30-80%) and phosphorus (20 -70%) from domestic wastewaters, depending on the flow 

regime, media and type of plants used (Mburu et al., 2012; Saeed and Sun, 2012; Abou-

Elela et al., 2013; Martín et al., 2013a; Cui et al., 2015). Local materials for media can be 

used in CWs to reduce construction costs. Therefore, CWs can be a very attractive, cost 

effective solution for local governments and the communities in East Nusa Tenggara 

Province (ENTP) Indonesia to help resolve wastewater problems. 

 

 Biochar as a Media Amendment in Constructed Wetlands 

Biochar is a form of carbonaceous product obtained by the thermochemical 

decomposition of biomass in the absence of oxygen or under starved oxygen conditions 

(Mukherjee and Zimmerman, 2013). Biochar has been extensively used in agriculture as 

this material can change the physical properties of the soils such as structure, pore size 

distribution, bulk density and texture (Manyà, 2012). This condition has an important 

implication for increasing soil aeration, improvement of soil nutrient retention and water 

holding capacity as well as for the enhancement of plant growth (Lehmann et al., 2011; 

Manyà, 2012). In a tropical area such ENTP, local biomass products such as coconut 

husks, shell and coir, corn cobs and rice husks, could potentially be used for biochar 

resources. 
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Laboratory scale studies have shown that biochar has the potential to remove pollutants 

from aqueous solution and wastewater (Sarkhot et al., 2013; Bradley et al., 2015; Kizito 

et al., 2015). In CWs, pollutant removal efficiency may be improved by augmenting sand 

or gravel media with other materials (Lucas and Greenway, 2011b). There has been a 

rising interest in biochar as a potential alternative media for CWs (Gupta et al., 2015). 

Thus biochar will be further investigated in this thesis. 

 

 Research Questions and Aims 

The problems of sanitation and wastewater management in the Kupang Municipality, East 

Nusa Tenggara Province (ENTP) Indonesia have caused the government to find a low 

cost wastewater treatment technology which is viable to be applied in ENTP. Constructed 

wetlands are affordable technologies which can save, reuse, recycle water and control 

water pollution (Kadlec and Wallace, 2008). The CWs can use local material media and 

native plants to effectively treat domestic wastewater. Thus, the focus of research was to 

investigate the effectiveness of CWs for reducing pollutants from domestic wastewater 

by using sand media amended with biochar and two native plants; a Melaleuca tree 

species (Melaleuca quinquenervia) and a Lemongrass plant species (Cymbopogon 

citratus). 

There were two broad research questions; one quantitative and the other qualitative:  

1. Does the addition of biochar to sand media in vertical flow CWs improve the 

removal efficiency of pollutants from domestic wastewater? 

2.  How acceptable is constructed wetland technology among the stakeholders in 

Kupang City, ENTP Indonesia?  

The specific aims were: 

1. To characterise the physical and chemical properties of sand media amended with 

biochar. 

2. To investigate the hydraulic conductivity of sand media amended with biochar. 

3. To investigate the effectiveness of sand media amended with biochar in removing 

biochemical oxygen demand (BOD5), suspended solids (total and volatile), 

coliforms (total and faecal), phosphorus (total phosphorus (TP) and PO4-P), and 

nitrogen (total nitrogen (TN), NH4-N, and NOx-N) from domestic wastewater. 

4. To investigate the spatial and temporal phosphorus concentrations in the sand 

media amended with biochar. 

5. To investigate the spatial distribution of microbial P in the sand media amended 

with biochar. 
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6. To compare the plant growth, biomass and nutrient accumulation of Melaleuca 

quinquenervia and Cymbopogon citratus in sand media amended with biochar. 

7. To investigate and evaluate the achievement and success factors of existing 

sanitation and wastewater management programs implemented in the Kupang 

Municipality in East Nusa Tenggara Province (ENTP). 

8.  To assess the proposed use and acceptability of constructed wetlands by the 

Kupang Municipality stakeholders. 

 

 Thesis Outline 

This thesis is organised into nine chapters. Figure 1.2 illustrates the summary of thesis 

organisation. 

 

Chapter 1 presents the background of this research, research questions and aims. There 

are two research questions and eight aims. These research questions and aims were 

addressed by conducting a quantitative field experiment and related qualitative research.  

 

Chapter 2 is a literature review on CWs for wastewater treatment, the classification of 

CWs, the factors influencing the performance of the CWs, mechanisms of pollutant 

removal in CWs, the use of Melaleuca trees and Lemongrass plants in CWs, and the use 

of biochar as a media amendment. Domestic wastewater management and the 

implementation of CWs in developing countries were also discussed in this chapter. 
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Figure 1.2 Summary of thesis organisation 

 

Chapter 3 presents the research methods which consist of experimental quantitative 

research and community based qualitative research. The experimental quantitative 
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research focused on the mesocosm experiments which were conducted at the Loganholme 

Water Pollution Control Centre, Queensland Australia. The experimental design, the 

experimental phases, sample collection and analyses, the materials used as well as the 

statistical data analysis are described in this chapter. The qualitative community study 

focused on the research design and location, qualitative research framework, and data 

collection and theme analysis. This chapter also presents the media characterisation which 

consists of (1) physicochemical aspects (porosity, bulk density, pH, CEC, AEC, particle 

size and FTIR spectra) and (2) hydrological aspect (hydraulic conductivity). 

 

The research findings are presented in Chapter 4 to Chapter 8. 

Chapter 4 focuses on the removal of biochemical oxygen demands (BOD5), suspended 

solids and coliforms. This chapter also presents the pH, conductivity and dissolved 

oxygen (DO) concentrations from inflows and outflows during the research period. 

Chapter 5 focuses on the removal of phosphorus (TP and PO4-P) and phosphorus uptake 

into plant biomass. Data are also presented on media P and microbial phosphorus.  

Chapter 6 focusses on the removal of nitrogen compounds (TN, NH4-N, and NOx-N) and 

nitrogen uptake into plant biomass. 

Chapter 7 compares plant growth, biomass and nutrient accumulation of Melaleuca trees 

(Melaleuca quinquenervia) and Lemongrass plants (Cymbopogon citratus). Data are 

presented on the nutrient content (nitrogen, phosphorus and carbon) in each plant part and 

the nutrients concentration in the leaves after loading with tertiary wastewater, secondary 

clarified wastewater and septage. 

Chapter 8 discusses the existing sanitation and wastewater technology implemented in 

the Kupang Municipality ENTP Indonesia, the proposed use of CW technology and its 

acceptability by the Kupang Municipality community stakeholders. This chapter mainly 

presents the themes and sub themes discovered which include political will from the 

Central, Provincial and Municipal Governments, institutional and human resources, 

community engagement for utilisation, operation and maintenance of sanitation facilities, 

and the development and acceptability of CWs.  

 

Chapter 9 summarises the conclusions, provides an economic effectiveness on the use 

of different percentage of biochar amended in the sand media and recommendations for 

CWs implementation in the Kupang Municipality ENTP Indonesia.  
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CHAPTER 2 

2 LITERATURE REVIEW 

 

 Introduction 

Water pollution is a significant problem faced in many developing countries. Population 

growth and rapid expansion of urban areas are the main factors influencing the 

deterioration of water quality. The World Health Organisation reported that 

approximately 90% of domestic wastewater in developing countries is released into the 

environment without treatment (Corcoran, 2010). Poor wastewater treatment leads to the 

transmission of waterborne diseases and accelerated eutrophication of fresh water bodies 

(Kadlec and Wallace, 2008; Konnerup et al., 2009).  

 

Conventional wastewater treatment technologies require high investment, operational and 

maintenance costs, leading to difficulties in its implementation in developing countries 

due to limited resources and technical experts. Therefore, it is crucial to find alternative 

wastewater treatment technologies which are affordable in operation and maintenance 

costs. Constructed wetland is a promising solution to effectively treat domestic 

wastewater in developing countries (Kadlec and Knight, 1996). This provides background 

about CWs and reviews the relevant literature and the latest advance in the use of CWs 

for wastewater treatment.  

 

 Constructed Wetland Technologies for Wastewater Treatment  

Constructed wetlands are defined as “engineered systems that have been designed and 

constructed to utilize the natural processes involving wetland vegetation, soils, and 

associated microbial assemblages to assist in treating wastewaters” (Vymazal, 2007, 

p.48).  

 

Constructed wetlands use natural processes to treat wastewater and they can be designed 

and established with saturated or unsaturated media, emergent/ floating/ submergent 

plants and various microbial communities (Saeed and Sun, 2012). Constructed wetlands 

are comprised of an inlet, a clay or synthetic liner, a filter substrate planted with 

vegetation and an outlet with water level control (Kadlec and Knight, 1996). The clay or 

synthetic liner with an impermeable layer plays a crucial role as an isolating layer that 
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serves to protect groundwater from contamination as well as to avoid groundwater 

infiltration. 

 

Constructed wetlands have been proven as efficient technology for wastewater treatment 

and reuse, with the advantages of low cost, simple operation and maintenance and are 

easily managed (Kivaisi, 2001; Kadlec and Wallace, 2008). In CWs, wetland plants, 

media, and hydraulic loading rate (HLR) can be managed and manipulated (Vymazal, 

2007). Thus, CWs can be designed to use specific media, types of plant and a controlled 

flow regime to increase the performance of CWs in removing pollutants. The natural 

processes in wetland systems are expected to have a better performance in removing 

pollutants than other wastewater treatment technologies such as membrane separation, 

membrane bioreactors and activated sludge process. For municipal wastewater, several 

studies have reported that CWs have high pollutant removal efficiency for organic matter 

(chemical Oxygen demand and biochemical oxygen demand), suspended solids, nutrients 

(nitrogen and phosphorus), and microorganisms (Kadlec and Wallace, 2008; Zurita et al., 

2009; Mburu et al., 2012; Saeed and Sun, 2011; Abou-Elela et al., 2013)  

 

Recently, many developed countries have been shifting their policies towards green 

technologies. To achieve the application of green technology for the treatment of 

wastewater, the developed countries have introduced CWs to treat various types of 

wastewaters such as domestic wastewater, municipal sewage, secondary effluents, 

industrial effluents, agricultural wastewater and landfill leachate (APHA, 2005; Martín et 

al., 2013a; Barnes et al., 2014; Greenway, 2015). 

 

In developing countries, the use of constructed wetlands has certainly increased (Kivaisi, 

2001; Zhang et al., 2014). The majority of developing countries are located in warm 

tropical and sub-tropical areas and these climates are suitable for year-round plant growth 

and microbial activities (Kaseva, 2004). These conditions provide a better condition for 

the treatment of wastewater using CWs in terms of performance efficiency compared to 

the temperate climate areas. 

 

  Classification of Constructed Wetlands 

Constructed wetlands (CWs) are classified into three broad types based on the water flow 

regime: surface flow wetland, subsurface flow wetland and a hybrid system (Kadlec and 

Wallace, 2008; Saeed and Sun; 2012, Zhang et al., 2014). Horner et al. (2012) pointed 
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out that the selection of the CW type mainly relies on availability of land space, 

geographic conditions and targeted outflow concentrations. Figure 2.1 illustrates the types 

of CWs generally used for treatment of wastewater.  

 Figure 2.1 Types of CWs (from top to bottom): CW with free-floating plants, CW 

with free water surface using emergent plants, CW with horizontal sub-

surface flow, CW with vertical sub-surface flow 

Source: Vymazal (2007). 
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2.3.1 Surface Flow Constructed Wetlands 

Surface flow constructed wetlands are generally referred to as free water surface (FWS) 

wetland and have a similar structure to natural wetlands (Kadlec and Wallace, 2008). It 

consists of a basin with an open water area and a mix of floating plants and emergent 

plants. The basin normally contains soil or suitable medium (gravel, sand, clay or peat-

based soils and crushed rock) and water to support the roots of vegetation (Vymazal, 

2005a; Kadlec and Wallace, 2008; Zhang et al., 2014). In FWS, the wastewater is treated 

through complex interactions between the plants and the microorganisms in the water 

(Vymazal, 2013a). The water in the basin is controlled at low velocities above and within 

the media to maintain the shallow depth of the water (Shutes, 2001). The near-surface 

layers have aerobic conditions because of the atmospheric diffusion, while the deeper 

waters and substrate usually have an anaerobic condition (Kadlec and Wallace, 2008). 

The water depth is commonly less than 0.4 m and the HLR range from 0.7 – 5.0 cm/day 

(Kadlec and Knight, 1996). 

Free water surface CWs are commonly effective in the removal of biochemical oxygen 

demand (BOD), chemical oxygen demand (COD), total suspended solids (TSS) and 

pathogens via filtration and sedimentation (Kadlec and Knight, 1996). Toet et al. (2005) 

reported that FWS is increasingly used for treating tertiary wastewater effluent (TWE) 

from conventional wastewater treatment plants. The main advantage of FWS is low 

capital and operating costs while the disadvantages of FWS include the relatively large 

land area usage and its tendency to attract mosquitoes particularly in tropical areas 

(Kadlec and Wallace, 2008). 

Kadlec and Wallace (2008) reported that the removal efficiencies of BOD, COD, TSS 

and pathogen in FWS are above 70%. However, this system has lower removal efficiency 

for nutrients. Vymazal (2007) pointed out that removal of nitrogen in FWS systems was 

approximately 40 – 50%. Table 2.1 illustrates the summary of treatment efficiencies for 

FWS. Based on Table 2.1, it is confirmed that the FWS CWs are more efficient in 

removing TSS, BOD and pathogens than removing nitrogen and phosphorus. The 

removal efficiencies of TSS and BOD ranged from 60 to 96% and 52 to 94%, 

respectively. For nitrogen, the removal efficiencies of total nitrogen (TN), ammonia, and 

nitrate varied between 29 and 77%; 15 and 88%; and 25 and 71%, respectively, as shown 

in Table 2.1. The removal efficiency of total phosphorus (TP) is variable ranging from 24 

to 76 %. The removal of nitrogen in FWS could take place via nitrification, denitrification 
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and plant uptake (Vymazal, 2007). Nitrification processes mainly occur in the water 

column which has a higher concentration of oxygen that is generated by photosynthesis 

of submerged plant, phytoplankton and cyanobacteria. Meanwhile, denitrification occurs 

in the bottom layer of the sediment containing decaying litter material (Zhang et al., 

2014). 
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Table 2.1 The summary of free water surface flow constructed wetland removal efficiency 

 

Type of Wastewater 

Removal performance  

Plant species 

 

Media 

Dimension 

(m x m x m) 

Lx W x D 

 

HRT 

(day) 

  

 

HLR 

(m/day) 

 

Location and 

References  
TSS 

(mg/L) 

BOD5 

(mg/L) 

NH4-N 

(mg/L) 

NO3-N 

(mg/L) 

TN 

(mg/L) 

TP 

(mg/L) 

Total Coliform 

(MPN/100 ml) 

Domestic wastewater  

Inflow concentration (mg/L) 

Removal efficiency (%) 

 

92 

66.3 

 

292 

89.7 

   

36 

50.0 

 

6.6 

34.8 

  

Thypa latifolia 
 

Soil 

 

54.2 x 52.4 x  

0.75 

 

29.1 

 Garip, Turkey 

(Gunes et al., 2012) 

 

 

Polluted irrigation water 

Inflow concentration (mg/L) 

Removal efficiency (%) 

 

130 

87 

 

100 

52 

 

4.50 

66 

   

2.30 

52 

 Phragmites 

australis, 

Thypa latifolia 

 

Soil 

 

 250 x 5 x 0.4 

 

9  

 

0.024 

Manzala Lake, Egypt 

(El-Sheikh et al., 2010) 

Domestic wastewater 

Inflow concentration (mg/L) 

Removal efficiency (%) 

 

57.6 

73.9 

 

30.45 

83.5 

 

10.56 

88.5 

 

 

 

900 

76.8 

 

12.5 

76.4 

  

Azolla pinnata 

Sand (<0.2 

mm) gravel (3 

– 7.5 mm) 

 

0.6 x 0.3 x 0.35 

 

28 

 

0.33 

Akure, Nigeria 

(Akinbile et al., 2016) 

Domestic wastewater 

Inflow concentration (mg/L) 

Removal efficiency (%) 

 

41.2 

60 

  

63.81 

38 

 

2.56 

25 

  

16.72 

69 

 Thypa, Eichhornia 

crassipes 

Gravel and 

coarse sand 

 

10 x 3 x 0.25 

 

5 

 

0.11 

Patancheru, India 

(Datta et al., 2016) 

Domestic wastewater 

Inflow concentration (mg/L) 

Removal efficiency (%) 

 

126 

63 

 

129.4 

59.7 

 

 

  

15 

59 

  
 

 

 

Oryza sativa L 

 

Soil 

 

1x  1.5 x 0.8 

  

0.02 

Chiang Mai, Thailand 

(Kantawanichkul and 

Duangjaisak, 2011) 

Secondary treated wastewater 

Inflow concentration (mg/L) 

Removal efficiency (%) 

 

 

 

 

 

7.6 

50 

 

10.3 

53 

 

20 

48.5 

 

1.9 

53 

  

Zizania latifolia  

 

Humic Gleyed 

Andosol 

 

500 m2 

 

 

 

0.2 – 0.6 

Mito, Japan 

(Abe et al., 2014) 

Municipal wastewater 

Inflow concentration (mg/L) 

Removal efficiency (%) 

 

191 

95.5 

 

165 

94.4 

   

38 

52.5 

 

13 

53.1 

 Phragmites 

australis,  

Arunda donax 

 

Soil 

 

 

4300 m2 x 0.2 

 

14 

 

0.033 

Pompia, Greece 

(Tsihrintzis et al., 

2007) 

Domestic primary effluent  

Inflow concentration (mg/L) 

Removal efficiency (%) 

 

64.9 

77.7 

 

141 

70.6 

 

51 

14.5 

   

 

 

8.4x 105 

95 

 

Lemna gibba L. 

 

Soil 

 

1.07 m2 x 0.93 

 

4.26 

 

0.22 

Kiryat, Israel 

(Ran et al., 2004) 

Polluted river water 

Inflow concentration (mg/L) 

Removal efficiency (%) 

   

19.58 

39.2 

  

24.3 

29.8 

 

1.24 

24.2 

  

Phragmites 

australis 

 

sand 

 

40 x 10 x 0.6 

 

 

 

0.085 

Xi’an, China 

(Zheng et al., 2015) 

Eutrophicated river water 

Inflow concentration (mg/L) 

Removal efficiency (%) 

 

39.9 

66.9 

  

0.53 

78.1 

 

2.0 

70.9 

 

3.9 

59.0 

 

0.36 

60.4 

  

Cattail 

 

soil 

 

48,000 m2 x 0.2 

m 

 

6  

 Valencia, Spain 

(Martín et al., 2013b) 
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2.3.2 Subsurface Flow Constructed Wetlands  

A subsurface flow (SSF) constructed wetland consists of a sealed basin with a porous 

media of rock, sand and gravel combined with soil in which emergent plants are usually 

grown (Kadlec and Wallace, 2008). Subsurface flow CWs can be further classified into 

horizontal subsurface flow constructed wetlands (HFCWs) and vertical flow constructed 

wetlands (VFCWs). The treatment processes occur during contact with the media and 

around the roots and rhizomes of the plants (Shutes, 2001; Kadlec and Wallace, 2008). 

Therefore, a SSF system is more effective than a FWS system in removing pollutants at 

high application rates (Shutes, 2001; Vymazal, 2007).  

 

Compared to FWS, the advantages of SSF are: (1) faster treatment response time because 

of greater available surface area for treatment; and (2) able to minimise odours and 

mosquito problems (Kadlec and Wallace, 2008). On the other hand, SSF is more 

expensive to build and it has been reported to have problems with clogging which causes 

reduced removal efficiency of the pollutants (Fu et al., 2013). Kadlec and Wallace (2008) 

reported that several clogging mechanisms that might occur in the SSF include: (1) 

deposition and filtration of incoming particulates, resulting in blockage of the media, (2) 

production of sludge from dead microbial biomass (known as biomat formation) in the 

media pores, (3) production of particulate matter in the media due to a chemical reaction 

under suitable circumstances (i.e. formation of calcium carbonate and oxyhydroxides of 

iron under aerobic conditions), and (4) root growth.  

 

A vertical flow constructed wetland is the type of CW in which wastewater flows 

vertically through porous media and reaches a bottom layer consisting mainly of coarse 

media with a drainage network (USEPA, 2004). Vertical flow CWs commonly consist of 

a flat bed of stratified gravel covered with sand which is planted with aquatic plants 

(Kadlec and Knight, 1996). The gravel size is larger in the bottom layer and smaller in 

the top layer. In order to enable better oxygen transfer in the porous media, the wastewater 

is often fed into the VFCWs intermittently (USEPA, 2004). Hence, VFCWs have an 

ability to oxidize ammonia through a nitrification processes (Zhang et al., 2014). Vymazal 

(2007) reported that VFCWs provided a good condition to remove NH4-N, but VFCWs 

provide limited conditions to have denitrification. The main purpose of the aquatic plants 

in the VFCWs is to maintain hydraulic conductivity of the bed (Vymazal and Kröpfelová, 

2008). As shown in Table 2.2, VFCWs perform effectively for BOD, TSS and coliform 
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removal. The removal efficiencies of BOD and TSS ranged from 76 - 99% and 70 – 98%, 

respectively. The removal efficiency for nitrogen in VFCWs varied between 15 and 95% 

for total nitrogen (TN), 63 and 98% for ammonia and 18 and 80% for nitrate. The removal 

efficiency for total phosphorus (TP) ranged from 37 – 91%. In addition, removal 

efficiencies of total coliforms were more than 95%. The variation of removal efficiency 

depends on several factors such as type of media, type of plant, hydraulic retention time, 

and hydraulic loading rate. 

 

Horizontal flow constructed wetland is the type of CW in which wastewater from the inlet 

travels horizontally through the porous media with aerobic, anoxic and anaerobic zones 

until it is collected in the outlet zone (Vymazal and Kröpfelová, 2008). In HFCWs, 

oxygen concentration tends to be limited. This condition could lead to creating anaerobic 

or anoxic conditions in the HFCWs. The aerobic zones only take place near the plant roots 

and rhizomes where oxygen is commonly generated (Kadlec and Wallace, 2008; 

Vymazal, 2011). The lower concentration of oxygen in HFCWs could cause a decrease 

in the nitrification processes. Zhang et al. (2014) reported that HFCWs can provide better 

conditions for denitrification, but the HFCWs have a limited ability to nitrify ammonia. 

Based on the application of HFCWs in temperate regions, HFCWs are more efficient in 

removing solid and organic matter pollutants but less efficient in reducing nutrients (El 

Hamouri et al., 2007; Vymazal and Kröpfelová, 2008). Table 2.3 shows the summary of 

HFCWs’ removal performance of TSS, BOD nutrients and total coliforms (TC). HFCWs 

are efficient in removing BOD (50 - 93%), TSS (69 - 96%) and TC (92.5 - 99%). The 

removal efficiency of TN and NH4-N ranged from 6 - 84% and 17 - 95%, respectively. 

In addition, the removal efficiency of TP ranged from 10 - 99%. 
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Table 2.2 The summary of vertical flow constructed wetland removal efficiency 

 
Type of Wastewater 

Removal performance  
Plant species 

 
Media 

Dimension 
(m x m x m) 

Lx W x D 

HRT 
(day) 

HLR 
(m/day) 

 
Location and  
References 

TSS 
(mg/L) 

BOD5 

(mg/L) 
NH4-N 
(mg/L) 

NO3-N 
(mg/L) 

TN 
(mg/L) 

TP 
(mg/L) 

Total Coliform 
(MPN/100 ml) 

Municipal wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
98.6 
94 

 
121.7 
93.6 

 
17.2 
62.7 

 
- 
- 

 
32.8 
62.5 

 
3.2 
68 

 
2.86 x 107 

99 

Phragmites 
australis 

Gravel  (diameter 
10 - 20 mm) 

22 x 21 x 0.85  
 
7.7  

 
 
0.044 

North Giza, Egypt 
(Abou-Elela et al., 2013) 

Tertiary wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
- 
- 

 
- 
- 

 
1.91 
95 

 
5.69 
17.8 

 
8.9 
24.4 

 
0.64 
77 

 
- 
- 

Phragmites 
australis 

Gravel, sand and 
iron oxide 3% 

117 x 20 x 0.9  0.067 Valencia, Spain 
(Martín et al., 2013a) 

Domestic wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
57.5 
69.8 

 
115.5 
83.3 

 
15.7 
72.2 

 
- 
- 

 
28.7 
50.5 

 
8.3 
50.6 

 
4.7x 106 

96.8 

Stretlitzia reginae, 
Anthurium 
Andreanum, 
Agapanthus 
africanus 

Tezontle gravel 1.8 x 1.8 x 0.7 4 0.04 Ocotlan, Jalisco, Mexico 
(Zurita et al., 2009) 

Swine slurry wastewater 
Effluent concentration (mg/L) 
Removal efficiency (%) 

 
2549 
95.5 

 
1382 
99 

 
212 
97 

 
- 
- 

 
699 
94.7 

 
- 
- 
 

 
- 
- 

Phragmites 
australis 

Granitic gravel 
(diamenter 0 – 6 
mm) 

2 x 3 x 1.2   
0.24 

Santiago of Compostela, 
Spain 
(Vázquez et al., 2013) 

Primary domestic wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
- 
- 

 
- 
- 

 
10.2 
79.4 

 
- 
- 

 
17.0 
41.8 

 
- 
- 

 
- 
- 

Juncus effusus  Gravel (diameter 
10 – 40 mm) and 
(30 – 50 mm) 

3 x 8 x 0.8  
1 

 
0.24 

Huazhong, China 
(Peng et al., 2014) 

Domestic wastewater 
Effluent concentration (mg/L) 
Removal efficiency (%) 

 
- 
- 

 
140 
76 

 
10.3 
88 

 
- 
- 

 
10.6 
71 

 
- 
- 

 
3.37 x 106 

99.45 

Phragmites karka Gravel (diameter  8 
– 16 mm) and  river 
sand. 

6 x 5 x 1.2   Bandung, Indonesia 
(Kurniadie, 2011) 

Municipal wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
179 
80 

 
218 
84 

 
 
79 

 
 
63 

 
- 
- 

 
 
61 

 
- 
- 

Cyperus papyrus Sand (diameter 0.4 
– 6 mm) 

0.2 m2  x 0.4  2  0.28 Kampala, Uganda 
(Bateganya et al., 2016) 

Municipal wastewater 
Effluent concentration (mg/L) 
Removal efficiency (%) 

 
160 
64.7 

 
28.8 
89.9 

 
16.2 
87 

 
3.7 
32 

 
- 
- 

 
2.8 
82 

 
9.1 x 105 

97.6 

Thypa augustifolia Gravel (diameter  
10 – 20 mm)  

1.4 x 0.5 x 0.6   Peradeniya, Sri Langka 
(Weerakoon et al., 
2016) 

Municipal wastewater 
Effluent concentration (mg/L) 
Removal efficiency (%) 

 
161 
74.5 

 
- 
- 

 
59.7 
78.4 

 
- 
- 

 
72.7 
76.5 

 
8.6 
37.2 

 
- 
- 

- Gravel (diameter  
15 – 30 mm, 7 – 15 
mm and 1 – 3 mm) 

2.25 m2  x 0.75  0.063 Trento, Italy 
(Foladori et al., 2015) 

Municipal wastewater (Secondary) 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
128.6 
96 
 

 
302.4 
97 

 
30.7 
90 

 
- 
- 

 
- 
- 

 
5.0 
88 

 
- 
- 

Salix babylonica Gravel (diameter  
10 – 30 mm, 5 – 12 
mm) and washed 
sand 

1.2 m2 x 1 m 0.75 0.12 Chang Ping, Beijing 
China 
(Wu et al., 2011) 

Municipal wastewater(Synthetic) 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
- 
- 

 
- 
- 

 
18.42 
98 

 
- 
- 

 
24.05 
90.1 

 
1.98 
91 

 
- 
- 

Phragmites 
australis 

Gravel (diameter  
10 – 20, 20– 30 and 
30 – 40 mm) and 
washed sand 

 3 0.031 Jinan, China 
(Wu et al., 2015a) 

Municipal wastewater(Secondary) 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
- 
- 

 
- 
- 

 
18.42 
98 

 
0.34 
79.5 

 
25.6 
15 

 
1.418 
52 

 
- 
- 

Thypa orientalis 
Canna indica 

Gravel (diameter  
10 – 20 and 2– 10 
mm) 

1 x 1 x 1  1.2 0.25 Wuhan, China 
(Chang et al., 2012) 

Domestic WW  
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
- 
- 
- 

 
70 
85 
91 

 
- 
- 
- 

 
- 
- 
- 

 
- 
- 
- 

 
2.69 
7 
97 

 
- 
- 
- 

 
Thypa latifolia 

 
 
Marble chip    
Sand 

 
0.05 m2 x 0.6 

 
3  

 Nagpur, India 
(Kadaverugu et al., 
2016) 

Domestic WW  
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
20 
98 

 
42 
85 

 
2.6 
82 

 
 

 
14 
83 

 
7.1 
86 

  
Cyperus alternifolius 

 
Iron rich soil and 
gravel 

 
20 m2 x 0.6 

 
0.67 

 Cuba 
(Pérez et al., 2014) 
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Table 2.3 The summary of horizontal flow constructed wetland removal efficiency 

 
Type of Wastewater 

Removal performance  
Plant species 

 
Media 

Dimension 
(m x m x m) 

Lx W x D 

HRT 
(day) 

HLR 
(m/day) 

 
Location and  
References 

TSS 
(mg/L) 

BOD5 

(mg/L) 
NH4-N 
(mg/L) 

NO3-N 
(mg/L) 

TN 
(mg/L) 

TP 
(mg/L) 

Total Coliform 
(MPN/100 ml) 

Synthetic domestic wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
- 
- 

 
361 
89 

 
38.4 
79.1 

 
- 
- 

 
64 
82.5 

 
9.1 
81.5 

 
- 
- 

Phragmites 
australis and 
Typha latifolia 

Fine gravel 
D50 = 6 mm 

 
3 x 0.75 x 1 

  
6  

 
0.024  

Greece 
(Akratos and Tsihrintzis, 
2007) 

Domestic wastewater (grey water) 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
36 
93 
94 
95 

 
80 
83 
65 
81 

 
64 
91 
69 
65 

 
- 
- 
- 
- 

 
71 
84 
61 
62 

 
17 
99 
98 
85 

 
- 
- 

Phragmites 
vallatoria 

River sand 12 x 1.6 x 1.1 -  
 
0.031  
0.062 
0.104 

Can Tho, Vietnam 
(Trang et al., 2010) 
 

Domestic wastewater (septic tank) 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
- 
- 

 
214 
67 

 
137 
73 

  
145 
47 

 
12.7 
93 

 
- 
- 

Canna indica Cinder (25%), 
rubble (25%) and 
furnace slag (50%) 

2 x 1 x 0.75  
 
3  

 
- 

Guangzhou, China 
(Cui et al., 2015) 

Municipal wastewater  
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
98.6 
92.3 

 
121.7 
92.8 

 
17.2 
57.1 

 
- 
- 

 
32.8 
60 

 
3.2 
63 

 
2.86 x 107 

99 

Phragmites 
australis 

Gravel  (diameter 
40 - 80 mm) 

38 x 17x 0.85  
 
11.0 

 
 
0.030 

Giza, Egypt 
(Abou-Elela et al., 2013) 

Artificial domestic wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
 
- 
- 

 
 
- 
- 

 
 
93.7 
95.2 

 
 
- 
- 

 
 
- 
- 

 
 
58 
69 

 
 
- 
- 

Thypa augustifolia Gravel  (diameter  4 
– 10 mm) 

1.2 x 0.6 x 0.6  
 
2 
4 

 
 
0.056 
0.028 

Nanyang, Singapore 
(Zhang et al., 2012) 

Secondary treatment wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
41 
77 

 
97 
76 

 
20 
45 

 
0.4 
50 

 
30 
55.9 

 
3.5 
48 

 
6.2x 106 

99 

Phragmites 
australis 

Gravel (diameter 30 
mm) 

 
350 m2  x 0.6 

 
10.5 

 
0.04 

Galicia, Boimorto, Spain 
(Jácome et al., 2016) 

Domestic wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
47 – 65 
96 
95 
93 
88 

 
 

 
 
 

  
17 – 27 
37 
19 
13 
6 

 
6.7 – 9.8 
35 
23 
12 
10 

  
Canna 

Fine gravel 
(diameter2 – 10 
mm) and medium 
gravel (10 – 25 mm) 

 
 
2 x 1 x 1 

 
 
4 
2 
1 
0.5 

 
 
0.055 
0.110 
0.220 
0.440 

Bangkok, Thailand 
(Konnerup et al., 2009) 

Pretreated Domestic wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
147.3 
86.6 
81.7 
71.3 

 
324.5 
65 
57.9 
49.9 

 
60.3 
31.0 
23.3 
17.4 

   
34.9 
27.5 
19.8 
16.3 

  
Phragmites 
australis,  

 
Grave (12 – 19 
mm)l and coarse 
sand (5 – 8 mm) 

 
 
30 x 10 x 0.9 

  
 
0.05 
0.075 
0.125 

Buyukdolluk, Edirne, 
Greece. 
(Çakir et al., 2015) 

Domestic wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
57.5 
84.7 

 
115.5 
79.7 

 
15.7 
45.8 

  
28.7 
51.7 

 
8.3 
35.8 

 
4.7x 106 

92.5 

Stretlitzia reginae, 
Anthurium 
Andreanum, 
Agapanthus 
africanus  

 
Tezontle gravel 

 
3.6 x 0.9x 0.3 

 
4 

 
0.131 

Ocotlan, Jalisco, Mexico 
(Zurita et al., 2009) 

Municipal wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
179 
69 

 
218 
74 

 
69.1 
70 

 
 
 

 
88.9 
52 

 
54.3 
50 

  
Cyperus papyrus 

Coarse gravel 
(diameter 4 – 8 
mm) 

 
0.45 m2  x 03 

  
2  

0.08 Kampala, Uganda 
(Bateganya et al., 2016) 

Municipal wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
97 
82 

 
120 
81 

 
21.2 
95 

 
 

 
30.5 
84 

 
5.6 
91 

  
Thypa latifolia 

 
Gravel and sand  

 
25 x 12 x 0.9 

 
2.1 
 

 
0.072 

Cuihua, Xi’an, China 
(Wang et al., 2016) 

Pretreated Municipal wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
30.2 
87 
91 
87 

 
 

 
29.69 
35 
51.5 
24.5 

 
 

 
33.34 
33 
42 
23 

 
3.38 
18 
74 
27 

  
Iris sibirica 
Thalia dealbata 

 
 
Zeolite 
Ceramsite 
Quartz granules  

 
1.2 x 0.4 x 0.7 

  
0.1 

Shanghai, China 
(Zhong et al., 2015) 

Municipal wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
25.5 
75 

 
28.9 
61 

 
19 
26 

   
0.8 
43 

  
Cyperus papyrus 

  
7.5 x 3.0 x 0.6 

  Nairobi, Kenya 
(Mburu et al., 2012) 
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2.3.3  Hybrid System of Constructed Wetlands  

A Hybrid constructed wetland is a combination of a HFCW and a VFCW (Kadlec and 

Wallace, 2008). This system is developed to provide aerobic and anaerobic conditions 

simultaneously, which complement each other to increase the removal efficiency of 

suspended solids, organic matters and nutrients (Zhang et al., 2014). In hybrid CWs, the 

removal of organic matter and suspended solids as well as nitrification processes is carried 

out in the VF systems, while a HF system is intended to provide denitrification and further 

removal of organic and suspended solids. Table 2.4 shows the summary of the hybrid CW 

system removal efficiency. The results revealed that hybrid systems are more efficient in 

removing TSS (60 - 98%), BOD (70 - 95%), NH4-N (53 - 99.6%), TN (38 - 97.7%), TP 

(54 - 94%) and coliforms (88 - 99.9%). 
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Table 2.4 The summary of hybrid constructed wetland removal efficiency 

 

Type of Wastewater 

Removal performance  

Plant species 

 

Media 

Dimension 

(m x m x m) 

Lx W x D 

HRT 

(day) 

HLR 

(m/day) 

Location and  

References TSS 

(mg/L) 

BOD5 

(mg/L) 

NH4-N 

(mg/L) 

NO3-N 

(mg/L) 

TN 

(mg/L) 

TP 

(mg/L) 

Total Coliform 

(MPN/100 ml) 

Domestic wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
798 
98 

 
420 
93 

   
205 
38 

 
30.7 
72 

 
2.69x 107 

99.9 

Phragmites 
australis and 
Thypa latifolia 

Gravel 121 m2 x 1.5 (VF) 
207 m2 x 1.5 (VF) 
 

 
5.6 

 
0.198 

Joogar, Tunisia 
(Kouki et al., 2009) 

Domestic wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

  
10.76 
70 

 
2.67 
93.3 

 
1.25 
93.6 

 
3.68 
85.6 

 
0.38 
63.2 

 Arundo donax, 
Canna, and Iris 
tectorum 

Gravel, grit and    
river sand. 

175 m2 x 1 (VF) 
100 m2 x 1 (HF)  

  Yancheng Lake, 
China 
(Ni et al., 2016) 

Mixed (black and grey) WW 

Inflow concentration (mg/L) 
Removal efficiency (%) 

 
26 
84 

 
41 
94 

 
15 
86 

 
2.0 

 
53 
61 

 
5.1 
94 

 
 

 

Phragmites 
australis 

Gravel (HF) 
Sand and gravel 
(VF) 

160 m2 x 0.7 (HF) 
180 m2 x 0.9 (VF) 

3 0.17 (HF) 
0.15 (VF) 

Florence, Italy 
(Masi and 
Martinuzzi, 2007) 

Synthetic domestic wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
19.4 
56.7 

 
32.5 
71.3 

 
18.4 
99.6 

 
1.9 
54.5 

 
22.3 
97.7 

 
18.4 
60.3 

 Phragmites 
australis 

Wood mulch 0.064 m2 x 0.99 
(VF) 
0.6 x 0.2 x 0.8 
(HF) 

1.14 0.31 Melbourne, 
Australia 
(Saeed and Sun, 
2011) 

Municipal wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
79.9 
93.2 

 
182 
94.5 

 
29.9 
78.3 

   
5.2 
65.4 

 Phragmites 
australis 
Phalaris 
arundinaceae 

Crushed rock 
 (4 – 8 mm) and  
Sand (1 – 4 
mm) 

2.54 m2 x 0.0.1 
(VF) 
1.2 x 1.3 x 0.8 
(VF) 
8.0 x 0.75 x 0.7 
(HF) 

0.76 
and 4 

0.54 (VF) 
0.89 (VF) 
0.077 (HF) 

Trebon, Czech 
Republic  
(Vymazal and 
Kröpfelová, 2011) 

Domestic wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

  
25.57 
89.8 

 
24.51 
94.8 

 
 

 
34.10 
56.2 

 
2.65 
94.8 

 Canna indica 
and Windmill 
grass 

Blast furnace 
flag, medium 
coarse sand, 
coal ash 

0.1 x 0.1 x 0.13  
0.1 x 0.1 x 0.11 

  
0.6 

Guangzhou, China 
(Huang et al., 2016) 

Municipal wastewater 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
239 
96 

 
293 
93 

 
28.4 
75 

    Phragmites 
australis 

Sand, grain, fine 
gravel, 

1.0 x 1.5 x 1.3 
(VF) 
1.0 x 2.0 x  0.5 
(HF) 

  
 
0.27 

Barcelona, Spain 
(Ávila et al., 2016) 

Polluted urban river 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
334 
95.9 

 
125.6 
97 

 
27.2 
70.2 

  
38.5 
65.2 

 
3.9 
79.5 

 Phragmites 
australis, T 
orientalis 

Gravel and sand 17 x 20 x 0.8 
40 x 20 x0.6 

 
3.6 

 
0.06 

Xi’an, China 
(Zheng et al., 2016) 

Tertiary treatment effluent 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
580 
78 (PA) 
79 (TL) 
78 (AD) 

 
600 
81 (PA) 
78 (TL) 
75 (AD) 

 
48 
65 (PA) 
53 (TL) 
62 (AD) 

 
16 
52 (PA) 
47 (TL) 
50 (AD) 

 
 

 
7 
74 
55 
54 

 
2.4 x 105 

97 (PA) 
92 (TL) 
88 (AD) 

 
 
P. australis (PA) 
T. latifolia, (TL) 
A. donax (AD) 

 
 
Fine grain 

 
 
100 m2 x 0.7 (HF) 
32 m2 x 0.9 (VF) 

 
 
7.9 

 
 
0.05 

Isfahan, Iran 
(Haghshenas-
Adarmanabadi et al., 
2016) 

Urban wastewater 
concentration (mg/L) 
Removal efficiency (%) 

 
72 
95 

 
162 
90 

 
122 
89 

    
4.9 x 106 
99.6 

  
Gravel and 
lapilli 

 
0.26 m2 x 0.75 
0.67 m2 x 0.32 

 
6 
3 

 
0.037 
0.079 

Canary Islands, Spain 
(Melián et al., 2010) 

Sewage 
Inflow concentration (mg/L) 
Removal efficiency (%) 

 
44.7 
87 

 
98.1 
94 

 
55.8 
84 

  
64.3 
70 

 
4.4 
91 

 Phragmites 
australis 

Lightweight 
aggregate 
(LWA) 

216 m2 x 0.9 (VF) 
216 m2 x 0.9 (HF) 

  Paistu, Estonia 
(Öövel et al., 2007) 



 

24 
 

 Factors Influencing Constructed Wetland Efficiency 

The design of CWs has to take into consideration a number of factors: (1) hydrology, the 

loading of pollutant and feeding mode of the inflows, (2) the media, and (3) the vegetation 

growing in the media (Rousseau, 2005; Zhang et al., 2014; Wu et al., 2015). Like other wastewater 

treatment systems, the design of CWs should consider the desired outcomes with respect to 

control of water pollution, including the regulation of water quality standards for the protection 

of the aquatic ecosystem. In CWs, the removal of the pollutants is mainly attained by controlling 

the hydraulic conditions, selection of substrate media and selecting the type of vegetation to 

dominant growth in the CWs (Zhang et al., 2014). 

 

2.4.1 Hydrology and Feeding Mode of the Inflow. 

Hydrology parameters that are important for design of CWs are hydraulic loading rates 

(HLR) and hydraulic retention time (HRT) (Kadlec and Knight, 1996). In addition, the 

hydraulic conductivity (Ksat) influences the nutrient retention in the media (Lucas and 

Greenway, 2011a). The hydrology parameters strongly contribute to the biogeochemical 

processes, the composition of the biotic community and the fate of the pollutants in the 

CWs (Ranieri et al., 2013; Zhang et al., 2014). 

 

Hydraulic loading rate (HLR) refers to the rate of wastewater entering the wetland area 

meanwhile the hydraulic retention time (HRT) is the length of time that pollutants are in 

contact with the media (Zhang et al., 2014). HLR and HRT play an important role in the 

performance of pollutant removal. Maximum removal efficiency of COD, BOD, TSS, 

phosphorus, and nitrogen parameters i.e. total kjeldahl nitrogen (TKN) that is the sum of 

nitrogen bound in organic substances plus nitrogen in ammonia (NH3-N) and in 

ammonium (NH4
+-N), NH4-N, TN, and NO3-N was attained at a low HLR and declined 

with higher HLR (Bolton and Greenway, 1999; Konnerup et al., 2009; Trang et al., 2010). 

Hydraulic loading rates determines the moisture of the media. The presence of adequate 

water in the media (moisture) becomes a suitable place for the growth of microbial and 

plant species, allowing the plants and microorganisms to conduct biological processes 

(Kadlec and Wallace, 2008). Extended contact time between the media and contaminants 

can be achieved with long HRT. If the drainage process occurs too quickly, the contact 

time between plant roots and microorganism is reduced. This condition leads to the water 

content in the media drying out more quickly resulting in water stress on the plants and 

microorganisms.  
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Konnerup et al. (2009) investigated the removal of TSS, COD, TN and TP at different 

HRTs loaded with domestic wastewater in CWs using gravel planted with Heliconia 

psittacorum. The hydraulic loading rates were 55, 110, 220 and 440 mm/day 

corresponding to HRT of 4 days, 2 days,1 day and 12 hours. The results showed that the 

removal efficiency of TSS, COD, TN and TP increased with the increase of HRT. The 

effect of HRT (6, 8, 14 and 20 days) had been investigated by Akratos and Tsihrintzis 

(2007) in CWs planted with Phragmites australis and Typha latifolia and loaded with 

synthetic wastewater. The results showed the increase of HRT led to an increase of 

removal efficiency of BOD, COD, phosphorus (TP and PO4-P) and nitrogen (TKN and 

NH4-N). Xinshan et al. (2010) conducted research in CWs using a combination of zeolite 

and silver sand media loaded with synthetic wastewater and planted with Canna. They 

reported that the longer retention times (HRT) increased the removal of TN and NH4
+-N. 

This condition occurred when HRT was set up for one day to four days. When HRT was 

more than 4 days, the concentration of TN and NH4
+-N remained constant. Higher HRT 

usually requires a larger amount of land usage leading to increased investment costs. 

Thus, investigation of the effect of HRT in CWs is crucial to optimise the performance 

of a CW in reducing the pollutants. 

 

Hydraulic conductivity refers to the rate of wastewater flow through the media and 

usually is influenced by particle size and the texture of the media (Greenway and Lucas, 

2008). Media with a lower hydraulic conductivity tends to have higher retention time, 

leading to effective interaction with the media, microbe and plant roots (Lucas and 

Greenway, 2011b). Better removal efficiency of nitrogen is correlated with the low 

infiltration and/or slow hydraulic loading rates (Davis et al., 2006; Lucas and Greenway, 

2008). 

 

The rate of pollutant loaded into the CWs and feeding mode are the important factor 

influencing the efficiency of CWs in removing pollutants. The high rate of pollutants such 

as organic pollutants and suspended materials loaded to CWs could lead to serious 

clogging problems that accelerate the damage of the CWs (Tanner et al., 1998; Fu et al., 

2013). For that reason, the rate of pollutant load should be taken into account to increase 

the efficiency of the CWs. In addition, the types of feeding mode i.e. continuous, batch, 

intermittent provide the oxidation and reduction conditions as well as oxygen transfer in 

CWs, leading to influencing the CW performance (Wu et al., 2015). 
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2.4.2 Media 

Media influences numerous processes. It controls the rate of water infiltration or retention 

time, filters sediments and particulates, provides sorption surfaces for nutrients (Huang 

et al., 2013), adsorb heavy metals, provides surface biofilms, and provides a nutrient 

source for microbes (bacteria, fungi, protozoan, algae) and macrophytes (Greenway and 

Lucas, 2008; Kadlec and Wallace, 2008). Media particle size influences porosity and 

hydraulic conductivity. Porosity plays an important role for media aeration which 

provides oxygen from the air space allowing rooted plants and microorganisms to absorb 

the nutrients (Tietz et al., 2007). Wu et al. (2015b) reported that the media in CWs played 

an important role in encouraging microorganism development and plant growth. 

Greenway and Woolley (1999) found that aerobic bacteria embedded in the porous media 

and plant roots played an important role in removing organic matter. The chemical 

properties, media size and porosity might be different for each different media source. 

The types of media used in CWs for the treatment of wastewater are shown in Table 2.5 

 

Saeed and Sun (2011) compared the effectiveness of three different kinds of media on a 

hybrid system i.e. a gravel VF system followed by a gravel HF system, a mulch VF system 

followed by a mulch HF system and a mixed gravel-mulch VF system followed by mixed 

gravel mulch HF system. Humus material (represented by mulch substrate) was more 

efficient in removing TP (60%). Meanwhile the presence of gravel significantly reduced 

the concentration of TN, TSS and COD in the wetland systems (Saeed and Sun, 2011). 

Akratos and Tsihrintzis (2007) found that TKN, TP and PO4
3- removal efficiency was 

significantly affected by media size where the finer materials seemed to be more effective 

in comparison with coarser media. Furthermore, Akratos and Tsihrintzis (2007) used two 

different types of media (riverine and quarry) with the same vegetation to examine the 

effect of media sources on removing nitrogen, phosphorus and organic content. The 

results showed media from the riverine source were more effective in removing TP and 

TN than media from the quarry. Huang et al. (2013) compared two different media in a 

VFCW system, one filled with natural zeolite and the other filled with volcanic rocks 

loaded with piggery wastewater. The results revealed that natural zeolite media had higher 

ammonia (82 - 94%) removal than volcanic rock media (51 - 69%). 
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Table 2.5 List of media commonly used in CWs 

Media composition References Location 

- Sand  (Bateganya et al., 

2016) 

Kampala, Uganda 

- Gravel (Abou-Elela et al., 

2013)  

Giza, Egypt 

 

- Combination of marble and 

gravel 

- Combination of sand and 

gravel 

(Kadaverugu et al., 

2016) 

 

Nagpur, India 

- Tezontle gravel (Zurita et al., 2009) Ocotlan, Jalisco, 

Mexico. 

- Medium from quarry 

- Fine gravel from river sand 

(Akratos and 

Tsihrintzis, 2007) 

Greece 

- Gravel 

- Marble stone 

- Iron slag 

- Zeolite 

(Ayaz et al., 201i2) Kocaeli, Turkey 

- Gravel 

- Wood mulch 

- Gravel and mulch 

(Saeed and Sun, 

2011) 

Melbourne, 

Australia 

- Combination of turf sand, 

krasnozem and coir peat 

- Combination of turf sand, red 

mud and coir peat 

- Combination of turf sand, 

water treatment residual and 

coir peat 

(Lucas and 

Greenway, 2011a) 

Logan, Queensland 

Australia 

- Carbonate-silica rock (opoka) (Jóźwiakowski et al., 

2017) 

Chrzanow, Poland 

- Zeolite 

- Caremsite 

- Quartz granules 

(Zhong et al., 2015) Shanghai, China 

- Alum sludge  (Babatunde et al., 

2010) 

Dublin, Ireland 

- Palm kernel shell (Jong and Tang, 

2015) 

Sarawak, Malaysia 

- Natural zeolite 

- Volcanic rocks 

(Huang et al., 2013) Xiamen, China 

 

2.4.2.1 Utilisation of Biochar as a Media Amendment in Constructed Wetlands 

Biochar is an alternative material that can be used as a media amendment in CWs. Since 

biochar has high carbon content, it has potential to improve physical and biological 

properties in soil. Manyà (2012) reported that the addition of biochar into soil can change 

the physical properties of the soil such as structure, pore size distribution, bulk density 

and texture. The increase of soil water retention capacity is associated with the presence 
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of organic carbon (Ahmad et al., 2014). This condition has important implications for 

increasing soil aeration, improvement of soil nutrient retention and water holding capacity 

as well as enhancement of plant growth (Oguntunde et al., 2008; Atkinson et al., 2010). 

Other benefits of using biochar in the soil are increasing soil pH, improving earthworm 

population and improving efficiency in fertiliser use (Kuzyakov et al., 2009; Duku et al., 

2011; Xu et al., 2013; Ahmad et al., 2014).  

 

The composition, quality and characteristics of biochar depend on the morphology of the 

biomass and conditions of the pyrolysis process such as heating rate, pressure, vapour 

residence time, final temperature at which the biochar was produced, and the catalyst used 

(Enders et al., 2012; Ahmad et al., 2014). The parent materials of biochar can be gathered 

from various types of biomass such as, agricultural crop residues, wood waste, forestry 

residues, animal manure and municipal solid organic waste (Duku et al., 2011). Brick and 

Lyutse (2010) classified the sources of biomass into (1) primary produced biomass and 

(2) by product as a waste biomass. The chemical composition of the surface area of 

biochar plays a crucial role in the adsorption property of the biochar (Pintor et al., 2012). 

This suggests that the chemical characteristics of the biochar surface are mainly 

associated with the chemical composition. Manyà (2012) reported that the chemical 

composition of biochar surface is influenced by the parent materials and the pyrolysis 

conditions. Crop-based biochar, for instance, are higher in P, Ca, K, Na and Mg content 

compared to wood-based biochar. However, wood-based biochar has a higher C/N ratio 

than crop-based biochar (Wang et al., 2013). Based on the results obtained from Fourier 

Transformation Infrared (FTIR) spectra tests, Hossain et al. (2011) noticed that the main 

difference between wood-based biochar and biochar derived from wastewater sludge is 

the existence of organic nitrogen and metallic compounds in the sludge biochar.  

 

In environmental management, biochar has been used for improving soil quality, 

mitigation of climate change, energy production, and waste management (Ahmad et al., 

2014). Recently, biochar has been considered to be useful for pollutant removal because 

of its large surface area, porous structure, enriched surface functional groups and mineral 

content (Tan et al., 2015). In comparison to activated carbons, biochar seems to be 

cheaper and have lower energy requirements (Lu et al., 2012). Several studies have 

reported that biochar has an ability to remove the pollutants from wastewater (Yao et al., 

2011b; Pintor et al., 2012; Sarkhot et al., 2013; Bradley et al., 2015; de Rozari et al., 

2015). 
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As a form of carbonaceous product, biochar has a potential ability to be utilised as an 

adsorbent to retain organic and inorganic pollutants (Ahmad et al., 2014; Tan et al., 2015). 

Several studies have reported that various biochar parent materials have been used to 

successfully remove the nitrogen and phosphorus in laboratory studies (Bradley et al., 

2015; Sarkhot et al., 2013; Yao et al., 2011b). Bradley et al. (2015) investigated the effect 

of sand amended with various percentages of poplar biochar and revealed that the 

increased percentage of biochar in the sand media had decreased the concentration of 

BOD5 and nitrogen in the leachate but increased the phosphorus leaching. Yao et al. 

(2011b) reported that biochar converted from digested sugar beet tailing (DSTC) had an 

ability to remove phosphate from water under a variety of pH levels and competitive ion 

conditions. A study carried out by Sarkhot et al. (2013) revealed that hardwood-biochar 

generated from slow pyrolysis can adsorb 36% and 50% of NH4
+ and PO4

3-, respectively 

from manure solutions.  

 

There were limited references discussing the use of biochar in removing pollutants in 

CWs. In laboratory scale CWs, Gupta et al. (2015) compared pollutant removal of gravel 

and woody biochar (from Quercus sp) media loaded with synthetic wastewater. These 

CWs were planted with Canna sp. The results showed that the CWs with biochar media 

had a better removal efficiency compared to the CWs with gravel media. The removal 

rates for COD, TN, NH4-N, NO3-N, TP and PO4-P were 91.3%, 58.3%, 92%, 79.5% and 

67.7%, respectively. Column experiments conducted by Kizito et al. (2017) loaded with 

anaerobic digested effluent revealed that the biochar media (from corn cob and wood 

biochar) were significantly higher removal efficiency for organic matter (>59%), NH4-N 

(>76%), TN (>37%) and phosphorus (>71%) than the gravel media. 

 

2.4.3 Vegetation 

Vegetation plays a crucial role in constructed wetland technology. Several studies 

reported that CWs perform better when plants are established (Henderson et al., 2007; 

Greenway, 2007; Li et al., 2008; Kouki et al., 2009; Trang et al., 2010). Plants are often 

dominant in CWs as they have the ability to directly uptake and sequester pollutants 

(Kadlec and Wallace, 2008). Floating, emergent and submerged plants are commonly 

found in CWs but emergent plants are the main type used in the SSF systems (Greenway, 

2007). Table 2.6 shows the types of vegetation commonly used in CWs. 
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Table 2.6 List of plants commonly used in CWs 

Types of plants References Location 

- Phragmites australis (Abou-Elela et al., 

2013) 

Giza, Egypt 

- Stretlitzia reginae 

- A combination of Stretlitzia 

reginae, Anthurium 

andreanum, and 

Agapanthus africanus 

(Zurita et al., 2009) Ocotlan, Jalisco, 

Mexico. 

- Juncus effusus (Peng et al., 2014) Wuhan, China 

- Cyperus papyrus (Bateganya et al., 

2016) 

Kampala, Uganda 

- Thypa augustifolia (Weerakoon et al., 

2016) 

Peradeniya,  Sri Langka 

- A combination of Banksia 

integrifolia, Callistemon 

pachyphyllus, Carpobrotus 

glaucescens, Pennisetum 

alopecuroides  

(Gautam and 

Greenway, 2014) 

Logan, Queensland 

Australia 

- Typha angustifolia 

- Cyperus involucratus 

(Kantawanichkul et 

al., 2009) 

Bangkok, Thailand 

- Phragmites australis 

- Thypa latifolia 

- Scirpus validus 

(Li et al., 2008) Shanghai, China 

- Phragmites australis 

- Thypa latifolia 

(Akratos and 

Tsihrintzis, 2007) 

Greece 

- Phragmites mauritanius 

- Typha domingensis 

(Mayo and 

Bigambo, 2005) 

Dar es Salaam, 

Tanzania  

- Phragmites vallatoria (Trang et al., 2010) Can Tho, Vietnam 

- Pennisetum sinese Roxb 

- Pennisetum purpureum 

(Xu et al., 2015) Guangzhou, China 

- Melaleuca quinquenervia   

- Melaleuca alternifolia. 

(Bolton and 

Greenway, 1999) 

Logan, Queensland 

Australia 

- A combination of Thypa 

angustifolia, Cyperus 

corymbosus, Brachiaria 

mutica, Digitaria bicornis, 

Vetiveria zizaniodes, 

Spartina patents, 

Leptochloa fusca, 

Echinodorus cordifulia. 

(Klomjek and 

Nitisoravut, 2005) 

Petchaburi, Thailand 

- Phragmites australis 

- Phalaris arundinacea 

(Vymazal and 

Kröpfelová, 2011) 

Trebon, Czech 

Republic 

 

Plants in CWs provide various functions including transpiration, flow resistance and 

particulate trapping (Li et al., 2008; Saeed and Sun, 2012). Additionally, the effectiveness 

of the wetland vegetation in removing pollutants is influenced by the type and density of 

the vegetation. In CWs, microbial community density and activity are stimulated by plant 
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rhizosphere in which the rhizosphere supplies root surface for microbial growth and 

provides a source of carbon through root exudates (Tanner, 2001). Kantawanichkul et al. 

(2003) reported that plants can contribute significantly to the removal of the nutrients in 

tropical climates where the plants can grow faster. An oxidised condition in the plant 

rhizosphere could improve biodegradation processes in which the oxygen is transferred 

to the roots and rhizosphere, allowing oxygen to stimulate microbial activity associated 

in the rhizophere (Caselles-Osorio and García, 2007). 

 

The selection of plants for CWs should consider various factors; tolerance of high nutrient 

levels, ability to propagate through rhizome spread, tolerance in media saturated 

conditions, and tolerance in anaerobic condition (Greenway, 2007; Kadlec and Wallace, 

2008). The plants selected for CWs should be able to grow under local climate conditions 

and be able to produce high biomass for their nutrient uptake (Kadlec and Wallace, 2008). 

The cost and availability of the plant stock are also factors which need to be considered 

in the design of CWs. Recently, studies on the suitability of indigenous species of 

emergent macrophytes in removing pollutants has been carried out in several countries. 

In Greece, Akratos and Tsihrintzis (2007) demonstrated the capability of Phragmites 

australis and Typha latifolia for nitrogen and phosphorus removal. The findings showed 

that Typha latifolia seemed to have better performance in removing nitrogen and 

phosphorus than Phragmites australis (Akratos and Tsihrintzis, 2007). In Tanzania, 

Mayo and Bigambo (2005) investigated Phragmites mauritanius and Typha domingensis 

for removal of nitrogen from primary treated domestic wastewater. The results showed 

that total nitrogen removal in the CWs was 48.9% and the uptake of nitrogen by the plants 

contributed 10.8% (Mayo and Bigambo, 2005). On a pilot scale in Shanghai (China), Li 

et al. (2008) demonstrated the feasibility of CWs with indigenous Phragmites australis, 

Typha latifolia and Scirpus validus in treating wastewater from the Sanhaowu River. The 

results revealed that these plants, particularly Typha latifolia and Scirpus validus played 

a crucial role in removal of organic matter because they had more vigorous root systems. 

 

2.4.3.1 Utilisation of Melaleuca Trees in Constructed Wetlands 

The genus Melaleuca, derived from the Greek words melas (black, dark) and leukon 

(white), is a member of the large and varied family Myrtaceae. The species is originally 

native to Australia, New Guinea, Indonesia, and Caledonia (Stocker, 1999). This species 

is a woody species commonly known as “paperbark”. Some varieties of this species are 

economically beneficial due to the oils that they generate.   
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Melaleuca trees are potential candidates for the vegetation used in CWs because this 

species is able to: (1) tolerate inundation; (2) have a high potential biomass sink for 

nutrients; (3) have high rates of litter fall but slow decomposition; and (4) thrive in 

extreme conditions e.g. salinity, alkalinity, acidity (Bolton and Greenway, 1997; 

McJannet, 2008). In addition, Melaleuca is the type of plant which is able to tolerate in 

an anaerobic environment as the spongy matrix of the bark of this plant contains air and 

may convey gases to and from the roots (Bolton and Greenway, 1997). 

  

Bolton and Greenway (1999) investigated two Melaleuca species (M. quinquenervia and 

M. alternifolia) for the removal of sewage pollutants in a SSF system and showed that for 

TSS, BOD5, and turbidity the removal efficiencies were more than 90%. The same study 

concluded that total N-removal depended on HLR in which the lower the HLR, the higher 

the percentage of TN removal. A study conducted by Bolton and Greenway (1997) 

revealed that total dry biomass of constructed wetlands which were more densely planted 

with Melaleuca had attained 1461 gram/tree after growing for 21 months. It means that 

the high mass potential of Melaleuca species seems to provide an effective mechanism 

for nutrient storage in CWs.  

 

2.4.3.2 Utilisation of Lemongrass Plants in Constructed Wetlands 

Lemongrass plants are a group of grasses that are taxonomically classified into the family 

of Gramineae and genus Cymbopogon which consist of approximately 80 species 

(Jayasingha, 1999). Lemongrass plants generally are classified into two main types based 

on the place where the Lemongrass is originated; East Indian or West Indian lemongrass. 

The Cymbopogon citratus is a part of the West Indian Lemongrass strain and is mainly 

grown in tropical areas such as Central and South America, Africa, South East Asia and 

the Indian Ocean Islands. Cymbopogon citratus is a perennial aromatic grass which has 

dense fascicles of leaves from a short, annulated, sparingly branched rhizome 

(Jayasingha, 1999). The leaf blade is linier with a length of around 90 cm and a width of 

approximately 5 cm. The Cymbopogon citratus can be planted in poor soil with an 

elevation ranging from 0 – 1200 m above sea level. This plant can be grown in locations 

with the annual rainfall of 200 – 250 cm. For regions with high rainfall, the plant could 

be harvested more frequently throughout the year.  

 



 

33 
 

The selection of Lemongrass (Cymbopogon citratus) relates to its effectiveness for 

reducing suspended solids (Wanyama et al., 2012) and its complementary economic 

usages particularly for traditional medicine (Ekpenyong et al., 2015). A study conducted 

by Pillai and Vijayan (2012) in CWs with a combination of sand, gravel and coco-peat 

media loaded with greywater showed that the removal efficiencies of TSS, BOD and 

nitrate were 73%, 80%, 53%, respectively. Tilak et al. (2016) investigated COD, TSS, 

TN and TP removal from domestic wastewater using CWs planted with Cymbogon 

citratus and Thypa latifolia and the results showed that the removal efficiencies of COD, 

TSS, TN and TP over a three-month period were 42%, 74%, 39% and 41%, respectively. 

 

 Mechanisms of Pollutant Removal in Constructed Wetlands 

Pollutant removal within CWs takes place through a variety of interactions between 

sediments, media, microorganisms, litter, plants, the atmosphere and the wastewater itself 

(Kadlec and Wallace, 2008). The wastewater is purified through physical, chemical and 

biological mechanisms and these mechanisms take place simultaneously. The 

mechanisms of organic matter, microbial pathogen, nitrogen and phosphorus removal in 

CWs are discussed below. 

 

2.5.1 Organic Matter Removal  

In wastewater, organic matter is commonly measured by BOD (Biochemical Oxygen 

Demand) which is the amount of oxygen required in a certain volume of wastewater to 

decompose organic material by aerobic microbes (Delzer and McKenzie, 1999). Organic 

matter can be degraded by heterotrophic microorganisms by utilising dissolved oxygen. 

Therefore, excessive organic matter can lead to depletion of dissolved oxygen in the 

water. This phenomenon has a serious impact on aquatic organisms when such 

wastewater with high organic contents is released to the rivers, lakes and oceans. 

 

Organic matter commonly consists of particulate organic matter and dissolved organic 

matter. The removal of organic matter in CWs occurs simultaneously via physical, 

chemical and biological mechanisms. The particulate organic matter from domestic 

wastewater is mostly retained in the media and undergoes physical mechanisms such as 

filtration and sedimentation (Garcia et al., 2010). Filtration is the physical processes 

which are commonly utilised to separate the solid particles and liquid in a suspension 

system. In CWs, filtration processes occur in the media where the bed media will retain 

the solid particles. There are three major mechanisms of granular bed filtration in SSF 
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systems (Kadlec and Wallace, 2008): (1) inertial deposition, in which particles move fast 

enough and impact bed particles; (2) diffusional deposition, in which random processes 

occur either on a micro scale (Brownian motion) or a macro scale (bioturbation) which 

move a particle to an immersed surface; and (3) flow line interception, in which a particle 

moves with the water and avoids a thread-on collision. The efficiency of filtration is 

dependent on the particle size of the organic matter and the porosity of the media (Ghunmi 

et al., 2011). Furthermore, the retained particulate organic matter which accumulates on 

the surface of the media could experience hydrolysis which generates dissolved organic 

compounds. In hydrolysis processes, the macromolecules from particulate organic matter 

are broken down into soluble monomers by biological mechanisms (Garcia et al., 2010). 

This mechanism is facilitated by exoenzymatic activity and takes place in both higher and 

lower oxygen conditions (Garcia et al., 2010). 

 

Dissolved organic matter in CWs is mainly biodegradable organic matter and can be 

generated by hydrolysis processes. Naturally, the heterotrophic bacteria are able to 

decompose the dissolved organic matter to CO2 and water. Li et al. (2008) pointed out 

that aerobic and anaerobic bacteria are mainly responsible for dissolved organic matter 

removal. The level of dissolved organic matter determines the amount of microbe because 

the dissolved organic matter can feed the microorganisms (Ibekwe et al., 2003). 

 

The dissolved organic matter is removed by respiration via metabolism processes of 

heterotrophic bacteria which utilises oxygen as a final electron acceptor (Kadlec and 

Knight, 1996). In this process, aerobic bacteria require adequate oxygen which is derived 

mainly from the atmosphere and the photosynthetic process (macrophytes and 

photosynthetic microorganisms) (Kadlec and Wallace, 2008). Therefore, although 

aerobic microbial activity is responsible for decomposing organic pollutants in CWs, 

macrophytes and photosynthetic microorganism also play an indirect role in organic 

matter removal by producing oxygen (Greenway, 2007; Li et al., 2008).  

 

2.5.2 Microbial Pathogen Removal  

Pathogenic microorganisms in domestic wastewater are derived from human and animal 

excreta (Kansiime and Nalubega, 1999). The presence of pathogenic microorganisms 

such as viruses, bacteria, and protozoa in domestic wastewater may create significant 

public health concerns (Garcia et al., 2010; Mara, 2013). Escherichia coli, Salmonella 

thyphi, Shigella spp., Vibrio cholera are all types of bacteria that are commonly found in 
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domestic wastewater. Meanwhile, Entamoeba histolyca, Giardia lamblia and 

Cryptosporidium paravum are types of protozoa which are frequently detected in 

domestic wastewater (Mara, 2013). There are many human viruses present in domestic 

wastewater including rotaviruses and noroviruses which are the main causes of diarrhoea 

(Mara, 2013). The presence of organic matter in domestic wastewater generates a suitable 

place for the growth and development of these microorganisms. Other factors influencing 

the growth of microorganisms are temperature and pH (Mara, 2013).  

 

Constructed wetlands have proven to be a good alternative to reduce microbial pathogens. 

Hydraulic retention time, vegetation, water composition, pH and seasonal variations are 

the main factors affecting the reduction of microbial pathogens (Davies-Colley et al., 

1999; Wu et al., 2016). Reports show that the increase of HRT in the media could improve 

bacteria exposure to removal processes, through sedimentation, adsorption by organic 

matter, predation and ultra violet radiation (Díaz et al., 2010). The influence of vegetation 

for microbial pathogen removal has been reported by several authors (Tanner et al., 1995; 

Tunçsiper et al., 2012; Avelar et al., 2014). Research conducted by Avelar et al. (2014) 

revealed that horizontal flow CWs planted with Mentha aquatica have a better removal 

efficiency of total coliforms compared to horizontal flow CWs without vegetation. 

Regarding water composition, Wu et al. (2016) reported that water composition could 

influence the survival of bacteria in CWs. The increase of organic concentration and 

nutrient in water systems could stimulate the regrowth of bacteria.  There is a positive 

correlation between the amount of bacteria and nitrogen concentrations in CWs, 

indicating that the availability of nitrogen could cause the microbial pathogens to have 

longer life and to replicate faster (Díaz et al., 2010). Additionally, pH is a crucial factor 

affecting the removal of microbial pathogen. A pH that ranges from 5.5 to 7.5 is a better 

condition for microbes to survive. The numbers of microbes rapidly decrease at a pH 

value above or below this range (Wu et al., 2016). 

 

 In CWs, microbial pathogens are removed by physical, chemical and biological 

mechanisms (Garcia et al., 2010). The physical mechanisms taking place in the removal 

of microbial pathogen are filtration and sedimentation (Pundsack et al., 2001). 

Meanwhile, oxidation and adsorption of organic matter are chemical mechanisms in 

microbial pathogen removal (Garcia et al., 2010). For biological mechanisms, the 

removal of microbial pathogens could take place via oxygen release and bacterial activity 

in the rhizosphere, aggregation and retention of biofilm, antimicrobial activity of root 
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exudates, predation by nematodes, attack by lytic bacteria and viruses as well as natural 

die off (Garcia et al., 2010; Vymazal, 2005b). 

 

2.5.3 Phosphorus Removal 

Phosphorus (P) is a macronutrient that is essential for living organisms. This element is 

required for plant growth and is a controlling factor for plant productivity (Kadlec and 

Knight, 1996). Phosphorus is commonly found in the nucleic acid in DNA and RNA as 

well as ATP (adenosine triphosphate) for transferring energy in the cell.  

 

In wastewater, the form of phosphorus can be classified as particulate phosphorus and 

dissolved phosphorus based on the filtration processes of the 0.45 μm filter (APHA, 

2005). The forms of phosphorus can be further categorised into organic phosphorus, 

polyphosphate and orthophosphate. Organic phosphorus is found mostly in organic 

matter such as phospholipids, sugar phosphates and nucleotides and can be formed as a 

particulate or in soluble forms (Kadlec and Wallace, 2008; Roy, 2017). In certain 

conditions, organic particulate phosphorus can be transformed to dissolved phosphorus 

via microbial decomposition of organic compounds (Nausch and Nausch, 2014; Lin et 

al., 2016). Polyphosphates are the types of phosphate molecules which have two or more 

phosphorous atoms. Generally, polyphosphates transform to orthophosphates through 

hydrolysis processes. Orthophosphate is the main dissolved phosphorus form in the 

wastewater. Vera et al. (2014) reported that wastewater is constituted by more than 60% 

of orthophosphate compounds. The orthophosphate can be formed as PO4
3-, HPO4

2-, 

H2PO4
-, and H3PO4, depending on the pH value (Kadlec and Knight, 1996; APHA, 2005). 

Figure 2.2 illustrates the influence of pH on phosphorus speciation. 
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 Figure 2.2 Distribution of phosphorus species versus pH value 

Source: (Reddy and DeLaune, 2008) 

 

The removal of phosphorus takes place through interactions between the components in 

the constructed wetlands, i.e. sediments, media, microorganisms, and plants. The cycle 

of phosphorus differs from the cycle of nitrogen as the valency state of phosphorus does 

not change during assimilation of inorganic phosphorus and decomposition of organic 

phosphorus (Vymazal, 2007). Soil P mainly has a +5 valency state as the lower oxidation 

states of phosphorus are unstable and readily undergo oxidation processes to form PO4
3-. 

In subsurface flow constructed wetlands, transformation and removal of phosphorus can 

take place in two routes: (a) soil adsorption, desorption and precipitation, (b) plant and 

microbial uptake (Ayaz et al., 2012; Vera et al., 2014). These routes influence the removal 

of phosphorus in the CWs. 

 

a. Adsorption/Desorption and Precipitation 

Adsorption/desorption and precipitation of phosphorus in the filter media are crucial 

mechanism for phosphorus removal because phosphorus is mainly adsorbed or 

precipitated in the filter media (Vohla et al., 2011). The Adsorption mechanisms taking 

place in wetland media include; cation exchange, chelation, precipitation and covalent 

bonding (Vymazal, 2005a). Adsorption is usually described through the adsorption 

capacity which is the amount of solute that can accumulate at the surface of a solid. 

Adsorption capacity in CWs is determined also by the environmental conditions of the 

media such as pH and the presence of oxygen (Kadlec and Wallace, 2008). Chemical 
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precipitation in CWs occurs under the proper conditions through several chemical 

reactions (Ayaz et al., 2012).  

 

The form of phosphorus which mostly undergoes an adsorption process is inorganic P. In 

CWs, the degree of phosphorus accumulated into the filter media is expressed by 

phosphorus adsorption capacity. The surface area, type of material in the media and pH 

in CWs are the major factors influencing phosphorus adsorption capacity (Garcia et al., 

2010; Ayaz et al., 2012). Materials with fine particles are predicted to have high 

phosphorus adsorption capacity because of the larger surface area.  

 

Vohla et al. (2011) classified the type of materials into three categories: (1) natural 

materials such as zeolites, gravels, sands, apatite and limestone (2) man-made products 

such as filtralite, alunite, norlite and (3) by products such as red mud, fly ash and slag. 

The most widely used materials for P removal in CWs are sand and gravel because these 

materials are readily available at an economical cost. There is a long term purification of 

phosphorus utilizing sand media (Vohla et al., 2007). However, Arias et al. (2001) 

reported that sand would be effective in removing phosphorus for only a few months in a 

full scale system. These materials are not effective for phosphorus removal due to their 

coarse texture and low level of Fe and Ca content (Garcia et al., 2010).  

 

Phosphorus adsorption is highly influenced by the presence of iron, aluminium, calcium, 

clay content and organic matter in the filling material (Vohla et al., 2011). Phosphorus 

compounds are primarily bound or interact with calcium (Ca), aluminium (Al) and iron 

(Fe), depending on the pH value and the availability of oxygen (Vohla et al., 2011). The 

precipitated iron phosphates and aluminium phosphates mainly take place at pH levels 

lower than 6 and in an oxidised condition (Garcia et al., 2010). In addition, the 

precipitation of phosphorus with calcium and magnesium ions could prevail under 

alkaline conditions (Vera et al., 2014). At pH levels higher than 6 the interactions are the 

combination of the adsorption of phosphorus into the iron and aluminium oxides (Vohla 

et al., 2011). Thus, selection of type of materials based on the capacity of the media to 

bind phosphorus is essential.  

 

Recently, research has been conducted to find the materials which have a high capacity 

to amend phosphorus through adsorption and precipitation. Ayaz et al. (2012) 

investigated the effect of gravel, marble stone, zeolite and iron slag in VF systems. The 
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results showed that iron slag was the most efficient material compared to the other three 

materials. In addition, the efficiency of phosphorus removal was 60 – 90%. Using eight 

types of VFCWs filled with gravel for treatment of domestic wastewater, Sani et al. 

(2013) found that the removal efficiencies of orthophosphate-P ranged between 68 – 73%.   

 

Martín et al. (2013a) studied phosphorus removal from tertiary wastewater using VFCW 

with media consisting of four layers; clay was placed at the bottom; followed by 10 cm 

of gravel; next, the combination of sand and iron oxide (70 cm); and on the top, there was 

another 10 cm of gravels. The results showed TP and PO4
3- removal was close to 75%. 

Cui et al. (2015) investigated the new design of CWs using baffle flow for removing TP 

from the septic tank. The materials used in their experiments were a limestone and gravel 

layer at the bottom (10 cm) followed by a combination of cinder (25%), rubble (25%) and 

blast furnace slag (55 cm). The authors reported that removal efficiency of TP was in the 

range of 84 - 96%.  

 

b. Plant and Microbial Uptake 

The presence of plants in CWs provides a contribution for phosphorus removal through 

direct uptake and nutrient storage. The plants are also important for extending the 

adsorption capacity and reducing clogging (Lucas and Greenway, 2010; Xu et al., 2015) 

However, it should be noted that plants have a maximum storage capacity (Tanner, 2001).  

 

Phosphorus uptake by plants has been reported by several authors. Vera et al. (2014) 

reported that P stored in the aboveground CWs planted with Schoenoplectus Californicus 

ranged from 4 to 5 gPm-2yr-1 which resulted in a contribution of between 10 – 20% of 

phosphorus removal efficiency. Gautam and Greenway (2014) investigated P 

accumulation in five plants species (Banksia integrifolia, Callistemon pachyphyllus, 

Carpobrutus glaucesens, Dianella brevipedunculata and Pennisetum alopecuroides) 

planted in different types of media (sand, gravel and loam). The results showed that the 

average phosphorus accumulated in plant biomass was 1.98 gPm-2yr-1, 2.07 gPm-2yr-1 and 

4.29 gPm-2yr-1 in sand, gravel and loam, respectively. Xu et al. (2015) investigated 

phosphorus uptake by Pennisetum sinese and Pennisetum purpureum in vertical flow 

CWs and revealed that the mean of P uptakes was 7.6 gPm-2 and 8.7 gPm-2, respectively. 

Comparative studies carried out by Kyambadde et al. (2004) for Cyperus papyrus and 

Miscanthidium violaceum in CWs revealed that Cyperus papyrus and Miscanthidium 

violaceum contributed to 88.8 % and 30.7% of total P removal. These results show that 
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the capacity of plants to uptake phosphorus varies depending on the plant species, climate 

and the P loading rates (Garcia et al., 2010). Thus, the plant species selected for CWs 

should have an ability to grow rapidly, have high plant-tissue content and have the ability 

to achieve a high standing crop (Greenway, 2007).  

 

Microbial activity contributes to phosphorus removal in CWs through partly reversible 

removal mechanisms (Garcia et al., 2010). Microbial immobilisation cannot be 

responsible for the amount of phosphorus that is permanently sequestered by CWs (Lucas 

and Greenway, 2010). Kadlec and Wallace (2008) revealed that the rate of microbial 

uptake of phosphorus is higher than plant uptake but most of the microorganisms have 

relatively fragile cell membranes. This means that the phosphorus sequestered by soil 

microorganisms are rapidly returned to the soils upon cell death to form mineral solids 

particulate organic matter and dissolved organic matter (Kadlec and Wallace, 2008). This 

condition could cause only a small portion of total mass P retained over the period of 

phosphorus removal. Henderson (2008) reported that microbial immobilisation rates in 

the planted mesocosms were higher than the unplanted mesocosms. This suggests that the 

immobilisation processes provided better performance in planted mesocosm systems. In 

addition, microbial P consumption is greater in the area surrounding the rhizosphere with 

aerobic conditions whereas P-mineralisation mainly occurred in the area with anaerobic 

conditions (Edwards et al., 2006). 

 

2.5.4 Nitrogen Removal 

Nitrogen is the second most common element in living cells after carbon. This element 

has a complex biogeochemical cycle with variations both in biotic and abiotic 

transformations. In wastewater, nitrogen is one of the main pollutants that can lead to 

eutrophication, reducing dissolved oxygen and eventually leading to water quality 

degradation in the receiving waters (Saeed and Sun, 2012). In wastewater, nitrogen is 

present in both organic and inorganic forms and the level of toxicity affecting the aquatic 

organisms depends on the nitrogen form (Abou-Elela et al., 2013). Organic nitrogen is 

represented by various complex organic compounds including amino acids, urea, uric 

acid, purines and pyrimidines (Bloom, 2015). Organic nitrogen compounds are mostly 

composed of complex molecules with large molecular weight. Organic nitrogen can be 

found in either particulate or dissolved forms. In general, particulate organic nitrogen 

compounds are retained by a 0.45-micron filter. These compounds include plant litter, 

plankton, dead cells and detritus.  
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Inorganic nitrogen consists mainly of ammonia (NH4
+), nitrite (NO2

-), nitrate (NO3
-), 

nitrous oxide (N2O), and dinitrogen gas (N2) with valence states ranging from -3 to +5 

(Kadlec and Wallace, 2008). The variety of nitrogen forms are continually involved in 

chemical transformations from inorganic to organic compounds and vice versa. These 

processes can either require or release energy to proceed, depending on the chemical 

reactions whether oxidative or reductive reaction. In general, organic nitrogen which is 

represented by reduced complex organic molecules can be hydrolysed at a neutral pH into 

ammonium ion (NH4
+). The valence state of ammonium ion (NH4

+) is -3, which is the 

most reduced valence state. This compound is easily oxidised into nitrite (NO2
-, valence 

+3) and further to nitrate (NO3
-, valence +5). All oxidation processes release energy. On 

the other hand, the reverse process of assimilating oxidised nitrogen, and then establishing 

amino acids as a main component of protein require energy. The nitrogen transformation 

in CWs is illustrates in Figure 2.3. 

 

  

Figure 2.3 Transformation of nitrogen in CWs 

Source: (Saeed and Sun, 2012). 

 

As a nitrite is easily oxidised into a nitrate, many scholars utilise the term nitrogen oxides 

(NOx) to represent both of these oxidised nitrogen compounds. Dinitrogen gas (N2), 

which has the valence state of 0, is the most common element in the atmosphere (78%). 

This compound is a stable form of nitrogen. The term of total nitrogen (TN) is used to 
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represent the sum of organic nitrogen, NH4
+, and NOx. In addition, total Kjeldahl nitrogen 

determines the sum of organic nitrogen and NH4
+. The term of total dissolved Kjeldahl 

nitrogen is utilised to represent the sum of dissolved organic nitrogen and NH4
+ (Kadlec 

and Wallace, 2008). 

 

Based on the difficulty of the metabolism processes, organic nitrogen can exist as 

refractory (difficult to metabolise) and labile (readily metabolised) forms. In general, 

refractory forms can be found in organic nitrogen compounds which have larger 

molecular weight. This form behaves as a particulate material. The labile organic nitrogen 

compounds are more easily hydrolysed to form amino acids, and then undergo 

ammonification processes to form NH4
+. Algae cells are an example of the labile organic 

nitrogen compounds. 

 

Nitrogen removal within CWs takes place through a variety of interactions between 

sediments, media, microorganisms, litter, plants, the atmosphere and the wastewater itself 

(Kadlec and Wallace, 2008). The transformation of nitrogen forms is mainly influenced 

by the existence of plants, type of soil media and microbial activity. In the media, nitrogen 

undergoes physical, chemical and biological mechanisms where these processes take 

place simultaneously. Several mechanisms which most possibly occur when nitrogen is 

first introduced to the media include abiotic sorption, microbial immobilization, microbial 

turnover, leaching, ammonification, nitrification, denitrification and plant uptake (Lucas 

and Greenway, 2011b). 

 

In general, immobilization is the process by which N is retained in the soil. This process 

consists of abiotic sorption and microbial immobilization (Lucas and Greenway, 2011b). 

Abiotic sorption is the sorption of inorganic nitrogen (mainly NH4
+) to the soil media. In 

this process, positive charges of the ammonium ion (NH4
+) are bound onto negative 

charges of soil particles resulting in the ammonium ions being retained in the soil media. 

In microbial immobilization, nitrogen is taken up by microbes within the soil. Bacteria 

and arbuscular mycorrhizal fungi are groups of microbes which play an important role in 

immobilization processes. These microbes enable the immobilization process to occur 

faster than plant uptake as they have high affinity with the media, greater surface and 

faster growth rate (Lucas and Greenway, 2011b). 
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After immobilization of both inorganic and organic nitrogen within the microbes, 

nitrogen in the microbes undergoes turnover (microbial turnover) by way of microbial 

mineralization, ammonification, and nitrification and subsequently by the release of NH4
+ 

and NO3
- (Lucas and Greenway, 2011b). Furthermore, these compounds are mainly taken 

up by the plants through the rhizosphere. This process is known as plant uptake in which 

the nitrogen biomass is accumulated in the shoots, stems, roots and rhizomes. When the 

availability of oxygen in the media is limited or unavailable because of anaerobic 

conditions, denitrification will occur, ultimately releasing N2 gas. This process utilises 

nitrate (NO3
-) as the electron acceptor. In the soil media, the nitrogen compounds 

(dissolved organic nitrogen, NH4
+, NO2

-, and NO3
-) could have a leaching process if these 

compounds do not experience nitrification or denitrification or are not taken up by plants. 

This process occurs when the hydraulic loading rate in the soil media system is high.  

 

In SSF constructed wetlands, Saeed and Sun (2012) classified the transformation and 

removal of nitrogen into two different routes; the classical and the newly discovered 

routes. The classical routes consist of biological (i.e. ammonification, nitrification, 

denitrification, plant uptake, biomass assimilation, dissimilatory nitrate reduction), and 

physicochemical routes (e.g. ammonia volatilization, and adsorption). The newly 

discovered routes include partial nitrification denitrification, Anammox and Canon 

mechanisms, depending on microbiological metabolism (Saeed and Sun, 2012). The 

following sections provide information on classic nitrogen and newly discovered 

mechanisms which could occur in the processes of nitrogen removal.  

 

a. Ammonification 

Ammonification is the biological mechanism by which organic-N is converted into 

ammonia (Stein and Klotz, 2016). The mechanism occurs either in aerobic or anaerobic 

conditions and releases ammonia from dead and decaying tissues. The conversion of 

organic-N to ammonia occurs through various steps of biochemical processes that involve 

the transfer of energy (Saeed and Sun, 2012, Stein and Klotz, 2016). This energy, in some 

cases, is utilised by microorganisms for their growing. The ammonification mechanisms 

can be written as (Vymazal, 2007): 

 

       Amino acids           Imino acids         Keto Acids           NH3 
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This mechanism is faster in conditions with a high concentration of oxygen. Therefore, 

in constructed wetlands, ammonification mostly occurs in the upper zone of the media 

where the condition is aerobic and becomes slower in the lower zone where the 

environment changes from facultative anaerobic to obligate anaerobic conditions (Reddy 

et al., 1984). Some factors determining the rates of the ammonification processes include: 

temperature, pH, C/N ration, available nutrients and soil conditions such as texture and 

structure (Vymazal, 2007). The optimal pH range for ammonification process is reported 

to be 6.5 – 8.5 while for temperature, the optimal condition ranges between 40 – 60oC 

(Vymazal, 2005a). 

 

b. Nitrification 

Nitrification is the mechanism where ammonium nitrogen is oxidized and transformed to 

nitrate with nitrite as an intermediate of the reaction succession (Kadlec and Wallace, 

2008). This mechanism becomes the second step of nitrogen transformation if the 

wastewater mainly consists of organic nitrogen (Saeed and Sun, 2012). However, 

nitrification could be converted into the first step of nitrogen transformation if ammonium 

ions (NH4
+) predominate in the wastewater. Nitrification is considered to have two steps; 

nitritation and nitrification. These steps are mediated by two bacteria groups which are 

explained in the following equations (Reddy et al., 1984): 

 

Nitritation   :    2NH4
+  +  3 O2                     

Nitroso-genus               2 NO2
-  + 4H+  + 2H2    

 Nitrification:    2NO2
-+   O2                           

Nitro-genus                                  2NO3
-     

The overall nitrification reaction is written as: 

              2NH4
+ + 4O2                                         2NO3

- + 4H+ + 2H2O               

 

The first step of nitrification is nitritation which is the oxidation of ammonium to nitrite. 

This step is performed in aerobic conditions and the majority of bacteria involved are 

chemolithotrophic bacteria in which their energy for growth completely relies on the 

oxidation of ammonia (Vymazal, 2007). In soil, these bacteria are from the genus 

Nitrosomonas, Nitrosospira, Nitrosovibrio, Nitrosolobus, Nitrosococcus and 

Nitrosomonas. The second step of the nitrification process is the oxidation of nitrite to 

nitrate which is executed by facultative bacteria from the genus Nitrobacter and 

Nitrospira (Kadlec and Wallace, 2008). In this process, bacteria utilise organic 

compounds, in addition to nitrite, for the generation of energy for growth. 

  



 

45 
 

Since oxygen plays an important role in both steps, the rates of the nitrification processes 

are determined by the flux of dissolved oxygen in the CWs (Abou-Elela et al., 2013). In 

addition, nitrification is influenced by pH, temperature, alkalinity, inorganic C source, 

moisture, microbial population, and the concentration of ammonium (Vymazal, 2007). 

The optimum temperature for nitrification is approximately 25 – 30oC in pure cultures 

and 30 – 40oC in soils. The optimum condition of pH value may range from 6.6 to 8.0 

(Vymazal, 2007, Saeed and Sun, 2012). 

 

c. Denitrification 

Denitrification is defined as the transformation mechanism in which nitrate is reduced 

into dinitrogen via intermediate nitrite, nitric oxide, and nitrous oxide (Kadlec and 

Wallace, 2008). In this process, nitrogen oxide serves as terminal electron acceptors for 

respiratory electron transport and organic compounds serve as electron donors (Saeed and 

Sun, 2012). Most denitrifying bacteria are chemo-heterotrophs which obtain energy 

solely through chemical reactions. The bacterial groups involved include: Bacillus, 

Enterobacter, Micrococcus, Pseudomonas and Spirillum. Although theoretically 

denitrification does not take place in the presence of dissolved oxygen, it has been 

reported that denitrification has been examined in systems with low dissolved oxygen 

concentrations such as in the suspended and attached growth treatment systems (Lee et 

al., 2009).  

 

Several factors influencing denitrification, either directly or indirectly include absence of 

O2, presence of readily available C, temperature, soil moisture, pH, presence of 

denitrifiers, soil texture, and the presence of overlying floodwater (Lee et al., 2009). 

Denitrification processes take place optimally when pH values range between 6 and 8 and 

this process becomes slower when the pH value is below 5 and becomes most probably 

negligible when the pH value is below 4 (Vymazal, 2007; Saeed and Sun, 2012). The 

maximum temperature ranges of denitrification processes are between 60oC – 75oC. 

  

d. Dissimilatory Nitrate Reduction to Ammonium (DNRA) 

Dissimilatory nitrate reduction to ammonium is the reduction of nitrate and nitrite to 

ammonium nitrogen. This mechanism conserves mineral nitrogen. Roberts et al. (2014) 

pointed out that the availability of NO3
-, temperature, organic carbon loading, and 

availability of reductants such as sulphide or iron (II) (Fe2+) are the key factors for 

controlling the balance between nitrate reduction via denitrification and DNRA. In 
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DNRA, nitrate is reduced by nitrate-ammonifying bacteria which produce NH4
+ as the 

major final product (Laanbroek, 1990). Compared to denitrifying bacteria, nitrate-

ammonifying bacteria can oxidize more organic matter per molecule of nitrate. This type 

of bacteria may be favoured in a low concentration of nitrate as DNRA commonly occurs 

in nitrate-limited conditions (Saeed and Sun, 2012). The bacterial population which are 

responsible for dissimilatory nitrate reduction processes are from a facultative anaerobic 

group i.e. Bacillus, Citrobacter and Aeromonas (Laanbroek, 1990). 

 

The phenomena of DNRA had been reported by Zhi et al. (2015) in tidal flow CWs and 

Vymazal and Kröpfelová (2011) in HFCWs. This is indicated by an increase of NH4-N 

concentrations in the effluent. These findings show that the growth of nitrate-

ammonifying bacteria groups is most probably endorsed by predominant anaerobic 

conditions in HF constructed wetlands. 

 

e. Ammonia Volatilization 

Ammonia volatilization is ammonia removal through chemical processes in which 

ammonia-N in liquid form transforms to ammonia-N in a gaseous form in equilibrium 

conditions between gaseous and hydroxyl forms (Kadlec and Wallace, 2008; Saeed and 

Sun, 2012). pH condition is one of the determining factors in this process. A ratio between 

gaseous NH3 and ammonium ion (NH4
+) of 1:1 can be achieved at a pH level of 9.3, 

leading to the significant loss of gaseous NH3 through volatilization. If the pH value is 

below 7.5, the volatilization process of NH3 becomes insignificant. 

 

f. Plant Uptake 

The existence of plants plays a crucial role for improvement of nitrogen removal 

performance in CWs. The removal of nitrogen by plants takes place either by direct or 

indirect mechanisms. The uptake of nitrogen by plants varies depending on the loading 

ranges, wastewater types, system configurations, and environmental conditions (Saeed 

and Sun, 2012). The range of total nitrogen removal which is contributed by plant uptake 

is from 0.5 – 15% (Kantawanichkul et al., 2009; Białowiec et al., 2014). The potential 

rate of nutrient uptake by plants is limited by the plants’ growth rate and the nutrient 

concentration in the plant tissues with nutrient storage dependent on plant-tissue nutrient 

concentrations and maximum standing crop (Greenway, 2007). The age of plants and 

leaves also influences the nutrient content in which young plants and leaves contain the 

highest nitrogen concentration particularly in the growing season. The concentration of 
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nitrogen decreases as plants reach maturity and the leaves senesce (Vymazal, 2011). 

Therefore, harvesting above ground biomass at least once a year often is necessary 

(Hubbard et al., 2003). 

 

g. Adsorption  

In CWs, ionised ammonia in the wastewater is commonly adsorbed into the specific 

media through a cation exchange mechanism (Kadlec and Wallace, 2008). The bonding 

of ionised ammonia adsorbed into media is classified as a loose bond because the ionised 

ammonia can be released easily when the conditions of the water chemistry changes (Lee 

et al., 2009). In CWs, the available adsorption sites are adsorbed by ionised ammonia 

until all the sites are saturated by ionised ammonia, establishing equilibrium conditions. 

Therefore, the concentrations of adsorbed ammonia tend to increase if the concentration 

of ammonia in the water column increases. The adsorbed ammonia in VFCWs can be 

oxidised into nitrate by attached microorganisms because of the predominant aerobic 

condition in the media (Connolly et al., 2004). The ammonium ions are generally 

adsorbed as exchangeable ions into clays, and adsorbed by humic substances (Lee et al., 

2009). Several factors influencing the rate and extent of these reactions are the types and 

amounts of media, alternating submergence and drying patterns, characteristics of soil 

organic matter, submergence period, and the presence of vegetation (Vymazal, 2007,Lee 

et al., 2009). 

 

h. Partial Nitrification-Denitrification 

Partial nitrification-denitrification is the mechanism of nitrogen removal through 

conversion of NH4-N to NO2-N followed by denitrification of NO2-N to N2 gas (Saeed 

and Sun, 2012). The chemical reaction of this process is described below: 

 

NH4
+ + 1.5O2                  NO2

-+ H2O + 2H+ 

NO2
-  + 0.5 CH3OH + H+                        0.5N2 + 0.5CO2+ 1.5 H2O 

 

The factors influencing partial nitrification and denitrification mechanisms are the 

presence of dissolved oxygen, pH level, and free ammonium concentration. This 

mechanism occurs when the availability of oxygen in the environment is limited. Lower 

oxygen concentration in CWs favours the growth of ammonia-oxidising bacteria so that 

oxygen is favourably used for ammonium oxidation (Jianlong and Ning, 2004). 

Therefore, based on the reactions above, the final product of nitrification processes (NO3
-
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) is inhibited. In addition, alkaline conditions are the optimal conditions for ammonia-

oxidising bacteria (Zhang et al., 2011). Compared to traditional nitrification-

denitrification processes, this mechanism is a shorter removal process and requires 

approximately 25% lower oxygen and 40% lower organic concentration requirements 

(Jianlong and Ning, 2004). 

 

The partial nitrification-denitrification mechanism has been reported in artificial aerated 

HFCWs which treat domestic wastewater by Zhang et al. (2011). The findings showed 

that there was a positive correlation between TN removal rates and NO2-N accumulation 

rates across the effluents. The occurrence of partial nitrification and denitrification 

mechanism in HFCWs could be attributed to: (1) the use of limestone media which 

enhance wastewater alkalinity, (2) lower oxygen concentration and (3) wastewater 

temperature (Zhang et al., 2011). 

 

i. Anaerobic Ammonium Oxidation (ANAMMOX) 

Anaerobic ammonium oxidation (ANAMMOX) is the conversion of NH4
+ and NO2

- to 

N2 gas in anaerobic conditions (Van Dongen et al., 2001). In this mechanism nitrite serves 

as electron acceptors and ammonium as electron donors (Lee et al., 2009). The chemical 

reaction of this process is illustrated below (Van Dongen et al., 2001): 

 

                  NH4
+ + NO2

-                N2   +   2H2O    

 

The ANAMMOX is a biological process where ammonium is oxidized into nitrogen gas 

in the presence of ANAMMOX bacteria groups such as Candidatus brocadia 

anammoxidans, Planctomycetes spp., Thiobacillus senitrificans, Thiomicrospira 

denitrificans, Thiosphaera ponotropha, and Paracoccus denitrificans (Lee et al., 2009). 

These bacteria are classified as autotrophic bacteria in which they are able to generate 

their own energy and are not dependent on organic carbon for their energy supply. This 

means that nitrite can be converted to dinitrogen gas without the use of organic carbon 

(Jetten et al., 1998). In comparison with conventional nitrification and denitrification 

processes, the benefits of the ANAMMOX process are: (1) lower oxygen demand, (2) 

lower energy consumption particularly for aeration, (3) no external carbon required and 

(4) reduced emission of greenhouse gases (Tao and Wang, 2009). The factors influencing 

development or retention of ANAMMOX bacteria include the presence of various 

substrate (sulphide, ammonium and nitrite), dissolved oxygen, pH level, temperature, 
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alkalinity, NH4
+ to NO2

- ratio, availability of inoculums, and hydraulic retention time 

(Tao and Wang, 2009).  

 

Some researchers have reported on the ANAMMOX process in sub surface constructed 

wetland systems (Dong and Sun, 2007; Tao and Wang, 2009; Wang and Li, 2011; Zhu et 

al., 2011). This process can contribute to nitrogen removal in low oxygen and anaerobic 

areas. Dong and Sun (2007) concluded that promoting the coexistence of partial 

nitrification and ANAMMOX in CWs is the alternative way to improve total nitrogen 

removal efficiency. Using wastewater which undergoes a pre-treatment process in a bio-

contact oxidation reactor, Wang and Li (2011) also reported higher nitrogen removal (TN 

removal up to 93%) via an ANAMMOX process in three HF wetland systems. Fewer 

bacterial numbers and longer maturation time were observed in the unplanted control, 

indicating that plants had positive effects on the enrichment of ANAMMOX bacteria. 

 

j. Completely Autotrophic Nitrite Removal Over Nitrate (CANON) 

Completely autotrophic nitrite removal over nitrate (CANON) is a nitrogen removal 

mechanism which combines partial nitrification and ANAMMOX in a single reactor 

(Third et al., 2001, Xiao et al., 2014). This mechanism occurs under limited oxygen 

conditions, involving two groups of autotrophic bacteria: (1) aerobic ammonium 

oxidizers and (2) anaerobic ANAMMOX bacteria. The chemical reactions of this process 

perform simultaneously in a single reactor. Under limited-oxygen condition, ammonium 

(NH4
+) is oxidised to nitrite (NO2

-) by aerobic ammonium oxidisers. Then the nitrite 

generated and the residual ionised ammonia (NH4
+) are used by ANAMMOX bacteria to 

form dinitrogen gas (N2). The steps of the chemical reaction as well as the combination 

of two reactions are illustrated below (Third et al., 2001): 

 

Step 1:   NH4
++ 1.5O2                               NO2

-   + 2H+ + H2O    

Step 2:  NH4
++ 1.3NO2

-                N2   + 0.26NO3
- + 2H2O    

Combination:    NH4
+ + 0.85 O2                0.435N2 + 0.13NO3

- + 1.4H+ + 1.3H2O 

 

It is clear from the chemical reactions that because of the interaction of two groups of 

autotrophic bacteria, ionised ammonium is mostly converted to dinitrogen gas (N2) and 

small amounts of nitrite (NO3
-) under limited oxygen conditions. Compared to 

conventional nitrification and denitrification mechanism, this mechanism could reduce 
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the amount of oxygen required for nitrification and organic carbon requirement for 

denitrification (Xiao et al., 2014). 

 

In constructed wetlands, the CANON mechanism has been reported by Sun and Austin 

(2007) and Hu et al. (2014a). Based on a mass balance study in VF wetland reactors 

containing low BOD and high ammonia concentrations, Sun and Austin (2007) reported 

that substantial loss of total nitrogen (52%) in one column of a VF wetland was closely 

aligned with mass balance analysis obtained from CANON mechanisms. Hu et al. (2014a) 

conducted the research to enhance nitrogen removal via the CANON process using a 

modified single tidal flow constructed wetland. The results showed that more than 80% 

removal of total inorganic nitrogen was achieved under high nitrogen rates in wastewater 

which had BOD5/TN ratio < 0.2. 

 

 Domestic Wastewater Management and the Implementation of Constructed 

Wetlands 

2.6.1 Domestic Wastewater Management Approach 

Currently, more than 50% of world’s population live in urban areas and it is predicted 

that the population concentrated in urban areas will be increasing to 66% by 2050 (UN, 

2014). Thus, adequate sanitation and wastewater infrastructure are needed to service and 

contend with rapid urban population growth. In developing countries, infrastructure has 

been developed hastily without adequate planning (Reymond et al., 2016). Consequently, 

most public sanitation and wastewater infrastructure are below acceptable environmental 

and health standards. 

 

Wastewater management should take into account the sustainable management of 

wastewater from source to disposal area. The selection of which management approach 

to be taken should consider the size and density of the population, the type of community, 

the level of economic development, and the technical capacity and system of governance 

in place (Corcoran, 2010). Regarding the selection of wastewater treatment technology, 

Mara (2013) provided guidelines and several criteria which should be considered in 

selecting the types of wastewater treatment technology used in developing countries. 

These criteria are listed below (Mara, 2013): 

1. Low cost required for investment, operation and maintenance; 

2. Easy to operate and maintain; 

3. Low or zero energy required for operation; 
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4. Low or zero chemical materials used for operation;   

5. High performance, having an ability to generate an effluent which meets quality 

standards; 

6. Low production of sludge; 

7.  Small amount of land required to establish a wastewater treatment plant. 

 

There are two approaches for wastewater management; centralised management and 

decentralised management approaches. The centralised system is a large scale system 

which collects large volumes of wastewater from many users for treatment at one or 

several sites (West, 2001). Historically, the centralised wastewater management approach 

was developed from developed countries with the aim of treating wastewater from urban 

areas. Over past decades, the centralised system has been mostly constructed in densely 

populated areas, particularly in developed countries (Wilderer and Schreff, 2000). 

However, these centralised systems have high investment, operational and maintenance 

costs because of the establishment of large scale sewer networks, pumping stations and 

wastewater treatment facilities (USEPA, 2004). In addition, this system also needs highly 

skilled technicians to run and maintain the centralised system. Thus, it is difficult to 

implement in developing countries due to budget constraints and a lack of technically 

trained personnel.  

 

A decentralised system is an on-site system which deals with the wastewater from 

individual households or at a small community level. Recently, decentralised systems 

have become an alternative to deal with wastewater problems in developing countries and 

in rural areas. In decentralised wastewater management systems, the wastewater is mainly 

treated at or close to the generation point (Massoud et al., 2009). Consequently, this 

system could reduce the investment and operational costs. The implementation of 

decentralised wastewater treatment technology is expected to perform better in terms of 

the economic, aesthetic and ecological perspectives. As a system, wastewater treatment 

technology needs to be sustainable to assure long term benefits for public health and 

environmental protection. For example, the black water is collected and stored in the 

collection chamber (septic tank) near the toilet. When the septic tanks are full with 

wastewater, they have to be emptied by removal of the wastewater from the septic tanks. 

Then, the wastewater is transported to a wastewater treatment plant for processing near 

the point of generation. The treatment process is expected to yield valuable by-products 
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which are beneficial for reuse such as, the use of nutrients contained in the wastewater 

for generation of energy, fertiliser and for agricultural purposes.  

. 

2.6.2 Decentralised and Sustainable Wastewater Management in Indonesia 

Recently, decentralised wastewater treatment systems have been more favoured to be 

implemented in developing countries. Decentralised wastewater management systems 

refer to the process of collection, treatment and reuse/disposal of wastewater at or near 

the pint of generation (Libralato et al., 2012). Domestic wastewater management on a 

small scale is closely related to the concept of sanitation. The provision of sanitation 

services is not only about toilet and latrine waste management but consists of a sequence 

of steps commonly known as a sanitation chain (Zakaria et al., 2015). The services that 

need to be provided by sanitation chains are user interface, collection, transport, treatment 

and disposal/reuse (Trémolet et al., 2010; Zakaria et al., 2015). The concept of a sanitation 

chain can be implemented in both centralised (off-site) and decentralised (on-site) 

systems. However, the implementation of this concept is more obvious in a centralised 

system (Zakaria et al., 2015). The centralised system usually serves more than 5,000 

households (Kerstens et al., 2016). In centralised systems, each step of the sanitation chain 

is executed by a separate sanitation technology. Decentralised system based on the 

community based system is designed to serve 50 – 100 households while the on-site 

system typically serves one household (Kerstens et al., 2016). For decentralised systems, 

a combination of several steps in the sanitation chains is carried out by a single sanitation 

technology (Zakaria et al., 2015). Pipes are still required in decentralised systems but they 

are smaller and shorter compared to the centralised systems. In addition, decentralised 

systems are preferable for low density population or scattered communities. To achieve 

sustainability of sanitation and wastewater management programs, management of 

domestic wastewater should consider each step in the sanitation chain. 

  

In Indonesia, the user interface processes are mainly carried out by the community using 

private financing in which the households are expected to establish their own sanitation 

infrastructure (Prihandrijanti and Firdayati, 2011). The user interface infrastructure is 

mainly constructed in private households. The collection process is the step in which 

human waste is collected and separated from human contact. According to Trémolet et 

al. (2010), in developing countries there are several conditions commonly faced in urban 

areas with poor sanitation and wastewater treatment facilities. Firstly, the households use 

pit latrine or collection facilities (septic tanks) which are not waterproof. This condition 



 

53 
 

leads to contamination of the groundwater. Secondly, emptying the collection facilities is 

poorly regulated and organised. The households empty the tanks by themselves or 

contract an operator to empty the septic tanks. The transportation process is quite 

expensive because operators incur the additional cost of dumping the wastewater at 

formal disposal sites. Thirdly, the wastewater is often released into the environment 

because local governments do not provide formal disposal and treatment points. Finally, 

the wastewater treatment plants are often unserviceable or do not perform effectively due 

to low operation and maintenance budgets. Currently, this condition also occurs in the 

many urban areas in Indonesia. 

 

Van Dijk (2012) pointed out that each country has selected different solutions to deal with 

these sanitation and wastewater management issues. To achieve the sustainability of 

wastewater treatment programs, it is crucial to involve all the stakeholders associated with 

the implementation of the sanitation and wastewater management technology. Lahdelma 

et al. (2000) classified the stakeholders into (1) standard stakeholders who consist of 

decision makers, planner, expert, analysists and (2) interest groups which include political 

parties, non-government organisation and the local communities. The stakeholders should 

be involved in the planning, implementation, monitoring and evaluation stages of the 

programs. Since each district and municipality in Indonesia has their specific challenges 

and opportunities regarding sanitation and wastewater management issues, it is inevitable 

that sanitation issues are embedded in government structures.  

 

In Indonesia, institutions that deal with wastewater issues vary as a result of government 

decentralization policies. The authority for wastewater management may be given to the 

Regional Water Company called Perusahaan Daerah Air Minum abbreviated as “PDAM” 

(Solo, Balikpapan, Banjarmasin, Bandung), or to a Regional Company called Perusahaan 

Daerah (PD) which is separated from the municipal water authority (Jakarta) or directly 

to the local government through relevant agencies (Dinas) as in the Tangerang and 

Jogjakarta regions (USAID, 2006). These institutions are generally more focused on the 

provision of drinking water than wastewater treatment for the community because of the 

lack of financial viability (USAID, 2006). 

 

Because of limited financial capacity, the existing sewerage systems and wastewater 

treatment plants established in some cities do not service the whole population of the 

cities particularly in the low-income urban areas. Therefore, in the early 2000s, the 
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Indonesian Government established alternatives for the treatment of domestic wastewater 

called decentralised wastewater treatment systems (WSP, 2011). Such systems were 

implemented through Pamsimas (Water and sanitation for low income community) 

programs, Sanimas (Sanitasi berbasis Masyarakat or Sanitation by Community) programs 

and Community-based Sanitation (CBS) programs (Prihandrijanti and Firdayati, 2011). 

Several sanitation facilities offered through SANIMAS and SLBM programs are (MPW, 

2014): 

1. Communal wastewater treatment plants with a pipeline network on a community-

based scale. 

2. House connections to the centralised wastewater treatment with a regional-based 

scale. 

3. The combination between wastewater treatment plants and community sanitation 

centre (MCK plus) 

4. The community sanitation centre (MCK)  

5. The septic tank communal systems (shared septic tank with pipelines to 

surrounding residences) 

 

2.6.3  Implementation of Constructed Wetlands in Developing Countries 

Constructed wetlands for domestic wastewater treatment have been implemented in 

several developing countries. CWs for treating domestic wastewater from 1,000 people 

were introduced in Nicaragua in 1996 (Platzer et al., 2004) using a total land area of 1,400 

m2. Local materials (volcanic gravel rock) and local plant species (Phargmites australis, 

Pennisetum purpureum, Thypa domingensis, and Phalaris arundinacea) were used in this 

system. The results showed that the outflow concentrations met the admissible 

Nicaraguan water quality standards. In addition, the CWs did not generate unpleasant 

odours and did not provoke mosquito breeding.  

Two constructed wetland pilot plants have been established in Egypt to treat domestic 

wastewater water (Abou-Elela et al., 2014) using a total area of 654.5 m2 with a depth of 

0.85 m. The CWs used gravel as media and were planted with Canna, Phragmites 

australis and Cyprus papyrus. The results showed that this constructed wetland can 

remove efficiently both physicochemical and biological pollutants. In addition, after the 

outflows were disinfected, the treated wastewater was safe to be used for irrigation 

purposes based on Egyptian wastewater quality standards for agricultural use. 
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Constructed wetland pilot projects implemented in San Jose Las Flores El Salvador for 

the treatment of domestic wastewater from 650 persons revealed that the outflows met 

the national water quality standards except for faecal coliforms (Gauss and Ledent, 2008). 

This project was initiated by local NGO Pro-Vida and obtained technical support from 

the Swiss Agency for Development and Corporation. Before establishing the pilot project, 

the stakeholders and community members were trained, educated and promoted to 

improve their awareness of environmental health and quality. Thus, all the stakeholders 

and community members participated in each step of this project including determination 

of location, selection of CW technology and the construction process, and operation and 

maintenance. In this pilot project, the operation and maintenance tasks were able to be 

carried out by trained community members because this technology did not require high 

skilled technicians (Gauss and Ledent, 2008). 

 

Although CWs have several benefits such as low investment, operation and maintenance 

costs, CWs for domestic wastewater treatment has not been overly implemented on a 

community scale in Indonesia. Constructed wetlands seem to meet almost all the criteria 

provided by Mara (2013), except for the land requirements. However, the land required 

for implementing CWs can be negotiated because the cost of land is not as high in rural 

areas or at the outskirts of towns and villages in developing countries. Development of 

technologies such as CWs that serve as wastewater treatment plants may be a promising 

solution to deal with sanitation problems in Indonesia. 

 

 Summary 

As mentioned in this literature review, domestic wastewater is a main contributor to water 

pollution in developing countries such as Indonesia. Development of conventional 

wastewater technologies for removing pollutants from domestic wastewater have been 

proven unsuitable to be applied in small cities and rural areas in Indonesia as this 

technology has high investment, operation and maintenance costs. Constructed wetland 

technology has been proven by many researches to be a potential solution because CW 

technologies (1) use natural processes in removing pollutants, (2) have low construction 

and operational costs, (3) provide for simple operation and maintenance, and (4) can be 

applied in both small communities and large municipality systems. 

 

There are many types of media and plants that can be used in constructed wetland 

technologies to remove the pollutants from wastewater. Biochar is an alternative media 
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which can potentially be used in constructed wetland technology. This material can be 

produced from various types of biomass and has an ability to remove both organic and 

inorganic pollutants from wastewater. There is limited literature found about the 

effectiveness of biochar performance in CWs in removing pollutants. Therefore, it is 

important to study the effectiveness of biochar amended sand media in CWs for pollutant 

removal from domestic wastewater. This research also investigates the applicability of 

CW technology in the Kupang Municipality. The findings of this research bridge the gap 

in the literature for understanding the usage of biochar as a media amendment with two 

types of plants (Melaleuca quinqunervia) and Cymbopogon citratus) in removing 

pollutants. The findings also provide understanding of the acceptability of CWs with a 

variety of Kupang Municipality stakeholders. 
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CHAPTER 3 

3 MATERIALS AND METHODS 

 Introduction 

This study adopted a mixed methods approach. The first component was experimental 

quantitative research which employed mesocosm field experiments. The second 

component was qualitative research which employed community stakeholder analysis 

and interviews. The mesocosm experiments were carried out at the Loganholme Water 

Pollution Control Centre, Queensland and the analysis of wastewater, soil and plant 

samples was conducted in the laboratory at Griffith University. The major focus of the 

first component was to investigate the efficiency of constructed CWs with biochar 

augmented sand media in removing total suspended solids (TSS), total volatile solids 

(TVS), biological oxygen demand (BOD5), coliforms and nutrients (phosphorus and 

nitrogen) from domestic wastewater.  

 

The second component was carried out in the field in Kupang, East Nusa Tenggara 

(ENTP) Indonesia. The aim of this component was to investigate the suitability of CW 

technology for wastewater treatment in ENTP from a social, economic and technical 

aspect. 

 

 Quantitative Research: Mesocosm Experiments  

3.2.1  Experimental Location 

The mesocosm experiments were set up at the Loganholme Water Pollution Control 

Centre, 40 kilometres south of the Brisbane (CBD) in South East Queensland, 27.68oS 

and 153oE. Figure 3.1 shows the location map and aerial photo of Loganholme Water 

Pollution Control Centre. 

 

 The climate data for the 21 months’ period of the experiment (November 2013 – July 

2015) were obtained from the Australian Bureau of Meteorology BOM (2016). Table 3.1 

shows the monthly precipitation (mm), maximum temperatures (oC) and minimum 

temperatures (oC) during the research. The annual precipitation in 2014 and 2015 were 

727.6 and 1294 per year, respectively (BOM, 2016). January to May is the wet season in 

Brisbane, however, January 2015 to May 2015 was particularly wet with major 

precipitation events exceeding monthly averages. 
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Figure 3.1 Location map (a) and aerial photo (b) Loganholme Water Pollution Control 

Centre  

Source https://www.google.com.au/maps/place/Logan,+QLD/@-

27.7454364,152.7792053,11z/data=!4m5!3m4!1s0x6b91384f2f49e4c7:0xba227

67cf83f2056!8m2!3d-27.7749944!4d153.0618566 : and 

http://www.babaimage.com/lib/australia-map  

 

Loganholme WPCC 

https://www.google.com.au/maps/place/Logan,+QLD/@-27.7454364,152.7792053,11z/data=!4m5!3m4!1s0x6b91384f2f49e4c7:0xba22767cf83f2056!8m2!3d-27.7749944!4d153.0618566
https://www.google.com.au/maps/place/Logan,+QLD/@-27.7454364,152.7792053,11z/data=!4m5!3m4!1s0x6b91384f2f49e4c7:0xba22767cf83f2056!8m2!3d-27.7749944!4d153.0618566
https://www.google.com.au/maps/place/Logan,+QLD/@-27.7454364,152.7792053,11z/data=!4m5!3m4!1s0x6b91384f2f49e4c7:0xba22767cf83f2056!8m2!3d-27.7749944!4d153.0618566
http://www.babaimage.com/lib/australia-map
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Table 3.1 Monthly precipitation (mm), maximum temperatures (oC) and minimum 

temperatures (oC) during the experiment period (November 2013 – July 

2015) 

Year Month 
Precipitation 

(mm) 

Max temp 

 (oC) 

Min temp 

 (oC) 

Loading 

regime  

2013 
November 167.7 28 17.6 Intermittent  

December 24.4 29.4 18.9 Intermittent 

2014 

January 116.8 29.9 21.1 Continuous 

February 22.5 29.7 20.8 Continuous 

March 122.9 28.8 19.7 Continuous 

April  13 28.1 17.3 Continuous 

May 40 24.4 14.5 Continuous 

June 29.4 23.1 11.3 Continuous 

July 9 22.3 7.4 Continuous 

August 134 22.2 11 Continuous 

September 35.5 24.6 11.8 Continuous 

October 2.8 27.6 15.3 Continuous 

November 11.6 29.8 19.9 Intermittent 

December 28.4 29.8 20.6 Intermittent 

2015 

January 155.5 30.2 21.6 Intermittent 

February 243.4 28.4 20.3 Intermittent 

March 126.9 29.6 20.3 Intermittent 

April  199.9 26 15.9 Intermittent 

May 249.8 24.3 13 Intermittent 

June 53.7 21.3 11.2 Intermittent 

July 19.2 20.6 8.8 Intermittent 

 

3.2.2 Experimental Design 

The experiments used mesocosms with the aim to represent the function of a vertical flow 

(VF) constructed wetland under natural conditions. This means that the VF mesocosms 

were allowed to have interaction with the natural environment. The VF mesocosms used 

were 240 litre plastic containers commonly known as “wheelie bins” manufactured by 

SULO, Brisbane Australia (Figure 3.2). The inside dimensions of these wheelie bins are 

0.5m x 0.5m x 0.98m meanwhile the outside dimensions are 0.58m x 0.66m x 1.06m. 
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Cross section area is 0.27 m2 at the top of the bin and tapers down to 0.2 m2 at the bottom. 

The VF mesocosms were filled with media to a depth of approximately 65 cm, consisting 

of a 10 cm layer of gravel (diameter 10-20 mm) placed at the bottom in each VF 

mesocosm, followed by a 55 cm layer of media (Figure 3.2). To prevent clogging and to 

ensure that the sand media did not mix with the bottom gravel layer, a plastic filter (1mm) 

was placed between the gravel and sand media (Figure 3.2). The bottom of each 

mesocosm was fitted with a drainage port and tap connected with a hose to a height 

approximately 5 cm below the height of the media to regulate the retention. The hose, 

subsequently, was connected to the 135 litre PVC collection chamber (length: 3 m; 

diameter: 25 cm) to collect the out flow (Figure 3.2). 

 

 

Figure 3.2 Schematic of wheelie bin VF mesocosm  

 

Besides the type and the sizing of the CWs, the main important factors that influence the 

treatment performance are the media and the presence of the plants. In this research, the 

media used were pure sand and a combination of sand, biochar and coir peat (coconut 

fibre produced from the husk of the coconut). Sand is widely used for wastewater 

purification because of its efficiency in removing BOD, COD and nutrients (Vohla et al., 

2011). Meanwhile, biochar has a porous structure which provides a place for valuable 
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microorganisms’ growth (Lehmann and Joseph, 2012) and has a high surface area and 

rich surface functional groups to absorb nitrate (NO3
-), ammonium (NH4

+), and phosphate 

(PO4
3-) (Mizuta et al., 2004; Yao et al., 2012; Chintala et al., 2014). In addition, the coir 

peat was added into the media to improve moisture retention capacity and infiltration 

performance (Lucas and Greenway, 2011b). The sand was river sand bought from a 

landscaping supplier (Apollo Landscaping Supplier, Brisbane, QLD). The biochar (size 

0.1 - 5 mm; moisture content 31%) was produced from eucalyptus hardwood using fast 

pyrolysis processes at 500oC and was obtained from a commercial supplier (Black is 

Green Pty Ltd, Kurwongbah, QLD). The coir peat used was coir block obtained from 

Bunnings Warehouse, Brisbane, Queensland.  

 

The media for the mesocosm experiments consisted of seven different types based on the 

percentage of biochar in the sand media ranging from 0 – 25% (Table 3.2). Ten litre 

buckets were used as a measure for mixing sand, biochar and coir peat. The sand, biochar 

and coir peat were mixed in a cement mixer to insure complete mixing.  

 

Table 3.2 Media composition in the VF mesocosms 

No Media 

Treatment 

Percentage of Media (by volume) 

Sand (%) Biochar (%) Coir peat (%) 

1 S100 100 - - 

2 SCP 88 - 12 

3 BC5 83 5 12 

4 BC10 78 10 12 

5 BC15 73 15 12 

6 BC20 68 20 12 

7 BC25 63 25 12 

 

 

The plants species used in this study were initially Melaleuca trees (Melaleuca 

quinquenervia) and Bamboo cuttings. In November 2013, each mesocosm was planted 

with one Melaleuca tree (Melaleuca quinquenervia) and one Bamboo cutting. 

Unfortunately, the Bamboo plants did not grow well and died off. Therefore, in March 

2014, the Bamboo plants were replaced with Lemongrass (Cymbopogon citratus). The 

Melaleuca trees (Melaleuca quinquenervia) and Lemongrass were sourced from local 

nurseries (Wallum Nurseries and Bunnings Warehouse Nurseries for Melaleuca trees and 
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Lemongrass, respectively). Melaleuca was selected because this tree: (1) has an ability to 

tolerate inundation; (2) has a high potential biomass sink for nutrients; (3) has high rates 

of litter fall but slow decomposition; and (4) can thrive in extreme conditions i.e. salinity, 

alkalinity, acidity (Bolton and Greenway, 1997, McJannet, 2008). The selection of 

Lemongrass was based on its effectiveness to trap suspended solids (Wanyama et al., 

2012), and its socio-economic purposes particularly for traditional medicine (Ekpenyong 

et al., 2015).  

 

The VF mesocosms were designed to treat domestic wastewater from secondary clarified 

wastewater (SCW) and septage. Figure 3.3 shows the schematic of the experimental 

layout of the VF mesocosms. There were seven media treatments. Each treatment had 

three replicates (21 VF mesocosms in total). Wastewater was stored in three storage tanks 

having 5,000 litres capacity each with seven treatments as shown in Figure 3.3. The 5,000 

litre tanks were refilled with wastewater every month. The wastewater used in this 

research consisted of three different types; tertiary wastewater effluent (TWE), SCW and 

septage. The TWE and SCW were tertiary and secondary treated domestic wastewater 

obtained from the Loganholme Water Pollution Control Centre. The TWE and SCW were 

transported from settling reservoirs to the 5,000 litre tanks using a pump. The septage was 

transported to the 5,000 litre tanks by vacuum trucks after the trucks collected the septage 

from household septic tanks. The baskets fitted into the 5,000 litre tanks were used to 

screen out unwanted materials from the septage when the septage was unloaded from the 

trucks. Figure 3.4 presents the photographs of the VF mesocosms. 
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Figure 3.3 Schematic of the experimental layout of the VF mesocosms

Description: 
A = Water tank 1 
B = Water tank 2 
C = Water tank 3 
F = Filter 
P = Pump 
VF Mesocosms: 
1 = S100 
2 = SCP 
3 = BC5 
4 = BC10 
5 = BC15 
6 = BC20 
7 = BC25 
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 Figure 3.4 Photographs of the VF mesocosms in (a) November 2013, (b) November 

2014 and (c) aboveground and belowground harvested in March 2015 
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3.2.3 The Phases of the Experiment 

The experiment was conducted in three phases over a period of 21 months between 

November 2013 and July 2015 (Figure 3.5). These phases were divided into (1) 

establishment phase (irrigation with tertiary wastewater effluent (TWE)), (2) continuous 

secondary clarified wastewater (SCW) load phase and (3) intermittent septage load phase. 

Table 3.3 presents the detailed information of the experimental phases. 

 

 

 

Figure 3.5 Phases of the experiment based on the time line 
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Table 3.3 Summary of the experiment phases 

 

Phase 

Date and 

Day of 

operation 

 

Purpose 

 

Wastewater type 
Loading condition and 

HLR (m/hours) 

Phase 1a 11/13-1/14 

(Day 1 – 62) 

Establishment Tertiary wastewater 

effluent (TWE) 

Intermittent loading 

(10 L/72 hours) 

Phase 1b 1/14 – 2/14 

(Day 63 – 114) 

Establishment Tertiary wastewater 

effluent (TWE) 

Drip irrigation 

(16 L/24 hours) 

Phase 2 3/14-10/14 

(Day 115 – 343) 

Investigate 

pollutant removal 

from SCW  

Secondary clarified 

wastewater (SCW) 

Drip irrigation 

(16 L/24 hours) 

Phase 3 11/14-7/15 

(Day 344 – 611) 

Investigate 

pollutant removal 

from septage  

Septage Intermittent loading  

(20 L/48 hours) 

 

Phase 1a and 1b was the establishment phase and was conducted from November 2013 

to February 2014. In this phase, the plants in each mesocosm were irrigated with tertiary 

wastewater effluent (TWE). From 7 November 2013 to 7 January 2014, each mesocosm 

was irrigated with 0.56 mm/h of TWE for 72 hours (phase 1a). During that time, the 

growth performance of the Melaleuca trees was better than that of the Bamboo plants 

which started to die off. 

 

Phase 1b used TWE which was loaded daily with the rate of inflow maintained at 

approximately 2.67 mm/h for 24 hours. This phase was conducted from the beginning of 

January 2014 to February 2014. The Bamboo plants continued to die off whereas the 

Melaleuca trees grew healthily. 

 

Phase 2 was conducted from March 2014 until October 2014. In this phase, the secondary 

clarified effluent (SCW) was loaded daily. The SCW was distributed to the VF 

mesocosms using a pump. The pump was run using electricity and controlled by a timer. 

The type of pump was a Riva-Flo TF30 pressure pump with 10 pressure control systems 

(Onga Pty Ltd, Brisbane, Australia). The pump was set up for running 6 hours/day using 

a timer. The rate of inflow was maintained at approximately 2.67 mm/h for 24 hours. 

Adjustable drip irrigations were used to control the inflow rate. A 25 mm filter was 

connected between the tank and the pump to avoid clogging the drippers and to remove 

solids entering the VF mesocosms (Figure 3.3). At the beginning of March 2014, most of 

the Bamboo plants were dead. One Lemongrass plant (Cymbopogon citratus) was planted 

in each VF mesocosm to replace the Bamboo plants.  
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Phase 3 was conducted from November 2014 to July 2015. In this phase, the VF 

mesocosms were loaded with septage. The type of feeding influent was intermittent 

loading because the septage had a high concentration of organic matter and nutrients. 

Intermittent loading had a better removal for organic matter and nitrogen in CW systems 

compared to continuous loading (Caselles-Osorio and García, 2007). The intermittent 

loading provides a more oxydised environmental condition in CW systems. In this phase, 

the septage was loaded intermittently using 10 litre buckets and the rate of septage was 

maintained at approximately 1.67 mm/h for 48 hours.  

 

In March 2015, the plants in the VF mesocosms from four treatments (BC5, BC10, BC15 

and BC25) were harvested. The remaining three VF mesocosms (S100, SCP and BC20) 

were harvested in July 2015. The selection of the harvesting time was based on the 

performance of each treatment in removing pollutants. The sand media with a high 

proportion of biochar (BC20 and BC25) were more effective in removing TSS, BOD5, 

coliforms, TN, NH4-N and NOx than the other biochar amended media. Meanwhile, pure 

sand media (S100 and SCP) were more effective in removing TP and PO4-P. Since there 

was no significant difference between the sand media amended with 20% of biochar 

(BC20) and the sand media amended with 25% of biochar (BC25) in removing the 

pollutants, BC20 was left for further investigation. Therefore, BC20 was selected to be 

harvested in July 2015 together with the pure sand media (S100 and SCP).  

 

3.2.4 Sample Collection and Analysis 

3.2.4.1  Water Quality 

Wastewater samples (SCW and septage) were collected from the inflows and outflows 

(Figure 3.3). The inflows were collected from the inlet hoses which were connected to 

the 5,000 L storage tank and the outflows were collected from the 135 litre collection 

chambers connected to the mesocosm which are cable of storing up to two weeks of the 

treated outflows. The water samples were collected every two weeks for the first 4 months 

(March – June 2014) and then monthly from August 2014 to July 2015. In this research, 

24 water samples were collected for each sampling event; a total of 3 inflow samples from 

the three storage tanks and 21 outflow samples (3 from each of the 7 treatments).  

 

The parameters analysed were divided into field and laboratory tests. The field 

physicochemical parameters measured in this experiment included pH, dissolved oxygen 

(DO), and conductivity. The inflows and outflows were measured in situ in each sampling 
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period. The pH, conductivity and dissolved oxygen (DO) were measured based on the 

standard methods for the examination of water and wastewater (APHA, 2005). The pH 

and conductivity were measured using a water proof multifunction meter CX-401 

(Elmetron, Witosa Poland). The dissolved oxygen was measured using a DO meter (YSI 

model 57, Yellow Springs, OH, USA). 

 

The parameters measured in the laboratory were biochemical oxygen demand (BOD5), 

total suspended solids (TSS), total volatile solids (TVS), total and faecal coliforms, total 

nitrogen (TN), ammonium (NH4-N), nitrogen oxides (NOx-N), total phosphorus (TP), and 

phosphate (PO4-P). The analyses were carried out according to the standard methods for 

the examination of water and wastewater (APHA, 2005). The measurements of BOD5, 

total coliforms, TSS and TVS were carried out in the laboratory immediately after 

sampling. For nutrient analysis (TN, NH4-N, NOx-N, TP and PO4-P), the samples were 

first refrigerated at 4oC for transport and temporary storage and then frozen until analysed. 

The detailed measurements of the laboratory test are explained in Appendix 1. 

 

3.2.4.2 Media Samples 

Media were sampled on three occasions: (1) initial media i.e. after mixing (November 

2013), (2) whole core, plus 0 – 10 cm, 10 – 20 cm and 20 – 30 cm, after the media had 

been loaded with SCW (August 2014) and (3) whole core after the media had been loaded 

with the septage (March 2015).  

 

The samples collected on November 2013 obtained baseline information about the initial 

seven different media treatments. A sample was taken from each media treatment after 

the sand, biochar and coir peat were mixed in a cement mixer. These samples were sieved 

using a 2 mm sieve. Approximately one kilogram of sample from each media was taken 

and placed in plastic bags for further analysis. 

 

The sampling in August 2014 was intended to investigate the media condition after 

loading with secondary clarified wastewater (SCW). The samples were taken to 

determine (1) total phosphorus (TP) for whole core and (2) extractable phosphorus using 

sodium bicarbonate (extractable bicarbonate P) and microbial phosphorus biomass at 

different depths (0 – 10 cm; 10 – 20 cm; and 20 – 30 cm). Tietz et al. (2007) reported that 

more than 50% of microbial biomass and bacterial activity was found in the first 1 cm 

and 99 % in the first 30 cm of the media. Core sampling was therefore conducted in each 
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VF mesocosm using an auger at three different depths down the soil profile: 0-10 cm, 10 

- 20 cm and 20 - 30 cm. The chunks of coir peat in the samples were discarded. The 

samples were placed in bags and sieved on site through a 2 mm sieve. The extractable 

bicarbonate P and microbial P at different depths were analysed using fresh samples. 

 

The sampling in March 2015 was undertaken to determine the media condition after 

loading with septage. Due to heavy rain (200 mm) in February 2015, it was recognised 

that leaching of phosphorus would have occurred, thus only the whole core was sampled.  

 

Media parameters analysed were classified into: (1) physicochemical aspects, (2) 

hydrological aspects and (3) biological aspects. The detailed analysis of the soil is 

explained below. 

 

a. Physicochemical Aspects 

- Porosity 

Porosity was measured for the samples collected in November 2013 and March 2015. 

Porosity measurement aims to determine the space between particles in the media samples 

called pore space. The porosity of soils is expressed as a percentage of the total volume 

of the soil materials. The measurement of porosity was conducted using displacement 

methods according to Methods of Analysis for Soils of Arid and Semi-Arid Regions 

(Bashour and Sayegh, 2007).  

 

- Bulk Density 

Bulk density analysis was carried out for the samples collected in November 2013 and 

March 2015. Bulk density refers to the mass of oven dried solid divided by the bulk 

volume of the solids including the pore space at specified soil water content (Bashour and 

Sayegh, 2007). This measurement aims to investigate the media structure and void space. 

The bulk density measurement was carried out following the Methods of Analysis for 

Soils of Arid and Semi-Arid Regions (Bashour and Sayegh, 2007). 

  

- Particle Size Analysis 

Particle size analysis was conducted for the samples collected in November 2013. This 

analysis was intended to classify the distribution of the diameter of the particles in the 

respective media. Particle size analysis of the seven different media treatments was 

conducted according to the Standard Methods of Soil Analysis Handbook (McTainsh et 
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al., 1988). Distribution of gravel and sand was conducted by a mechanical sieving method 

where the samples were sieved through a set of mechanical sieves. Distribution of silt and 

clay was determined by a hydrometer test which is based on Stoke’s Law. 

 

- pH in the Soil  

The pH value was measured for the samples collected in November 2013 and March 

2015. The measurement of pH in the media was based on the soil survey standard test 

methods developed by the Department of Sustainable Natural Resources, Government of 

New South Wales Australia (Rayment and Higginson, 1992). The measurement used a 

standardised pH meter with buffer solutions. 10 grams of media samples and 50 ml of 

0.01 M CaCl2 solution were added into a 50 ml beaker glass and mixed thoroughly. The 

mixtures were stirred and allowed to settle for 30 minutes. Then, the pH meter was 

immersed into the mixture and the value of pH was recorded.  

 

- Soil Organic Matter 

Soil organic matter analysis was carried out for the samples collected in November 2013 

and March 2015. The determination of soil organic matter was based on gravimetric 

methods according to ASTM D 2974. In this research, 20 grams of soil sample from each 

VF mesocosm was measured into foil trays and placed in an oven at 105oC for 24 hours 

to remove water content. Determination of soil organic matter was carried out by 

combusting dried-soil samples at 550oC for 3 hours in the furnace. 

 

- Cation Exchange Capacity (CEC). 

Cation exchange capacity (CEC) analysis was carried out for the samples collected in 

November 2013. CEC refers to the ability of the media to store positively charged 

elements. The main exchangeable cations in the soil are calcium (Ca2+), magnesium 

(Mg2+), potassium (K+), Sodium (Na+) and aluminium (Al3+). Determination of CEC was 

carried out by using silver thiourea methods (C5A/4) developed by the Department of 

Sustainable Natural Resources Government of New South Wales Australia (Pleysier and 

Juo, 1980). This method is based on the high affinity of silver-thiourea complex. Because 

of very high affinity, the exchange sites on soil colloids are occupied by silver-thiourea 

complex. The residue of silver in the silver-thiourea extract was measured using atomic 

absorption spectroscopy (AAS) to determine the total cations.  
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- Fourier Transform Infrared Spectroscopy (FTIR) Analysis 

FTIR analysis was intended to identify the type of functional groups on the surface of the 

media. In this analysis, a small amount of sample powders from each media treatment 

and biochar were mixed with Potassium Bromide (KBr) and then the functional groups 

of each treatment were determined using a FTIR spectrophotometer (Perkin Elmer 

Spectrum Version 10.03.09) in the wavelength range of 400 – 4,000 cm-1. 

 

- Extractable Bicarbonate P (Olsen method) 

Extractable bicarbonate P analysis was conducted for the samples collected in August 

2014. The samples were taken from three different depths (0 - 10; 10 - 20; and 20 - 30 

cm). The extractable bicarbonate P was determined according to the Methods of Analysis 

for Soils of Arid and Semi-Arid Regions (Bashour and Sayegh, 2007). All tests were 

replicated. The phosphorus in the media was extracted using sodium bicarbonate solution. 

Determination of extractable bicarbonate P was conducted using a spectrophotometer 

with ascorbic acid molybdenum colour reagents (APHA, 2005). The colour reagents 

consisted of potassium antimony tartrate heptahydrate, ammonium molibdate and 

ascorbic acid. The procedure for the preparation of the colour reagents (sulphuric acid, 

potassium antimony tartrate heptahydrate, ammonium molibdate and ascorbic acid) and 

detailed calculation of P concentrations are explained in Appendix 2. 

 

- Total Phosphorus 

Total phosphorus measurement (TP) was conducted for the media samples collected in 

November 2013, August 2014 and March 2015. TP in the soil media was determined 

using acid digest methods based on the Standard Methods of Soil Analysis (Sparks et al., 

1996). Spectrophotometer with ascorbic acid molybdenum colour reagents was used to 

determine phosphorus concentration (APHA, 2005). In this analysis, the digestion 

reagents used were concentrated sulphuric acid, nitric acid and perchloric acid. 

Meanwhile, colour reagents were the same as for the analysis extractable bicarbonate P. 

 

b. Hydrological Aspects 

- Hydraulic Conductivity Measurement 

Hydraulic conductivity measurements were carried out in February 2014, August 2014 

and March 2015 in each VF mesocosm. Hydraulic conductivity is the main factor that 

influences the effectiveness of interactions between media and wastewater which flows 



 

72 
 

through into the media. This study was intended to investigate the hydraulic conductivity 

of sand media amended with various percentages of biochar. Hydraulic conductivity was 

determined by falling head measurements (Lucas and Greenway, 2011a). The reading at 

the lip (max ponding depth) and the distance from the lip to the top of the outlet (outlet 

depth) were measured. The wastewater was filled up into the VF mesocosms when the 

mesocosms were still draining. The depths were determined from the soil surface to the 

water height. The elevation was measured in each VF mesocosm by reading the estimated 

elevation in mm at the middle of the meniscus. The measurement of elevation was carried 

out in 5- minute intervals for at least 45 minutes (until the wastewater had drained). 

 

The determination of hydraulic conductivity was calculated based on the equation 

adapted from Bedient and Huber (1988): 

 

𝐾𝑠𝑎𝑡 =
𝐴𝑡𝐿

𝐴𝑚(𝑡2 − 𝑡1)
ln (

ℎ1

ℎ2
) 

 

At = average ponding area (m2) 

Am = average media cross-sectional area (m2) 

L   = media depth (m) 

h1   = initial head (m) 

h2 = final head (m) 

t   = elapse time (hours) 

 

c. Biological Aspects 

- Microbial Phosphorus 

Microbial phosphorus was determined in the soil samples collected in August 2014 after 

the VF mesocosms were loaded with SCW. Determination of microbial phosphorus was 

also planned for the samples collected in March 2015 after the media treatments were 

loaded with septage. However, a heavy rain event took place during the period between 

19 and 21 February 2015 (BOM, 2016), which could cause the release of phosphorus 

from the media. Therefore, the measurement of microbial phosphorus on March 2015 was 

not conducted because the results could not provide the holistic picture regarding the 

microbial phosphorus activities after loading with the septage. 
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For the sampling event in August 2014, samples were taken from three different depths 

(0 - 10; 10 - 20; and 20 - 30 cm). As mentioned in the previous section, approximately 

99% of microbial biomass was discovered in the first 30 cm of the media (Tietz et al., 

2008). Determination of microbial P was carried out by a bacterial fumigation extraction 

method (Brookes et al., 1982). In this method, the cell membranes of soil organisms are 

destroyed by fumigation processes with chloroform (CHCl3). This causes the cell contents 

to leak into the soil. Then, the cell contents are extracted and measured for microbial P 

and leachable P. The fumigated samples were compared with the non-fumigated samples 

(leachable P). The samples analysed were fresh to avoid microbial death and release of P 

into the samples. 5 grams of soil samples were weighed and placed into 50 ml labelled 

beakers. These samples then were fumigated for a minimum of 48 hours using chloroform 

in a vacuum desiccator. 5 grams of samples without the fumigation process were weighed 

into 50 ml falcon tubes. All tests were replicated.  

 

Phosphorus in the fumigated and non-fumigated samples was extracted using sodium 

bicarbonate solution and underwent colorimetric analysis utilising a colour reagent. The 

colour reagent used was the same as for the analysis of total phosphorus. 

 

3.2.4.3  Plant Growth and Biomass 

In constructed wetlands, plants play a crucial role in removing nutrients via direct and in-

direct mechanisms. The measurement of plant growth and biomass was intended to 

understand the role of plants in the removal of nutrients from the CWs receiving SCW 

and septage. The plant species used in this study was Melaleuca trees (Melaleuca 

quinquinervia) and Lemongrass plants (Cymbopogon citratus). The analysis of plants was 

classified into (1) field growth measurement (2) biomass determination and (3) nutrient 

content analysis.  

 

a. Field Growth Measurement 

The growth of Melaleuca quinquenervia was monitored every two months, starting from 

November 2013. Plant growth parameters are affected by time and influent interaction 

(Bolton, 1999). This measurement was intended to investigate the growth response of the 

Melaleuca trees (Melaleuca quinquenervia) and Lemongrass plants (Cymbopogon 

citratus) from each media treatment when the mesocosms were loaded with SCW and 

septage. The parameters measured were stem height and thickness (diameter) of the stem 

as measured 5 cm above the ground. The heights of the plants were measured using 
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measuring tape and the diameters of the stems were measured using callipers. For the 

Lemongrass plants (Cymbopogon citratus), the measurement of growth parameters was 

carried out on the ten longest leaves and counting the number of culms. Initial 

measurements started in March 2014. The growth rate of the Lemongrass plants was 

determined by measuring the length of highest ten shoots of the Lemongrass plants every 

week for 12 weeks. Biomass of the Lemongrass shoots was harvested on 2 September 

2014, 12 December 2014 and 6 March 2015 by cutting the leaves 10 cm above the ground. 

The leaves were dried at 70oC for 48 hours and weighed.  

 

b. Plant Biomass Measurements 

Measurement of plant biomass was divided into two harvesting times; March and July 

2015 based on the effectiveness of media treatment in removing pollutants. The plants in 

the VF mesocosms from four treatments (BC5, BC10, BC15 and BC25) were harvested 

in March 2015. The remaining three VF mesocosms (S100, SCP and BC20) were 

harvested in July 2015. Plant biomass refers to the weight of living plant materials 

contained above and below the ground surface (Zak et al., 1990). Plant biomass is used 

to measure the productivity and effectiveness of plant species in nutrient uptake 

(Jonasson, 1988). The destructive harvest was conducted to determine the biomass in each 

mesocosm. The Melaleuca trees were separated into stems, branches, leaves, bark and 

roots while the Lemongrass plants were separated into shoots, rhizome and roots. These 

samples were oven dried for 48 hours at 70oC. Then, determination of the biomass in each 

part of the plant was carried out by measuring the weight of the dried biomass. 

 

c. Nutrient Content Analysis 

Nutrient content analysis was carried out for the plant samples collected in March and 

July 2015. The measurement of nutrient accumulated in the plant biomass was intended 

to identify the contribution of plants to nutrient removal in each media treatment. Nutrient 

content analyses were carried out by measuring the TN, TP and TC in each part of the 

plants. The parts of the Melaleuca trees analysed were stems, branches, leaves, bark and 

roots while for the Lemongrass plants, the parts analysed were shoots, rhizome and roots. 

These samples were oven dried for 48 hours at 70oC to obtain constant dry weight then 

ground to a powder using a grinding mill (Puck and Ring Grinding Mill, Rocklabs). In 

addition, leaf samples of the Melaleuca trees from each mesocosm were collected on 

January 2014, August 2014 and March 2015 to determine the nutrient concentration in 
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the leaves after being loaded with the tertiary wastewater effluent (TWE), secondary 

clarified wastewater (SCW) and septage, respectively. 

 

Total biomass P was determined by measuring the amount of TP in each part of the plants. 

The representative samples were digested using a micro digester (HNO3-H2O2) 

(Matejovic and Durackova, 1994) and then quantified using ascorbic acid molybdenum 

colorimetric methods (APHA, 2005). The procedures for digestion and analysis were 

started by weighing 0.3 gram of dry sample into a digestion tube. After that, digestion 

tubes were filled with 4 ml HNO3 and then 2 ml of H2O2 by pipette. The blank is used for 

digester number 1 that has a thermistor in it to monitor the progress of the digestion 

process. The lids of the bomb digesters were tightened to ensure that the bombs do not 

get mixed up, and then digestion tubes were put into a micro digester. After the digest 

process was completed, the digested and blank solutions were transferred into 50 ml 

volumetric flasks and topped with deionisation (DI) water up to the 50 ml mark. These 

samples then were analysed using ascorbic acid molybdenum colorimetric methods 

(APHA, 2005). 

 

For TN and TC analysis, representative samples of oven dried plants from the Melaleuca 

trees and Lemongrass plants were ground, weighed and pelletised. The samples then were 

analysed for TN and TC in a mass spectrometer (Sercon Hydra 20-22) following the 

method described by Gautam and Greenway (2014). 

 

3.2.5 Statistical Data Analysis 

Data were statistically analysed using the SPSS 21 software. The performance of each 

treatment was carried out by calculating water (inflow and outflow concentrations) of 

BOD5, TSS, TC, TN, NH4-N, NOx-N, TP and PO4-P. Percentage removal efficiency was 

calculated as %R =  
𝐶𝑖𝑛−𝐶𝑒𝑓

𝐶𝑖𝑛
𝑥100% where Cin and Cef are inflow and outflow of the 

parameters measured. Mean and standard deviation for each dataset were calculated. One-

way ANOVA analyses were applied to test for differences among treatments for each 

parameter. Tukey HSD post-hoc tests were then carried out to determine which treatments 

were significantly different. In all cases, a significant level (α = 0.05) was used. In 

addition, regression analysis was conducted to investigate the effect of biochar content, 

on the removal efficiency of the BOD5, TSS, and nutrients. 
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For microbial P, the mean and standard deviation of each treatment at each depth (0 – 10; 

10 – 20; 20 – 30 cm) were determined. Significant difference of microbial P abundance 

in each depth among different treatments was assessed using One-way ANOVA test. In 

addition, One-way ANOVA test was used to determine the significant difference of 

microbial P of each treatment from different depths. The Tukey post-hoc tests (α = 0.05) 

were conducted to determine the significant difference of microbial P among the subsets. 

The significant differences of plant biomass P and N between 4 treatments harvested in 

March (BC5; BC10; BC15 and BC25) and between 3 treatments harvested July 2015 

(S100; SCP and BC20) were also assessed using One-way ANOVA. 

 

3.2.6  Media Characterisation 

The parameters used for media characterisation were porosity, bulk density, organic 

matter, pH, CEC, AEC, particle size, FTIR spectra and hydraulic conductivity: The 

results of the media characterisation are discussed below. 

 

a. Porosity, Bulk Density, Organic Matter and pH 

Porosity of the seven different media treatments sampled on November 2013 and March 

2015 ranged from 37.3 (BC25) to 41.8% (S100) and 37.3 (BC25) to 42.3% (S100), 

respectively (Table 3.4). This indicated that, the porosity of the media did not increase 

after the media treatments were loaded with SCW and septage. The highest porosity was 

in the pure sand media (S100) and the media with 25% of biochar (BC25) had the lowest 

porosity. A similar phenomenon was observed in measurements of bulk density for the 

seven media treatments. Table 3.4 shows that the bulk density was in the range of 1.60 

(BC25) – 1.81 (S100) kg/L and 1.61 (BC25) – 1.81 (S100) kg/L for media treatments 

collected in November 2013 and March 2015, respectively.  

 

The organic matter of the seven different media treatments ranged from 0.36 (S100) – 5.5 

% (BC25) for the samples collected on November 2013 and 0.77 (S100) – 6.46% (BC25) 

for the samples collected on March 2015 (Table 3.4). The organic matter increased with 

the increase of the percentage of biochar in the media. The organic matter content in 

March 2015 was higher than the samples collected in November 2013, confirming that 

the organic matter in the media increased after the media were loaded with SCW and 

septage.  
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Table 3.4 shows that the pH value of the media in the seven different treatments ranged 

from 6.79 (S100) to 7.19 (BC25) and 6.97 (S100) to 7.39 (BC25) for the measurements 

carried out on November 2013 and March 2015, respectively. The results showed that the 

pH value increased as the percentage of biochar content in the media increased. There 

were slight increases of pH value when the media treatments were loaded with SCW and 

septage.  

 

Table 3.4 Media characterisation in VF mesocosms with seven different treatments 

Media 

Treatment 

Date of 

sampling 

Parameters 

Porosity 

(%) 

Bulk 

 Density(kg/L) 

pH CEC 

cmol(+)/kg 

Organic Matter 

(%) 

S100 Nov 13 41.8±0.1 1.808 6.79±0.02 5.73±0.54 0.36±0.02 

Mar 15 42.3±1.1 1.810 6.97±0.05  0.77±0.08 

SCP Nov 13 41.4±0.4 1.802 6.74±0.01 5.90±0.26 0.63±0.08 

Mar 15 42.1±1.3 1.800 6.96±0.03  0.86±0.05 

BC5 Nov 13 41.1±1.2 1.758 6.81±0.01 6.85±0.54 1.28±0.07 

Mar 15 42.1±0.5 1.759 7.22±0.04  1.93±0.10 

BC10 Nov 13 39.2±1.2 1.720 6.88±0.01 7.55±0.30 2.21±0.08 

Mar 15 39.4±0.9 1.721 7.30±0.01  2.99±0.38 

BC15 Nov 13 38.1±0.3 1.699 6.99±0.01 8.37±0.27 3.37±0.11 

Mar 15 38.8±0.5 1.700 7.36±0.04  3.90±0.11 

BC20 Nov 13 37.4±0.9 1.651 7.06±0.02 9.23±0.35 4.52±0.05 

Mar 15 37.9±1.3 1.649 7.37±0.02  5.43±0.51 

BC25 Nov 13 37.3±1.3 1.603 7.19±0.02 10.21±0.13 5.55±0.21 

Mar 15 37.3±0.8 1.605 7.39±0.04  6.46±0.39 

 

b. Cation Exchange Capacity (CEC)  

The results reveal that CEC ranged from 5.73 – 10.21 cmol (+)/kg (Table 3.4). As shown 

in Table 3.4, sand media amended with 25% of biochar (BC25) had the highest value of 

CEC meanwhile pure sand media had the lowest CEC. The results show that an increase 

of biochar percentage was associated with the increase of CEC. 

 

c. Particle Size 

The results of the particle size analysis in seven media treatments are presented in Figure 

3.6. The percentage distribution of particle size which was lower than 2 µm ranged from 

0.1 – 0.2 %. The percentages of particle size between 2 and 60 µm as well as between 60 

and 200 µm ranged from 0.4 to 0.5% and 3.8 – 9.1 %. The composition of particle size 

that was higher than 2000 µm was in the range of 7.7 – 10.4 %. It means that the majority 

of the particles among seven treatments were classified as a medium sand (200 – 600 µm) 

and coarse sand (600 – 2000 µm).  
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Figure 3.6 Particle size distributions among the seven media treatments 

 

d. FTIR Spectra 

Figure 3.7 shows the results of FTIR spectra for biochar, sand, and sand media amended 

with 20 % biochar sampled on November 2013 and March 2015. As shown in Figure 

3.7a, several peaks were observed in the biochar spectra. The stretching band in 2918 cm-

1 was attributed to C-H stretching. The peaks at 2200 – 2000 cm-1 were assigned to C=C 

stretching, while the C=O stretching band was identified at 1740 cm-1. The band at 1009 

cm-1 suggested the C-O stretching, while the peaks at 728 cm-1 and 461 cm-1 referred to 

out of plane bending vibration and C-C stretching, respectively (Bouchelta et al., 2008). 

This indicated that the biochar could have carbonyl, carboxyl, aldehyde, ketones and 

esters and aromatic functional groups.  

 

The FTIR spectra for sand sample shows that there were several peaks as shown in Figure 

3.7b. The bands at 1095 cm-1and 1034 cm- 1 are attributed to Si-O-Si stretching while the 

peaks at 798 cm-1 and 778 cm-1 were assigned to Si-O stretching modes (Anbalagan et 

al., 2010). The bands at 522 cm-1 and 467 cm-1 were attributed to Si-O-Al and Si-O-Si 

asymmetry bend, respectively. This confirmed that the pure sand contains siloxane and 

silicon compounds (Anbalagan et al., 2010).  

 

The results of FTIR spectra for the sand media amended with 20% of biochar revealed a 

similar pattern to the sand spectra, while no difference of spectra was observed between 

0 10 20 30 40 50 60

0 - 2 µm

2 - 60 µm

60 - 200 µm

200 - 600 µm

600 - 2000 µm

> 2000 µm

Composition (%)

BC25

BC20

BC15

BC10

BC5

S100



 

79 
 

the samples collected on November 2013 and March 2015. This indicated that there were 

no changes of functional groups of the sand media amended with 20% sampled on 

November 2013 and March 2015. The results also showed that a change of functional 

groups of the media cannot be clearly identified using FTIR.  

 

 

 

 

 

a 

b 
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Figure 3.7 FTIR spectra of (a) biochar, (b) sand, (c) combination of sand and 20% of 

biochar sampling in November 2013 and (d) combination of sand and 20% 

of biochar sampling in March 2015 

 

e. Hydraulic Conductivity 

Saturated hydraulic conductivity (Ksat) across the seven treatments on February 2014, 

August 2014 and March 2015 are shown in Table 3.5. The mean of Ksat values ranged 

from 61.3 to 94.3 cm/h; 62.9 – 106.6 cm/h; and 65.7 – 108.9 cm/h, respectively. The 

c 

d 
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highest Ksat during these experiments was in the sand media without the addition of 

biochar (S100) and the lowest Ksat in sand media with the addition of 25% biochar 

(BC25). One-way ANOVA analysis (Appendix 5) showed that there was no significant 

difference of Ksat between S100 and SCP, indicating the addition of coir peat in the sand 

media did not influence hydraulic conductivity. No significant differences of Ksat were 

also found among BC5, BC10 and BC15 and among BC15, BC20 and BC25, respectively 

(Table 3.6). Table 3.5 and Table 3.6 show that the addition of biochar in the sand media 

reduced the Ksat when it was higher than 15%. Devereux et al. (2012) and Barnes et al. 

(2014) also reported that addition of biochar in sand decreased Ksat due to porosity, bulk 

density and the internal structure of biochar.  

 

Ksat initially increased between February 2014 and August 2014 (Table 3.5). However, 

statistical analysis revealed there were no significant differences of Ksat value. The initial 

increase of Ksat could be caused by the growth of plant roots. Plant roots would have 

maintained the Ksat after loading with septage thereby preventing clogging. 

 

Table 3.5 Saturated hydraulic conductivity (cm/h) (x ± SD) in VF mesocosms with 

seven different treatments 

Treatment Sampling event 

February 2014 August 2014 March 2015 

S100 94.3 ± 9.1 106.2 ± 6.6 108.9 ± 9.1 

BC0 92.6 ± 8.7 102.9 ± 9.6 100.6 ± 8.2 

BC5 82.2 ± 9.1 86.9 ± 1.3 86.8 ± 5.7 

BC10 80.9 ± 1.0 86.8 ± 4.6 86.6 ± 2.3 

BC15 67.1 ± 3.0 75.1 ± 3.2 75.6 ± 1.7 

BC20 63.0 ± 2.5 69.7 ±5.0 70.8 ± 4.5 

BC25 61.3 ±4.9 62.9 ± 10.1 65.8 ± 2.9 
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Table 3.6 Significant differences of Ksat among the seven treatments (α < 0.05) 

 S100 SCP BC5 BC10 BC15 BC20 BC25 

S100 - - +• +• x+• x+• x+• 

SCP - - - - x+• x+• x+• 

BC5 +• - - - - x x+• 

BC10 +• - - - - - x+• 

BC15 x+• x+• - - - - - 

BC20 x+• x+• x - - - - 

BC25 x+• x+• x+• x+• - - - 

x: significant difference of Ksat sampling in February 2014 (α < 0.05). 

+: significant difference of Ksat sampling in August 2014 (α < 0.05). 

•: significant difference of Ksat sampling in March 2015 (α < 0.05) 

- : no significant differences. 

 

 Qualitative Methods: Community Study 

3.3.1 Qualitative Approach and Location 

This section investigates the potential for implementing the technology developed in this 

research in Kupang East Nusa Tenggara Province (ENTP), Indonesia. ENTP is located in 

the south-eastern part of the country (Figure 3.8). Based on the Central Statistical Agency 

Branch of ENTP report, the total population in ENTP in 2015 was recorded at 5,120,061. 

The population per district in this province ranged from 66,314 to 451,922 inhabitants 

(BPS-NTT, 2016). The rate of population growth from 2010 to 2015 in ENTP was 

approximately 1.70% per year. This increasing population will continue to present 

challenges for human sewage treatment and disposal. 

 

In the qualitative component of this research, Kupang, the capital city of ENTP, has been 

selected as a case study site to investigate the perceptions of the community in 

implementing alternative local wastewater treatment. Kupang is located at 123º 32’ 23” 

– 123º 37’ 01” South latitude; 10º 36’ 14” – 10º 39’ 58” East longitude (Figure 3.8), and 

is located in a dry tropical zone. There is in general low rainfall, meaning that the reuse 

of treated wastewater could also benefit communities for crop irrigation purposes. 

Kupang consists of six sub districts (Oebobo, Kelapa Lima, Alak, Maulafa, Kotaraja and 

Kota Lama) and covers a total area of 18,027 Ha. The total population of Kupang City in 

2014 was 384,112 people consisting of 84,499 households (BPS-Kota-Kupang, 2015). It 
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is predicted that the population will increase to 476,823 people by the year 2018. There 

are two rivers and eight streams running across Kupang city in which two, namely 

Dendeng and Liliba Rivers, are heavily polluted and cannot be used as water resources 

for domestic purposes (BLHD-NTT, 2012).  

 

Most wastewater produced in households is released without treatment directly to the 

local surface drainage systems, rivers and eventually to the sea, with all parts of the 

system polluted leading to environmental pollution. In relation to on-site sanitation 

facilities, a survey conducted by the Public Works Agency of the Kupang Municipality 

revealed that 64% of households use septic tanks, 28% use single-vault and double-vault 

compost latrines and the remaining 8% have no sanitation facilities, neither septic tank 

nor compost latrines (Kota-Kupang, 2014 ). However, approximately 47% of septic tanks 

are categorised as not functioning. Hence, wastewaters from these septic tanks (septage) 

are potential causes of groundwater pollution because they are not watertight (Kota-

Kupang, 2014 ). 
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Figure 3.8 Map of East Nusa Tenggara, Indonesia 

Source:http://www.mapsofworld.com/indonesia/ 

 

To minimise the potential destruction of the environment caused by domestic wastewater 

particularly from septage, the need for sustainable wastewater treatment systems in the 

Kupang Municipality is becoming more important, and should become a high priority for 

both the community and the local government. Equipping Kupang City, the capital city 

of ENTP, with appropriate sanitation systems is one of the key strategies for sustainable 

development. It has become urgent to find low cost alternatives to treat local domestic 

wastewater. A qualitative study including formal and informal interviews with various 

http://www.mapsofworld.com/indonesia/
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stakeholders in Kupang City was conducted to investigate the level of acceptance for 

improving or implementing alternate more effective wastewater treatment systems to 

reduce the impact of the current effluent wastewater. 

 

The success of the new technology depends on the acceptance of the technology by local 

communities and the sustainable use of the new technology after construction. It is crucial 

to assess the current wastewater technologies which are being used by local communities 

and the sanitation programs which have been applied in the communities in the Kupang 

City. By understanding the success, or otherwise, of the application of the existing 

technologies and sanitation programs, the implementation of the new CWs technology 

can be phased in to promote acceptability and demonstrate their benefits to all 

stakeholders. This research aims to implement the sustainable use of CWs.  

 

3.3.2 Qualitative Research Framework 

Development of conventional wastewater technologies to remove pollutants from 

domestic wastewater have proven inappropriate when applied in the small cities and 

regional and rural areas in Indonesia, as this technology requires high investment, high 

on-going operation and maintenance costs. Finding a new low cost technology is one of 

the solutions to deal with this problem. Constructed wetlands have been recognised as 

having low construction and maintenance costs, and are easy to apply (Kivaisi, 2001). To 

address sanitation and wastewater management issues and the implementation of this new 

wastewater technology, it is important to understand the contribution and roles of the 

stakeholders in the sustainability of sanitation and wastewater management programs. 

The qualitative framework proposed in this research is presented in Figure 3.9. 

 

In this framework, the stakeholders in sanitation and wastewater management were 

identified. The interviews were focused on the identification of the existing sanitation and 

wastewater management programs which have been implemented in ENTP. The 

interviews also investigated the knowledge, views, and understanding about constructed 

wetlands as an alternative wastewater treatment technology that could be implemented in 

ENTP. The component of the research methodology focused on investigating the 

challenges and achievements/success factors of the existing sanitation and wastewater 

management programs together with investigating the acceptability by the stakeholders 

of the new CW technology and asked question, how to sustain the on-going usage of CWs 

by local communities? In addition, this study also investigated the achievements 
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including sustainability factors influencing implementation of this wastewater technology 

and incorporated the success factors in implementation of constructed wetlands. 

 

 

Figure 3.9 Qualitative framework of a study on the existing sanitation and wastewater 

management programs and the acceptability of CW systems in the Kupang 

Municipality 

 

This research was conducted in ENTP Indonesia. East Nusa Tenggara Province was 

selected because it is a good candidate to benefit from the introduction of low cost 

technology (i.e. CWs) for wastewater treatment. As previously discussed, this technology 

is a low cost technology compared to other conventional systems currently in use in 

Indonesia. In addition, access to sanitation facilities in ENTP is the lowest in Indonesia 

in comparison to other provinces (MoH, 2014). Kupang is the capital city of ENTP and 

has become the centre of development in Eastern Indonesia. Therefore, the availability 

and accessibility of sanitation and proper wastewater treatment for communities in 

Kupang City remains a significant challenge. 
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3.3.3 Qualitative Data Collection and Theme Analysis  

The main qualitative approach used was in-depth interviews of key stakeholders. The 

interviews aimed to explore issues through comprehensive conversation (Neuman, 2005). 

In-depth, semi-structured interviews are recognised as a suitable method for gathering 

information and opinions regarding prevailing conditions (Galletta, 2013). This type of 

interview was employed to obtain deeper information and understanding regarding the 

acceptability and sustained use of sanitation and wastewater treatment technology 

implemented in certain areas. Since the in-depth interview forms part of a qualitative 

study, this method was used for interpreting stakeholders’ perspectives and their 

experiences regarding sanitation and wastewater management.  

Liamputtong and Ezzy (2005) stated that in-depth interviews: 

(1) provide an effective way to capture the subjective meanings from stakeholders;  

(2) explore social processes and deep interactions; and  

(3) provide responses less influenced by other people. This research focused on in-

depth interviews with structured and open-ended questions.  

 

There are several issues which have to be considered when collecting data using in-depth 

interviews. Firstly, it is important to provide questions for guidance particularly when 

conducting unstructured and semi-structured interviews (Liamputtong and Ezzy, 2005). 

The list of topics for the stakeholder interviews is provided in Appendix 4. Secondly, it 

is crucial to consider local language aspects. This research used Indonesian language 

(Bahasa Indonesia) to obtain more accurate data during the in-depth interview processes. 

Finally, the variation in organisational culture is diverse across government departments, 

private industry, non-government organisations (NGOs) and the University sector 

engaged in this study. This diversity of culture needs to be considered and may influence 

the responses of key informants.  

 

Stakeholders in sanitation and wastewater management programs can be categorised into 

standard stakeholders and interest groups (Lahdelma et al., 2000). The standards 

stakeholders are those who are responsible for preparing and managing the process. They 

include decision makers, planners, experts and analysts. Interest groups include political 

parties, non-government organisations (NGOs) and residents within the impact area (Bao 

et al., 2013). Prior to the selection of key stakeholders who participated in this research, 

it was important to understand the role of each agency dealing with sanitation and 

wastewater management issues in the Kupang Municipality. In ENTP, the sanitation and 
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wastewater management issues are generally managed by local governments. This is true 

at both the Provincial and District Levels through their relevant Agencies (Dinas). The 

agencies responsible for sanitation and wastewater management issues are the Public 

Works Agency (Dinas Pekerjaan Umum), the Health Agency (Dinas Kesehatan), the 

Local Environmental Board (Badan Lingkungan Hidup Daerah), the Planning and 

Regional Development Board (Badan Perencanaan dan Pembangunan Daerah). These 

lead agencies usually implement the sanitation and wastewater management programs 

which are funded by the government both from the central and local government levels. 

The majority of sanitation and wastewater management programs funded by Central 

Government are implemented by Public Work Agency in Provincial Level via Division 

of Environmental Health Settlement. If the funds for sanitation and wastewater 

management programs are managed by the local government, the budget for these 

programs must be approved by the Regional Legislative Assembly (Dewan Perwakilan 

Rakyat Daerah) at the Provincial, District and Municipal levels. In addition, NGOs also 

implement sanitation and wastewater management programs in some sub-districts or 

villages in ENTP with funding from various donors. Water and sanitation programs 

undertaken by NGOs are usually coordinated with the local government in order to avoid 

any duplication of government funded programs. 

 

The stakeholders interviewed were the key decision makers for the water and sanitation 

programs in the Central, ENTP Provincial and Kupang Municipality levels. The central 

government is represented by the Division of Environmental Health Settlement in Public 

Work Agencies because all the sanitation and wastewater management programs funded 

by central government are managed by this division. There were five stakeholders 

interviewed at the Provincial level of Government and seven stakeholders at the 

Municipal level. Interviews were held with sanitation and wastewater management 

scientists from universities and research institutes, engineers and consultants who work 

on water and sanitation projects as well as representatives of NGOs in ENTP. The 

stakeholders interviewed are shown in Table 3.7.  

 

 

 

 

 

 



 

89 
 

Table 3.7 Stakeholders involved in the qualitative research  

No Institution Position 

1 Public Work Agency of ENTP Head of Environmental Health 

Settlement Division 

2 Health Agency of ENTP Head of Environmental Health 

Division 

3 Planning and Regional Development 

Board of ENTP 

Head of Water Sanitation 

Environment and infrastructure 

Division 

4. Local Environmental Board of ENTP Head of Environmental Monitoring 

and Control Division 

5 Water and Sanitation Working Group  Coordinator 

6 Kupang Municipality Vice Mayor of Kupang 

7 Public Work Agency of Kupang 

Municipality 

Head of Environmental Health 

Settlement Division 

8  Health Agency of Kupang Municipality Head of Environmental Health 

Division 

9 Planning and Regional Development 

Board of Kupang Municipality 
Head of Infrastructure Division 

10 Regional Environmental Board of 

Kupang Municipality 

Head of Environmental Monitoring 

and Control Division 

11 Settlement and Spatial Agency of 

Kupang Municipality 

Head of Planning and Technical 

Development Division 

12 Sanitary Agency of Kupang 

Municipality 

Head of Sludge Processing Facility 

of Kupang Municipality. 

13 Nusa Cendana University Lecturer in Water and Environmental 

Science.  

14 Udayana University Lecturer in Environmental and 

Public Health 

15 Sanitation Engineering Consultant 

Association  

Coordinator of ENTP Province. 

16 Care International (NGO) Field Manager of Sanitation Project 

17 CIS Timor (NGO) Field Manager of Sanitation Project 

 

Further data were obtained from the comprehensive literature review (document analysis) 

of secondary data which consists of a series of unpublished documentation used for 

internal purposes within relevant agencies. These data were obtained from the Statistical 

Board of ENTP (Badan Pusat Statistik Cabang NTT), the Public Works Agency (Dinas 

Pekerjaan Umum), the Health Agency (Dinas Kesehatan), the Local Environmental 

Board (Badan Lingkungan Hidup), the Planning and Regional Development Board 

(Badan Perencanaan dan Pembangunan Daerah) and Department of Settlement and 

Spatial Administration (Dinas Permukiman dan Tata Ruang).  

 

This research used thematic analysis to identify, analyse and describe the opinions of 

stakeholders. Thematic analysis refers to a method for identification, analysis and 
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reporting the pattern (themes) within the data (Braun and Clarke, 2006). Figure 3.10 

presents the flowchart of qualitative data collection and theme analysis.  

 

 

 

Figure 3.10 Flowchart of qualitative data collection and theme analysis 

 

Thematic analysis and coding of responses identify and analyse the interviews held with 

the stakeholders in water and sanitation programs/implementation. The five principal 

steps generally used for data analysis in qualitative research are reading, coding, 

displaying, reducing and interpreting (Ulin et al., 2012). This research utilised all five 

steps in collecting the experiences, attitudes and opinions of all experts in this area of the 

study. 

 

a. Reading  

It is crucial to be familiar with the data collected from the research. To make sure that the 

data collected are correct, the first step of the analysis process is to review and re-read the 
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transcripts to ensure the accuracy of the data. In this first step, however, the researcher 

has also carried out the interpretation. Braun and Clarke (2006) suggested to read through 

whole data set before starting to make a coding. In this step, taking notes and creating a 

coding are recommended before the formal coding are made (Braun and Clarke, 2006). 

 

b. Coding 

Coding is the second step of the analysis process in which the researcher selects the 

keywords which are chosen as the main lists. This step identifies a list of the data that is 

interesting to be analysed. Thus, it is important to ensure that all important information 

from the data are collated to each code (Braun and Clarke, 2006). When the researcher is 

interviewing the participants regarding particular issue, a range of arguments and 

opinions are recorded based on the participants’ culture, knowledge and experiences. 

When all the topic issues have been coded, the next step is to read across the matrix and 

to find the similarities and differences between groups. In this step, the process of 

interpreting also is carried out. 

 

It is recommended to code as many potential themes as possible. Saldaña (2009) stated 

that in grounded theory and thematic analysis, three coding processes are usually used: 

open coding, axial coding and selective coding. This study used all these coding 

processes. In open coding, the researcher investigates the data, identifies the units of 

analysis, provides coding for meanings and actions, contrasts events and feelings and 

breaks codes into sub categories. The axial coding is determined after open coding. This 

stage needs to explore the codes by examining the correlation between codes and 

comparing them with the existing theory. The last coding process is selective coding in 

which the core codes are identified by examining the correlation among codes and 

comparing them with the existing research aims.  

 

c. Displaying 

The aim of this step is to find interrelating themes or interconnecting themes (Ulin et al., 

2012). This step is carried out after all the data have been coded by laying out all the 

available information from the data. The visual representations of the data such as tables 

and mind maps are recommended to sort the codes into themes. The relationship and 

interconnection between codes, between themes and between different stages of themes 

are noticed (Braun and Clarke, 2006). In this step the qualitative data analysis needs to 
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show the data that have been labelled allowing the identification of themes (Ulin et al., 

2012).  

 

d. Reducing/refining 

From the previous step, the variations of themes have been identified. The objectives of 

this step are to distinguish the primary and secondary themes, select the most common 

themes and separate the essential and no essential information. (Ulin et al., 2012). The 

themes should be coherent and meaningful. Braun and Clarke (2006) stated that the 

meanings evident in the whole data set should be reflected by themes. It means that the 

no essential information should be removed by eliminating the unimportant and irrelevant 

data. 

  

e. Interpreting and describing the findings 

This process is an ongoing process in every step of data analysis. In this process, the 

researcher needs to explain the main information obtained from every step in the data 

collection process. The researcher also needs to make sure that the coding and theme 

interpretation are reliable. 

 

The questions were developed from the literature review and the key stakeholders were 

identified prior to the field research being conducted. Appointments were made with 

seventeen key stakeholders prior to conducting the semi-structured interviews. The data 

collected from the stakeholders in the interview process mainly related to their 

experiences, opinions and perceptions of the acceptability and sustainability of existing 

wastewater technologies implemented in ENTP and the proposed use of CWs as an 

alternative technology in managing wastewater from domestic use. All the interviews 

were recorded and notes were taken during the interviews. The transcripts and notes were 

translated from Bahasa Indonesia to English and reviewed to ensure the integrity of the 

data. The data were categorised, verified and coded based on the prominent themes 

discovered. The next step identifies specific elements within each of themes, 

interpretations and comprehensive discussions of the central themes and sub-themes in 

the findings. In the discussion within this research, the findings were also compared to 

other studies.  
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3.3.4 Ethical Issues 

It is crucial for the researcher to maintain mutual and ethical trust with the stakeholders. 

The ethical clearance from Griffith Human Research Ethics Committee (GU Ref No: 

ENG/12/14/HREC) was obtained before the research was conducted (Appendix 32). The 

letter of permission for conducting research in the Kupang Municipality including the 

licence was obtained from one-stop service office of NTT Provincial Government 

(No.070/2869/KPPTSP/2014) (Appendix 33). The study has ethical clearance to proceed. 

 

There were several ethical aspects considered when carrying out this research:  

1. Voluntary participation: stakeholders were informed about the purpose of the 

study and their participation in this research. The informants could agree to be 

interviewed or refuse to participate in this research. 

2. Information for the key stakeholders: the information about the research was 

delivered to the stakeholders so that they could understand the research purpose, 

the procedure, the research team, the risks and the advantages for the community. 

The stakeholders also received an information sheet about confidentiality of their 

information and the interviews were carried out after the stakeholders understood 

and agreed by signing the prepared consent form. 

3. Privacy of the data: the records and transcripts of the interviews with the 

informants were kept secure. To remove the stakeholders’ identification, the 

answers from the informants were coded for analysis purposes. To maintain the 

mutual trust and privacy, the name, position and organisation of the respondents 

were not stated in the quotes related to the answers from the informants. Data were 

stored in a file and can be accessed only by the researchers.  

4. Confidentiality: The data were stored in anonymous files to keep the 

confidentiality of the persons interviewed. The identities of the informants were 

not disclosed and the information is delivered in such a way that the answers from 

the participants cannot be referred back to them.  

 

  Conclusions 

 Chapter 3 has provided information about the mixed methods approach used in this 

research. The methods used in this research are classified into experimental quantitative 

research and qualitative studies.  The experimental quantitative research was conducted 

on a mesocosm scale at the Loganholme Water Pollution Control Centre Queensland 

Australia. The aim of the experimental quantitative research was to investigate the 
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efficiency of biochar as a media amendment in VF mesocosms in removing pollutants 

(BOD5, suspended solids, coliforms and nutrients) from secondary clarified wastewater 

and septage. The qualitative study was carried out in the Kupang Municipality and aimed 

to investigate the existing sanitation and wastewater treatment technology implemented 

in the Kupang municipality and the prospect of CW implementation and its acceptability 

by the Kupang Municipality stakeholders. The findings of the experimental quantitative 

research are presented in Chapter 4, 5, 6 and 7 meanwhile the results of the qualitative 

study are presented in Chapter 8. 
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CHAPTER 4  

4 BIOCHEMICHAL OXYGEN DEMAND (BOD5), SUSPENDED 

SOLID, AND COLIFORM REMOVAL 

 

 Introduction 

Domestic wastewater contains suspended solids, organic matter, nutrients and pathogenic 

microorganisms. It can cause water pollution if released to the environment without 

treatment. Suspended solids refer to the organic or inorganic particles which are larger 

than 2 µm (APHA, 2005). The presence of suspended solids in high concentration could 

change the physical, chemical and biological properties of water bodies leading to 

reduction of water quality (Bilotta and Brazier, 2008). Suspended solids can potentially 

reduce the penetration of light, reduce photosynthesis rate and possibly provide 

undesirable aesthetic effect (Manahan, 2010). High concentration of suspended solids 

could damage fish gills, diminish growth rate, decrease resistance to disease and inhibit 

the growth of eggs and larva (Bilotta and Brazier, 2008, Bala et al., 2015). In addition, 

the suspended solids which have high organic matter could potentially diminish the 

oxygen level in water bodies which can lead to serious ecological degradation (Grove et 

al., 2015). Organic matter can also be in the form of dissolved components (Garcia et al., 

2010). The amount of organic matter in wastewater is expressed as biochemical oxygen 

demand. The presence of pathogenic microorganisms in water bodies could potentially 

lead to the transmission of waterborne diseases (Kadlec and Wallace, 2008; Mara, 2013). 

Since the wastewater polluted by faeces mainly contains faecal and total coliforms, the 

number of the faecal and total coliforms are used as an indicator of pathogenic 

microorganisms in the wastewater (Mara, 2013). Therefore, it is crucial to reduce these 

pollutants from the effluents before final discharge to receiving water bodies. 

 

Constructed wetlands are potentially a good solution to deal with domestic wastewater 

problems (Kivaisi, 2001). A variety of pollutants can be removed with CWs through 

physical, chemical and biological mechanisms (Kadlec and Wallace, 2008). These 

removal processes occur via microbial degradation, plant uptake, adsorption, and 

filtration (Greenway, 2005; Vymazal, 2007; Saeed and Sun, 2012). Some authors have 

reported that CWs have the ability to remove more than 88% of suspended solids, 80 – 

90% of organic matter (80-99%) and more than 90% of the present bacteria (Karathanasis 

et al., 2003; Vymazal, 2009; Mburu et al., 2012; Abou-Elela et al., 2013). In CWs, media 
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control either the rate of water infiltration or retention time; filter sediments and 

particulates, provide sorption surfaces, surface biofilms and nutrient source for microbes 

(bacteria, fungi, protozoan, algae) and macrophytes (Arias et al., 2005; Kadlec and 

Wallace, 2008; Abou-Elela et al., 2013; Wu et al., 2015b). To enhance the properties of 

the media, augmenting material can be added. 

 

Biochar is one option that can be used in CWs as a media amendment because of its high 

surface area and richness of active surface functional groups. The pore size distribution 

of biochar can be classified into micropores, (<2 nm), mesopores (2 – 50 nm) and 

macropores (>50 nm) based on the diameter of the biochar (Lehmann and Joseph, 2012). 

The micropores play an important role in the adsorption capacity whereas macropores are 

a suitable place for a large variety of soil microorganisms and root hairs (Lehmann and 

Joseph, 2012). Consequently, organic matter entrapped on the biochar surface and within 

the macropores can be decomposed by microbes (Joseph et al., 2010). A study conducted 

by Reddy et al. (2014) using column experiments showed that biochar can remove 86% 

of total suspended solids (TSS) but was not efficient in removing coliforms (26%) from 

stormwater. Gupta et al. (2015) conducted laboratory experiments for horizontal flow 

CWs using biochar as a media and reported that the average suspended solid removal was 

98.6%. Nevertheless, there were no significant differences between woody biochar 

(Quercus sp) and gravel media for TSS and COD removals (Gupta et al., 2015). 

Dalahmeh et al. (2016) reported that a wood biochar filter which had a grain size of 1 – 5 

mm can remove 93% of BOD5 from greywater. Limited studies were found in the 

literature about the use of biochar as an augmenting material for constructed wetlands. 

Most of the studies reported the results of laboratory scale experiments and utilised 

synthetic wastewater. To address this knowledge gap, this chapter reports the findings of 

the experimental study conducted at a mesocosm scale over a 21 months’ period using 

sand media augmented with various proportions of biochar ranging for 0 – 25% by 

volume in removing TSS, BOD5, and coliforms.  

 

 Research Objectives 

This chapter aims to investigate the effectiveness of sand media amended with biochar 

and two types of plants (Melaleuca quinquenervia and Cymbopogon citratus) in 

removing BOD5, suspended solids (total and volatile) and coliforms (total and faecal) in 

vertical flow constructed wetland mesocosms. The objectives of this study were: 
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 To investigate the effect of the addition of biochar to the sand media in removing 

total suspended solids (TSS), total volatile solids (TVS), biochemical oxygen 

demand (BOD5), total coliforms (TC) and faecal coliforms (FC) from secondary 

clarified wastewater (SCW) and septage.  

 To investigate the optimal sand and biochar ratio for TSS, TVS, BOD5, TC, and 

FC removal. 

 

To address the objectives listed above this chapter will be divided into physicochemical, 

biochemical and biological parameters reports. 

 

 Physicochemical Parameters:  

The physicochemical parameters measured in this research were pH, dissolved oxygen 

(DO), conductivity and suspended solids (TSS and TVS). As described in Chapter 3, the 

experiment was conducted over two (2) phases: (1) continuous loading with secondary 

clarified wastewater (SCW) from March – October 2014 and (2) intermittent loading with 

septage from November 2014 – July 2015. The discussion for this section is broken down 

into the physicochemical parameters of the CW mesocosms loaded with SCW and 

septage. 

 

4.3.1 pH value 

The pH value is one of the determining factors that influence the performance of CWs. 

In CWs, the pH value could influence nitrogen and phosphorus removal via sorption, 

ammonification, nitrification and denitrification processes (Vohla et al., 2011; Saeed and 

Sun, 2012). Vymazal (2007) reported that the optimum pH value for ammonification rates 

ranged from 6.5 to 8.5. Meanwhile, Paul (2014) pointed out that nitrification and 

denitrification can optimally occur at a pH value of 6 – 8. In addition, microbial and plant 

growth could be affected by pH value and many plants and microbial grow well if the pH 

value is close to neutral (Ranieri et al., 2013; Meng et al., 2014; Yin et al., 2016).  

 

As shown in Figure 4.1a, the pH value in the inflows loaded with SCW ranged from 7.84 

to 8.26. For the outflows loaded with SCW, the pH value ranged from 7.42 (SCP) to 7.87 

BC25). The highest outflow of pH value was in the media amended with 25% of biochar 

(BC25) while sand media had the lowest pH value. Compared to the inflows, the outflows 

pH value dropped by 0.25 – 0.74 pH units. One-way ANOVA analysis (Appendix 6) 

showed that the pH value of the outflows of each treatment were significantly lower than 
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the inflows. The decrease of pH value in the outflows in comparison to the inflows could 

be influenced by the lower pH value of the media. The pH of the media ranged from 6.8 

– 7.2 (Table 3.4).  

 

Despite the trend showing a higher pH value in the outflow associated with an increase 

of biochar percentage amended in the sand media, one-way ANOVA analysis (Appendix 

6) showed that there were no significant differences of pH value in the outflows among 

the media treatments. Thus, the addition of biochar in the sand media did not significantly 

influence the pH value in the outflows.  

 

Figure 4.1b revealed that the inflow pH value loaded with septage was in the range of 

8.15 to 8.34. Meanwhile, the pH value of outflows varied between 7.80 (S100) and 8.15 

(BC25) (Figure 4.1b). Statistical analysis showed that significant differences of pH value 

were observed between inflows and outflows (Appendix 6). The observed pH ranges 

among the outflows of the seven treatments were within the range for microorganisms to 

conduct ammonification, nitrification and denitrification. Vymazal (2007) reported that 

the optimum pH value for ammonification rates ranged from 6.5 to 8.5. Meanwhile, Paul 

(2014) pointed out that nitrification and denitrification can optimally occur at a pH value 

of 6 – 8. 
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Figure 4.1 pH values (x ± SD) in the VF mesocosms with seven media treatments 

loaded with (a) secondary clarified wastewater and (b) septage 

 

4.3.2 Conductivity 

Conductivity refers to the ability of wastewater to carry an electrical flow and is measured 

on a scale from 0 – 50,000 µS/cm (Rim-Rukeh and Agbozu, 2013). This ability is directly 

related to the presence of ions in the water particularly for total concentrations, mobility 

and valence (APHA, 2005). The sources of conductivity ions are from dissolved salts and 

inorganic materials. Conductivity of freshwater generally ranges from 0 – 1500 µS/cm 

(EPA, 2012). In addition, conductivity of water that can be used for irrigation and 

livestock ranges from 800 – 2500 µS/cm.  

 

The inflow conductivity ranged from 1013 to 1210 µS/cm and 1402 to1618 µS/cm for VF 

mesocosms loaded with SCW and septage, respectively (Figure 4.2). Meanwhile, outflow 

conductivities of VF mesocosms loaded with SCW and septage were in the range of 897 (BC25) 

- 1206 (S100) µS/cm and 1398 (BC25) – 1555 (S100) µS/cm, respectively (Figure 4.2). The lack 

of any effect of biochar decomposition on conductivity is not surprising since it would be masked 

by the high EC of the wastewaters. One-way ANOVA analysis (Appendix 7) revealed that 

there were no significant differences of outflow conductivity among treatments. This 

condition occurred in the VF mesocosms loaded with both SCW and septage, confirming 

that the addition of biochar did not significantly affect the outflow conductivity.  
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Figure 4.2 Conductivity (µS/cm) (x ± SD) in VF mesocosms with seven media 

treatments loaded with (a) secondary clarified wastewater and (b) septage 
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4.3.3 Dissolved Oxygen Concentration 

The presence of oxygen in the water is a crucial factor for sustainability of living species 

in an aquatic ecosystem (Manahan, 2010), and it is represented by dissolved oxygen (DO) 

concentrations which is the amount of free oxygen (O2) contained in the water (mg/L). 

The DO concentration is influenced by the presence of phytoplankton, light penetration, 

nutrient availability, salinity, temperature, and water movement (Manahan, 2010; Rim-

Rukeh and Agbozu, 2013). The inflows of DO concentrations ranged from 5.9 to 6.8 

mg/L and 6.0 to 6.7 mg/L for the VF mesocosms loaded with SCW and septage, 

respectively (Figure 4.3). The outflow DO concentrations for the VF mesocosms loaded 

with SCW ranged from 5.7 – 7.0 mg/L while for the VF mesocosms loaded with septage 

the concentrations ranged from 6.1 – 6.9 mg/L (Figure 4.3). The high variability of DO 

concentrations could be due to the differences of temperatures, nutrient availability and 

the presence of microorganisms when the water samples were collected and analysed. In 

addition, DO concentrations were measured for the samples which were collected from 

the collection chamber which were stored for up to 2 weeks. Based on the one-way 

ANOVA test (Appendix 8), the DO outflow concentrations among the treatments were 

not significantly different, indicating that the addition of biochar in the sand media did 

not affect the dissolved oxygen concentrations.  
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Figure 4.3 Dissolved oxygen concentrations (mg/L) (x ± SD) in VF mesocosms with 

seven media treatments loaded with (a) secondary clarified wastewater and 

(b) septage 

4.3.4 Total Suspended Solids (TSS) and Total Volatile Solids (TVS) 

TSS and TVS removals are presented into two sections based on the loading phases; 

continuous loading with SCW and intermittent loading with septage. 

 

4.3.4.1 TSS and TVS: Continuous Secondary Clarified Wastewater Load (March 

– October 2014) 

Figure 4.4 shows that the inflows of TSS and TVS mean concentrations ranged from 29 

to 52 mg/L and 23.5 – 43.5 mg/L, respectively. The mean outflow concentrations of TSS 

and TVS from secondary wastewater effluent ranged from 5.7 (BC25) to 16.2 (S100) 

mg/L and 3.5 (BC25) to 11.4 (S100) mg/L (Figure 4.4). One-way ANOVA analysis 

revealed that there were significant differences between inflows and outflow 

concentrations (Appendix 9). The highest outflow concentration of TSS and TVS was 

observed in the pure sand media (S100) meanwhile the media amended with 25% of 

biochar (BC25) had the lowest outflow concentration. Despite the trend showing an 

increase of biochar content in the sand media associated with the decrease of outflow 

concentrations, there were no statistically significant differences of outflow of TSS and 

TVS concentrations among the treatments using secondary clarified wastewater 

(Appendix 9). This indicated that the addition of biochar in the sand media did not 
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considerably contribute to TSS and TVS removal. The percentage of TSS and TVS 

removal varied considerably, ranging from 60.5 (S100) to 88.9% (BC25) and 65.6 (S100) 

to 93.5% (BC25), respectively (Figure 4.5). This result was in the range obtained by 

Karathanasis et al. (2003) with the removal efficiency of TSS ranging from 46 – 90%.  

 

 

 

 

Figure 4.4 TSS (a) and TVS (b) (mg/L) concentrations (x ± SD) in VF mesocosms with 

seven media treatments loaded with secondary clarified wastewater 
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Figure 4.5 Percentage (%) of TSS (a) and TVS (b) removal in VF mesocosms with 

seven media treatments loaded with secondary clarified wastewater 
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4.3.4.2 TSS and TVS: Intermittent Septage Load (November 2014 – July 2015) 

The inflow concentrations of TSS and TVS loaded with septage ranged from 240 – 367 

mg/L and 116 – 212 mg/L, respectively (Figure 4.6). As shown in Figure 4.6, the mean 

outflows of TSS and TVS loaded with septage were in the range of 46.7 (BC25) – 126.0 

(S100) mg/L and 20.7 (BC25) – 75.0 (S100) mg/L respectively. The sand media (S100) 

had the highest concentration of TSS and TVS in the outflows, while the sand media 

augmented with 25% biochar (BC25) was the lowest. One-way ANOVA test (Appendix 

11) shows that significant differences of TSS and TVS outflow concentrations between 

treatments occurred when the media were loaded with septage (Table 4.1). This indicates 

that the addition of biochar into the media significantly reduced TSS and TVS 

concentration. The significant differences of TSS occurred between sand media (S100 

and SCP) and media with biochar. For TVS outflows, the significant differences took 

place between sand media (S100 and SCP) and the media amended with biochar exceeded 

15% (BC15). Table 4.1 illustrates the matrix of significant differences of TSS and TVS 

among the treatments. The removal efficiency of TSS ranged from 61(S100) – 83% 

(BC25) while for TVS the removal was from 58 (S100) to 84% (BC25) (Figure 4.7). A 

strong positive correlation (r = 0.871) was observed between the percentage of biochar 

augmented in the media and TSS removal efficiency (Appendix 10). This suggests that 

an increase of biochar percentage amended in the sand media is associated with the 

increase of removal efficiency.  
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Figure 4.6 TSS (a) and TVS (b) (mg/L) concentrations (x ± SD) in VF mesocosms with 

seven media treatments loaded with septage 
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Figure 4.7 Percentage (%) of TSS and TVS removal in VF mesocosms with seven 

media treatments loaded with septage 

 

Table 4.1 Significant differences of TSS and TVS among the seven media treatments 

loaded with septage (α < 0.05) 

 S100 SCP BC5 BC10 BC15 BC20 BC25 

S100 - - x x+ x+ x+ x + 

SCP   - - x x x+ x+ x + 

BC5 x x - - - - - 

BC10 x+ x - - - - - 

BC15 x+ x+ - - - - - 

BC20 x+ x+ - - - - - 

BC25 x+ x+ - - - - - 

x : significant difference of TSS (α < 0.05). 

+ : significant difference of TVS (α < 0.05). 

-  : no significant differences. 

 

Suspended solids in CWs are primarily removed by physical processes: filtration, 

sedimentation and interception (Kadlec and Wallace, 2008; Abou-Elela et al., 2013). 

There are many factors influencing the process of TSS removals in CWs. Surface area 
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and the presences of plants are important factors (Kadlec and Wallace, 2008). In this 

research, the addition of biochar on CW media was expected to increase the surface area 

of media, leading to increased efficiency of the TSS removal processes. However, there 

were no significant differences in TSS removal among the seven media treatments using 

secondary clarified wastewater. On the other hand significant differences were observed 

when the media were loaded with septage (Table 4.1). The addition of biochar provided 

a better performance in removing TSS and TVS when septage effluents were used. It 

could be due to the high concentration of TSS in the septage where the media amended 

with biochar was more effective in filtering the suspended solids. There was high positive 

correlation between TSS and TVS (r = 0.946 for the mesocosms loaded with SCW and r 

= 0.981 for the mesocosms loaded with septage). The high correlation also occurred 

between TVS and BOD with r = 0.921 and 0.930 for the mesocosms loaded with SCW 

and septage, respectively. The value of TSS/TVS in the mesocosms loaded with SCW 

and septage were 1.28 and 1.61. This indicates that suspended materials in the outflows 

mainly contained organic matter. This finding is in agreement with the results reported 

by Neralla et al. (2000). 

 

 Biochemical Parameters: Biochemical Oxygen Demand (BOD5) 

The biochemical parameter measured in this research was biochemical oxygen demand 

(BOD5). The BOD measurement was conducted after five (5) days incubation at 20oC.  

 

4.4.1 BOD5: Continuous Secondary Clarified Wastewater Load (March - 

October 2014) 

The BOD5 in the inflows (SCW) ranged from 121 to 247 mg/L and BOD5 in the outflows 

ranged from 9.3 (BC25) to 28.4 (S100) mg/L (Figure 4.8); the corresponding removal 

rates were 87% (S100) - 93% (BC25) as shown in Figure 4.9. The highest BOD5 removal 

was observed in the media with 25% biochar (BC25) and the lowest was in the sand 100% 

media (S100). The removal efficiency increased with the increase in biochar content as 

shown in Figure 4.9. Correlation analysis between biochar percentage and BOD removal 

efficiency revealed that there was a moderate correlation (r = 0.355) between the 

percentage of biochar and the BOD removal efficiency (p<0.05) (Appendix.13) Statistical 

analysis revealed that the mean values of the seven types of media were not significantly 

different (Appendix 12); thus indicating that the addition of biochar did not lead to a 

significant improvement in the BOD5 removal efficiency of the CWs. 
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Figure 4.8 BOD5 (mg/L) concentrations (x± SD) in VF mesocosms with seven media 

treatments loaded with secondary clarified wastewater 

 

 

Figure 4.9 Percentage (%) of BOD5 removal in VF mesocosms with seven media 

treatments loaded with secondary clarified wastewater 
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4.4.2 BOD5: Intermittent Septage Load (November 2014 - July 2015) 

Figure 4.10 shows that the inflows of BOD5 loaded with septage ranged from 399 – 488 

mg/L. The outflows of BOD5 were in the range of 35 (BC25) – 69 (S100) mg/L as shown 

in Figure 4.10. BOD5 removal efficiencies were between 86 (S100) and 91% (BC25) 

(Figure 4.11). The increase in percentage of biochar in the sand media led to the decrease 

of BOD5 concentration in the outflows. One-way ANOVA test (Appendix 14) shows that 

there were significant differences of outflow BOD5 concentrations among the seven types 

of media when loaded with septage (Table 4.2). The addition of 15%, 20% and 25% of 

biochar into the sand media significantly reduced the outflow BOD5 concentrations. The 

correlation between biochar percentage and BOD5 removal efficiency of the treatments 

loaded with septage (Appendix 13) revealed that there was a strong positive correlation 

between BOD5 removal efficiency and biochar percentage (r = 0.898) for the mesocosms 

loaded with septage. 

 

 

Figure 4.10 BOD5 (mg/L) concentrations (x ± SD) in VF mesocosms with seven media 

treatments loaded with septage 
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Figure 4.11 Percentage (%) of BOD5 removal in VF mesocosms with seven media 

treatments loaded with septage 

 

Table 4.2 Significant difference of BOD5 among the seven media treatments (α < 0.05) 

 S100 SCP BC5 BC10 BC15 BC20 BC25 

S100 - - -  x x x 

SCP   - - -  x x x 

BC5 - - - - - - - 

BC10 - - - - - - - 

BC15 x x - - - - - 

BC20 x x - - - - - 

BC25 x x - - - - - 

x : significant difference (α < 0.05). 

-  : no significant differences. 

 

The BOD5 removal efficiencies obtained in this study are similar to those reported by 

Abou-Elela et al. (2013) who found 92.9% and 93.6% removal by using VF constructed 

wetlands with a depth of 0.85 m planted with Canna and Phragmithes australis. Neralla 

et al. (2000) also reported 80-90% reduction in BOD5 with a 2-day retention time using a 

VF system planted with ornament plants. The process of BOD5 removal is influenced by 
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the combination of physical and microbial mechanisms (Trang et al., 2010). In this 

process, oxygen plays a crucial role in removing organic matter via aerobic degradation. 

In VF mesocosms, the oxygen can be supplied from atmospheric diffusion, convection, 

and plant rhizosphere (Saeed and Sun, 2012).  

 

The high removal efficiency of BOD5 can be attained at low hydraulic loading rates 

(HLR) (Weerakoon et al., 2016). In this research, the HLR applied was 0.064 m/day and 

0.04 m/day for the mesocosms loaded with SCW and septage, respectively. This 

condition allowed enough contact time between the wastewater and the media. The 

addition of biochar in the sand media may have assisted in decreasing the outflow BOD5 

concentrations when the septage was loaded into the mesocosms. Laird et al. (2010) 

suggested that the organic materials could be absorbed into the surface area of the biochar. 

Significant reduction of BOD5 in outflow when loaded with septage could be due to 

adsorption of organic materials from septage onto the surface area of the sand media 

amended with biochar. The intermittent loading regime would have provided more 

oxygen to the media allowing microorganisms to rapidly break down the organic matter 

(Hu et al. 2014b). 

 

 Biological Parameter: Coliforms  

Figure 4.12 shows coliform populations (log units) in the VF mesocosms with seven 

media treatments: total coliforms loaded continuously with SCW (April – October 2014), 

and faecal coliforms loaded intermittently with septage (November 2014 - January 2015).  

 

4.5.1 Total Coliforms: Continuous Secondary Clarified Wastewater Load 

(March - October 2014) 

As shown in Figure 4.12, the mean of total coliforms (TC) counts from the inflow in the 

SCW ranged between 4.54 and 4.66 log units (Figure 4.16). The mean of TC counts from 

the outflows ranged from 2.94 (BC25) – 3.70 (S100) log units. Statistical analysis showed 

that the TC counts in the outflows were significantly lower than inflows (Appendix 15). 

The TC counts in the outflows decreased with the increase of biochar content. However, 

one-way ANOVA analysis (Appendix 15) showed no significant differences among the 

treatments; suggesting that the addition of biochar did not contribute to significant 

improvement of total coliform removal.  
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4.5.2 Faecal Coliforms: Intermittent Septage Load (November 2014 - June 2015) 

Figure 4.12 shows that the mean of the faecal coliforms (FC) counts from the inflows 

loaded with septage were from 4.28 – 4.44 log units. The mean of FC loaded with septage 

from the outflow ranged from 2.30 (BC25) – 3.69 (S100) log units. One-way ANOVA 

analysis revealed that there were significant differences of FC counts between inflows 

and outflows for the seven treatments (Table 4.3). In addition, the FC counts among the 

treatments were significantly reduced. Thus, the addition of biochar in the sand media 

improved the performance of the treatments by reducing faecal coliforms. Table 4.3 

shows the matrix of significant differences of FC among the treatments. Correlation 

analysis revealed that FC removal efficiencies were highly correlated with biochar 

percentage (r = 0.898) for the mesocosms loaded with septage (Appendix 16) meaning 

that a higher percentage of biochar augmented in the sand media led to the increase of FC 

removal efficiency. The properties of the biochar in the micropores and macropores could 

increase the removal efficiency via physical, chemical and biological processes. 

Micropores could play an important role in the processes of mechanical filtration and 

adsorption while macropores could play a crucial role in the biological processes by 

providing a suitable space for root hairs and predators. 

Table 4.3 Significant differences of faecal coliforms among the seven media treatments 

loaded with septage (α < 0.05). 

S100 SCP BC5 BC10 BC15 BC20 BC25 

S100 - - x x x x x 

SCP  - - - x x x x 

BC5 x - - - - - - 

BC10 x x - - - - - 

BC15 x x - - - - - 

BC20 x x - - - - - 

BC25 x x - - - - - 

x : Significant difference (α < 0.05). 

- : No significant differences.

In comparison with the inflows, the TC counts in the outflows loaded with SCW dropped 

by 0.94 – 1.70 log units. Meanwhile the FC counts loaded with septage were dropped by 

0.66 – 1.99 log units. These results corresponded to the removal percentages of 88 (S100) 

– 98 %(BC25) and 80 (S100) – 99 % (BC25, for the mesocosms loaded with SCW and
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septage, respectively. The high removal percentage of TC and FC could be due to several 

factors that occurred simultaneously; finer filter media and lower hydraulic loading rate 

(HLR). In this research, more than 85% of the media had a diameter with less than 2,000 

µm (see Section 3.2.6.3). The finer media in the seven treatments increased the surface 

area leading to the increased availability of adsorption spaces on the sand media and the 

biofilm attached to the sand. It means that the retention of coliforms in the mesocosms 

may have occurred via mechanical filtering and adsorption processes. The HLR used in 

this research were 0.064 and 0.04 m/day for the mesocosms loaded with SCW and 

septage, respectively. This result was lower than the results of Langenbach et al. (2009) 

who reported feacal coliform removal of 98.6 – 99.8%. Langenbach et al. (2009) used 

fine sand materials (90% diameter less than 670 µm) at HLRs of 0.05 – 0.1 m/h. The 

presence of Melaleuca tree (Melaleuca quinquenervia) and Lemongrass (Cymbopogon 

citratus) might influence the high removal of TC and FC in the seven different treatments. 

The removal of TC and FC could be via bacterial activity in the rhizosphere, filtration 

proceeses by the plant roots and the existence of antibiotic exudates in rhizosphere (Vacca 

et al., 2005; Wu et al., 2016). 

 

The sand media amended with biochar in the first eight months loaded with SCW did not 

influence the removal of total coliforms. However, there were significant differences in 

coliform reduction among the treatments after the VF mesocosms were loaded with 

septage. The composition of wastewater could be the factors that influence the survival 

of FC in the mesocosms. Compared to SCW, septage has high concentration of suspended 

solids, organic matter and nutrients. Another possible factor to explain this phenomenon 

is the operation period. The longer operation period could improve the removal efficiency 

of the system in removing pathogen. This phenomenon has been reported by Seeger et al. 

(2016) where improved removal efficiency of coliforms only after a longer operation 

period. The presence and maturity of the plants in the CW systems also provided an 

advantage for coliform reduction. 
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Figure 4.12 Mean log population of total coliforms (CFU/100 ml) (April – October 

2014) and faecal coliforms (November 2014 – January 2015) in VF 

mesocosm media treatments 

SCW = Secondary clarified wastewater        STG  = Septage 

CL    = Continuous loading                              IL     = Intermittent loading 

TC    = Total coliforms                                    FC   = Faecal coliforms 

 

 

 Conclusions 

The performances of the seven media treatments were evaluated based on the percentage 

of biochar added to the sand media. The results revealed that both sand and sand amended 

with biochar were successful in reducing TSS, TVS, BOD5, and total coliforms. 

Although, a trend was observed indicating that higher biochar content led to better 

performance, there were no statistically significant differences between the media 

treatments when secondary clarified wastewater was loaded. Nevertheless, there was a 

statistically significant improvement when septage was loaded. This suggested that the 

presence of biochar reduced TSS, TVS, BOD5, and total coliforms concentrations in the 

outflows. In addition, regression analysis showed that there was a correlation between the 

proportion of biochar in the sand media and removal efficiency of BOD5, TSS and 

coliforms.  
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CHAPTER 5  

5 PHOSPHORUS REMOVAL 

 

 Introduction  

Phosphorus (P) is an essential macronutrient that is needed for living organisms. This 

element is widely used in agricultural activities particularly for the production of 

fertilisers and pesticides (Garfí and Puigagut, 2016). Nevertheless, excessive phosphorus 

in water bodies leads to eutrophication that can be detrimental to aquatic ecosystems 

(Vohla et al., 2011; Ramasahayam et al., 2014). Ayaz et al. (2012) reported that 

eutrophication in receiving water bodies may occur when phosphorus concentrations are 

more than 6 mg/L. The main sources of phosphorus released into the environment come 

from domestic wastewater and agricultural activities. Therefore, treatment to remove 

phosphorus from domestic wastewater to achieve the admissible water quality standard 

is needed. 

 

Constructed wetlands are easy to implement technologies which have been proven as 

efficient technologies for wastewater treatment. The removal of phosphorus in CWs is 

closely related to the physical-chemical properties of the substrate media because 

phosphorus mainly undergoes sorption and/or precipitation mechanisms (Ballantine and 

Tanner, 2010; Vohla et al., 2011). Thus, both natural and man-made materials have been 

used as a media to enhance and enable long term phosphorus removal (Lucas and 

Greenway, 2010; Vohla et al., 2011; Ayaz et al., 2012; Martín et al., 2013a; Cui et al., 

2015). 

 

Li et al. (2013) investigated phosphorus removal of vertical flow CWs using water 

quenched slag (WQS) media planted with Canna indica L loaded with domestic sewage 

and found that the removal efficiency of phosphorus was 85%. Zhu et al. (2013) studied 

phosphorus removal from domestic wastewater using vertical flow CWs planted with 

Canna indica L. The media consisted of four layers; 10 cm of gravel was placed at the 

bottom; followed by 10 cm of cinder; next, 12 cm of ceramsite; and 6 cm of sand on the 

top. The results revealed total phosphorus (TP) removal efficiencies ranged from 78 to 

84%. Abdelhakeem et al. (2016) compared the phosphorus removal efficiencies of gravel 

and vermiculite media planted with Phragmites australis loaded with raw sewage and 

found that the TP removals were 19 and 31% for gravel and vermiculite, respectively. 
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Jóźwiakowski et al. (2017) investigated the efficiency of different particle sizes of 

carbonate-silica rock media in removing phosphorus from domestic wastewater and 

found that the best removal efficiency (97%) was achieved with a grain diameter of 5 – 

10 mm. 

 

It is important to select a proper media that can significantly remove phosphorus from 

wastewater. Biochar could be a suitable media amendment to improve phosphorus 

removal. Biochar has been reported to adsorb nitrate (NO3
-), ammonium (NH4

+), and 

phosphate (PO4
3-) (Mizuta et al., 2004; Lehmann and Joseph, 2012; Chintala et al., 2014). 

Based on laboratory experiments, Yao et al. (2011a) reported that biochar prepared at 

600oC from digested sugar beet tailings (DSTC) had better phosphate removal ability 

(73%) than activated carbon prepared from coconut shell. Batch sorption experiments 

with different shaking times (1, 8, 24 hours and 1 week) conducted by Sarkhot et al. 

(2013) showed that hardwood-biochar prepared via slow pyrolysis (at 300oC and 

residence time 8-12 h) can adsorb 50% and 96% of PO4
3- solution from manure and 

synthetic solution, respectively. Chintala et al. (2014) compared P-sorption efficiency of 

different types of biochar produced using fast pyrolysis at 650oC and reported that the P-

sorption efficiency of biochar of corn stover (Zea mays L) and switch grass (Panicum 

virgatum L) were 79% and 76%, respectively. These findings suggest that biochar may 

enhance phosphorus removal from wastewater. Limited literature was found on the effect 

of biochar on the performance of constructed wetlands to remove phosphorus from 

wastewater (Gupta et al., 2015). These studies were conducted in a controlled laboratory 

scale environment and mostly used synthetic wastewater. This chapter reports the 

findings of the effectiveness of sand media amended with various proportions of biochar 

and two plant species (Melaleuca quinquenervia and Cymbopogon citratus) in removing 

phosphorus. The experimental design and the methods used for the analyses are presented 

in Chapter 3. 

 

 Research Objectives 

The aim of this chapter was to investigate the effectiveness of sand media amended with 

biochar and two types of plants (Melaleuca quinquenervia and Cymbopogon citratus) in 

vertical flow (VF) mesocosms for phosphorus removal.  
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 The objectives of this study were: 

 To investigate the effect of the addition of biochar to sand media in removing 

phosphorus from secondary clarified wastewater (SCW) and septage and to 

investigate the optimal sand and biochar ratio for phosphorus removal efficiency. 

 To investigate the spatial and temporal phosphorus concentrations in the seven 

different media. 

 To investigate the spatial distribution of microbial P in the seven different media 

sand media. 

 To investigate the amount of phosphorus accumulated in the plants (Melaleuca 

quinquenervia and Cymbopogon citratus) for various percentages of biochar 

amended media when loaded with wastewater. 

 

 Phosphorus (TP and PO4-P): Water Samples 

Phosphorus removal efficiency of sand media amended with biochar (0 - 25% v/v) was 

investigated. The study comprised of two stages: during the first stage (March – October 

2014), the VF mesocosms were loaded continuously with SCW while the second stage 

(November 2014 – July 2015) the VF mesocosms were loaded with septage. The inflow 

of TP and PO4-P concentrations in the secondary clarified wastewater (SCW) and septage 

are shown in Table 5.1. PO4-P contributed 67.4 – 98.9 % of TP in the SCW and 76.4 – 

86.4 % of TP in the septage.  

 

Table 5.1 Inflow concentrations of TP and PO4-P (mg/L) and percentage of PO4-P (x ± 

SD) in secondary clarified wastewater and septage 

Date  
SCW Date  Septage 

TP PO4-P %PO4  TP PO4-P %PO4 

12, Mar 14 7.5±2.5 4.7±0.7 67.4±22 4, Nov 14 25.2±2.4 21.8±1.2 86.4±3.5 

27, Mar 14 9.1±0.2 4.4±0.3 70.1±4.6 7, Dec 14 25.3±1.8 21.3±1.3 84.2±11 

14, Apr 14 7.3±0.4 5.0±0.2 68.2±2.8 5, Jan 15 25.7±2.0 20.2±1.5 78.8±5.9 

3, May 14 5.1±0.2 5.0±0.3 98.9±0.9 5, Feb 15 22.8±1.8 18.8±1.4 82.1±5.4 

23, May 14 6.0±0.2 4.7±0.1 78.7±3.2 4, Mar 15 26.3±2.2 20.1±1.9 76.4±1.0 

6, June 14 5.5±0.4 5.1±0.2 98.4±0.5 15, Apr 15 26.2±0.9 21.8±0.4 82.9±1.2 

2 , Aug 14 5.6±0.3 4.8±0.2 84.8±6.6 10, May 15 23.2±1.5 19.7±1.4 84.6±1.2 

5, Sept 14 6.4±0.9 5.7±0.3 89.4±3.8 7, Jun 15 23.3±0.5 18.8±0.6 80.4±4.6 

5, Oct 14 6.4±0.1 6.0±0.1 93.7±0.6 9, Jul 15 22.5±1.6 18.2±0.9 81.1±6.7 
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5.3.1 TP and PO4-P: Continuous Secondary Clarified Wastewater Load (March-

October 2014) 

Inflow concentrations of TP and PO4-P loaded with SCW were in the range of 5.1 – 9.1 

mg/L and 4.4 and 6.0 mg/L, respectively. The mean outflows of TP and PO4-P from SCW 

ranged from 0.56 (SCP) - 4.23 (BC25) mg/L and 0.51 (S100) – 3.48 (BC25) mg/L, 

respectively (Figure 5.1). As shown in Figure 5.1, outflow concentrations of TP and PO4-

P from sand media without addition of biochar (S100 and SCP) were lower than that from 

media containing biochar at various percentages (BC5, BC10, BC15, BC20 and BC25). 

The highest outflow concentrations of TP and PO4-P were in the sand media with 25% of 

biochar (BC25) meanwhile the lowest outflow concentrations were in the sand media 

without addition of biochar (SCP). It was found that, increasing the percentage of biochar 

in sand media led to an increase of TP and PO4-P concentration in the outflows. Based on 

One-way ANOVA analysis (Appendix 17), there were significant differences in TP and 

PO4-P outflow concentrations among the VF-mesocosm treatments when loaded with 

SCW (Table 5.2). Post hoc tests indicated that the performance of TP and PO4-P reduction 

was significantly better in the media with no addition of biochar.  

 

Figure 5.2 shows the removal efficiencies of TP and PO4-P in the seven types of VF 

mesocosms loaded with secondary clarified wastewater. An inverse relationship was 

observed between TP and PO4-P removal efficiency of the media and biochar content. 

The correlation coefficients (r) for TP and PO4-P were 0.771 and 0.753, respectively 

(Appendix 19). Removal efficiencies of TP and PO4-P were in the range of 42.1 (BC25) 

- 90.8% (SCP) and 43.4 (BC25) - 91.7% (S100), respectively. This result was in the range 

obtained by Ayaz et al. (2012) who reported that in the VFCW, the removal efficiency of 

PO4-P from domestic wastewater ranged from 60 - 90% for the first three months. They 

used gravel, marble stone, zeolite and iron slag as a media and 2.2 days for HRT. In 

addition, Lucas and Greenway (2010) reported that the cumulative PO4-P retention in the 

sand media amended with red mud and Krasnozem soil ranged from 79% to 95%, whereas 

the PO4-P retention was in the range of 95- 99% for the media amended with water 

treatment residuals after monitoring for 80 weeks. In this research, TP and PO4-P removal 

efficiency was high initially and tended to decrease after loading for several months, 

indicating the depletion of adsorption sites on the media. 
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Figure 5.1 TP (a) and PO4-P (b) concentrations (mg/L) (x + SD) in VF mesocosms with 

seven media treatments loaded with secondary clarified wastewater 
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Table 5.2 Significant differences of TP and PO4-P loaded with secondary clarified 

wastewater among the seven media treatments (α < 0.05) 

 S100 SCP BC5 BC10 BC15 BC20 BC25 

S100 - - - + x+ x+ x+ 

SCP - - - x+ x+ x+ x+ 

BC5 - - - - - + x+ 

BC10 + x+ - - - - x+ 

BC15 x+ x+ - - - - + 

BC20 x+ x+ + - - - - 

BC25 x+ x+ x+ x+ + - - 

x : significant difference of TP (α < 0.05). 

+ : significant difference of PO4-P (α < 0.05). 

-  : no significant differences. 
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Figure 5.2 Percentage (%) of TP (a) and PO4-P (b) removal in VF mesocosms with 

seven media treatments loaded with secondary clarified wastewater 

 

5.3.2 TP and PO4-P: Intermittent Septage Load (November 2014 – July 2015) 

Figure 5.3 shows that TP and PO4-P concentrations in the inflows ranged from 22.5 – 

26.3 mg/L and 18.2 – 21.8 mg/L, respectively. The outflow concentrations of TP were in 

the range of 4.8 (SCP) - 15.9 (BC25) mg/L, while for PO4-P, the outflow concentrations 

ranged from 4.3 (SCP) to 14.7 (BC25) mg/L. From November 2014 to beginning of 

February 2015, the trend of outflow concentrations in all treatments was increasing. 

However, between 19 and 21 February 2015, a heavy rain storm (190 mm) occurred. 

After the rain event, the samples taken on 22 February showed a high concentration of 

both TP and PO4-P, ranging from 22.2 (BC15) – 24.1 (BC25) mg/L and 15.4 (BC20) – 

17.5 (BC5) mg/L, respectively (Figure 5.3). This suggested the rain event may have 

caused leaching (desorption) of TP and PO4-P from the media. As a result, more binding 

sites became available. Thus, subsequent samples showed higher phosphorus (TP and 

PO4-P) removal rates. This phenomenon is most likely similar to the “reset mechanisms” 

described by Lucas and Greenway (2010). This condition led to decrease of the outflow 

concentrations of phosphorus in most treatments after flushing with storm water.  

 

Figure 5.3 shows that biochar amended media (BC5, BC10, BC15, BC20 and BC25) had 
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higher TP and PO4-P concentrations in the outflows. Statistical analysis (Appendix 18) 

revealed significant differences of TP and PO4-P outflows among the VF-mesocosm 

treatments when loaded with septage. Table 5.3 shows the matrix of significant 

differences of TP and PO4-P among treatments. 

 

 

 

 

Figure 5.3 TP (a) and PO4-P (b) concentrations (mg/L) (x + SD) in VF mesocosms with 

seven media treatments loaded with septage 

HR = Heavy rainfall/ flushing event 
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In the case of the outflow concentrations after the heavy rain event (Figure 5.3), the 

outflow concentrations of TP and PO4-P for the media with no addition of biochar (S100 

and SCP) and media amended with biochar (BC20) were not significantly different with 

concentrations ranging from 6.8 to 9.8 (BC20) mg/L and 5.6 (S100) to 8.5 (BC20) mg/ L 

for TP and PO4-P, respectively. Other heavy rain events occurred on 1st and 3rd April 2015 

(154 mm) and on the 2ndof May 2015 (193 mm) (BOM, 2016). This suggested that reset 

mechanisms also influenced the outflow concentrations of phosphorus. 

 

TP and PO4-P removal efficiencies loaded with septage ranged from 31 (BC25) – 82% 

(SCP) and 35(BC25) – 85% (SCP), respectively (Figure 5.4). Sand media (S100 and SCP) 

had the highest removal efficiency while the lowest removal efficiency was in the sand 

media with 25% of biochar (BC25). The correlation coefficient of TP and PO4-P removal 

efficiencies versus percentage of biochar in the sand media were 0.607 and 0.598, 

respectively (Appendix 19), indicating strong linear correlation between removal 

efficiency and percentage of biochar. The trend showed that TP and PO4-P removal 

efficiencies among treatments decreased from November 2014 to February 2015 which 

indicates that more phosphorus had been adsorbed into the binding sites of the media. 

However, the removal efficiency of phosphorus (TP and PO4-P) increased for the samples 

taken in March 2015, following the flushing event due to heavy rain. Removal efficiency 

of TP and PO4-P collected before (5 February 2015) and after (4 March 2015) heavy rain 

events were compared using statistical t-test in each media and the results showed that 

there was a significant increase of phosphorus removal efficiency after a flushing event. 

Although there were no significant differences of TP and PO4-P between pure sand media 

and BC20, the removal efficiency of sand media amended with 20% of biochar tended to 

increase and almost reach the removal efficiency of pure sand media after the flushing 

event. This could be due to more binding sites in the media particularly BC20 becoming 

more available due to the reset mechanisms. Lucas and Greenway (2010) pointed out that 

media properties determined a long-term performance of P retention. The change of 

physical and chemical properties of the media amended with biochar particularly their 

binding sites could be the other factor influencing the improvement of removal efficiency 

by BC20. Furthermore, the rain event may have caused flushing of liquid C compounds 

from the media thus freeing more adsorption sites for other anions such as phosphates. 

Cheng et al. (2014) reported that long-term exposure of biochar in the soils had a 

significant effect on physicochemical structure and sorption properties. Therefore, further 
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research should be conducted to investigate the long term application of sand media 

amended with biochar in removing phosphorus.  

 

Table 5.3 Significant differences of TP and PO4-P loaded with septage among the seven 

media treatments (α < 0.05). 

 S100 SCP BC5 BC10 BC15 BC20 BC25 

S100 - - - - x+ x+ x+ 

SCP   - - - - x+ x+ x+ 

BC5 - - - - + + x+ 

BC10 - - - - - - x+ 

BC15 x+ x+ + - - - x+ 

BC20 x+ x+ + - - - - 

BC25 x+ x+ x+ x+ x+ - - 

x : significant difference of TP (α < 0.05). 

+ : significant difference of PO4-P (α < 0.05). 

-  : no significant differences. 

-  
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Figure 5.4 Percentage (%) of TP (a) and PO4-P (b) removal in VF mesocosms with 

seven media treatments loaded with septage 

NB: mesocosms for BC5; BC10; BC15; and BC25 were harvested in March 2015. 

 

 Phosphorus: Media Samples  

Figure 5.5 shows the P concentrations (extractable bicarbonate P) at three different depths 

among seven treatments. The extractable P refers to available P in the media (Bashour 

and Sayegh, 2007). The extractable bicarbonate P concentrations ranged from 67 (BC25) 

to 86 (S100) mg/kg for the depth of 0 – 10 cm, 47 (BC25) – 67 (S100) mg/kg for the 

depth of 10 – 20 cm, and 15 (BC25) – 20 (S100) mg/kg for the depth of 20 – 30 cm. The 

highest extractable bicarbonate P concentrations were in the top 0 – 10 cm and decreased 

with depth. One-way ANOVA tests (Appendix 20) showed that significant differences of 

extractable bicarbonate P concentrations were observed at different depths in each 

treatment (Table 5.4). The highest concentrations of phosphorus in the top of the media 

could be due to the vertical loading, whereby the phosphate would be adsorbed first. The 

decrease of the phosphorus concentrations in the media with depth has been reported by 

several authors (Rubæk et al., 2013; Cade-Menun et al., 2015; Groppo et al., 2015). 

 

Pure sand media (S100) had the highest P concentrations while media with 25% biochar 

(BC25) had the lowest P concentration. This confirms that more phosphorus is adsorbed 

in the pure sand media. One-way ANOVA showed significant differences among media 
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treatments (Table 5.5). The significant differences were more obvious at a depth of 0 – 

20 cm.  

 

Table 5.4 Significant differences of P concentrations in the media at three different 

depths in each treatment 

Comparison  

between depth 

Media 

S100 SCP BC5 BC10 BC15 BC20 BC25 

0 - 10 cm and 10 - 20 cm x x x x x x x 

0 – 10 cm and 20 – 30 cm x x x x x x x 

10 – 20 cm and 20 – 30 cm x x x x x x x 

x : significant difference of P concentrations (α < 0.05). 

-  : no significant differences. 

 

 

Figure 5.5 Extractable bicarbonate P concentrations (mg/kg) (x + SD) at three different 

depths of seven media treatments of VF mesocosms with continuous 

saturation (August 2014)  
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Table 5.5 Significant differences of phosphorus at each depth in different treatments (α 

< 0.05) 

 S100 SCP BC5 BC10 BC15 BC20 BC25 

S100 - - x+ x+ x+√ x+√ x+√ 

SCP  - - x+ x+ x+√ x+√ x+√ 

BC5 x+ x+ - - x x+ x+ 

BC10 x+ x+ - - - + x+ 

BC15 x+√ x+√ x - - - - 

BC20 x+√ x+√ x+ + - - - 

BC25 x+√ x+√ x+ x+ - - - 

x : significant difference of P among treatments in 0 -10 cm (α < 0.05). 

+ : significant difference of P among treatments in 10 -20 cm (α < 0.05). 

√ : significant difference of P among treatments in 20 -30 cm (α < 0.05) 

-  : no significant differences. 

 

Figure 5.6 shows the concentration of TP in November 2013, August 2014 and March 

2015. The concentrations of TP in the media collected in November 2013 ranged from 27 

(S100) to 30 mg/kg (BC25). After loading with SCW for six months, the samples taken 

in August 2014 showed that the concentrations of TP in the media increased and ranged 

from 69 (BC25) to 84 mg/kg (S100). TP concentration in each treatment collected in 

March 2015 decreased due to a rainfall event which occurred between 19 and 22 February 

2015. TP concentration in March 2015 ranged from 47 (BC25) to 55 mg/kg (SCP). 

 

Soil TP concentration in August 2014 showed that sand media with 25% of biochar (BC5) 

had the lowest TP concentration while pure sand media had the highest TP concentration 

(Figure 5.6). This indicated that more phosphorus adsorbed in the pure sand media. TP 

concentrations were expected to increase when the media was loaded with septage. 

However, TP in the media was released when the rainfall event occurred in February 

2015. 
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Figure 5.6 Concentration of TP (mg/kg) (x + SD) in VF mesocosms with seven 

treatments in the media  

 

The potential capacity of media in removing phosphorus from wastewater depends on the 

number of available sites on the media surface, and the charge of the sites (Kadlec and 

Wallace, 2008). Adsorption processes in the media are influenced by the surface 

functional groups of the media which can be classified as organic (carboxyl, carbonyl, 

phenolic) or inorganic molecular units (Sparks, 2003). Since the media plays a significant 

role in removing phosphorus, the characteristics of the media in VF mesocosm systems 

are necessary to understand.  

 

TP and PO4-P removal was significantly better in the media with no addition of biochar 

when loaded with SCW and septage. Bradley et al. (2015) reported that an increased level 

of biochar in the sand media increased TP leaching. Sand is dominated by quartz and is 

generally considered as neutral charge (Phillips and Chen, 2010). The bonding between 

sand media and phosphorus could be classified as loosely bound. Meanwhile biochar 

contains carbon compounds which are rich of electrons. It means that the PO4-P can be 

leached in both sand and biochar media. In comparison with sand media amended with 

biochar which imparts electrons, PO4-P prefers to bind with pure sand media which 

mainly has neutral charges. 

 

The phosphorus removal mechanisms that might occur are adsorption and biological 

(plant and microbes) uptake and precipitation. Adsorption of phosphorus in biochar at the 

laboratory scale has been reported by several authors (Yao et al., 2011a; Sarkhot et al., 
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2013; Chintala et al., 2014). However, pollutant removal by biochar via adsorption 

mechanism is not universal depending on several factors; (1) properties of the biochar 

including parent biomass, pyrolysis temperature and residence time, (2) the solution pH, 

(3) coexisting anions, (4) dosage adsorbent and (5) temperature (Tan et al., 2015). Sarkhot 

et al. (2013) reported that biochar only adsorbed half of the phosphate in a manure 

solution in comparison with a phosphate synthetic solution, suggesting competition from 

other anions for exchange sites on the biochar surface. Yao et al. (2012) reported that 

biochar had little adsorption ability to phosphate and nitrate due to its negative surface 

charge, allowing the biochar to be more effective at removing cationic species. 

 

The lower P removal of the sand media amended with biochar in comparison with pure 

sand media could be due to the chemical composition of both the biochar and the 

wastewater. In the sand media amended with biochar, the surface area of the sand 

interacted with the biochar, thus the addition of biochar in the sand media could influence 

the soil environment. The higher proportion of biochar in the media increased the 

interaction between biochar particles and the wastewater. In general, biochar surface 

contains carbonyl, carboxylate, hydroxyl, and ether functional groups (Bouchelta et al., 

2008). The FTIR spectra of biochar in this research contained stretching in C-H2, C-O, 

C=O and aromatic C-H groups, indicating that the functional groups that existed in the 

biochar surfaces could be carbonyl, carboxyl, aldehyde, ketones and esters and aromatic 

(Figure 3.7a). Carboxyl groups contribute to negative surface charges (Kloss et al., 2012) 

and these functional groups could play an important role when the biochar interacted with 

wastewater through Coulombic, dipole and hydrogen bonding. Consequently, presence 

of these functional groups on the biochar surface could lead to repulsion of negatively 

charged ions like phosphate. 

 

Competition with other compounds for exchange sites on the biochar surface is the other 

factor that should be considered. Tarkalson and Leytem (2009) studied P mobility in 

sandy loam soil with dairy manure application and suggested that liquid C compound 

which mainly consisted of carboxyl, phenolic and aromatic ring structure is adsorbed by 

the soil surface which reduced the ability of the soil to adsorb P. In this research, liquid 

C compound from SCW and septage could reduce the ability of the media to adsorb 

phosphorus. In addition, at elevated pH, bicarbonate anions may be present in high 

concentrations and these can compete with P for adsorption sites. 
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 Microbial-P 

Microbial P biomass decreased sharply with depth from 6.2 (S100) -13.9 (BC25) mg/kg 

in the top 0-10 cm depth to 0.5 (S100) – 1.2 (BC25) mg/kg in the 20 – 30 cm depth (Figure 

5.7). Since the mesocosms were loaded continuously, a saturated zone occurred in the 

media. Anaerobic conditions in the deeper parts of the media are likely to prevail, thus 

the rapid decrease of microbial P biomass with depth could be due to the anaerobic 

conditions. Statistical analysis (Appendix 21) showed significant differences of microbial 

activity at different depths in each treatment (Table 5.6). Similar patterns of microbial 

biomass decline with depth were reported by Tietz et al. (2008) who found a rapid 

decrease of bacterial cells between 1 cm and 50 cm depth of the media in three different 

types of CW systems (planted CW, unplanted, and outdoor CW). The higher content of 

microbial biomass found in the upper 10 cm layer is attributed to: (1) the vertical loading 

which provides a higher availability of organic matter, nutrients and oxygen supply which 

stimulate the growth of microbes (Tietz et al., 2008; Faulwetter et al., 2009) and (2) the 

filtration process which entrap the bacteria embedded in the solids (Foladori et al., 2015). 

 

Microbial P was highest in the media with 25% of biochar (BC25) and lowest in the media 

without addition of biochar (S100 and SCP). The increase of biochar percentage in the 

media resulted in an increased microbial-P. This was most pronounced at the 0 – 10 cm 

and 10 – 20 cm media depth but there were no significant differences among the media 

treatments at 20 -30 cm media depth (Table 5.7). This indicated that the presence of 

biochar in the sand media encouraged microbial growth particularly in the upper 20 cm. 

Increase of microbial population in soil amended with biochar has been reported by 

several authors (Lehmann et al., 2011; Lehmann and Joseph, 2012; Xu et al., 2014; Ducey 

et al., 2015). Microorganisms tend to live in the porous structure of the biochar which 

serves as a habitat for soil microorganisms and protected the microorganisms from 

microarthropods (Gul et al., 2015). In addition, the mesopores and micropores of biochar 

could store water, dissolved substances and organic matter that are required for microbial 

metabolisms (Joseph et al., 2010; Gul et al., 2015). 
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Table 5.6 Significant differences of microbial P among different depths in each 

treatment 

Comparison  

between depth 

Media 

S100 SCP BC5 BC10 BC15 BC20 BC25 

0 - 10 cm and 10 - 20 cm x x x x x x x 

0 – 10 cm and 20 – 30 cm x x x x x x x 

10 – 20 cm and 20 – 30 cm - - x x x x x 

x : significant difference of microbial P (α < 0.05). 

-  : no significant differences. 

-  

 

Figure 5.7 Microbial-P (mg/kg) (x + SD) in three different depths of seven media 

treatments of VF mesocosms with continuous saturation (August 2014)  
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Table 5.7 Significant differences of microbial P at each depth in different treatments (α 

< 0.05) 

 S100 SCP BC5 BC10 BC15 BC20 BC25 

S100 - - x x x+ x+ x+ 

SCP  - - x x x+ x+ x+ 

BC5 x x - - x x x 

BC10 x x - - - x x 

BC15 x+ x+ x - - - x 

BC20 x+ x+ x x - - - 

BC25 x+ x+ x x - - - 

x : significant difference of microbial P among treatments in 0 -10 cm (α < 0.05). 

+ : significant difference of microbial P among treatments in 10 -20 cm (α < 0.05). 

√ : significant difference of microbial P among treatments in 20 -30 cm (α < 0.05) 

-  : no significant differences. 

 

Although the presence of biochar in the sand media had an increased microbial-P, the 

abundance of microbial-P in the media with a high percentage of biochar did not provide 

a significant contribution of phosphorus removal. Henderson (2008) reported that the 

rates of microbial uptake of the nutrients were higher than plant uptake. However, in 

comparison to plant uptake, microorganisms do not retain nutrients due to their relatively 

fragile cell membrane. Thus, the nutrients taken up by soil microorganisms are rapidly 

returned to the soils upon cell death to form minerals, particulate organic matter and 

dissolved organic matter (Kadlec and Wallace, 2008). This means that microbial uptake 

represents only a temporary P amendment in the soil since organic P at the cell death is 

released to the soil solution. Therefore, microorganism uptake accounts for only a small 

portion of the total mass P retained over the period of phosphorus removal. This indicates 

that plant uptake and adsorption mechanisms play a more significant role of phosphorus 

removal in constructed wetland mesocosms than microbial uptake mechanism. 

 

 Plant Uptake 

Uptake of phosphorus by plants is another biological process leading to phosphorus 

removal in CWs. As inorganic phosphorus is important for plant growth, the amount of 

phosphorus removed from wastewater can be maximised by selecting appropriate plant 

species (Greenway, 2007). The role of plants in phosphorus removal can be estimated 

from plant biomass and phosphorus content.   
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Table 5.8 Plant biomass P (g P/plant) accumulation harvested in March 2015 (17 

months’ growth) and July 2015 (21 months’ growth) 

Plants biomass P  
Treatment  

S100* SCP* BC5 BC10 BC15 BC20* BC25 

M. quinquenervia (g P/ plant) 1.55±0.13* 1.55±0.07* 0.94±0.15 1.07±0.06 1.08±0.09 1.25±0.02* 1.15±0.04 

C. citratus (g P /plant) 0.55±0.12* 0.54±0.12* 0.47±0.24 0.32±0.07 0.36±0.02 0.50±0.04* 0.40±0.04 

Total (g P / mesocosm) 2.10±0.04* 2.09±0.14* 1.41±0.09 1.39±0.03 1.42±0.08 1.75±0.04* 1.55±0.02 

*: Plant biomass harvested in July 2015 

 

In March 2015, mesocosms from four treatments (BC5, BC10, BC15 and BC25) were 

dismantled to harvest both above and below ground plant biomass. In July 2015, the 

remaining three treatments (S100, SCP and BC20) were harvested. The plant biomass 

and phosphorus content in each part of plants were determined. Table 5.8 shows that the 

amount of P (g P/ plant) in the Melaleuca trees (M. quinquenervia) harvested in March 

and July 2015 ranged from 0.94 (BC5) (g P/ plant) to 1.15 (BC25) (g P/ plant) and 1.25 

(BC20) (g P/ plant) to 1.55 (S100) (g P/ plant), respectively. The biomass P in the 

Lemongrass (C. citratus) was in the range of 0.32 (BC10) – 0.47 (BC5) (g P/ plant) in 

March 2015 and from 0.50 (BC20) – 0.55 (S100) (g P/ plant) in July 2015. The total P 

biomass in each treatment harvested in March 2015 and July 2015 were in the range of 

1.39 (BC10) – 1.55 (BC25) (g P/ mesocosm) and 1.75 (BC20) – 2.10 (S100) (g P/ 

mesocosm), respectively. Statistical analysis (Appendix 22) showed that there was no 

significant difference of Melaleuca P biomass among the treatments plants’ harvested in 

March 2015. However, for the P biomass harvested in July 2015, the One-way ANOVA 

test showed sand media with no addition of biochar was significantly higher than the sand 

media amended with 20% of biochar. For the Lemongrass, the ANOVA test showed that 

there were no significant differences for the P biomass harvested in March and July 2015. 

This indicated that phosphorus uptaken by Melaleuca trees growing in pure sand media 

was significantly higher than phosphorus uptaken by Melaleuca trees growing in the sand 

media amended with 20% of biochar. The results for biomass P in Melaleuca trees (M. 

quinquenervia) were comparable with the results reported by Bolton and Greenway 

(1997) who reported total biomass P in Melaleuca quinquenervia was 1.42 g P/plant after 

21 months of growth in sand media but higher than the result reported by Greenway 

(2013) who revealed that P biomass of Melaleuca planted in the media contained 80% of 

sand and 20% water treatment residuals (WTR) was 0.95 g P over 2 years. The results of 

biomass P in Lemongrass (C. citratus) was similar to the results for P biomass in Vetiver 
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(Chrysopogon zianioides) in the media with 80% of sand and 20% water treatment 

residuals (WTR) as reported by Greenway (2013). The author reported that P biomass in 

C. zianioides was 0.45 g P per plant over 12 months. To assess the importance of plants 

in removing nutrients, the maximum capacity of plants to store nutrients should be 

considered (Greenway, 2007).  

 

 Conclusions 

Sand media amended with biochar was less effective in removing TP and PO4-P from 

secondary treated wastewater and septage than pure sand media. The removal efficiency 

of TP and PO4-P were inversely related to the biochar content in the sand media. 

Phosphorus concentrations and microbial P biomass in the media declined with depth, 

with highest concentrations of phosphorus and microbial-P in the upper 20 cm of the 

media. Higher microbial P biomass was found in sand amended with biochar suggesting 

that the presence of biochar encouraged microbial growth. Microbial-P biomass did not 

provide a significant contribution to phosphorus removal. Total plant biomass P (g P/ 

plant) in plants grown in sand amended with biochar was significantly lower than those 

grown in sand alone. Overall, for phosphorus removal from wastewater, the results 

showed that biochar augmented sand media was a less effective substrate media. 

However, more research is needed to investigate other types of biochar and potential 

chemical or physical treatments to improve the biochar performance as a media 

amendment in constructed wetlands.  
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CHAPTER 6 

6  NITROGEN REMOVAL 

 

 Introduction 

Nitrogen concentration in the effluent of wastewater treatment processes is an important 

water quality parameter. Nitrogen is an essential nutrient for algae and plant growth. 

Excessive nutrient concentrations may encourage the growth of algae which can cause 

eutrophication which leads to the depletion of dissolved oxygen levels in receiving water 

bodies (Manahan, 2010). Therefore, it is important to reduce nitrogen concentration in 

the effluent using cost effective methods. 

 

Constructed wetlands have shown promising results as a low cost wastewater treatment 

technology. However, the effectiveness of CWs in removing nitrogen for long time 

applications remains a challenge. The type of material used for the substrate media is one 

of the important elements for nitrogen removal processes in CWs (Huang et al., 2013). 

The role of media is to control either the rate of water infiltration or retention time, filter 

sediments and particulates, provide sorption surfaces for nutrients, provide surface 

biofilms, and provide a nutrient source for microbes (bacteria, fungi, protozoan, algae) 

and macrophytes (Kadlec and Wallace, 2008). The majority of nitrogen removal takes 

place in the media via sorption, and microbial processes including ammonification, 

nitrification, denitrification, and anaerobic ammonium oxidation (anammox) (Saeed and 

Sun, 2012). Therefore, selection of material to be utilised as a media amendment to 

optimising CWs including organic, biological and nitrogen removal is an important 

design parameter. 

 

Biochar may be a suitable amendment to enhance nitrogen removal in CWs. Biochar 

added into the soil can reduce the leaching of NO3
- and NH4

+ (Lehmann et al., 2003; 

Clough et al., 2013). Sarkhot et al. (2013) reported that hardwood-biochar with slow 

pyrolysis (at 300oC for 8-12 h) with different shaking times (1, 8, 24 hours and 1 week) 

can absorb 36% and 50% of NH4
+ solution from manure and synthetic solution, 

respectively. Kizito et al. (2015) investigated the adsorption capacity of wood and rice 

husk biochar in removing ammonium (NH4
+-N) from piggery manure anaerobic digitate 

slurry and found that the performance of biochar was better in a medium range 

concentration (250 – 1000 mg/L) in which it can adsorb up to 80%, meanwhile at higher 
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loading (1000 – 1400 mg/L), only 50% of NH4
+-N was adsorbed by the biochar. In a 

laboratory column experiment, Tian et al. (2016) reported that 10% of biochar (w/w) from 

poultry litter and hardwood amended in a sand media removed 92 and 96% of ammonium 

from storm water. Gupta et al. (2015) investigated the effect of gravel and woody biochar 

(Quercus sp) loaded with synthetic wastewater in a laboratory horizontal flow (HF) 

constructed wetlands and the results showed that biochar had a better performance for 

nitrogen removal compared to gravel media. These findings provide information that 

biochar is able to remove nitrogen and might be successful when used for media 

amendment. However, the findings reported in the literature are mainly based on 

laboratory scale experiments and in many cases used synthetic wastewater and under 

laboratory controlled conditions (Yao et al., 2012; Sarkhot et al., 2013; Gupta et al., 2015, 

Kizito et al., 2015). To address this knowledge gap, this chapter reports the findings of a 

21-month experimental study which investigated the removal efficiency of nitrogen from 

wastewater using sand and sand augmented with biochar as a substrate media in vertical 

flow mesocosms. The detailed experimental design and methods used for nitrogen 

analysis are explained in Chapter 3.  

 

 Research Objectives 

The aim of this chapter is to investigate the effectiveness of sand media amended with 

biochar and two types of plants (Melaleuca quinquenervia and Cymbopogon citratus) in 

vertical flow mesocosms for nitrogen removal. The objectives of the study were: 

 To investigate the effect of the addition of biochar to sand media for the removal of 

nitrogen from secondary clarified wastewater (SCW) and septage. 

  To investigate the optimal sand and biochar ratio for nitrogen removal efficiency 

from secondary wastewater and septage. 

 To investigate amount of nitrogen accumulated in the plants (Melaleuca 

quinquenervia and Cymbopogon citratus) for various percentage of biochar 

amended media when loaded with wastewater. 
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 Wastewater Characteristics: Nitrogen (TN, NH4-N, and NOx-N)  

The inflow concentrations loaded with secondary clarified wastewater (SCW) are 

presented in Figures 6.1 while the inflow concentrations loaded with septage are 

presented in Figure 6.4. The inflow concentrations of TN, NH4-N, and NOx-in SCW 

loaded with SCW ranged from 2.9 – 4.0 mg/L, 0.12- 0.17 mg/L, and 0.7 – 0.9 mg/L, 

respectively. For the septage, the inflow concentrations of TN, NH4-N, and NOx-N were 

higher ranging from 101 – 131 mg/L, 56- 76 mg/L and 8.9 – 13.6 mg/L for TN, NH4-N, 

and NOx-N, respectively. 

 

6.3.1 TN, NH4-N, and NOx-N: Continuous Secondary Clarified Wastewater Load 

(March-October 2014) 

The mean concentrations of TN in the outflow loaded with SCW ranged from 0.29 

(BC25) – 1.2 (S100) mg/L (Figure 6.1), corresponding to removal percentages of 68.3 – 

90.4% (Figure 6.2). In every sampling period, the highest outflow concentrations were 

observed in the pure sand media (S100), meanwhile the lowest outflow concentrations 

were observed in the sand media amended with 25% biochar (BC25). The TN 

concentrations in the outflows decreased with the increase of biochar content in the sand 

media as shown in Figure 6.1a. A clear trend suggesting a strong positive correlation (r = 

0.945) between biochar content in the media and TN removal percentages was observed 

(Figure 6.3). One-way ANOVA analysis (Appendix 23) revealed there was no significant 

difference of TN between S100 and SCP (Table 6.1), confirming that the addition of coir 

peat did not contribute to the removal of total nitrogen from secondary clarified 

wastewater (SCW). Significant differences were observed between pure sand media 

(S100) and the media amended with more than 5% biochar (>BC5). This indicated that 

the presence of biochar reduced TN concentrations in the outflows. Further statistical 

analysis revealed that significant differences occurred between treatments when the 

biochar content in the media exceeded 10% increments i.e., SCP and BC10; BC5 and 

BC15; BC10 and BC20. 

 

Outflow concentrations of NH4-N ranged from 0.03 (BC25) – 0.06 (S100) mg/L while 

the outflow concentrations of NOx-N ranged from 0.03 (BC25) – 0.17 (S100) mg/L, 

respectively (Figure 6.1). The pure sand media (S100) had the highest outflow 

concentrations of NH4-N and NOx-N in each sampling period while the sand media 

amended with 25% of biochar (BC25) had the lowest concentrations. One-way ANOVA 
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tests (Appendix 23) showed significant differences between NH4-N concentrations in 

10% increments of biochar. This suggested that the addition of biochar in the sand media 

significantly reduced NH4-N concentration in the outflows. Regarding the NOx-N, the 

presence of biochar only made significant differences when the biochar content exceeded 

10%.  

 

Figure 6.2 shows average removal efficiencies ranged from 60 (S100) to 82 % (BC25) 

for NH4-N and 77 (S100) to 95% (BC25) for NOx-N. The highest average removal 

efficiency of NH4-N and NO3-N was reached by BC25 and the lowest removal efficiency 

was observed in the pure (S100). Regression analysis further revealed a strong positive 

correlation between the percentage of biochar in the media and NH4-N (r = 0.908) and 

NOx-N (r = 0.8150) removal efficiencies, respectively (Figure 6.3). Thus, an increase in 

biochar amendment to sand media increases NH4-N and NOx-N removal efficiencies 

. 
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Figure 6.1 TN (a), NH4-N (b), NOx-N (c) (x ± SD) concentrations (mg/L) in VF 

mesocosms with seven media treatments loaded with secondary clarified 

wastewater 
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Table 6.1 Significant differences of TN, NH4-N, and NOx-N loaded with secondary 

clarified wastewater among the treatments (α < 0.05) 

 S100 SCP BC5 BC10 BC15 BC20 BC25 

S100 - - x +x• +x• +x• +x• 

SCP   - - - +x +x +x• +x• 

BC5 x - - - +x +x +x 

BC10 +x• +x - - - +x +x 

BC15 +x• +x +x - - - - 

BC20 +x• +x• +x +x - - - 

BC25 +x• +x• +x +x - - - 

x: significant difference of TN (α < 0.05). 

+: significant difference of NH4-N (α < 0.05). 

•: significant difference of NOx-N (α < 0.05). 

-  : no significant differences. 
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Figure 6.2 Percentage (%) of TN (a), NH4-N (b) and NOx-N (c) removal in VF 

mesocosms with seven media treatments loaded with secondary clarified 

wastewater 
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Figure 6.3 Percentage biochar (%) vs percentage removal of nitrogen compounds (%) in 

the VF mesocosms loaded with SCW 

 

6.3.2 TN, NH4-N, and NOx-N: Intermittent Septage Load (November 2014 – July 

2015) 

Outflow concentrations of TN, NH4-N, and NOx-N ranged from 20.3 (BC25) to 44.0 

(S100) mg/L, 11.9 (BC25) – 26.4 (S100) mg/L and 1.0 (BC25) – 3.6 (S100) mg/L, 

respectively (Figure 6.4). It is revealed that an increased percentage of biochar in sand 

media was associated with a greater reduction of TN, NH4-N, and NOx-N concentrations 

in the outflows (Figure 6.5). One-way ANOVA analysis (Appendix 24) revealed that 

significant differences of outflow TN, NH4-N and NOx-N concentrations were observed 

between sand media and the media with biochar, confirming a significant contribution of 

the presence of biochar for TN reduction in VF mesocosms loaded with septage (Table 

6.2). 

 

The average TN, NH4-N, and NOx-N removal efficiencies ranged from 53 (S100) to 83% 

(BC25), 60 (S100) to 83% (BC25), and 64 (S100) to 89% (BC25), respectively (Figure 

6.5). Regression analysis confirmed that there was a strong positive correlation between 

percentages of biochar and TN (r = 0.910), NH4-N (r = 0.901), and NOx-N (r = 0.840) 

removal efficiencies (Figure 6.6). It can be inferred that the addition of biochar into the 

sand media increased the performance of the media in removing nitrogen.  
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During the period between 19 – 21 February 2015, a heavy rain event occurred (190 mm) 

(BOM, 2016). Samples collected on 22 February 2015 showed that the concentration of 

TN, NH4-N and NOx-N ranged from 16 to 22 mg/L, 10 to 12 mg/L and 1.6 to 2.7 mg/L, 

respectively. These concentrations are lower than typical measurements which indicated 

dilution by the rain water (Figure 6.4). 
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Figure 6.4 TN (a), NH4-N (b), NOx-N (c) (x ± SD) concentrations (mg/L) in VF 

mesocosms with seven media treatments loaded with septage 

HR: Heavy rainfall/ flushing event 
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Table 6.2 Significant differences of TN, NH4-N, and NOx-N loaded with septage among 

the seven media treatments (α < 0.05) 

 S100 SCP BC5 BC10 BC15 BC20 BC25 

S100 - - x• x• +x• +x• +x• 

SCP   - - x• x• +x• +x• +x• 

BC5 x• x• - - - +x +x 

BC10 x• x• - - - +x +x 

BC15 +x• +x• - - - - - 

BC20 +x• +x• +x +x - - - 

BC25 +x• +x• +x +x - - - 

x: significant difference of TN (α < 0.05). 

+: significant difference of NH4-N (α < 0.05). 

•: significant difference of NOx-N (α < 0.05). 

- : no significant differences. 
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Figure 6.5 Percentage (%) of TN (a), NH4-N (b) and NOx-N (c) removal in VF 

mesocosms with seven media treatments loaded with septage 
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Figure 6.6 Percentage of biochar (%) vs percentage removal of nitrogen compounds (%) 

in the VF mesocosms loaded with septage 

 

In this research, the pure sand media had a removal efficiency of more than 60%, 

comparable with the results obtained by Abou-Elela et al. (2013) who reported removal 

efficiencies of 62% of TN. The results are also comparable with the nitrogen removal 

reported by Bradley et al. (2015) from a laboratory scale column experiment using sand 

media augmented with various percentages of biochar made from poplar (Populus. 

maximowiczii). They reported that the higher nitrogen removal in the columns was mainly 

due to adsorption of NH4-N, NO3-N, and organic-N compounds into the biochar surface 

areas and microbial N immobilisation. These processes occur simultaneously in the 

substrate media. Adsorption of NH4
+ in biochar has been reported by Kizito et al. (2015) 

who found that rice husk and wood biochar adsorbed 70- 80% of NH4-N from piggery 

manure anaerobic digestate slurry. Zheng et al. (2013) reported that the addition of 5% 

biochar (w/w) made from giant reed (Arundo donax L) into the soil significantly reduced 

the cumulative amount of NH4
+ and NO3-N leaching from fertiliser through adsorption 

and microbial N-immobilisation. Yao et al. (2012) investigated 13 types of biochar and 

reported that 9 types could remove ammonium but had little ability to adsorb nitrate. 

Güereña et al. (2013), in a four years’ field trial, reported that clay loam soil amended 

with maize stover biochar had adsorbed more dissolved N-organic than those without the 

biochar. 
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Tan et al. (2015) pointed out that adsorption mechanisms of biochar can occur via 

different types of interactions such as electrostatic attraction, ion-exchange, physical 

adsorption and chemical bonding. In our research, increase of biochar percentage in the 

sand media increased the cation exchange capacity (CEC) from 5.73 (S100) to 10.21 

cmol(+)/kg (BC25) (Table 3.4). The CEC in the biochar is the main source of 

NH4
+adsorption (Jassal et al., 2015). It means that the better performance with the 

addition of biochar in the sand media in removing NH4-N could be due to the increase of 

CEC in the media. The increase of biochar content amended in sand media could increase 

the specific surface area and porous structure. Thus, both organic and inorganic nitrogen 

compounds could be adsorbed onto the biochar surfaces and trapped in the porous 

structure of biochar (Zhang et al., 2015). The Fourier Transform Infrared Spectroscopy 

(FT-IR) spectra indicated that the biochar used in this research contained carbonyl, 

carboxyl, aldehyde, ketones and aromatic compounds which could provide negative 

surface charges (Figure 3.7). These functional groups could specifically adsorb the 

ammonium ion (NH4
+) which has positively charged ions. Wang et al. (2015) reported 

improvement of NH4
+ adsorption was attributed to the existing phenolic-OH and carboxyl 

C=O groups because these functional groups provide negative surface charges.  

 

In this research, NOx-N removal efficiency increased with the increase of percentage of 

biochar in the sand media. Kameyama et al. (2012) pointed out that nitrate sorption in the 

biochar surface could be mainly because of the base functional groups and not due to 

physical sorption. Mukherjee et al. (2011) stated that electrostatic interactions (outer 

sphere complexation mechanism) are the main process of nitrate adsorption. This 

confirmed that ion exchange mechanisms could be one of the factors affecting the 

increase of NOx-N removal efficiency. Further investigation is required to understand the 

role of ion exchange mechanisms for NOx-N removal in biochar. 

 

Microbial processes influence nitrogen removal. During loading with SCW, the 

mesocosms were mainly in saturated conditions, thus facilitating a more anaerobic 

condition whereas loading with septage was intermittent, facilitation more aerobic 

condition. Nitrogen in CWs has a better removal efficiency in intermittent loading 

compared to with continuous loading (Caselles-Osorio and García, 2007; Saeed and Sun, 

2012). Caselles-Osorio and García (2007) found that intermittent loading produced higher 

ammonium removal efficiency (80 – 99%) compared to continuous loading (71 – 85%). 

The macro-pores in biochar are suitable place for microorganism to grow (Gul et al., 
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2015). Thus, the microorganism activities in the macro-pores could enhance nitrogen 

removal. The organic nitrogen compounds attached to the macro-pores structure could be 

mineralised by the microorganisms and then nitrogen removal could take place through 

nitrification, denitrification and other nitrogen removal mechanisms. The pH in the 

outflows were in the range of 7.42 – 7.87 and 7.80 – 8.15 for the mesocosms loaded with 

SCW and septage, respectively, optimal for microbial processes (Figure 4.1). Plant uptake 

would contribute towards the remove of NH4-N, and NOx-N. Further, nitrogen 

removal/transformations could take place within the collection chambers where the 

outflows were stored for approximately two weeks. The mechanisms which probably 

occurred in the collection chamber were nitrification, and NH3 volatilisation. 

Nevertheless, the proportion of nitrogen removed via NH3 volatilisation was anticipated 

to be minimal because the pH of the outflows ranged from 7.42 – 8.15. 

 

 Plant Uptake 

Measurement of TN in the plant biomass can be used as indicator to estimate the capacity 

of the plants to uptake and assimilate nitrogen. Table 6.3 presents the TN accumulated in 

the plant biomass  

 

Table 6.3 Plant biomass N (g N/plant) (x ± SD) accumulation (Melaleuca quinquenervia 

and Cymbopogon citratus) harvested in March 2015 (17 months’ of growth) 

and July 2015 (21 months’of growth) 

Plants biomass N 
Treatment  

S100* SCP* BC5 BC10 BC15 BC20* BC25 

M. quinquenervia (g N/ plant) 10.0±1.0* 10.4±0.5* 6.1±1.0 7.6±0.5 7.8±0.9 9.8±0.1* 8.0±0.1 

C. citratus (g N /plant) 3.6±0.6* 3.6±0.6* 3.2±1.4 2.6±0.4 2.8±0.3 3.6±0.2* 3.0±0.3 

Total (g N/ mesocosm) 13.6±0.5* 14.0±0.9* 9.3±0.8 10.2±0.2 10.6±0.9 13.4±0.3* 11.0±0.2 

*: Plant biomass harvested in July 2015 

 

TN (g N/plant) in the Melaleuca trees in March and July 2015 ranged from 6.1 (BC5) - 

8.0 (BC25) g N/plant and 9.8 (BC20) – 10.4 (SCP) g N/plant, respectively (Table 6.3). 

The biomass N in the Lemongrass (C. citratus) ranged from 2.6 (BC10) – 3.2 (BC5) g 

N/plant and 3.6 g N/plant for the March and July 2015, respectively. The TN biomass for 

each treatment ranged from 9.3 (BC5) – 11.0 (BC25) (g N) and 13.4 (BC20) – 14.0 (SCP) 

(g N) for the March and July 2015, respectively. One-way ANOVA analysis showed that 

there were no significant differences of N biomass harvested in both March 2015 and July 

2015 (Appendix 25). This indicated that the addition of biochar in the sand media did not 
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increase plant N biomass. In agroforestry, applying biochar into the soil system can 

increase plant growth and crop yields (Atkinson et al., 2010; Lehmann and Joseph, 2012). 

However, several studied reported that addition of biochar had no effect on the plant 

growth (Jeffery et al., 2011; Clough et al., 2013; Nguyen et al., 2016). The mineral 

nitrogen content in the soil influenced the plant growth  and crop yields (Clough et al., 

2013; Nguyen et al., 2016). In our experiment, addition of biochar did not improve the 

plant biomass. This may be due to the high nutrient concentration of NOx-N and NH4-N 

in the wastewater loaded into the mesocosms providing sufficient nutrients for growth 

even in pure sand media.  

 

The results of biomass N in Melaleuca trees were higher compared to the results obtained 

by Bolton and Greenway (1997) and Greenway (2013). Bolton and Greenway (1997) 

reported 7.3 g N/plant after growing for 21 months in the sand media continuously 

saturated with secondary effluent; while Greenway (2013) reported only 5.92 g N/plant 

after growing for 24 months in sand media (80%) augmented with water treatment 

residuals (20%) and intermittently loaded with tertiary effluent. These results all confirm 

that Melaleuca plants can tolerate a range of effluent types and nitrogen concentrations, 

with enhanced growth occurring at higher nitrogen availability.  

 

To the best of the authors’ knowledge, this is the first study to determine plant biomass 

N in Lemongrass. Lemongrass and Vetiver plants are classified as perennial grasses and 

their morphological characteristics are closely related (Rao, 2013). The Vetiver plant has 

a high tolerance to drought, flood, and inundation and it has a high capacity to absorb 

nutrients from wastewater (Ash and Truong, 2003, Kantawanichkul et al., 2013). 

Therefore, the biomass N accumulation in the Lemongrass plants was compared to that 

in the Vetiver plants. Our results show that the plant biomass N in the Lemongrass (C. 

citratus) was comparable to Vetiver (Chrysopogon zianioides) biomass N (2.4 g N/plant) 

(Greenway, 2013). Thus, Lemongrass has the potential to be used for wastewater 

treatment.  

 

 Conclusions 

The addition of biochar to sand media, in mesocosm scale constructed wetland 

experiments, improved nitrogen removal efficiencies from both secondary clarified 

wastewater (SCW) and septage. Regression analysis showed a strong correlation between 

biochar content of the media and removal efficiency, confirming that the percentage of 
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nitrogen removal efficiency increased with the increase of biochar proportion in the sand 

media. In addition, statistically significant differences in nitrogen outflow concentrations 

were only observed between treatments when the biochar: sand increment differed by 

more than 10% (i.e. between 0% and 10%, 5% and 15%, 10% and 20%). N biomass in 

plants harvested after 21 months was similar for both pure sand media and the biochar 

augmented media. Biochar amendment did not improve plant growth; however, the high 

nitrogen concentration in the wastewater would have provided sufficient nutrients for 

growth. 
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CHAPTER 7 

7 PLANT GROWTH AND NUTRIENT ACCUMULATION 

 

 Introduction 

Plants are an important factor in CWs as the plants perform physical, chemical and 

biological mechanisms in removing nutrients and provide aesthetics and biodiversity in 

CWs (Greenway and Lucas, 2008). Several studies reported that CWs provide a better 

performance when plants are established (Henderson et al., 2007; Li et al., 2008; Kouki 

et al., 2009). The plants with high evapotranspiration could reduce outflow rates, leading 

to an increase the HRT and concentration of CWs (Milani and Tosacano, 2013). The 

increase of HRT may increase the performance of CWs in removing pollutants because 

longer times are needed for pollutant degradation. In this research, each mesocosms was 

planted with one Melaleuca tree and one Lemongrass plant and the evapotranspiration of 

the mesocosms ranged from 6.4 – 7.1 mm/day. Dong et al. (2011) reported that the 

fluctuations of HLR in integrated constructed wetland systems were influenced by 

evapotranspiration and precipitation. The evapotranspiration rates during this research 

ranged from 0 – 8.1 mm/day and the removal efficiencies of BOD5, TSS, NH3-N, NO3-

N, and TN were 98%, 94%, 97%, 90% and 96 %, respectively. 

  

Plants contribute to the removal of the nutrients through direct and indirect mechanisms 

(Greenway, 2007; Vymazal, 2007; Konnerup et al., 2009). The removal of inorganic 

nitrogen and phosphorus via assimilation and storage in the plant tissues is a direct 

mechanism for nutrient removal. The indirect mechanisms include oxygen transport to 

the soil, water retention modification and possible improvement of soil quality 

(Greenway, 2007). Plant roots provide a surface area for attachment of microbiota, 

increase of the porosity of the media, mitigate clogging and increase of hydraulic 

conductivity (Greenway, 2007; Konnerup et al., 2009; Hua et al., 2014). 

 

Nutrient removal efficiency in the plants is different depending on physiological and 

morphological characteristics of the plants and absorptive root surface (Read et al., 2008). 

In order to maximise the amount of nutrient removed from wastewater, the species of 

plants selected should have a high capacity to absorb inorganic nutrients, be tolerant of 

high nutrient and organic loading, have a high belowground and aboveground biomass, 

have a long or continuous growing season, and be capable of storing large amounts of 
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nutrients in the plant biomass (Greenway, 2007; Vymazal, 2013b). Greenway (1997) 

examined nutrient content in 49 native Australian and 11 exotic species and plant 

components from 7 wetlands concluding that nutrient content in plant tissue is a good 

indicator of the species ability to remove and store nutrients as biomass. Read et al. (2008) 

investigated 20 Australian plant species loaded with semi-synthetic stormwater in a sandy 

loam media and concluded that plant species improved the effectiveness of media in 

removing nutrients and that selection of plant variate may have an influence on the 

effectiveness of the media in removing nutrients. Henderson et al. (2007) and Lucas and 

Greenway (2008) investigated nutrient removal in vegetated and non-vegetated 

mesocosms in different types of media (gravel, sand and sandy-loam) loaded with 

stormwater. The vegetated mesocosms were planted with five different plants 

(Pennisetum alopecuroides, Dianella brevipedunculata, Carpobrotus glaucesens, 

Banksia integrifolia and Callistemon pachyphyllus). The results showed that vegetated 

sand and vegetated sandy-loam performed the best for overall treatment and the plants 

grew vigorously in the sand-loam media. This indicated that media type influenced the 

growth of plants and uptake of nutrients. 

 

Several authors reported that soil amended with biochar increased plant growth and crop 

yields significantly (Atkinson et al., 2010; Biederman and Harpole, 2013; Lehmann et al., 

2002). Spokas et al. (2012) reported that fifty percent of the reviewed studies reported an 

increase in the crop yield after biochar additions to soil. In addition, biochar has an ability 

to improve soil carbon sequestration (Woolf et al., 2010; Spokas et al., 2012). This 

suggests that the presence of biochar may increase plant nutrient uptake. This chapter 

reports on the results obtained in this experiment as detailed in Chapter 3 regarding 

nutrient and carbon accumulation in two plant biomass species (Melaleuca quinquenervia 

and Cymbopogon citratus). 

 

 Research Objectives 

This research aimed to investigate the biomass and nutrient accumulation in the plants 

(Melaleuca quinquenervia and Cymbopogon citratus) growing in a sand media amended 

with different biochar content loaded with SCW and septage. The objectives of this study 

were: 
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 To investigate the biomass of Melaleuca quinquenervia and Cymbopogon citratus 

in VF mesocosms with different percentages of biochar in sand media loaded with 

SCW and septage. 

 To investigate the nutrient (N and P) accumulated in each part of the Melaleuca 

quinquenervia and Cymbopogon citratus in different types of VF mesocosms with 

different percentages of biochar in the sand media loaded with SCW and septage. 

 To quantify the carbon sequestration in each part of the Melaleuca quinquenervia 

and Cymbopogon citratus in the seven types of VF mesocosms. 

 To investigate the effect of nutrient load on the concentrations of nutrients in the 

leaves of Melaleuca tress. 

 

 Growth Parameters 

Plant growth (Melaleuca quinquenervia and Cymbopogon citratus) during the 

experiments was measured using several indicators i.e. plant height and diameter for 

Melaleuca trees and the length of the 10 tallest shoots and the number of culms for 

Lemongrass. 

 

7.3.1 Melaleuca Trees 

Figure 7.1 shows the stem heights of Melaleuca quinquenervia in seven types of VF 

mesocosms during the research period. After loading with SCW for eight months, the 

height of the Melaleuca quinquenervia measured in September 2014 was 120 (BC20) – 

145 (S100) cm (Figure 7.1). Statistical analysis (Appendix 26) showed that there was no 

significant difference in the height of the Melaleuca trees among the seven treatments. 

From November 2013 to May 2014, the height of Melaleuca trees increased rapidly then 

grew more slowly from May to September 2014 (Figure 7.1). Bolton and Greenway 

(1997) reported seasonal trends influenced by decreased growth rates for all treatments 

during winter. Thus, the slow growth rates of melaleuca trees from May to September 

2014 could be because of the winter season. The heights increased considerably when the 

septage was loaded (November 2014) which indicated that the plants were able to take 

advantage of the abundance nutrients in the septage. The measurements carried out in 

January 2015 showed that the height of the trees in the seven treatments ranged from 171 

(BC20) to 202 (BC10) cm and that no statistically significant differences were observed 

between plant mean heights in the different treatments. This indicates that addition of 

biochar did not have effect on the height of Melaleuca trees.  
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The diameters of the Melaleuca trees at 10 cm above ground are shown in Figure 7.2. The 

diameters of the Melalaeuca trees measured in September 2014 after loading with SCW 

for eight months were in the range of 25 (BC20)– 35 (S100) mm. The diameters of 

Melaleuca trees increased when septage was loaded. The measurements conducted in 

May 2015 for three mesocosms (S100, SCP, and BC20) showed that the diameter of 

Melaleuca trees ranged from 53 (SCP) to 64 (S100) mm. One-way ANOVA anaysis 

(Appendix 27) showed that the diameters of Melaleuca trees among the treatments were 

not significantly different in both cases (measurements carried out in September 2014 and 

May 2015). 

 

 

Figure 7.1 Heights of Melaleuca quinquenervia in seven media treatments from 

November 2013 to May 2015 
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Figure 7.2 Diameter of Melaleuca quinquenervia in seven media treatments from 

November 2013 to May 2015 

7.3.2 Lemongrass Plants 

Lemongrass (Cymbopogon citratus) shoots were harvested every 12 weeks: September 

2014; November 2014; February 2015 and May 2015. The ten tallest leaves of lemongrass 

regrowth were measured (Figure 7.3). During the first period (September – November 

2014), the results showed that there were two patterns of growth rate corresponding to 

the type of wastewater the plants received; the first spanned over the SCW loading period 

(2 September to 28 October) and the second span of growth was during the septage 

loading period (28 October to 18 November) as shown in Figure 7.3a. During the 8 weeks 

of irrigation with SCW, the height of the Lemongrass grew to 70 – 83 cm with the growth 

rate of the Lemongrass shoots during this loading period ranging between 1.01 and 1.22 

cm/day. However, when the VF mesocosms were loaded with septage, the height of the 

Lemongrass rose to approximately 113 – 120 cm in week 12 corresponding to a growth 

rate of 1.24 – 1.77 cm/day. Statistical analysis (t-test) showed that the growth rate during 

the septage loading period was significantly higher than that during the SCW loading 

period (Appendix 28). This may be attributed to the higher nutrient concentrations in the 

septage which may enhance plant growth as well as the intermittent loading pattern which 

provided a better aerated environment in the media. The presence of biochar did not seem 

to have significant effect on the growth rate of the Lemongrass which was confirmed by 

one-way ANOVA test results that showed that the growth rate in all treatments did not 

differ significantly (Appendix 29).  
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The measurements during the second and third periods were carried out over the periods 

December 2014 – February 2015, and March – May 2015, respectively. During these 

periods, the VF mesocosms were loaded with septage and the results showed that the 

height of Lemongrass shoots increased significantly until week 9 then grew steadily from 

week 9 to week 12. The height of the Lemongrass shoots ranged from 146 (S100) – 172 

(BC5) cm and 127 (S100) – 134 (BC20) cm for the periods of December 2014 – February 

2015 and March – Mary 2015, respectively; corresponding to growth rate of 1.23 to 1.87 

cm/day and 1.39 -1.49 cm/day, respectively. The slower growth rate in the period of 

March – May 2015 compared to the period of December 2014 – February 2015 could 

have been influenced by seasonal trends. In the winter period the growth rate of the plants 

tends to be slower (Gorme et al., 2012; Lee et al., 2012).  
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Figure 7.3 10 heights Lemongrass shoots (Cymbopogon citratus) in seven media 

treatments during 3 ten weeks periods ((a) September – November 2014 ; 

(b) December 2014 – February 2015; (c) March – May 2015 ) 

 

The number of culms in all treatments increased from 3 - 4 culms per mesocosm in March 

2014 to 29 - 33 in December 2014 (Figure 7.4). Harvesting was carried out by cutting the 

plants at the point 10 cm above the media. In September 2014, the main part of the 

harvested Lemongrass was shoots. Since the septage was loaded in October 2014, the 

lemongrass grew well in the period after the September 2014 harvest, leading to an 
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increase in the number of culms and the lemongrass height. However, a number of culms 

died after they were harvested in December 2014. The December 2014 harvest was also 

conducted at 10 cm above ground level, although more stalks were harvested due to the 

increase in the Lemongrass’ growth. This practice may have led to the dying off. 

Regarding the above ground of Lemongrass harvesting in December, the number of culms 

measured after harvesting in (28 January 2015) were lower than the number of culms 

measured before harvesting (2 December 2014) (Table 7.1) Thus, it may be a better 

harvesting practice to cut the lemongrass culms where the shoots start, instead of 

including the stalks below the shoots. 

 

Table 7.1 The number of Lemongrass culms in each VF mesocosm in December 2014 

and January 2015. 

A. Harvested in 2 December 2014 

VF Mesocosm 

replicates 
S100 SCP BC5 BC10 BC15 BC20 BC25 

1 33 35 36 30 31 31 40 

2 32 27 27 28 27 34 32 

3 22 31 30 35 35 29 27 

B. Harvested in 28 January 2015 

VF Mesocosm 

replicates 
S100 SCP BC5 BC10 BC15 BC20 BC25 

1 - 23 33 30 19 29 24 

2 4 15 - 17 25 26 30 

3 10 19 9 26 2 26 20 
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Figure 7.4 Number of culms of Lemongrass (Cymbopogon citratus) (x ± SD) in seven 

media treatments from March 2014 to May 2015. 

A = Above ground harvested in 2 September 2014 

B = Above ground harvested in 12 December 2014 

C = Above ground harvested in 6 March 2015 

 

 Plant Biomass 

The dry biomass of Melaleuca trees (Melaleuca quinquenervia) harvested in March and 

July 2015 ranged from 515 (BC5) to 627 (BC15) (gram/ plant) and 778 (BC20) to 853 

(SCP) (g/ plant), respectively (Table 7.2). Statistical analysis showed that there were no 

significant differences among the Melaleuca biomass harvested in March 2015 and July 

2015 (Appendix 30). The dry biomass of Lemongrass (Cymbopogon citratus) was in the 

range of 156 (BC10) – 232 (BC5) (g /plant) in March 2015 and from 246 (BC20) – 262 

(S100) (g /plant) in July 2015. There were no significant differences of dry Lemongrass 

biomass among the treatments (Appendix 31). These results show that the presence of 

biochar in the sand media did not increase plant biomass.  
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Table 7.2 Plant biomass (g /plant) accumulation (x ± SD) harvested in March 2015 (17 

months’ growth and July 2015 (21 months’ growth). 

Plants biomass  
Treatment  

S100* SCP* BC5 BC10 BC15 BC20* BC25 

M. quinquenervia (g / plant) 850±71.0* 853±30.6* 515±78.5 610±37.2 627±55.4 778±14.1* 613±21.2 

C. citratus (g  /plant) 262±57.8* 255±58.0* 232±110 156±33.3 180±11.1 246±20.3* 182±17.5 

*: Plant biomass harvested in July 2015 

 

Figure 7.5 shows the biomass of Melaleuca quinquenervia in each part of the plants 

harvested in both March 2015 (Figure 7.5 a) and July 2015 (Figure 7.5 b). The stems had 

the highest biomass followed by the roots, branches, leaves and bark. The results showed 

that there were no significant differences of stems, roots, branches, leaves and bark 

biomass among the treatments harvested in both March and July 2015. For the 

Lemongrass plants (Cymbopogon citratus) harvested in both March and July 2015, leaves 

had the highest biomass followed by roots and rhizome (Figure 7.6). There were no 

significant differences of shoots, roots and rhizome biomass among the treatments in each 

period of harvesting.  

 

 

0

100

200

300

400

500

600

700

800

900

BC5 BC10 BC15 BC25

Mass
(gram)

Treatment

Leaves

Stems

Branches

Bark

Roots

a



 
 

163 
 

 

Figure 7.5 Biomass partitioning of Melaleuca quinquenervia harvested in (a) March 

2015 and (b) July 2015. 
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Figure 7.6 Biomass partitioning of Cymbopogon citratus harvested in (a) March 2015 

and (b) July 2015. 

 

Some researchers reported that the addition of biochar into the soil has a positive effect 

on plant growth (Atkinson et al., 2010, Lehmann and Joseph, 2012, Biederman and 

Harpole, 2013). In contrast, others reported the negative effects to plant growth when 

biochar was added into the soil (Rillig et al., 2010, Busch et al., 2012). This study has 

demonstrated that an increase in biochar percentage in the sand media did not provide a 

significant contribution to the plant biomass in Melaleuca tress (Melaleuca 

quinquenervia) and Lemongrass (Cymbopogon citratus). A meta-analysis study carried 

out by Jeffery et al. (2011) revealed that biochar can provide positive, negative and neutral 

effects on plant productivity depending on the application rate, pH, soil texture, biochar 

feedstock and the type of crop. Novak et al. (2009) revealed that parent materials and 

pyrolysis conditions affected the structure, nutrient content, pH and phenolic content of 

biochar products, leading to variations in the interaction among the plants, soil and 

biochar. 

 

 Nitrogen in Plants 

TN concentrations in Melaleucas’ leaves, branches, stems, bark and roots ranged from 

22.0 (BC20) - 24.0 (BC25) mg/g, 10.1(BC5) - 10.8 (BC25) mg/g, 6.6 (S100) – 7.8 (BC25) 

mg/g, 3.9 (BC25) – 4.6 (S100) mg/g and 14.2 (S100) – 16.0 (BC20) mg/g, respectively 

(Table 7.3). The highest nitrogen concentration was in the leaves followed by roots, 
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branches, stems and bark. Table 7.4 shows that TN concentrations in each part of 

Lemongrass plants were 18.0 (BC5) - 20.2 (BC10) mg/g, 8.9 (S100) -10.9 (BC15) mg/g 

and 8.3 (S100) - 10.9 (BC10) mg/g for shoots, roots and rhizomes, respectively. The 

leaves had the highest TN concentration meanwhile TN concentrations in the rhizome 

and the roots were comparable.  

 

Table 7.5 shows the N content as a percentage of the total biomass weight in each part of 

the Melaleuca trees (Melaleuca quinquenervia); stems, roots, branches, leaves and bark. 

The results revealed that roots had the highest percentage of TN biomass followed by the 

leaves, stems, branches and bark. Statistical analysis showed that there were no 

significant differences of N biomass percentage in the roots, leaves, stems, branches and 

barks among treatments. For Lemongrass, the percentage of N biomass in the leaves, roots 

and rhizomes ranged from 69.4 (BC20) – 72.5 (SCP) %, 15.1 (BC25) – 18.6 (S100)%, 

and 10.0 (BC10) – 12.9  (BC20)%, respectively (Table 7.6). 

 

Table 7.3 Nitrogen concentrations (mg/g) in each part of Melaleuca quinquenervia 

harvested in March 2015 (BC5, BC10, BC15 and BC25) and July 2015 

(S100, SCP and BC20) 

Treatment  Leaves Branches Stems Bark Roots 

S100 22.9 10.7 6.6 4.6 14.2 

BC5 23.1 10.1 6.8 4.6 14.4 

BC10 22.3 10.1 7.1 4.6 14.8 

BC15 22.4 10.7 7.0 4.1 15.2 

BC20 22.0 10.8 7.5 4.0 16.1 

BC25 24.0 10.8 7.8 3.9 16.0 
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Table 7.4 Nitrogen concentrations (mg/g) in each part of Cymbopogon citratus 

harvested in March 2015 (BC5, BC10, BC15 and BC25) and July 2015 

(S100, SCP and BC20) 

Treatment Shoots Roots Rhizome 

S100 18,3 8,9 8,3 

BC5 18,0 9,1 8,6 

BC10 20,2 9,2 10,9 

BC15 18,9 10,9 10,4 

BC20 18,3 9,8 10,4 

BC25 18,8 10,1 10,5 

 

Table 7.5 Percentage of N biomass (%) in each part of Melaleuca quinquenervia (x ± 

SD) harvested in March 2015 (BC5, BC10, BC15 and BC25) and July 2015 

(S100, SCP and BC20) 

Treatments Leaves Branches Stems Bark Roots 

S100 27.7±3.2 18.8±0.2 20.3±0.6 0.8±0.3 32.4±2.3 

SCP 30.4±0.6 18.5±2.2 17.4±1.1 0.9±0.3 32.8±3.2 

BC5 32.1±1.1 17.5±0.7 21.8±0.8 0.7±0.2 27.9±1.5 

BC10 29.4±2.6 17.2±1.4 17.5±0.4 0.7±0.3 35.2±2.7 

BC15 29.4±0.2 17.6±1.9 19.2±2.8 0.5±0.1 33.2±0.9 

BC20 27.2 ±0.7 18.7±0.3 20.9±1.3 0.9±0.2 32.4±1.0 

BC25 26.9±1.6 14.9±2.2 22.2±3.5 0.5±0.1 35.6±4.1 

 

Table 7.6 Percentage of N biomass (%) in each part of the Cymbopogon citratus (x ± 

SD) harvested in March 2015 (BC5, BC10, BC15 and BC25) and July 2015 

(S100, SCP and BC20) 

Treatments Shoots Roots Rhizome 

S100 71.2±5.6 18.6±3.0 10.2±2.7 

SCP 72.3±3.1 16.7±4.6 11.1±3.3 

BC5 69.7±4.5 18.0±1.1 12.4±5.6 

BC10 73.3±7.2 16.7±3.7 10.0±3.6 

BC15 70.7±4.8 16.8±2.3 12.5±3.2 

BC20 69.4±5.1 17.7±2.9 12.9±4.2 

BC25 72.5±2.6 15.1±0.5 12.3±2.8 
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Melaleuca trees stored more than 50% of N in the roots and leaves while for the 

Lemongrass, more than 60% of N was accumulated in the leaves. Since Lemongrass 

stored more than 60% of N in the leaves, above ground regular harvesting could be a 

benefit for nitrogen removal from the CW systems. Hubbard et al. (2003) suggested that 

it is necessary to harvest above ground biomass in CWs at least once a year. Addition of 

biochar into the sand media was expected to increase N-biomass in Melaleuca trees 

(Melaleuca quinquenervia) and Lemongrass plants (Cymbopogon citratus). However, no 

significant differences were found among the treatments harvested both in March 2015 

and July 2015.  

 

The selection of appropriate plant species is important to maximise the uptake of nutrients 

from wastewater (Greenway, 2007). In this study, most of the Melaleuca trees and the 

Lemongrass can tolerate a high nitrogen concentration. Biomass production of several 

plant species relies on the species characteristics and the adaptation of the species to the 

local conditions and the CW conditions (Carballeira et al., 2016). In this research, the 

plants in the VF mesocosms were acclimatised for three months with tertiary wastewater 

effluent (TWE) before the VF mesocosms were loaded with SCW. The septage was 

applied after the VF mesocoms were loaded with the SCW for eight months. It is expected 

that adaptation by the plants may occur with this process. The results showed that nitrogen 

toxicity is not likely to take place for the Melaleuca trees and Lemongrass.  

 

  Phosphorus in Plants 

Total phosphorus (TP) concentrations in the leaves, branches, stems, bark and roots of 

Melaleuca trees were in the range of 1.83 (BC20) - 1.97 (BC10) mg/g, 1.34 (BC20) - 1.48 

(BC25) mg/g, 1.62 (BC10)– 1.81 (S100) mg/g, 0.27 (BC10) – 0.42 (BC15) mg/g and 1.96 

(BC20) – 2.23 (BC25) mg/g, respectively (Table 7.7) Roots had the highest concentration 

of TP followed by leaves, stems, branches and bark. The trend shows that TP 

concentrations among the treatments in each part of the plants were comparable. For 

Lemongrass, TP concentrations in the shoots, rhizomes and roots ranged from 1.84 (BC5) 

- 2.21 (BC10) mg/g, 2.05 (BC15) - 2.57 (BC10) mg/g and 1.73 (BC10) - 2.08 (S100) 

mg/g, respectively. The rhizome had the highest TP concentrations meanwhile TP 

concentrations in the shoots and roots were comparable (Table 7.8).  
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The percentage of P biomass in the stems, roots, branches, leaves and bark of the 

Melaleuca trees (Melaleuca quinquenervia) showed that the stems stored the highest 

percentage of TP biomass followed by the roots, leaves, branches and bark (Table 7.8). 

No statistically significant differences were observed among P biomass percentage of 

Melaleucas’ roots, leaves, stems, branches and bark in the seven treatments. For 

Lemongrass, the highest percentage of biomass P was in the shoots followed by the roots 

and rhizomes (Table 7.9). Similar to the Melaleuca, there were no significant difference 

of P biomass in Lemongrass’ leaves, roots and rhizomes among the seven types of 

treatments. This suggests that the presence of biochar in the sand media did not 

significantly affect the increase of P biomass in the plants. 

 

Table 7.7 Phosphorus concentrations (mg/g) in each part of Melaleuca quinquenervia 

harvested in March 2015 (BC5, BC10, BC15 and BC25) and July 2015 

(S100, SCP and BC20) 

Treatment Leaves Branches Stems Bark Roots 

S100 1.94 1.45 1.81 0.36 2.19 

BC5 1.94 1.47 1.79 0.38 2.21 

BC10 1.97 1.38 1.62 0.27 2.11 

BC15 1.91 1.38 1.71 0.42 1.99 

BC20 1.83 1.34 1.68 0.36 1.96 

BC25 1.97 1.48 1.80 0.29 2.23 

 

Table 7.8 Phosphorus concentrations (mg/g) in each part of Cymbopogon citratus 

harvested in March 2015 (BC5, BC10, BC15 and BC25) and July 2015 

(S100, SCP and BC20 

Treatment Shoots Rhizome Roots 

S100 2.18 2.32 2.08 

BC5 1.84 2.49 1.75 

BC10 2.21 2.57 1.73 

BC15 2.01 2.05 2.06 

BC20 2.20 2.30 1.97 

BC25 2.16 2.22 1.95 
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Table 7.9 Percentage of P biomass (%) in each part of Melaleuca quinquenervia (x ± 

SD) harvested in March 2015 (BC5, BC10, BC15 and BC25) and July 2015 

(S100, SCP and BC20) 

Treatments Leaves Branches Stems Bark Roots 

S100 15.2±2.0 16.4±0.2 36.2±0.5 0.4±0.1 31.9±1.7 

SCP 17.2±0.5 16.6±2.1 32.2±1.8 0.5±0.2 33.5±3.2 

BC5 17.6±0.7 16.7±0.8 37.4±1.0 0.4±0.1 28.0±1.3 

BC10 18.6±1.9 16.7±1.4 28.6±0.3 0.3±0.1 35.8±2.4 

BC15 18.3±0.5 16.6±2.2 33.9±4.2 0.4±0.1 30.8±1.6 

BC20 17.7 ±0.6 18.0±0.7 34.4±1.7 0.5±0.2 33.5±3.2 

BC25 15.4±1.1 14.2±2.3 35.4±4.8 0.3±0.0 34.6±4.3 

 

Table 7.10 Percentage of P biomass (%) in each part of the Cymbopogon citratus (x ± 

SD) harvested in March 2015 (BC5, BC10, BC15 and BC25) and July 2015 

(S100, SCP and BC20). 

Treatments Shoots Roots Rhizome 

S100 52.0±7.3 23.7±3.8 24.4±5.7 

SCP 66.6±5.1 18.5±4.8 14.9±3.8 

BC5 58.1±3.6 24.2±2.6 17.8±3.9 

BC10 61.5±3.2 20.6±0.9 17.9±3.9 

BC15 53.0±4.8 28.6±3.1 18.4±3.8 

BC20 53.8±3.7 25.9±4.9 20.3±6.0 

BC25 56.9±4.1 25.7±3.8 17.5±3.4 

 

The uptake rate of nutrients by plants depends on the growth rate of the plants and the 

concentration of nutrients in the plant tissues (Greenway, 2007). The capacity of plants 

to store nutrients relies on the nutrient concentration in the plant tissues and potential 

biomass accumulation. Increasing nutrient supply more than the capacity may cause 

nutrient toxicity. Bolton (1999) loaded wastewater effluent with the addition of H3PO4 in 

the mesocosm system planted with one Melaleuca tree and reported that the toxic 

threshold concentration of phosphorus in the Melaleuca tree was less than 10 – 12 mg/L. 

However, in this research the results showed that Melaleuca and lemongrass can still grow 

in the VF mesocoms loaded with septage with the high concentration of phosphorus (18 

– 21 mg/L). 
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 Carbon in the Plants 

Carbon concentrations in the leaves, branches, stems, bark and roots of Melaleuca trees 

ranged from 461 (BC10) – 492 (S100) mg/g, 427 (BC25) – 441 (BC5) mg/g, 424 (BC25) 

– 433 (BC5) mg/g, 493 (BC5) – 522 (BC25) mg/g and 429 (BC10) – 439 (BC15) mg/g, 

respectively (Table 7.11). The highest concentration of carbon was in the bark followed 

by the leaves. The carbon concentration in the branches stems and roots were almost 

similar. For Lemongrass, the carbon concentrations were between 408 (BC25) and 426 

(BC10) mg/g, 417 (BC25) and 439 (BC20) mg/g, 418 (S100) and 430 (BC10) mg/g for 

the shoots, rhizomes and roots, respectively (Table 7.12). The carbon concentrations 

among these parts were comparable.  

 

Table 7.13 shows the percentage of C biomass accumulated in the parts of the Melaleuca 

trees (Melaleuca quinquenervia) and the results revealed that the highest percentage of C 

was in the stems followed by the roots, leaves, branches and bark. The accumulation of 

C depends on both concentration and biomass. Although bark had the highest C 

concentration, it was reported that the bark had the lowest accumulated C biomass 

because of having the lowest biomass. One-way ANOVA analysis revealed that the C 

biomass percentage of Melaleucas’ roots, leaves, stems, branches and bark was not 

significantly different among the seven treatments. For Lemongrass, the shoots 

accumulated the highest percentage of carbon followed by the roots and rhizomes (Table 

7.14). No significant differences were observed among the seven treatments in 

lemongrass’ shoots, roots and rhizomes.  

 

Several authors reported that the presence of biochar in the soil can increase carbon 

sequestration (Woolf et al., 2010, Spokas et al., 2012, Mukherjee and Zimmerman, 2013, 

Singh et al., 2014). In the soil amended with biochar, the carbon was stored in the 

recalcitrant forms which can help to improve water and nutrient holding capacity in the 

soil, leading to an increase in the plant growth (Woolf et al., 2010). It means that biochar 

can facilitate growing plants to consume more CO2 from the atmosphere and the carbon 

produced from photosynthesis processes can be stored in the plant biomass. However, 

there were no significant differences of biomass among the seven treatments in this 

current study. This indicated that addition of biochar into the media did not increase C 

sequestration in the plants. 
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Table 7.11 Carbon concentrations (mg/g) in each part of Melaleuca quinquenervia 

harvested in March 2015 (BC5, BC10, BC15 and BC25) and July 2015 

(S100, SCP and BC20) 

Treatment Leaves Branches Stems Bark Roots 

S100 492 429 431 500 431 

BC5 476 441 433 493 435 

BC10 461 433 429 508 429 

BC15 470 435 428 520 439 

BC20 478 439 428 514 437 

BC25 471 427 424 522 436 

 

Table 7.12 Carbon concentrations (mg/g) in each part of Cymbopogon citratus 

harvested in March 2015 (BC5, BC10, BC15 and BC25) and July 2015 

(S100, SCP and BC20) 

Treatments Shoots Rhizomes Roots 

S100 416 425 418 

BC5 418 429 421 

BC10 426 431 430 

BC15 410 435 423 

BC20 417 439 422 

BC25 408 417 426 

 

Table 7.13 Percentage of C biomass (%) in each part of Melaleuca quinquenervia (x ± 

SD) harvested in March 2015 (BC5, BC10, BC15 and BC25) and July 2015 

(S100, SCP and BC20) 

Treatments Leaves Branches Stems Bark Roots 

S100 15.9±2.1 20.1±0.3 35.5±0.4 2.3±0.6 26.2±1.4 

SCP 18.0±0.5 20.3±2.3 31.5±1.4 2.8±0.2 27.4±3.1 

BC5 17.8±0.7 20.5±1.0 37.1±0.9 2.0±0.5 22.6±1.2 

BC10 17.5±1.8 21.2±1.7 30.4±0.2 2.2±0.8 28.8±1.9 

BC15 17.4±0.4 20.3±2.6 33.2±4.2 1.9±0.3 27.1±1.3 

BC20 16.8 ±0.6 21.5±0.1 33.8±1.8 3.1±0.5 24.9±3.1 

BC25 15.8±1.0 17.5±2.8 35.8±4.7 1.9±0.3 29.0±3.8 
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Table 7.14 Percentage of C biomass (%) in each part of the Cymbopogon citratus (x ± 

SD) harvested in March 2015 (BC5, BC10, BC15 and BC25) and July 2015 

(S100, SCP and BC20) 

Treatments Shoots Roots Rhizome 

S100 53.9±6.7 29.1±3.2 17.1±2.7 

SCP 54.9±3.8 26.2±3.9 18.8±3.3 

BC5 52.9±5.5 27.1±2.8 20.0±5.6 

BC10 67.1±7.6 17.5±3.8 15.4±3.6 

BC15 57.5±5.6 24.2±2.6 18.4±3.2 

BC20 54.8±6.0 26.4±3.8 18.7±4.2 

BC25 63.8±2.8 20.3±0.8 15.8±2.8 

 

 Nutrients in the Leaves Loaded with Different Types of Wastewater 

The leaf samples taken in January 2014 represented the concentration of nutrients in the 

leaves loaded with tertiary wastewater effluent (TWE), meanwhile the leaf samples 

collected in August 2014 and March 2015 represented the concentrations of nutrients 

loaded with SCW and septage, respectively. The analysis was carried out for four samples 

(S100, BC5, BC15 and BC20). Table 7.15 shows the concentrations of nitrogen, 

phosphorus and carbon loaded with TWE, SCW and septage.  

 

The results showed that nitrogen concentration in the leaves was lowest when the 

mesocosms were loaded with TWEs (6.9 – 9.7 mg/g) and increased significantly to 22 – 

23 mg/g when the mesocosms were loaded with septage. The same trend occurred with 

the phosphorus concentrations in which the lowest concentrations ranged from 1.29 – 

1.33 mg/g when the mesocosms were loaded with TWE and the concentrations ranged 

from 1.88 – 1.93 mg/g when the mesocosms were loaded with septage. The leaves’ carbon 

concentrations when the mesocosms were loaded with TWE, SCW and septage ranged 

from 401 – 421 mg/g, 403 – 422 mg/g, and 470 – 492 mg/g, respectively. The carbon 

concentrations in the leaves when the mesocosms were loaded with TWE and SCW were 

similar and increased slightly when the mesocosms were loaded with septage. This 

indicated that the nutrients in the leaves were responsive to the type of wastewater loaded 

into the VF mesocosms. Bolton and Greenway (1997) reported that phosphorus content 

in the leaves of Melaleuca trees which grow in the sewage effluent had significantly 
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higher than in the leaves of Melaleuca trees which grow in the natural Melaleuca 

wetlands. 

 

Table 7.15 Nitrogen, phosphorus and carbon concentrations (mg/g) in the leaves of 

Melaleuca quinquenervia loaded with tertiary effluent, secondary clarified 

wastewater and septage. 

Parameters 
Type of 

Wastewater 

Treatment 

S100 BC5 BC15 BC20 

N (mg/g) 

TWE 9.7 6.9 7.1 8.4 

SCW 9.9 8.4 11.4 10.5 

Septage 22.9 23.1 22.4 22.0 

P (mg/g) 

TWE 1.3 1.3 1.3 1.3 

SCW 1.4 1.5 1.5 1.5 

Septage 1.9 1.9 1.9 1.9 

C  (mg/g) 

TWE 422 402 414 422 

SCW 412 403 422 407 

Septage 492 476 470 478 

 

 Conclusions 

This study evaluated the biomass of the Melaleuca quinquenervia and Cymbopogon 

citratus, nutrient and carbon accumulation in each part of these plants in sand media 

amended with biochar with different percentages of biochar (0 – 25% by volume) then 

loaded with SCW and septage. The results revealed that septage which has a high 

concentration of nutrients when loaded into VF mesocosms increased the growth rate in 

the height of both Melaleuca trees and Lemongrass. 

 

Statistical analysis of the biomass of the plants showed that there were no significant 

differences among the Melaleuca biomass harvested both in March and July 2015. No 

significant differences also occurred in the Lemongrass biomass. This suggested that 

addition of biochar into the sand media did not influence the biomass of both the 

Melaleuca trees (Melaleuca quinquenervia) and Lemongrass plants (Cymbopogon 

citratus). No statistically significant differences were found in nitrogen, phosphorus and 

carbon accumulation in each part of the plant among the seven treatments. Thus, the 

addition of biochar did not affect to nitrogen, phosphorus and carbon accumulation. 
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Accumulated nutrients in the leaves of Melaleuca may depend on the nutrient 

concentration of wastewater loaded in the VF mesocosms. 

 

. 
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CHAPTER 8 

8 QUALITATIVE STUDY: Constructed Wetland Implementation 

 

 Preamble  

Chapter 8 uses qualitative research methods to analyse the existing sanitation and 

wastewater technologies implemented in the Kupang Municipality in East Nusa Tenggara 

Province (ENTP). It discusses the success factors of the programs implemented by the 

ENTP and the prospect of constructed wetland implementation and its acceptability by 

Kupang Municipality stakeholders.  

 

 Introduction 

Management of domestic wastewater and sanitation in urban areas is still a major challenge 

faced in developing countries. In Indonesia, population growth is mainly concentrated in 

urban areas. Consequently, communities need appropriate sanitation infrastructure 

facilities such as treated water supply and wastewater treatment plants. However, due to a 

lack of funding, the existing infrastructure development has not been able to keep up with 

the population growth. Consequently, due to the lack of sanitation infrastructure, limited 

decision making concerning this issue and inconsistent management, domestic wastewater 

problems are still the main contributor to on-going water pollution in Indonesia 

(Prihandrijanti and Firdayati, 2011; Costa et al., 2016). 

 

As the capital city of East Nusa Tenggara Province Indonesia, Kupang has experienced a 

significant increase in population over the last 5 years. In 2009, the total population in 

Kupang Municipality was recorded at 287,234 inhabitants and increased significantly to 

384,112 inhabitants in 2014 (BPS-Kota-Kupang, 2015). The population growth rate in 

Kupang Municipality for these 5 years was 3.89% and this growth has been contributed to 

by both increasing birth rates and migration from surrounding rural areas. The average 

population density in 2014 was 2,131 persons/km2 (BPS-Kota-Kupang, 2015). The rapid 

increase in population places further stress on the existing sanitation and wastewater 

infrastructures. 

 

In the Kupang Municipality, a centralised wastewater treatment facility (off-site) has not 

been established yet.  Nevertheless, according to a survey conducted by the Public Works 

Agency of ENTP in 2015, there was no open defecation in the Kupang Municipality and 
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the households already have pit latrines or septic tanks. However, the report did not contain 

information about the detailed conditions of the wastewater facilities (BPS-Kota-Kupang, 

2015). The wastewater effluent for both private households and community based systems 

is commonly treated on-site. As a result, black water (toilet wastewater) and grey water 

(wastewater derived from laundry, washing, and food preparation) are still released to the 

environment without any treatment. Hence, it leads to environmental deterioration of the 

receiving soils and water bodies. In general, private households in the Kupang Municipality 

separate black water and grey water. Based on the sanitation chain particularly for the user 

interface facilities, it was reported that 72% of households have private toilets in the home 

and of these 28% share private toilets (BPS-Kota-Kupang, 2015). Low-income 

communities in general share local toilet facilities. WSP (2011) reported that poorer 

households often do not have access to appropriate sanitation services. The most common 

types of toilet used in Kupang Municipality are manual squatting type pour-flush toilets. 

The flushing processes for pour-flush toilets are efficient as the water is provided near to 

the toilet. In addition, it is hard to find a sitting pour flush toilets in the low-income 

communities. The sitting pour flush toilet can only be found in high-income communities.  

 

For the collection of the black water, the majority of households (73%) in Kupang release 

black water to the sanitation pit utilised also by the pit latrine. The households utilising the 

pit latrines for collection of black water are commonly from lower-income communities. 

This means that the wastewater effluent from the household sanitation facilities is released 

and passed through into the soil and water table. In the Kupang Municipality, there is a 

Regional Regulation (Peraturan Daerah No.23/2009) which states that one of the 

requirements to obtain the permission for constructing a new house/building is to have a 

septic tank which is in accordance with safety standards released by the Ministry of Public 

Works. This is the best way forward. The Municipal Government of Kupang also carried 

out promotions in the communities and recommended households initially apply for and 

build an approved septic tank system. The survey conducted by the Public Works Agency 

of Kupang reported that only 26.9% of households have approval for a constructed septic 

tank in their private houses (BPS-Kota-Kupang, 2015). A properly designed and then 

approved septic tank allows the final sludge to settle and to be pumped out periodically and 

disposed of and further treated at the sludge treatment plants. The solid component in the 

sludge treatment plants is commonly treated to be used as composts. However, the current 

septic tank construction processes in households are of poor quality, with most septic tanks 
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not waterproofed and properly sealed. Many existing septic tanks in the Kupang 

Municipality have not been pumped out for more than 10 years. This indicates that the 

majority of septic tanks built do not fulfil the environmental health and safety standards. 

Thus, faecal and nutrient contamination in the groundwater and soil continues. This 

problem is widespread and the evidence has shown that some springs and wells in the 

Kupang Municipality have been contaminated and cannot be used for drinking purposes. 

 

Based on the sanitation chain, the wastewater or effluent collected from septic tanks should 

be transported to the wastewater treatment plants for further treatment; with the final 

treated effluent released to the environment. In the Kupang Municipality, hauler trucks are 

used for transporting wastewater from private household septic tanks to sludge processing 

facilities for further treatment. The trucks are provided by the local government (Kupang 

Municipality) and managed by the local Sanitation Agency of the Kupang Municipality. 

However, because hauler trucks are in poor condition the transportation of wastewater from 

premises with septic tanks is problematic. This condition is exacerbated by the poor 

functioning of the sludge processing facilities in the last few years. Finally, it can be 

concluded that the wastewater from septic tanks cannot be treated properly in the 

wastewater treatment facilities in these communities and new wastewater treatment 

technology and transport systems are required. 

 

The study on greywater revealed that only 24 % of households treated the greywater (BPS-

Kota-Kupang, 2015). The untreated greywater from more than 75% of households was 

released directly into street drainage channels and became part of local surface water. 

Therefore, the deterioration of surface and ground water in Kupang is a significant 

environmental problem. Monitoring conducted by the Environmental Agency of ENTP 

revealed that the water quality of the Dendeng and Liliba Rivers located in Kupang 

Municipality were classified as heavily polluted; water from these rivers cannot be used 

for human consumption (BLHD-NTT, 2015).  

 

Adequate sanitation and wastewater management systems are required to improve human 

health by providing cleaner environments and reducing the water pollution particularly 

from domestic wastewater. In order to maintain the sustainability of sanitation and 

wastewater management systems, the selection of the technology should be based on; is it 

economically feasible? Is it acceptable to the local communities? Is it appropriate in 
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technical aspects and environmentally sound? (Ujang and Buckley, 2002, Langergraber, 

2013). Singhirunnusorn and Stenstrom (2009) further noted that the wastewater technology 

selected should meet the local conditions and needs of the community in order to reduce 

operational failure and improve sustainability. 

 

Constructed wetlands can be a very attractive solution for cities and particularly for 

regional communities in developing countries. The functional roles of wetlands in 

removing pollutants and improving water quality have been studied during the past three 

decades and the construction of artificial wetlands has been applied successfully in 

developed countries (Kadlec and Wallace, 2008; Garcia et al., 2010; Vymazal and 

Kröpfelová, 2011; Ayaz et al., 2012; Martín et al., 2013a, Cui et al., 2015, Greenway, 

2015). However, studies of the effectiveness of CWs in Indonesia are still rare. In fact, 

being a tropical country, Indonesia is very rich with native plants that can be appropriately 

utilised in CWs. In addition, pollutant removal processes in tropical areas are more 

effective than in cooler climates due to appropriate temperature, humidity and sunlight. 

 

However, the implementation of the new technology in these communities relies on the 

acceptability and sustainability (maintenance) of the technology after construction. 

Schouten and Mathenge (2010) stated that an appropriate technology is determined by 

predominant local conditions including the economic, technical, environmental and social 

aspects. The new wastewater technology should meet the needs of local communities, and 

communities must agree to maintain the new technology so that CW’s are sustainable 

overtime. Bouabid and Louis (2015) reported that interventions by international aid groups 

and national governments in reducing sanitation and wastewater problems still faced a 

challenge in the sustainable use of sanitation facilities because of previously reported 

inappropriate technology introduced to communities. A better understanding and 

assessment of the existing wastewater technologies and the sanitation programs which have 

been implemented to date is required. Thus, implementation of the new technology, i.e. 

Constructed Wetlands, is expected to be beneficial for the communities and it is hoped that 

this will lead to improvements in their sustained use through improved maintenance of 

CWs. Proper planning is required to avoid past mistakes and to properly implement CWs 

in the Kupang Municipality has been identified as a priority from this research. 

 



 
 

179 
 

 Research Objectives 

The aims of this research were to investigate the achievements and success factors of 

existing sanitation and wastewater management programs implemented in the Kupang 

Municipality in East Nusa Tenggara Province (ENTP) and assess the proposed use of CWs 

and their acceptability by the Kupang Municipality community stakeholders. The specific 

objectives were: 

 Examine the factors that influence the sustainability of existing sanitation and 

wastewater programs in Kupang Municipality, 

 Investigate the current strategy carried out by the government to deal with the 

sustainability of sanitation and water management issues, and 

 Investigate the perspectives of the relevant stakeholders for the implementation of 

new CW technology in Kupang Municipality communities. 

 

 Theme Analysis and Discussion 

Based on seventeen (17) in-depth interviews (see list of KI details in Appendix 3) and from 

the analysis of this secondary data, there are several challenges for implementation of 

appropriate sustainable sanitation and management programs in ENTP. These findings can 

be grouped into several themes and sub-themes which are summarised in the Figure 8.1: 
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Figure 8.1 The summary of the themes and the sub-themes 

 

The following section discusses the 4 themes and 11 sub-themes discovered regarding the 

sanitation and wastewater management programs which have been implemented. The 

findings demonstrate the achievements and barriers of the sanitation and wastewater 

management programs and the acceptability of CWs by the Kupang Municipality 

stakeholders. The themes and sub-themes are analysed in this section. 

 

8.4.1 Theme 1: Political Will  

Based on the Local Government Act of the Government of Indonesia No.23/2014 (GoI, 

2014), sanitation and wastewater issues are the responsibility of both the central 

government and local governments (provincial and municipality level). Thus, the sanitation 
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and wastewater management issues are the joint responsibility between the central and 

regional governments. It is important to overview the existing policies for this research to 

better understand the role of each level of government charged with dealing with sanitation 

and the wastewater management issues delegated to the local level. 

 

Since the national coverage of sanitation services is still below the target of the Millennium 

Development Goals (MDGs), and the new strategies of the Sustainable Development Goals 

(SDGs) recently realised by the United Nations, sanitation and wastewater management 

issues have become a concern of the Central Government and have been designated as a 

national target. The Central Government has enacted policy and strategies in sanitation and 

wastewater management systems to achieve the national targets. To expand the coverage 

of sanitation services, especially for low-income communities, the Central Government of 

Indonesia coordinated by the National Planning and Development Agency (Badan 

Perencanaan Pembangunan Nasional), has initiated reform in sanitation and wastewater 

management policy. The Central Government has established a new approach for sanitation 

policy which hands authority to local governments to regulate and design the sanitation 

policy with assistance from the central government. In addition, the Government of the 

Republic of Indonesia through the Minister of Public Works has effected regulation 

No.16/PRT/M/2008, a national strategic policy on the development of residential 

wastewater management systems (MPW, 2008). This policy aims to support the 

achievement of national targets on sanitation and wastewater management through 

planning, financing, and implementation.  

 

To carry out the reform in the areas of sanitation and wastewater management, the Central 

Government has implemented several programs to assist local governments in improving 

the success of these programs. Some of the interventions that have been carried out by the 

Central Government in helping the local governments to achieve the national target of 

sanitation and wastewater management include (AUSAID, 2013): 

1. Establishment of sanitation and wastewater management development programs 

which assist local governments in comprehensively planning regional programs 

through preparation of City Sanitation Strategy Documents, 

2. Incorporation of sanitation and wastewater management targets in the Medium term 

Development Plan 2010 – 2014 and 2014 – 2019, 
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3. Establishment of several alternative sanitation projects for domestic wastewater 

systems called decentralised wastewater treatment systems (DEWATS). Until 

2014, approximately 1,700 decentralised wastewater treatment systems 

(DEWATS) countrywide had been constructed, 

4. Increase of national government expenditure for sanitation eightfold from IDR 540 

to 4,200 billion, and 

5. Establishment of the Indonesian Association of Cities and Districts Concerned 

about Sanitation in 2011. 

 

Decentralised wastewater management programs are some of the programs which aim to 

increase the coverage of sanitation and wastewater management services in the local 

communities. Massoud et al. (2009) stated that the decentralised systems can not only 

reduce environmental pollution and public health concerns but can also ultimately increase 

the reuse of wastewater depending on the type of communities, local settings and the type 

of technology selected. Decentralised wastewater treatment systems are designed to be 

implemented in small scale systems of between 25 to 100 households. Such systems are 

implemented through the SANIMAS (Sanitasi Berbasis Masyarakat or Sanitation by 

Community) Program which is managed by the Public Works Agency at the Provincial 

level (Prihandrijanti and Firdayati, 2011) and the Sanitasi Lingkungan Berbasis 

Masyarakat (SLBM) or Community-based Environmental Sanitation program which is 

managed by the Public Works Agency at the Municipality level through the special 

allocation fund (Dana Alokasi Khusus).  

 

In the Kupang Municipality, the SANIMAS programs have been implemented since 2008 

and SLBM programs were implemented in 2012. These programs were funded by the 

Central Government (90%) and Municipality Government (10%) on a shared basis, through 

specially allocated funding (Dana Alokasi Khusus) for the sanitation programs at the 

municipalities or districts levels which aimed to improve the coverage of sanitation services 

and increase the quality of public health (MPW, 2014). 

 

Key informants were interviewed; information was recorded, transcribed and analysed into 

themes. This section describes the situation in Kupang in detail with supporting quotations. 

Seventeen (17) KI were interviewed face to face as previously highlighted.  

The key informant P1 from the Provincial Government commented that: 
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“For construction of one sanitation facility through the SANIMAS program, it 

will cost approximately IDR 400 million and 90% of the construction cost is 

funded by the central government through the special allocation fund (Dana 

Alokasi Khusus). Local government only provides 10% of the total fund 

required for construction of sanitation facility…” (P1) 

 

The key informant M2 from the Public Works Agency of Municipality Government said: 

“The financing of sanitary and wastewater treatment facilities can be from the 

local government budget through the general allocation funds and special 

allocation funds, and the budget of SANIMAS and SLBM program in Kupang 

Municipality derived from the special allocation fund which is 90% of the 

budget from the central government…” (M2) 

 

To increase the capacity and role of local governments in the success of the sanitation and 

wastewater management programs, the Ministry of Public Works had provided and 

published a handbook containing the planning, implementation, maintenance, and 

monitoring and evaluation of these programs (MPW, 2014). This indicates that the Central 

Government is serious about achieving national targets on sanitation and wastewater 

management.  

 

At the East Nusa Tenggara Province (ENTP) level of government, sanitation and waste 

water management issues have been incorporated into the medium-term development plan 

(Rencana Pembangunan Jangka Menengah Daerah/ RPJMD) since 2013. In addition, 

ENTP Government planning through the Environmental Health Settlement Division in the 

Public Works Agency had drawn up sanitation policy documents called “Buku Putih 

Sanitasi” and “City Sanitation Strategy” in 2014. 

 

The key informant P2 from the Planning and Regional Development Board of ENTP stated: 

“ENTP has included the issue of sanitation and wastewater management in the 

medium-term development plan…” (P2) 

 

The key informant E4 from a Consultant Management organisation in sanitation and 

wastewater management commented: 

“Sanitation documents called “Buku Putih Sanitasi” and “City Sanitation 

Strategy” for the Kupang Municipality has been published since 2014…” (E4) 

 

The sanitation document called “Buku Putih Sanitasi” contained baseline data and 

characterisation of sanitation and wastewater management conditions in the Kupang 

Municipality. The actual mapping of the sanitation conditions in communities included not 
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only the technical aspects but also non-technical aspects. Then, the “City Sanitation 

Strategy” consists of the integrated and comprehensive sanitation development plan for 

medium-term development plans. The policy published in this document was based on the 

previous sanitation document and explained about the vision, goals, strategy, programs and 

activities to improve sanitation conditions in the Kupang Municipality. This means that the 

Provincial Government already has a strong legal basis for setting sanitation and 

wastewater management targets to be achieved over the next five years.  

 

The roles of the provincial government and related agencies are to provide technical and 

administrative support as well as funding for the implementation of sanitation programs in 

ENTP. In addition, the provincial government also can propose the programs for sanitation 

and wastewater management to achieve these targets. However, the implementation of the 

programs and activities listed in the “City Sanitation Strategy” is still a challenge because 

these documents were not disseminated and socialised properly to the stakeholders in the 

field and the budget allocated for sanitation program was not as expected.  

 

The Manager P2 from the Planning and Regional Development Board of ENTP stated: 

“The budget allocated for constructing, operating and maintaining sanitation and 

wastewater treatment infrastructure are much lower than for other 

infrastructure facilities…” (P2) 

 

At the Kupang Municipality level, sanitation and wastewater management issues have not 

been prioritised by the local government of Kupang. Although the policy documents for 

sanitation and wastewater management for the Kupang Municipality have been established 

by ENTP through the Public Works Agency, the implementation of sanitation and 

wastewater management programs are still far from expectations. A study conducted by 

The World Bank revealed that most local governments in Indonesia do not prioritise this 

sector (WSP, 2009).  

 

The local government rules that regulate sanitation and wastewater management including 

services for domestic wastewater are not sufficient to deal with the significant and growing 

sanitation issues. In addition, the Kupang Municipality wastewater master plan documents 

have not been established yet. This means that the Kupang Municipality has not been 

developing regulations for the design and implementation of sanitation programs, leading 

to insufficient strategies to cope with the sanitation issues. The municipality regulations 
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related to sanitation and wastewater management issues particularly defining land use 

permits are in Regulation No.23/2009 (Peraturan Daerah No.23/2009) which stated that 

new houses/buildings have to construct proper septic tanks according to safety standard 

regulations established by the Ministry of Public Works. Thus, the Kupang Municipality 

must create more detailed regulations to govern sanitation and wastewater management 

issues.  

 

In addition, the regulations established have to be disseminated to the public with the 

existing guidelines before these regulations are implemented. The dissemination of the 

regulations and policies to the people and communities are important for the public to 

understand the purpose of the new regulations. Besides, the local government needs the 

commitment of communities to implement these guidelines; thereby the new regulation 

and policy can be operationalised in communities. Furthermore, regular monitoring post 

implementation of this technology should also be carried out by the local governments. 

Local governments need to exercise their authority to ensure all communities meet these 

new requirements. Seppälä (2002) pointed out that one of the weaknesses of 

implementation of sanitation policies in developing countries is the lack of adequate 

monitoring and enforcement mechanisms. While regulations are in place they are not being 

applied at a local level so there is no improvement in sanitation systems in the communities. 

These regulations need enforcement at all resident and commercial buildings.  

 

The budget allocated to sanitation and wastewater management in the Kupang Municipality 

is considerably low. Thus, the sanitation and wastewater management projects in Kupang 

City mainly have been financed by the Central Government, particularly for the 

construction stages. A study conducted by Winters et al. (2014) in Cimahi, Makassar and 

Surabaya Indonesia showed that financial constraints are still one of the major obstacles 

for the local governments to fund the urban sanitation and wastewater management sector. 

The construction, operation and maintenance of urban wastewater infrastructure 

requirements are very expensive particularly the high cost for initial land acquisition, 

construction of the wastewater treatment plants, and the installation of new underground 

sewerage networks (Winters et al., 2014). The operation and the maintenance of the 

wastewater treatment facility in Alak Sub-District should be the responsibility of Kupang 

Municipality Government as required by the Local Government Act No.23/2014.  As an 

example however, the condition of the wastewater treatment facility in the Alak Sub-
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District Kupang showed that the sludge processing facility had been damaged and was not 

capable of optimally treating wastewater. One of the reasons is the lack of an operational 

and maintenance budget provided by the local government (Kupang Municipality).   

 

Regarding the SANIMAS and SLBM program, the Kupang Municipal Government only 

allocated 10% of the total budget.  A decision maker in the Kupang Municipality M1 said: 

“For the construction of sanitation and wastewater treatment facilities, honestly 

the Kupang Municipality has not provided its budget because of budget 

constraints…” (M1) 

 

The key informant from the Provincial Government P1 commented: 

“The allocation of 10% of the total SANIMAS and SLBM project is for the 

provision of the regulation, but it is not the political will of the decision makers 

at the municipality level…” (P1) 

 

Since sanitation and wastewater management have become a national target, the Central 

Government, in enacting the relevant supporting rules and regulations, must supply the 

budget and human resources to assist the local governments to reach the set targets. 

However, the planning and implementation of sanitation programs at both the provincial 

and municipal level are still far from target expectations. From interviews with key 

informants, it is clear that the sanitation and wastewater management issues have not been 

a major concern for local governments. There are still many environmental and public 

health problems caused by inadequate installation of sanitation and wastewater treatment 

facilities. In the Kupang Municipality more than 75% of wastewater from households 

continues to be released to the environment without treatment.  

 

There are several reasons which can be discussed to understand these phenomena. Firstly, 

the government leaders and decision makers at the provincial and municipal levels assume 

that the sanitation and wastewater management issue is not an urgent issue. The 

government leaders and decision makers at provincial and municipal level preferred to pay 

more attention to develop infrastructure in other sectors such as transportation, irrigation 

and clean water facilities. Roads, irrigation and clean water are a major issue for residents 

in Kupang City. Winters et al. (2014) noted that city agencies in the Surabaya Municipality 

were reluctant to play a more active role in the sanitation and wastewater management 

sector due to the lack of fiscal benefits from operating wastewater treatment plants. Seppälä 

(2002) stated that in developing countries, decision makers have not prioritised the 

provision of sanitation and wastewater treatment facilities. The elected local government 
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officials realised that improved wastewater sanitation are important; but there are many 

reasons to prioritise other local problems, rather than improve wastewater management 

systems (Winters et al., 2014). The government leaders all agree that these programs 

directly benefit the community. If the government leaders can fulfil the need for major 

infrastructure issues and the communities are satisfied with this development, it will be 

easier for local leaders to be re-elected in the next general election. A study carried out by 

Winters et al. (2014) revealed that the benefits of improved sanitation may take place in 

the long-run but this does not placate the short political term aspiration.  

 

Secondly, sanitation and wastewater management facility provision does not contribute 

significantly to the increase in regional municipality revenue in comparison with the 

revenue gained from the provision of clean water facilities. The Kupang Municipal 

Government obtained minimal fees for sludge treatment and this revenue was not sufficient 

to even cover operational costs. The research carried out by Winters et al. (2014) in 

Makassar revealed that citizens were more likely to reject wastewater services because they 

are “unlikely to be willing to pay fees of the wastewater services”. The Kupang Municipal 

Government prefers to focus on the clean water issue rather than that of wastewater, as the 

communities pay for this service monthly, resulting in increased local government 

revenues.  

 

Thirdly, the stakeholders have inadequate knowledge about the impact of inappropriate 

sanitation, sewerage and wastewater treatment facilities. These conditions could potentially 

lead to the emergence of various diseases such as diarrhoea, chlorella and dengue which 

can ultimately have a serious effect on public health. Therefore, it is necessary to establish 

institutional management education systems which focus on upscaling sanitation and 

wastewater management and infrastructure issues by providing the stakeholders with clear 

job descriptions and regulated authority and responsibilities.  

 

The decision makers mostly have not prioritised sanitation issues in their programs, as their 

preference is to allocate the budget for other infrastructure programs i.e. transportation, 

irrigation, and clean water facilities. Hence, the budget allocated for sanitation and 

wastewater management programs will continue to be low compared to the infrastructure 

budget allocations for transportation and irrigation. 
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8.4.1.1 Conclusions on Theme 1 

Theme 1 discovered the lack of political will of the government at the various levels from 

the central level to the regional level. It can be concluded that the Central Government 

gives more attention to sanitation and wastewater management issues than at the other 

levels. Based on the Ministry of Public Works Regulation No 16/PRT/2008 (MPW, 2008), 

the national strategic policy on the development of residential waste water management 

systems are focused on five categories:  

(1) improvement of the access to sanitation and wastewater infrastructure and facilities 

in urban and rural areas,  

(2) increasing the role of the public for the implementation of wastewater management 

systems,  

(3) development of laws and regulations related to sanitation and wastewater 

management,   

(4) strengthening of the institutions that deal with sanitation and wastewater 

management and the improvement of capacity building programs for the personnel 

who work in the field of sanitation and wastewater management, and  

(5) increasing the budget for the development of sanitation and wastewater 

infrastructure. 

 

Enactment and enforcement of policies and regulations by the central and provincial 

governments, and by the relevant municipal authorities is critical to any future 

implementation of effective and efficient sanitation programs. However, this approach has 

not been fully supported by local governments, especially at the level of municipality. 

Therefore, it is important for Central Government to: 

(1) encourage the strengthening of institutions that deal with sanitation and wastewater 

management programs,  

(2) strengthen the coordination and corporation among the agencies engaged in the 

sanitation and wastewater management issues particularly at the municipal level, 

and 

(3) empowerment for increased political will of the decision-makers in sanitation and 

wastewater management to provide a higher priority for the sanitation and 

wastewater management programs.  

For the ENTP Provincial and the Kupang Municipal government, it is crucial to provide 

more attention in sanitation and wastewater management programs.  
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The problem with inadequate funding can be solved by sourcing various alternative 

financial contributors for sanitation and wastewater programs from not only local agencies 

but also by exploring investment opportunities from global and private sector agencies. In 

addition, an agreement among the central, provincial and municipal governments about the 

percentage of budget sharing for sanitation and wastewater management programs should 

be considered. It is necessary to ensure decision-makers both legislative and executive in 

the Kupang Municipality allocate sufficient budget for the operation and maintenance costs 

of existing sanitation and wastewater treatment facilities. This is important for the 

sustainability of sanitation and wastewater management programs. In addition, the ENTP 

and the Kupang Municipal Governments should allocate the budget for constructing new 

sanitation and wastewater facilities in each sub-district because many households release 

their wastewater to the environment without treatment due to insufficient sanitation 

facilities.  

 

8.4.2 Theme 2: Institution and Human Resources 

In the Kupang Municipality, sanitation and wastewater management issues are generally 

managed by the local government at the municipal levels through relevant agencies (Dinas 

or Badan). The agencies which are responsible for these issues are The Public Works 

Agency (Dinas Pekerjaan Umum), The Health Agency (Dinas Kesehatan), The Local 

Environmental Board (Badan Lingkungan Hidup Daerah), The Planning and Regional 

Development Board (Badan Perencanaan dan Pembangunan Daerah), The Settlement and 

Spatial Administration Agency (Dinas Permukiman dan Tata Ruang), and The Sanitary 

Agency (Dinas Kebersihan). These agencies are responsible for sanitation and wastewater 

management from planning through to, implementation and monitoring of the programs.  

 

Although several agencies deal with the issues of sanitation in the Kupang Municipality, 

the sanitation and wastewater management issues are still not managed properly. The main 

problem is the lack of coordination among the agencies that deal with the sanitation issues.  

 

The manager from the Planning and Regional Development Board of ENTP P2 

commented: 

“If the project is financed by the central government, the local governments do 

not want to be responsible; the decision makers from the local government feel 
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that these are the central government’s projects although these projects are 

located in their area…” (P2) 

 

The manager from the Public Works Agency of Kupang M2 commented: 

“There is a lack of coordination among the agencies in the Kupang Municipality 

and sometimes the sanitation and wastewater management program cannot be 

run as it should be…” (M2) 

 

The sanitation programs are carried out and administered by several agencies, meaning that 

the budget should be shared and distributed among several agencies. Sometimes, 

coordination among the agencies at the provincial and municipal level becomes an issue 

due to ‘sectoral ego/professional jealously’ and a lack of staff to manage the sanitation and 

wastewater management programs. Schouten and Mathenge (2010) pointed out that 

management of sanitation and wastewater by different agencies could cause a problem due 

to overlapping responsibility in construction, operation and maintenance. A study carried 

out in the East Africa region revealed that most of the countries have fragmented 

institutions which deal with water and sanitation issues because the duties of various 

institutions seem to be unclear, fragmented and uncoordinated (Seppälä, 2002). This 

research supports the findings that management of sanitation and wastewater management 

programs by several agencies potentially lead to duplication and overlapping of efforts and 

outcomes across the agencies. This organisational structure results in the situation where 

the sanitation program implementation becomes unfocused. 

 

The success of the sanitation and wastewater management programs is highly dependent 

on the quality of the government officials. Seppälä (2002) pointed out that human resources 

play an important role in the successful implementation of programs in the water and 

sanitation sectors. The human resource constraints in the water and sanitation sectors can 

be classified as a lack of professional personnel in the sector, a lack of decision making 

skills, a lack of staff motivation and incentive and a lack of morale (Seppälä, 2002). The 

quality of personnel in the Kupang Municipality is still inadequate. There are two factors 

why the personnel in the sanitation and wastewater management institutions have not 

performed their function optimally as discovered by this research. Firstly, the insufficient 

number of personnel who deal with sanitation and the limited number of government 

officials who have sufficient knowledge and skills to deal with sanitation issues.  

 

The sanitation and wastewater management issues are mainly overseen by government 

personnel who do not have an environmental education background. It means that most of 
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the personnel who are placed to deal with the sanitation and wastewater issues have limited 

expertise. As an example, the supervision of the feasibility of septic tank construction has 

been the responsibility of personnel from the relevant agencies of the municipal 

government, but this responsibility cannot be run properly because of the lack of staff. The 

processes of building septic tanks in new houses or commercial buildings are rarely 

supervised or inspected pre or post construction and in general have no final approval 

issued by government staff. This situation led to septic tank construction not meeting the 

standards required by law by the Ministry of Public Works. 

Regarding human resources and the staff working in the sludge processing facility, it was 

reported that the five personnel working on the sludge processing facility had minimal 

qualifications. The Manager working at the Sanitary Agency of the Kupang Municipality 

M7 said: 

“The sludge processing facility does not perform properly because of the 

problem with human resources and funding, there are only five persons 

working with in these job. I have been proposing to add more personnel but 

this proposal was rejected…” (M7) 

 

Secondly, there are frequent movement of human resources with staff transferring to other 

institutions dealing with sanitation and wastewater management, which influences the 

quality of personnel supporting the sanitation and wastewater management programs. 

Boyne et al. (2010) confirmed that there were connections between public service 

performance and the rate of turnover of appointed senior officials where lower public 

service performances are in line with the high rate of staff turnover. Several managers from 

the ENTP and Municipal level provided their opinion regarding this issue. 

 

The key informant P1 from the Provincial Government commented: 

“Turnover of employees is frequent and this condition leads to employees who 

had already participated in various training courses are no longer in these 

job and are replaced with new employees who do not have knowledge and 

skills in sanitation and wastewater management…” (P1) 

 

The key informant P3 from the Health Agency said: 

“The main obstacle for the sustainable sanitation and wastewater management 

programs is the frequent changing of sanitarian personnel…” (P3) 

 

The key informant M3 from the Planning and Regional Development Board of the Kupang 

Municipality commented: 
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“Government officials in the Kupang Municipality change frequently, I think 

this bureaucratic system should be corrected…” (M3) 

 

The key informant M6 from the Settlement and Spatial Administration Agency of the 

Kupang Municipality revealed: 

“The weakness of the Municipal Government is frequent changes of the staff 

which influences the sustainability of the programs because the staff that had 

been trained are moved and replaced by new personnel who do not have the 

skills in sanitation and wastewater management…” (M6). 

 

This research discovered that the frequent transfer of employees within the institutions 

dealing with sanitation and wastewater management was a serious problem regarding the 

future sustainable implantation of this program. Collins et al. (2000) pointed out that high 

staff circulation in the governmental health sectors could cause critical problems for 

effectiveness of the management processes. Many personnel that have been trained and 

have recently served in the field of sanitation were transferred to an institution that was not 

dealing with sanitation and wastewater management issues. These transfers cause a “lack 

of capacity” in the management and maintenance of sanitation and wastewater facilities. 

The new personnel who replace the trained-personnel do not know the main tasks and need 

to be trained from the beginning. 

 

8.4.2.1 Conclusions on Theme 2 

Theme 2 addresses the institutional and human resource problems. The issues that appear 

in discussing the institutions and human resources in the field of sanitation are:  

(1) the problem of coordination among the agencies engaged in the sanitation and 

wastewater management fields,  

(2) insufficient human resources in terms of both quantity and quality, and 

(3)  the frequent occurrence of personnel turn-over in the sanitation and wastewater 

management fields.  

 

To deal with the first issue, decision makers in each agency should have common goals 

based on the MDGs (now SDG’s) and government policies to resolve the sanitation and 

wastewater management issues. Therefore, the task description for agency personnel (key 

performance indicators) should be clear and concise, and the responsibilities of each 

agency should be allocated for the planning, implementation and monitoring processes. A 

significant finding in this research is that the coordination among the agencies dealing with 
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sanitation issues should be strengthened and the administration of this issue must come 

directly under the authority of The Mayor of the Kupang Municipality.  

 

To cope with the second issue, the Central Government, through the Ministry of Public 

Works should provide training programs for officials in local governments engaged in 

sanitation and wastewater treatment to increase the capacity of the staff. Capacity building 

has become crucial in sanitation and wastewater management programs because this 

activity aims to improve and strengthen the ability of staff to achieve the objectives 

proposed in the policies and regulations (LaFond et al., 2002). The improvement of staff 

capacity through training programs should be provided for both management and technical 

personnel. In addition, they should include in on-site study programs at the Waste Water 

Treatment Plants (WWTPs) which have already been established. These on-site study 

programs would provide personnel with an insight into a proper model of sanitation and 

wastewater management.  

 

To resolve the third issue, decision-makers need to be given an understanding of the 

importance of human resources working in the field of sanitation and wastewater 

management. In addition, the government leaders must be given an understanding and 

common perception about the importance of the sustainability of sanitation and wastewater 

management programs. The trained-personnel should not be moved frequently as they have 

been trained to handle both technical and managerial problems in sanitation. To avoid the 

frequent transfer of personnel, coordination among the agencies in the Kupang Municipal 

Government should be improved. Human resource training is lacking, meaning that 

appropriate tertiary, technical and community education and training is required urgently 

to improve knowledge and to support wastewater treatment technology across all sectors 

 

8.4.3 Theme 3: Community Engagement for Utilisation, Operation and 

Maintenance of Sanitation Facilities  

Community engagement plays an important role for the implementation of sanitation and 

wastewater management. Contributions from the community can be obtained from their 

participation, knowledge, skills and funds. In the Kupang Municipality, the awareness and 

knowledge of the community about sanitation and wastewater management is still 

insufficient. The majority of the community have not been able to distinguish between a 

septic tank and a pit latrine. Many septic tanks built by the communities are suspected to 
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be unsafe and potentially hazardous to the soil and groundwater. They also considered that 

the pit latrines and septic tanks are safe for wastewater and that the wastewater flowing 

from septic tanks does not need to be treated in WWTPs. The communities assume that 

black water and greywater have not become a major problem for the environment and have 

little impact on the environment, particularly groundwater.  

 

Regarding community engagement in sanitation and wastewater management programs 

particularly for the low income communities, the government has introduced SANIMAS 

and SLBM programs. One concept implemented in SANIMAS and SLBM is the 

empowerment of the low-income communities with an aim to make the communities a 

main actor in the processes of planning, construction, operation and maintenance of 

communal sanitation facilities. Based on guidelines from the Ministry of Public Works of 

Indonesia (MPW, 2014), funds have to be distributed to the communities and cannot be 

delivered to households individually. These funds can only be used for construction of 

sanitation facilities and are directly distributed to the community through community 

independent groups (Kelompok Swadaya Masyarakat or KSM). The funds provided by the 

Central Government to build a sanitation facility are approximately IDR 400 million (A$ 

40,000).  The land for sanitation facilities has to be provided by the local governments 

(Municipalities or districts) or the community. Therefore, the determination of location, 

planning and design of the SANIMAS/SLBM technology are discussed with input coming 

from the communities. In addition, the construction, operation and maintenance of the 

sanitation facilities are managed and carried out by communities through KSMs. It means 

that after construction, the asset of the communal sanitary facility is handed over from the 

government to the communities through a community independent group (KSM). The 

KSMs have an ongoing responsibility for the management of the sanitation facilities, 

particularly for the operation and maintenance of the facilities.  

 

The head of division of the Public Works Agency P1 in ENTP stated that: 

“Because the sanitation facilities are handed over from the government to the 

community, the consequences of this action is that the funding for operation 

and maintenance becomes the responsibility of the community…” (P1) 

 

To facilitate the sustainability of the sanitation and wastewater treatment facilities, the 

KSMs were provided basic training which explained a standard operating procedures for 

operation and maintenance of the selected sanitation technology. The operating and 
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maintenance costs of the communal sanitation are charged to the households through 

monthly dues based on their agreement. Thus, the sanitation facilities are expected to 

provide sustainable benefits for the local communities because they participated in 

determining location, planning, implementing, and ongoing management of the communal 

sanitation facilities. Ho (2005) stated that small wastewater systems enable communities 

to select and develop systems which are suitable for the prevailing social, economic and 

environmental conditions. In this process, the government only provides technical 

assistance for planning, construction, operation and maintenance.  

 

In the Kupang Municipality, the SANIMAS programs have been implemented since 2008 

and SLBM programs were implemented in 2012. Central community sanitation facilities 

(MCK) are commonly found in Kupang and these facilities serve around 25 – 50 

households. Schouten and Mathenge (2010) pointed out that selection of the type of 

sanitation facilities which are suitable to be implemented in slum areas is potentially a key 

issue for communal sanitation. In the Kupang Municipality, anaerobic baffled reactors 

(ABR) are mainly selected to collect and treat wastewater both black and grey water. 

However, water quality monitoring has not been conducted on the wastewater outflows 

after treatment by ABR processes. This means that there were no data which can be used 

to explain the performance of an ABR in a central community sanitation facility. Water 

quality monitoring should be the responsibility of the KSMs as a consequence of the 

handover of the sanitation facility to the community. 

 

 

 An informant from the Public Works Agency P1 in ENTP Province said: 

“Actually, the government and KSMs have agreed to conduct water quality 

measurements at the outlet every six months and the results to be reported 

to the Public Works Agency, but this agreement cannot be implemented due 

to the limited budget…” (P1) 

 

The evaluation of the communal sanitation facilities revealed that the community sanitation 

centre (MCK) can perform properly only in the areas that are located near public facilities 

such as churches, mosques and traditional markets. The level of service to the communities 

in these areas can be maintained properly, leading to the sustainable use of a communal 

facility. These facilities commonly have two functions: (1) to service nearby households 

and (2) to become the public facilities which service the people in churches, mosques and 

traditional market. This means that the operational funds for the maintenance of these 



 
 

196 
 

sanitation facilities can be subsidized from the money earned from the groups and people 

who use these sanitation facilities.  

 

The Head Division of the Public Works Agency P1 in ENTP stated:  

“Our evaluation shows that the communal sanitation facilities which are 

located near the traditional markets, churches and mosques can work 

properly because the cost of operations and maintenance also are obtained 

from the public who use these facilities…” (P1) 

 

However, most of the community sanitation centres (MCK) located in low-income 

communities did not serve as what was expected. There are several problems at the 

community level that led to less than optimal usage of the community sanitation centres 

(MCK).  

 

The results of the interview carried out with a key informant E4 who worked as a consultant 

said: 

“The SANIMAS programs using the community sanitation centre (MCK) are 

not successfully implemented in low income communities in Kupang because 

of the distance issue between households and higher operational and 

maintenance costs…” (E4) 

 

The first problem is the operational and maintenance costs. The results of field monitoring 

showed that, in general, the community sanitation centres (MCK) that have been 

established more than three years are not properly maintained. Thereby these facilities can 

no longer be used optimally. The community sanitation centres (MCK) are commonly 

located in low-income communities and the problems with these facilities are insufficient 

funds for operations and maintenance. The agreed monthly fees cannot cover the 

operational and maintenance costs. 

 

The second problem is the selection of the location for building the community sanitation 

centres. Several community sanitation centres were built in low-income areas with a large 

distance between houses. Although the selection of the locations to build sanitation centres 

had been agreed to by the communities, the distance between houses and the community 

sanitation centres had the potential to cause problems. The study conducted by Roma and 

Jeffrey (2010) in Central Java, Indonesia revealed that the lack of security due to an absence 

of security guards in the communal sanitation facilities, particularly at night, is a serious 

problem faced by the community. In Kupang Municipality, the residents whose homes are 



 
 

197 
 

quite far from the community sanitation centre cannot use this facility optimally. They only 

utilise these facilities in the day time and rarely use these facilities at night. Similarly, the 

study conducted in slum areas in Kibera Kenya revealed that the communal sanitation 

facilities cannot be operated optimally because of the security problems at night time in the 

slum (Schouten and Mathenge, 2010). Since these residents rarely use the community 

sanitation centre, they are not willing to pay the fee/dues for operational and maintenance 

costs. In the passage of time, this condition leads to a decrease in community participation 

in using the community sanitation centre.  

 

The third problem is related to the land ownership. According to the rules, sanitation 

facilities can be built on government-owned land or on privately-owned land that has been 

donated to the government. The land for building sanitation facilities in Kupang is mainly 

derived from privately-owned land donated to the government. The consequence is that the 

person who donated the land becomes head of the community independent group (KSM). 

This means that the person has to be involved in the whole development process of the 

sanitation facility from planning and constructing to operation. In addition, the chairman 

of the community representatives has the authority to regulate and manage the funding for 

the construction stage and for operation and maintenance processes. Sometimes the original 

owners of the land feel that they have ownership of the facilities causing the surrounding 

communities to boycott the sanitation facility.  

 

 

 

8.4.3.1 Conclusions on Theme 3 

Theme 3 addresses the issues of the community engagement in sanitation and wastewater 

management programs. Several problems regarding the community engagement have been 

discussed and there are several solutions to overcome these problems. It is inevitable that 

the maintenance of sanitation facilities requires adequate funds. In addition, sanitation 

facilities are mostly built in areas with low income population. Although the communities 

had been involved from the beginning of the development of the sanitation facility, it is 

very difficult for them to pay dues. They preferred to spend the money on fulfilling the 

basic daily necessities, leading to unwillingness to pay dues. To overcome the first 

problem, the local government has to intervene to provide the finances for the operation 

and maintenance of the sanitation facilities that had been built. Intervention by local 
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governments needed to repair expensive equipment such as pumps. Therefore, a 

mechanism of local government aid for the communities should be regulated. 

 

To address the second problem, it is highly recommended to build communal wastewater 

treatment plants (WWTP) or communal septic tanks instead of community sanitation 

centres (MCK). It means that the communal WWTP or communal septic tanks are 

connected to private households using pipelines. Thereby, each household has a private 

toilet and the people who live in the households are responsible for the cleanliness of the 

toilets. They do not need to utilise a shared toilet in the community sanitation centre which 

is sometimes quite far from their homes. The use of shared septic tanks is also expected to 

improve public access to the services of the sanitation facilities. The communal septic tank 

is suggested to service 5 to 25 households depending on its location while the communal 

wastewater treatment plant is recommended to service more than 25 households.  

 

A challenge faced in building a communal septic tank and a communal WWTP is 

determining the location for the communal septic tank and communal WWTP. It is difficult 

for the communities to donate their land for the construction of a communal septic tank or 

a WWTP. The communities still assume that communal septic tanks and WWTPs are dirty 

places and are the source of bad odours and disease. Although the communities understand 

that they would benefit from a better health environment due to the presence of wastewater 

treatment facilities, they tended to complain if the communal WWTP is built near their 

neighbourhood. A similar phenomenon was reported by Winters et al. (2014) who found 

that there were objections from a series of local communities when the small scale WWTP 

systems were built. Therefore, it is highly recommended to introduce a communal septic 

tank or WWTP pilot project which is clean and does not produce odour. In this pilot project 

the construction of the WWTP or communal septic tank can be combined with a 

constructed wetland system. Development of the pilot project is expected to change the 

peoples’ thoughts on communal septic tanks and WWTPs. 

 

To address the third problem, it is recommended to build the sanitary facilities on land 

owned by the state. For the land to belong to the whole community, the local government 

should purchase the land to be used for the facilities. This action aims to nullify the issue 

regarding land ownership. Consequently, there would be a reduction in the reluctance to 
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use the sanitation facilities due to land ownership problems whether it be a communal 

WWTP or a communal septic tank. 

 

To increase community awareness in sanitation and wastewater management, promoting 

the benefits of wastewater treatment is important. The promotion campaign should be 

carried out by all stakeholders of the sanitation and wastewater management. In addition, 

assistance, and participatory activities and training for the community on wastewater 

management should be improved beginning with the development of pilot programs on 

sanitation and wastewater treatment. Roma and Jeffrey (2010) reported that communities 

who are involved in participatory activities seemed to have more ownership in sanitation 

facilities leading to strengthening their willingness to maintain the sanitation facilities. 

These programs are necessary to introduce the importance of treating wastewater and its 

benefit for environmental and public health. 

 

8.4.4 Theme 4: Acceptability of Constructed Wetland Development 

In ENTP, domestic wastewater is a main contributor to water pollution. Development of 

conventional wastewater technology is most likely too inefficient to be applied in the 

Kupang Municipality because of high investment, operational and maintenance costs. It is 

generally acceptable to say that the municipalities in developing countries face a challenge 

to operate wastewater treatment plants due to restricted local budgets, a lack of local 

expertise and a lack of funding (Paraskevas et al., 2002). Thus, selection of appropriate 

wastewater treatment technology should consider the life cycle cost of wastewater 

technology for the design, construction, operation, maintenance, repair and replacement 

(Massoud et al., 2009). The success of the implementation of wastewater treatment 

technology relies on the selection and appropriateness of the implemented technology as 

each region has different needs and conditions related to implementation of wastewater 

management (Massoud et al., 2009). In addition, stakeholders’ knowledge and experience 

are necessary for successful long-term-operation of the facilities. 

 

Constructed wetlands (CWs) could be an alternative solution for local governments such 

as the Kupang Municipality to treat domestic wastewater. This technology has been 

accepted as having low construction and maintenance costs in comparison with other 

conventional wastewater technology (Kadlec and Wallace, 2008, Kivaisi, 2001, Konnerup 

et al., 2009). Several authors have reported that CWs can potentially reduce pathogens, 
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BOD, TSS, and nutrients (Neralla et al., 2000, Vymazal, 2007, Abou-Elela et al., 2014). 

This technology can also be implemented in centralised and decentralised systems 

depending on the condition of the land and budget available. CWs have not been applied 

in the Kupang Municipality even though this technology has several advantages in 

comparison with conventional wastewater technology, as mentioned previously. As the 

application of new technologies such as CWs should be sustainable and meet the local 

needs, it is necessary to investigate the stakeholder acceptability of constructed wetland 

technology. The stakeholders were asked for their perspective and opinion about CWs 

being implemented in the Kupang Municipality and the factors which should be considered 

if the CW technology is applied. 

 

Regarding addition of biochar into the sand media systems, the majority of key informants 

agreed to implement usage of this material as long as it was readily available, cheaper in 

comparison with other materials, and can significantly remove wastewater pollutants. They 

preferred to utilise local materials with an affordable price. The use of biochar as a media 

amendment becomes less of a priority if the production of biochar has a high cost. The key 

informants also prefer to use the plants which are locally available and the plants which 

have economic benefit.  Thus, these plants and materials are expected to have positive 

impact on the community.  

 

The interviews carried out with key informants revealed that they mostly agree to the 

application of CWs in the Kupang Municipality. They suggested that it is better to conduct 

a survey or study of the community regarding their acceptance before the application of 

CW technology in certain areas. Furthermore, the key informants suggested implementing 

this technology in decentralised or cluster systems because centralised wastewater 

treatment systems have a higher cost particularly for construction, operation and 

maintenance. In addition, it is important to establish a pilot project for applying CW 

technology. The reasons given by the key informants regarding application of CW 

technology varied depending on their knowledge and experiences. This can be classified 

into three aspects: technical, social economic and environmental aspects.  

 

a. Technical aspects 

Many types of wastewater treatment technology have been utilised in both developed and 

developing countries. Technical aspects are one of the considerations when decision 
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makers select the type of technology used for treatment of wastewater. Singhirunnusorn 

and Stenstrom (2009) stated that facility technical aspects can be assessed by their 

reliability, simplicity and efficiency. The reliability refers to the possibility of achieving 

sufficient performance for a specific period of time under definite conditions (Oliveira and 

Von Sperling, 2008). The wastewater treatment technology is reliable if the process 

performance response has no failure (Oliveira and Von Sperling, 2008). The simplicity 

factor refers to the easiness of construction, installation, operation and maintenance of the 

CW systems. This is one of the most important factors for selecting wastewater treatment 

technology particularly in developing countries. The efficiency refers to the amount of 

wastewater pollutant removed during the treatment processes. The results of the interviews 

with key informants revealed that they are concerned about the technical aspects of the CW 

systems.  

 

Key informants (P1, P4 and M3) positively commented that: 

“I am very interested in the application of constructed wetland technology 

because this technology is easy for operation and maintenance…” (P4) 

 

“I strongly agree to apply the constructed wetland technology in the Kupang 

Municipality because this technology can remove effectively the pollutants like 

BOD5, suspended solids, coliforms and nutrients from domestic wastewater…” 

(P1) 

 

“I agree to apply this technology in the Kupang Municipality because this 

technology does not require personnel who have special skills for operation and 

maintenance. This technology is easy to operate and maintain…” (M3) 

 

The simplicity of design, construction, operation and maintenance is the main factor in 

selecting wastewater treatment technology in the Kupang Municipality. It is evident that 

the lack of skilled workers and limited human resources who have experience in 

wastewater treatment are the main constraints in the Kupang Municipality. The selection 

of advanced wastewater treatment technology could cause major issues in areas like 

Kupang. CW is one of the wastewater treatment technologies which delivers simplicity in 

operation and maintenance. Thus, this technology could be one alternative to be applied in 

the Kupang Municipality that draws the attention of the stakeholders. 

 

b. Social and Economic Aspects 

The social and economic aspects are crucial elements which should be considered when 

decision makers decide to select the type of wastewater technology utilised in certain 
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community. This aspect mainly determines the success or the failure of the performance of 

wastewater treatment systems because this aspect is mostly associated with the local 

community and stakeholders that can directly influence the performance of wastewater 

treatment technology particularly for operational and maintenance processes. 

Singhirunnusorn and Stenstrom (2009) classified the social and economic aspects into 

affordability, social acceptability and land requirements.  

 

Affordability refers to the financial aspects which focus on the initial cost for design and 

construction and the ability of the local communities to provide the budget for the 

sustainable operation and maintenance of the wastewater treatment technology selected. 

Therefore, the cost of wastewater treatment should consider the households’ income and 

expenses. This is important for the sustainability of the wastewater treatment facilities. 

 

Social acceptability refers to social norms and traditions such as local community habits 

and lifestyle, and government policies and regulation. In addition, the knowledge and the 

lifestyle in the local community regarding environmental issues could affect the 

community’s acceptance of the new wastewater treatment technology (Singhirunnusorn 

and Stenstrom, 2009). Social acceptability plays a crucial role in selecting wastewater 

treatment technology since the development of new wastewater treatment technology aims 

to meet the local needs, leading to the sustainable use of the wastewater treatment facilities. 

 

The land requirements refer to the availability of the land for constructing the wastewater 

treatment facilities. For sustainability, the land should accommodate the size not only for 

the present wastewater treatment facilities but also for future expansion. Thus, before the 

wastewater treatment facilities are constructed, environmental issues regarding 

development of wastewater treatment facilities should be noted. This is important for 

avoiding the negative impacts on the surrounding residences caused by the presence of a 

wastewater treatment facility, particularly noise and odour. 

 

The interviews with key informants showed that social and economic aspects played an 

important role for sustainable wastewater treatment technology. The managers and 

practitioners from the Provincial and Municipal governments, and NGOs all agreed that 

the social and economic aspects had become the priority in choosing the wastewater 

treatment technology and the type of facility to be implemented. They realised that the 
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budget provided by the local government (Provincial and Municipality) was insufficient 

for developing sanitation and wastewater facilities. Therefore, as an alternative solution, 

CW technology is expected to deal with wastewater management issues with reasonable 

budget demands and to provide other economic benefits for the community utilising this 

technology. 

 

Managers (P2 and P4) from the East Nusa Tenggara Province stated: 

“Constructed wetland technology should be applied in ENTP particularly in the 

Kupang Municipality and the materials for constructing CW such as plants and 

media should be from local materials…” (P2) 

 

“I am interested in the application of constructed wetland because this technology 

is easy to maintain and also can provide economic benefits for the community…” 

(P4) 

 

Managers (M2 and M6) from the Kupang municipality stated: 

“I agree to implement constructed wetland technology in the Kupang Municipality 

and I suggest the selection of plants which have economic value or productive 

plants so that it will give more benefits for the communities…” (M2) 

 

“I think constructed wetland technology can be applied in the Kupang 

Municipality as long as it provides economic benefits and this technology can 

be easily operated by the community…” (M6) 

 

 

 

 

An Expert from a University E1 commented: 

“I think constructed wetland technology is possible to be applied in ENTP because 

it uses the materials that are widely available on site. Moreover, this technology 

is flexible since it can be implemented on a large scale or a household scale. I 

suggest trying a pilot project with joint corporation coming from industry and 

companies through corporate social responsibility (CSR) project…” (E1) 

 

The implementation of constructed wetland in a communal system or on a big scale should 

also consider the condition of the land required and the surrounding community. It is 

important to identify and analyse the economic capacity of the community and the potential 

land required for the CW technology.  

 

An expert from a University E2 said: 

“Constructed wetland technology is better to be applied in locations which have 

large areas of land. This technology is difficult to be implemented in locations 

like Denpasar due to limited available land space…” (E2) 
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A Senior Manager P3 from the Provincial Government stated: 

“It is better to study the economic capacity of the surrounding community to 

implement the new wastewater technology like constructed wetlands…” (P3) 

 

The analysis of the local community economic capacity is important because this study 

provides information about the capacity of the households and the community to pay for 

sanitation and wastewater management programs particularly for the operation and 

maintenance processes. In addition, an analysis regarding direct costs and direct benefits 

from recycled products and the external cost benefit should be considered (Langergraber, 

2013). 

 

c. Environmental aspects 

The selection of a wastewater treatment technology to be implemented should consider the 

sustainability of the environment. To achieve a sustainable environment means protecting 

the environmental quality, preserving natural resources, and reusing the water and the 

nutrient by products of the treatment facilities (Ho, 2005). It means that the selection of 

wastewater technology must have as little impact on the environment as possible and 

should be able to recover renewable resources from the treatment systems 

(Singhirunnusorn and Stenstrom, 2009). The environmental components which are 

commonly evaluated are surface and groundwater quality, aquatic and land-based 

ecosystems, soil quality and energy use. 

 

The interviews with the key informants regarding the environmental aspects of CW 

technology revealed that the majority of the key stakeholders interviewed were concerned 

with the environmental aspects. The CW technology is expected to remove the pollutants 

(organic matter, suspended solids, pathogen and nutrients) from wastewater, reduce odour 

production, minimise water usage for the treatment processes, and have a possibility of 

resources recovery i.e. by product (biogas), reuse and recycling of the treated wastewater. 

 

  Managers (P1, P3 and P4) from the Provincial Government stated: 

“I expect that constructed wetland technology can effectively reduce the 

concentration of pollutants from the wastewater…” (P1) 

 

“I strongly agree to implement the constructed wetland technology in the 

community because the treated wastewater can be reused for other purposes 

such as watering the garden…” (P3) 
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“I think constructed wetland technology can also be applied on small-scale farms 

because the treated wastewater from the farms can be reused at least for 

watering the garden…” (P4) 

 

A Government Official M1 of the Kupang Municipality commented: 

“I think we have to support to implement this technology in the Kupang 

Municipality because Kupang is classified as a region with low rainfall and 

this technology can recycle the wastewater so that the treated wastewater can 

be used for other purposes…” (M1) 

 

A Manager M3 from the Planning and Regional Development Board of the Kupang 

Municipality stated: 

“I am interested in this technology because at the moment wastewater in the 

Kupang Municipality is released to the environment without treatment and 

potentially contaminate the surface water and groundwater and this 

technology can reduce contaminated water and the treated wastewater can be 

reused by the community…” (M3) 

 

A Manager M5 from the Environmental Assessment Board of the Kupang Municipality 

stated: 

“Constructed wetland technology is suitable for the Kupang Municipality since 

the pollutants can be adsorbed into the media and uptaken by the plants and the 

treated wastewater can be reused and reduces the contamination in the soil and 

groundwater…” (M5) 

 

 

 

 

A University Expert E2 commented: 

“Constructed wetland technology can be modified for local land conditions so 

that it can be a support landscape, thus on a large scale the constructed wetland 

can provide a new ecosystem and can potentially be used as an education 

centre…” (E2) 

 

An NGO Representative (N1 and N2) said: 

“This technology can be applied in the community and I suggest that the plants 

selected should be plants which can provide household nutrition such as 

vegetables and fruits, I think it can save the public spending for buying the 

vegetables and fruits…” (N1) 

 

“This technology is expected to provide more benefits for the environment 

particularly for water reuse and can optimise the function of the water…” (N2) 

 

From these quotes, it is evident that environmental aspects have become the concern of the 

stakeholders to decide which technology will be implemented in the Kupang Municipality. 

They realised that CWs can potentially remove pollutants from wastewater leading to an 

improvement of water quality, reuse and recycled water, protect the environment and create 
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biodiversity for wetland organisms, and help the community regarding food security. 

Initially, it would be better to implement the constructed wetland technology as a pilot 

project so that the community and stakeholder can directly learn and know the benefits of 

constructed wetland technology to the environment.  

 

8.4.4.1 Conclusions on Theme 4 

 Theme 4 investigates the acceptability of constructed wetland development in the Kupang 

Municipality which is discussed based on the technical, social economic and environmental 

aspects. In general, the key informants agreed to implement this technology in the Kupang 

Municipality. However, implementation of this technology on a large scale in Kupang is 

still a challenge. It was seen that the previous programs in sanitation and wastewater 

management that have been implemented in Kupang are still unsustainable. Therefore, it 

is crucial to create pilot projects of CW technology with the funding of these pilot projects 

coming be from the central or local governments (provincial and municipality level). The 

pilot projects will be a place for decision makers, stakeholders and the communities to learn 

more about CW technology and its benefits. In addition, implementation of CWs on a large 

scale should consider the political will of the central and local governments, institutional 

and human resources and community engagement to ensure the sustainable implementation 

of CW technology facilities. 

 

 Conclusions and Recommendations 

The conclusions of this chapter are summarised based on the themes and subthemes. See 

Table 8.1 below. 

 

Table 8.1 The summary of the findings of the qualitative research based on the themes 

and sub-themes  

Themes and sub-themes Summary and analysis of findings 

Political Will 

- Central Government 

Support 

- Provincial Government 

Support via Inclusion of 

Sanitation Issues into 

Medium Term 

Development Plan. 

- Municipal Government 

of Kupang priorities 

1. Central Government fully supports sanitation 

and wastewater management programs 

2. Provincial Government: 

- Established the regulations regarding 

sanitation and wastewater management 

programs  

- Included sanitation issues in the medium-term 

development plan 

- Facilitated the Municipal and District 

Governments to successfully achieve the 

targets. 
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3. Municipal Governments are not giving priority 

to sanitation and wastewater management 

programs: 

- The Municipal Government has not fully 

established the regulations regarding the 

management of domestic wastewater 

- Low budget allocation for sanitation and 

wastewater management programs 

provided by Municipal Government 
 

Institutional and Human 

Resources 

- Coordination among the 

agencies in the sanitation 

sector 

- Technical and 

managerial  

- Staff turn-over problems  

1. Lack of coordination among the agencies that 

deal with sanitation and wastewater management 

programs due to sectoral ego. 

2.  Lack of personnel both quantity and quality who 

deal with sanitation issues 

3. Transfers of key employees frequently occur. 

Community Engagement for 

Utilisation, Operation and 

Maintenance of Sanitation 

Facilities. 

- Knowledge related to 

sanitation and 

wastewater management  

- Willingness to maintain 

the sanitation and 

wastewater treatment 

facilities 

1. Public awareness and knowledge about 

sanitation and wastewater management programs 

are still insufficient. 

2. Willingness to maintain the sanitation and 

wastewater treatment facilities depend on the 

government agency in-charge relevant to the 

place where the sanitation and wastewater 

treatment facilities are built. 

- The communal sanitation and wastewater 

facilities work properly in the areas near 

public facilities because these sanitation 

facilities serve both the households and 

become public facilities. Note in this precinct, 

these local communities have more awareness 

and are more likely to maintain the sanitation 

and wastewater treatment facilities. 

- There is a lack of willingness to maintain 

sanitation and wastewater treatment facilities 

in the low income community areas because 

of several factors; inappropriate study for 

selecting the place for construction, limited 

budget for operation and maintenance, and 

land ownership problems. 

Constructed wetland 

development 

- Technical aspects 

- Social economy aspects 

- Environmental aspects 

CW technology was recommended to be 

implemented in the Kupang Municipality as long 

as: 

- CW technology has an ability to 

significantly remove the pollutants from 

domestic wastewater. 

- CW technology is easy to operate and 

maintain 

- The construction materials are readily 

available locally  
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- CW technology has low investment, 

operational and maintenance costs,  

- CW technology can provide economic 

benefits 

- CW technology can reduce odour 

production, minimise water consumption 

and reuse treated wastewater 

 

The following section provides recommendations which should be considered to 

implement sanitation and wastewater management programs in the Kupang Municipality. 

The recommendations are based on the themes and subthemes above and are listed below: 

1. Sanitation and wastewater management programs are in fact the joint responsibility of 

the Central, Provincial and Municipality Governments; it is recommended that in 

partnership these three levels of government aims to increase the coverage of sanitation 

services and wastewater management across all regions in Indonesia. This program is 

already fully supported by the Central Government as evidenced by the significant 

increase in budget provided by the Central Government Agencies to sanitation and 

wastewater management programs. However, this policy is not fully supported by the 

Kupang Municipal Government. Local Governments are not giving priority to 

sanitation and wastewater management program implementation. The decision makers 

at the Municipal level still think that sanitation and wastewater management issue are 

not a major concern, leading to limited budget allocation towards sanitation and 

wastewater management programs. The first significant finding from this thematic 

analysis recommends that strong political will is urgently required to resolve sanitation 

and wastewater management issues and for the implementation of CWs within the 

Kupang Municipal Government jurisdiction. 

2.  In the Kupang Municipality, the local government has not established the regulations 

addressing the management of domestic wastewater. The second main finding of this 

study is the need to establish the regulations and a code of practice for sanitation and 

wastewater management to educate and guide all stakeholders to deal with sustainable 

sanitation and wastewater management issues. These regulations need to be made a 

priority and implemented by the Local Government together with the Local House of 

Representatives. All stakeholders and communities need to be consulted with 

information disseminated leading up to the final implementation. In addition, law 

enforcement including, penalties for breaking the regulations should be applied to all 

residents, business and stakeholders.  
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3. The investments allocated via approved government budget at all levels for these 

sanitation and wastewater management issues are still too low to have an impact on 

reducing local water and soil pollution, even though sanitation and wastewater 

management issues are dealt with by several agencies. In addition, inter-sectoral 

barriers, jealousies and personal ego conflicts among managers across stakeholder 

agencies dealing with sanitation and wastewater management are still occurring, 

resulting in a lack of networking/communication, policy coordination and proper 

decision making among the agencies. Thus, the third main finding recommends the 

implementation of an effective sanitation and wastewater partnership strengthening 

program for improved understanding of delegations and responsibilities among the 

relevant stakeholders and community residents. The third finding and important 

consideration is that, to be more effective, partner agencies must all agree that the 

implementation of the sanitation and wastewater management should come directly 

under the authority of The Mayor of the Kupang Municipality.  

4. The majority of personnel placed in the sanitation and wastewater programs are not 

working in line with their education and experience as experts. In addition, transfers 

of key employees frequently occur; and staff turnover is prohibiting progress in policy 

development for sanitation and wastewater management programs. Therefore, the 

forth main finding is (1) the need for more coordination among wastewater 

management decision makers to avoid the frequent transfer of personnel and (2) the 

improvement of staff capacity through training programs to strengthen the ability of 

the staff both in technical and management practices for sanitation and wastewater 

management programs. 

5. Public awareness for maintaining sanitation facilities is still inadequate; therefore, the 

fifth main finding recommends carrying out promotional campaigns to increase 

community awareness in the area of sanitation and wastewater treatment. 

6. Constructed wetlands (CWs) could be an alternative solution to overcome the 

sanitation and wastewater management issues. This technology is preferred to be 

applied for onsite systems. The stakeholders are interested in implementing this 

technology because CWs provide simple operation and maintenance solutions, has low 

construction and operational costs, can be applied in both small community and large 

municipality systems, has an ability to remove the pollutants (organic matter, 

suspended solids, pathogens and nutrients) from wastewater, reduces odour 

production, minimises water consumption for the treatment process, and reuses and 
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recycles the treated wastewater. The sixth main finding is to recommend the 

establishment of pilot projects for the demonstration of CWs so that the communities 

have an opportunity to learn this technology and eventually they can implement this 

technology on a small scale in their neighbourhood in the Kupang Municipality. The 

implementation of CWs should consider the institutional, human resources and 

community engagement factors to achieve sustainable usage. 

7. The materials and plants used in CWs should be effective to remove the pollutants and 

be locally available to reduce the costs. Biochar can be used as an alternative material 

if (1) this material has low cost in comparison with the other local materials and (2) 

can potentially reduce the wastewater pollutants. 
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CHAPTER 9 

9 CONCLUSIONS, ECONOMIC EFFECTIVENESS AND 

RECOMMENDATIONS 

 Conclusions 

Many types of media can be used to improve the effectiveness of CWs in removing 

pollutants from wastewater. Biochar has received attention recently for media amendment 

in CWs because of its high porous structures and its adsorption capacity. In laboratory 

column experiments, biochar has been used successfully to remove organic and inorganic 

pollutants (Mohan et al., 2014; Bradley et al., 2015). However larger scale experiments 

using sand media amended with biochar and plants, in vertical flow constructed wetland 

mesocosms have not previously been investigated. Thus the first research question was 

“Does the addition of biochar to sand media in VF wetland mesocosms improve the 

effectiveness of pollutant removal from domestic wastewater”? Table 9.1 summarises the 

water quality data of the seven treatments loaded with secondary clarified wastewater 

(March 2014 – October 2014) and septage (November 2014 – July 2015). Mean inflow 

and outflow concentrations and removal efficiency are given for the seven treatments. 

These results were compared to Indonesian water quality standards according to Ministry 

of Environment Decree No.5/2014. 

 

Table 9.1 shows that the mean outflows of TSS, BOD5, total coliforms, phosphorus and 

nitrogen for the seven treatments loaded with SCW all met the admissible standard for 

domestic wastewater discharge to surface water according to Indonesian Ministry of 

Environment Decree No.5/2014. For septage, only the NOx-N outflows met the 

admissible standard in all seven treatments. However, TSS, BOD5, and faecal coliforms 

met the standard in the treatments with biochar amendments. 
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Table 9.1 Mean of inflow and outflow concentrations (mg/L) and removal efficiencies (%) for pollutants in VF mesocosms during loading with 

secondary clarified wastewater and septage compared to the Indonesian water quality standards under Ministry of Environment Decree 

No.5/2014  

A. Continuous secondary clarified wastewater load (March 2014 – October 2014) 

Parameters Inflow 
concentrations 

Outflow concentrations and percentage removal (bold) Indonesian Water 
Quality Standard S100 SCP BC5 BC10 BC15 BC20 BC25 

TSS (mg/L) 41.0 11.3 (72) 10.6 (74) 9.9 (76) 9.4 (76) 9.1 (77) 8.2 (78) 7.9 (81) 100 

BOD5 (mg/L) 185 19.9 (89) 19.5 (89) 18.9 (90) 18.7 (90) 18.3 (90) 17.5 (91) 17.1 (91) 50 

Total coliforms  
(CFU/100ml) 

40833 4366 
(89) 

4166 
(90) 

3450 
 (92) 

2500 
(94) 

1550 
(96) 

1266 
(97) 

1183 
(97) 

5,000 

TP (mg/L) 6.5 1.5 (76) 1.2 (81) 1.9 (70) 2.2 (65) 2.6 (61) 2.7 (56) 3.2 (51) 5 

PO4-P (mg/L) 5.1 1.2 (80) 1.0 (83) 1.6 (73) 1.9 (69) 2.1 (64) 2.4 (61) 2.9 (53) - 

TN (mg/L) 3.3 0.9 (71) 0.9 (73) 0.8 (77) 0.7 (79) 0.6 (80) 0.5 (84) 0.4 (85) 20 

NH4-N (mg/L) 0.15 0.05 (65) 0.05 (66) 0.05 (69) 0.04 (71) 0.04 (74) 0.03 (76) 0.03 (78) 5 

NOx-N (mg/L) 0.79 0.15 (82) 0.13 (84) 0.10 (87) 0.08 (89) 0.07 (91) 0.06 (92) 0.06 (93) 20 

pH 8.04 7.51 7.51 7.53 7.56 7.59 7.65 7.65 6 - 9 

Conductivity (µS/cm) 1155 1095 1090 1070 1055 1047 1036 1025 - 

DO (mg/L) 6.39 6.40 6.41 6.38 6.37 6.51 6.40 6.38 > 3* 

B. Intermittent septage load (November 2014– July 2015) 
Parameters Inflow 

concentrations 
Outflow concentrations and percentage removal (bold)  

S100 SCP BC5 BC10 BC15 BC20 BC25  

TSS (mg/L) 321 112 (66) 102 (68) 78 (75) 74 (76) 71 (77) 62 (81) 56 (82) 100 

BOD5 (mg/L) 433 61 (86) 60 (86) 50 (88) 48 (88) 44 (89) 42 (90) 40 (91) 50 

Faecal coliforms  
(CFU/100ml) 

20666 4014 
(81) 

3474 
(83) 

1693 
(92) 

1013 
(95) 

346 
(98) 

296 
(99) 

173 
(99) 

2,000 

TP (mg/L) 25.1 7.0 (73) 7.1 (72) 9.3 (62) 9.4 (62) 11.3 (55) 12.6 (50) 13.5 (46) 5 

PO4-P (mg/L) 20.0 6.9 (75) 7.0 (75) 7.9 (69) 8.4 (67) 10.0 (60) 11.2 (56) 12.2 (52) - 

TN (mg/L) 108 40 (62) 39 (64) 32 (71) 30 (73) 28 (75) 24 (78) 22 (81) 20 

NH4-N (mg/L) 64 22 (65) 22 (66) 21 (69) 20 (71) 17 (73) 14 (78) 13 (81) 5 

NOx-N (mg/L) 10 2.9 (72) 2.8 (73) 1.9 (80) 1.6 (83) 1.4 (85) 1.2 (86) 1.2 (87) 20 

pH 8.23 7.85 7.88 7.90 7.95 7.95 7.97 8.07 6 - 9 

Conductivity (µS/cm) 1512 1475 1460 1483 1489 1472 1428 1437 - 

DO (mg/L) 6.35 6.41 6.40 6.41 6.49 6.47 6.40 6.55 > 3* 



 
 

213 
 

 

All treatments including pure sand media provided good removal efficiencies (Table 9.1). 

Most treatments had more than 50% removal efficiencies for nutrients. For suspended 

solids, the removal efficiency was more than 60%. In addition, the removal efficiencies 

for coliforms and BOD5 were more than 80%. Several factors affecting removal 

efficiencies of pollutants in CWs are hydraulic loading rate, hydraulic conductivity (Ksat), 

loading regime, the type of media, and type of plants (Caselles-Osorio and García, 2007, 

Trang et al., 2010; Lucas and Greenway, 2011; Vohla et al., 2011; Zhang et al., 2014). 

The higher removal efficiency of pollutants is achieved at a low HLR. In this research, 

the HLR applied in each mesocosm was low (0.064 m/day for SCW load and 0.04 m/day 

for septage load). In addition, intermittent loading applied for the mesocosms loaded with 

septage could increase removal efficiency of pollutants. 

 

Hydraulic conductivity (Ksat) is associated with the infiltration rates of wastewater into 

the media. Low hydraulic conductivity is correlated with longer retention time, leading 

to a better pollutant removal. The mean hydraulic conductivity (Ksat) ranged from 63 

(BC25) to 103 (S100) cm/h. The increase of biochar percentage in the media decreased 

the Ksat and significant reduction of Ksat was observed in the sand media amended with 

more than 15% biochar. This confirms that addition of biochar in the sand media reduced 

the hydraulic conductivity (Ksat). 

 

A positive correlation was observed between biochar content and the removal efficiency 

of TSS and BOD5 for the mesocosms loaded with SCW and septage. However, there were 

no significant differences for TSS, BOD5, and coliform concentrations in the outflows 

between pure sand media and the biochar amended media when the mesocosms were 

loaded with SCW. Significant differences among treatments were observed when the 

mesocosms were loaded with septage. This confirmed that the presence of biochar in the 

sand media enhanced performance at higher concentrations of TSS, BOD5, and coliforms. 

 

Regarding the nutrients, the results showed that the highest removal efficiency of 

phosphorus was in the pure sand media, while sand augmented with 25% of biochar had 

the lowest removal efficiency. An increase in percentage of biochar led to a decrease in 

phosphorus removal efficiency. There was a negative correlation between the removal 

efficiency of TP and PO4-P and the biochar content in the sand media. In conclusion, the 
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results indicated that biochar amended sand media is a less effective substrate for 

phosphorus removal. The removal efficiency of TN, NH4-N, and NOx-N increased with 

the increase of biochar content in the sand media. Statistical analysis showed that the 

presence of biochar significantly increased the performance of nitrogen removal and there 

was strong positive correlation between the removal efficiency and the biochar content 

augmented in the sand media. Type of media determines the effectiveness of CWs in 

removing pollutants via filtration, adsorption, plant uptake and microbial mechanisms 

such as ammonification, nitrification and denitrification. Adsorption of organic materials 

and nutrients into the surface areas of the biochar could play a crucial role in removing 

organic matter and nutrients. The presence of biochar macropores provides a suitable 

place for microorganisms to grow; allowing microorganisms to break down organic 

matter from the sewage and to undergo phosphorus and nitrogen removal mechanisms.  

 

The concentrations of TP in the media increased after the mesocosms were loaded with 

SCW for six months. This indicated that the phosphorus could be adsorbed into the media. 

However, the concentrations of TP sampled in March 2015 were reduced, indicating that 

TP in the media had been leached due to heavy rain in February 2015. The highest 

extractable bicarbonate P concentrations and microbial P were observed in the upper 20 

cm of the media and decreased with depth. An increased microbial-P was associated with 

the increase of biochar percentage, indicating that presence of biochar supported the 

growth of microbial particularly in the upper 20 cm.   

 

Plants in CWs contribute toward nutrient removal via plant uptake mechanisms. The N 

and P biomass in plants harvested after 21 months’ growth ranged from 13.4 to 13.6 

gN/mesocosm and 1.75 to 2.10 gP/mesocosm, respectively. This research also confirmed 

that Melaleuca trees and Lemongrass plants can tolerate to a range of nutrient 

concentrations. No significant differences of nutrient biomass were observed between 

BC5, BC10, BC15 and BC25 harvested in March 2015 and between S100, SCP and BC20 

harvested in July 2015; thus the addition of biochar did not affect the growth of either the 

Melaleuca trees (Melaleuca quinquenervia) or the Lemongrass plants (Cymbopogon 

citratus) in the mesocosms. In this research, VF mesocosms were loaded with the high 

concentrations of nutrients from wastewater. This condition would have provided 

sufficient nutrients for the plants to grow even in the pure sand media. N and P 
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concentrations in the leaves of Melaleuca confirmed nutrient accumulation was 

associated with the nutrient concentrations in the wastewater.  

 

Qualitative investigation in this research aimed to address Research Question 2.  It can be 

concluded that sanitation and wastewater management programs are in fact the joint 

responsibility of the Central, Provincial and Municipal Governments; it is important to 

strengthen the partnership of these three levels of government to increase the coverage of 

sanitation services and wastewater management across all regions in Indonesia. The 

stakeholders in the Kupang Municipality are willing to accept CWs as an alternative 

technology to deal with the wastewater problems in ENTP.  CWs were recommended 

because of the technical, social economic and environmental benefits compared to other 

technologies. To attain sustainability of the CWs, the stakeholders need to consider the 

institutional and human resource factors as well as the level of community engagement. 

The materials and plants used in CWs should be effective to remove the pollutants and 

be locally available to reduce the costs.  

 

 Economic Effectiveness Study 

This research investigated the effect of biochar additions to pure sand media in removing 

pollutant wastewater. Therefore, the effectiveness of pollutant removal in the media 

treatments with biochar was compared to pure sand media (Table 9.2).  

 

Table 9.2 Significant differences of removal efficiency for each parameter from each 

biochar treatment compared to pure sand media (S100). 

Parameters 
Media treatments 

SCP BC5 BC10 BC15 BC20 BC25 

TSS (mg/l) - - - + + + 

BOD5 (mg/L) - - + + + + 

Coliforms (CFU/100 ml) -  + + + + 

TP (mg/L) - x x x+ x+ x+ 

PO4-P (mg/L) - - x x+ x+ x+ 

TN (mg/L) - x+ x+ x+ x+ x+ 

NH4-N (mg/L) - - x x+ x+ x+ 

NOx-N (mg/L) - + x+ x+ x+ x+ 

Ksat (cm/h) - • • • • • 

   : Negative correlation 

x: SCW load 

+ : Septage load 

• : Ksat 
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Table 9.2 shows there were no significand differences between S100 and SCP for all 

water quality parameters and hydraulic conductivity (Ksat). The addition of coir peat did 

not improve the efficiency of pollutant removal. TSS, BOD5, coliforms and nitrogen had 

better removal efficiency when the biochar content exceeded 10%. However, phosphorus 

(TP and PO4-P) had better performance removal efficiency in pure sand media than the 

sand media augmented with biochar.  

 

Economic evaluation of the cost efficiency of biochar addition is crucial for decision 

makers to justify the use of biochar (if at all) and the percentage of biochar in the sand 

media required for optimal returns. Thus, it is important to determine the costs needed to 

establish the media treatment. Determination of cost evaluation among the seven different 

treatments focussed on the costs of media materials (sand, biochar and coir peat). The 

calculation of the total material costs was based on the volume of sand, biochar and coir 

peat used in each treatment. Total volume of media in each VF mesocosm was 170 litres. 

Table 9.3 shows a summary of the volume of the materials (sand, biochar and coir peat) 

and total material costs for each treatment.  

 

Table 9.3 Quantity (litre) and cost (Australian $) of materials used in each treatment  

Type of 

materials 

Volume (L) and total costs materials required in each treatment  

S100 SCP BC5 BC10 BC15 BC20 BC25 

sand (litre) 170.0 149.6 141.1 132.6 124.1 115.6 107.1 

Biochar (litre)     8.5 17.0 25.5 34.0 42.5 

Coir peat (litre)   20.4 20.4 20.4 20.4 20.4 20.4 

Total costs 

($/mesocosm) 12.9 16.3 23.2 30.2 37.1 44.0 50.9 

Sand      = A$ 76/m3 

Biochar = A$ 891/m3 

Coir peat = A$ 242/m3 

Total volume of VF mesocosm media = 170 L 

 

To provide an equitable comparison among treatments, the total material costs needed in 

each VF mesocosm is normalised. The normalised cost is the total costs of materials 

divided by the removal efficiency of the given pollutants (A$ per 1 % removal increment). 

For example, in the case of BC25, the total material cost was A$ 50.9 and the removal 

efficiency of the TN loaded with septage was 81%. Then, the normalised cost of BC25 

for TN is 
𝐴$ 50.9

81%
 which is 0.63A$ per 1% removal increment. The best cost efficient 



 
 

217 
 

treatment is obtained by the lowest normalised costs. The summary of the removal 

efficiency pollutants loaded with SCW and septage is presented in Table 9.1. 

 

The normalised costs (A$ per 1% removal increment) of each treatment is presented in 

Table 9.4. The lowest normalised costs for all parameters was pure sand media treatments 

(S100) while sand media amended with 25% biochar (BC25) was the highest normalised 

cost. Since the cost of biochar material is significantly higher (more than 10 times) than 

the cost of the sand, it can be concluded that the optimum economic benefit for all 

parameters was pure sand media. 

.  

Table 9.4 Normalised costs (A$ per 1% removal increment) of each given pollutants in 

the seven media treatments. 

A. Secondary clarified wastewater 

Parameters 
Normalised costs of each VF mesocosms 

S100 SCP BC5 BC10 BC15 BC20 BC25 

TSS  0.18 0.22 0.31 0.40 0.48 0.56 0.63 

BOD5  0.15 0.18 0.26 0.34 0.41 0.48 0.56 

Coliforms  0.15 0.18 0.25 0.32 0.39 0.45 0.53 

TP  0.17 0.20 0.33 0.46 0.61 0.79 1.00 

PO4-P 0.16 0.20 0.32 0.44 0.58 0.72 0.96 

TN  0.18 0.22 0.30 0.38 0.46 0.52 0.60 

NH4-N  0.20 0.25 0.34 0.42 0.50 0.58 0.65 

NOx-N  0.16 0.19 0.27 0.34 0.41 0.48 0.55 

B. Septage 

Parameters 
Normalised costs of each VF mesocosms 

S100 SCP BC5 BC10 BC15 BC20 BC25 

TSS 0.20 0.23 0.31 0.40 0.48 0.54 0.62 

BOD5 0.15 0.19 0.27 0.34 0.42 0.49 0.56 

Coliforms 0.16 0.19 0.26 0.33 0.39 0.44 0.51 

TP  0.18 0.23 0.37 0.49 0.68 0.89 1.12 

PO4-P 0.17 0.22 0.34 0.45 0.61 0.79 0.98 

TN  0.20 0.25 0.33 0.41 0.49 0.56 0.63 

NH4-N  0.20 0.25 0.33 0.43 0.50 0.56 0.63 

NOx-N  0.19 0.23 0.29 0.36 0.44 0.51 0.58 

 

 Recommendations 

This research (Chapter 4, 5 and 6) has shown that constructed wetlands (CWs) have a 

proven ability to remove suspended solids, organic materials, coliforms and nutrients. 

Hence, CWs are a solution to deal with the wastewater problems in Indonesia. Benefits 

also include: low construction costs and simple operation and maintenance. Thus, it is 
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recommended to establish one pilot project of a small scale constructed wetland in the 

Kupang Municipality. This pilot project will provide an opportunity for the communities 

and stakeholders to learn about CW technology and its benefits. Implementation can then 

be adopted on a small scale in their own neighbourhoods. It is recommended to establish 

the pilot project in one of the existing community sanitation facilities constructed via 

SANIMAS and SLBM programs. These facilities are around 500 - 800 m2 and serve 

around 10- 25 households. The pilot constructed wetlands would treat the wastewater 

from the septic tanks.  

 

Several assumptions for the implementation of a pilot project constructed wetland are 

listed below: 

- The CWs serve around 10 – 25 households and each household consists of four 

people. Thus, the CWs will treat 40 – 100 people per day. 

- The quantity volume of septage is based on the amount of population used 

community sanitation facilities. The actual water use in Indonesia is at least 60 

litres per person per day (MOPW, 2010). It means that the estimated volume for 

treatment is around 2,400 – 6,000 litre/day.  

- Based on the current research (Chapter 4, 5, 6 and 7), the inflow concentrations 

are estimated in the range of 250 – 350 mg/L for TSS, 300 – 400 mg/L for BOD5, 

2 x 104 – 4 x 104 CFU/100 ml for coliforms, 20- 25 mg/L for TP, 18 – 22 mg/L 

for PO4-P, 100 – 125 mg/L for TN, 50 – 75 mg/L for NH4-N and 9 – 15 mg/L for 

NOx-N.  

 

In Indonesia, there are many local materials that can be used for constructed wetlands. 

These include river sand, the soil materials which have high content of Fe/Al, gravel, 

pumice, peat, the gravel from volcanic rocks and peat from palm and coconut coir. Thus, 

the establishment of a pilot project CW should investigate which materials are most 

efficient in removing pollutants. Therefore, laboratory study on physio-chemical 

characterisation, hydraulic conductivity, isotherm adsorption study and column 

experiment should be carried out first to evaluate the most efficient material in removing 

pollutants. Sand and gravel are the preferable media because of the low cost and 

availability. Sand and gravel are available from river sand (Manikin, Sumlili and Takari 

Rivers) located near Kupang Municipality. Since there are many sources of river sand, it 

will be important to firstly investigate which sands are the most efficient in removing 
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pollutants. The pumice can be obtained from Kolbano Beach which is located 

approximately 150 km from Kupang and from Lembata Island. The peat can be sourced 

from palm and coconut coir. The volcanic rocks are sourced from Flores and Lembata 

Islands. The soil materials which have high content of Fe/Al can be found in Flores and 

northern part of Timor Islands. At this stage, biochar as a media amendment is not 

recommended to be used because of high production costs and lack of technology.  

 

The plant species recommended are Lemongrass, Vetiver and Melaleuca. As shown in 

this research (Chapter 7) these plants can tolerate high concentrations of nutrients. The 

Melaleuca tree, Lemongrass and Vetiver plants are the plants commonly found in 

Kupang. Local people in ENTP use these plants for many purposes. The Melaleuca trees 

are used for producing cajuput oil from its twigs and leaves and for generating timber 

products from its wood for furniture and housing materials. The Lemongrass plants are 

commonly used for herbs and traditional medicine. The shoots of Vetiver grasses are 

usually used for animal feed (cattle, goats and horse). The lemongrass and vetiver plants 

from CWs should be analysed to ensure that these plants are safe for human consumption 

and animal feed. 

 

The design of CWs should consider the inflow concentration of pollutants and the target 

of the outflow concentrations. The pilot scale project of CWs is focussed on removing 

TSS, BOD5, coliforms and nutrients from septage. Thus, to meet the admissible standard 

of water quality for the outflow concentrations, two VFCW cells (using pure sand media) 

and one stabilisation pond for post treatment are recommended (Figure 9.1). 
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Figure 9.1 The design of a pilot scale constructed wetland and stabilisation pond 

 

Figure 9.1 shows the design for a pilot scale vertical flow CWs with a stabilisation pond. 

There are two vertical flow cells (length = 5 m; width = 3 m; depth = 1 m). Media in the 

vertical flow cells would be gravel at the bottom (0 – 10 cm) followed by sand (10 – 60 

cm). A plastic filter is located between sand and gravel to ensure the sand does not mix 

with the gravel and to avoid the clogging. The vertical flow cells would be planted with 

a combination of Lemongrass, Vetiver and Melaleuca. The density of the plants would be 

4/m2 for Lemongrass and Vetiver and 0.5/m2 for Melaleuca.  

 

Figure 9.1 shows that the septage is pumped to the control tank. To avoid clogging in the 

CW cells, it is important to ensure that the solid materials are minimised. Thus, in the 

control tank, the septage will be stored for 3 days to allow for the separation of suspended 

solids and liquid.  
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The sand and gravel required in each cell are 7.5 m3 and 1.5 m3, respectively. Thus, the 

volume of total media would be 9.0 m3. Based on results from this research (Chapter 3), 

porosity of the sand media is approximately 40%. Thus, the water that could be stored in 

each cell would be 3 m3. Average daily inflows would be 750 litres (0.75 m3) with a 

hydraulic retention time (HRT) is at least 4 days. Thus, the hydraulic loading rate is 

expected to be about 0.05 m/day. The inflows should be loaded intermittently to facilitate 

more aerobic condition in the media. The HRT and the intermittent loading rate are 

expected to sufficiently increase the efficiency of TSS, BOD5, coliforms and nutrient 

removal. 

 

The current research (Chapter 4, 5 and 6) shows that sand media can potentially remove 

approximately 65% of TSS, 80% of BOD5, 80% of coliforms, 73% of TP, 75% of PO4-

P, 62% of TN, 65% of NH4-N and 72% of NOx-N. Thus, outflow concentrations can be 

determined. For example, the inflow BOD5 concentrations range from 300 – 400 mg/L. 

Since the removal efficiency of BOD5 is approximately 80%, the outflow BOD5 

concentrations in Cell 1 would range of 60 – 80 mg/L. For Cell 2, the outflow BOD5 

concentrations are predicated to be around 12 – 16 mg/L. Table 9.5 shows the target of 

outflow concentrations for Cell 1 and Cell 2 based on the estimated two cells of vertical 

flow constructed wetlands. 

 

Table 9.5 Inflow concentrations and estimated outflow concentrations from Cell 1 and 

Cell 2. 

Parameters 
Inflow  

concentrations 

Outflows concentrations 

Cell 1 Cell 2 

TSS (mg/l) 250 - 350 88 - 123 31 - 43 

BOD5 (mg/L) 300 - 400 60 - 80 12 - 16 

Coliforms (CFU/100 ml) 2 x 104 - 4 x 104 4,000 - 8,000 800 - 1,600 

TP (mg/L) 20- 25 6 - 8 1.8 - 2.3 

PO4-P (mg/L) 18 - 22 4.5 - 5.5 1.1 - 1.4 

TN (mg/L) 100 - 125 40 - 50 16 - 20 

NH4-N (mg/L) 50 - 75 15 - 21 4.5 - 6.3 

NOx-N (mg/L) 9 - 15 2.7 - 4.5 0.8 - 1.4 

 

A stabilisation pond (diameter = 6.2 m and depth = 1 m) will be established for post 

treatment. The stabilisation pond will be aerated in order to maintain aerobic conditions. 

Thus, BOD5 and nitrogen could be further removed.  
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In conclusion, this research has shown that sand media amended with biochar increased 

the removal efficiency of suspended solids, BOD5, coliforms and nitrogen but not 

phosphorus. However, since the cost of biochar is ten times higher than the cost of sand, 

it is not a cost effective media amendment. CWs can be an alternative solution to cope 

with wastewater problems in ENTP thus, a pilot project vertical flow constructed wetland 

system will be established in Kupang, ENTP. 
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11 APPENDICES 

 

Appendix 1 Water Analysis. 

a. BOD5 analysis 

Biochemical oxygen demand (BOD5) refers to the quantity of dissolved oxygen used by 

microorganisms (e.g. aerobic bacteria) for oxidation of organic materials in the water or 

wastewater samples at a certain temperature during a specific time period (Delzer and 

McKenzie, 1999). This analysis measured the change of dissolved oxygen concentration 

in the water samples over 5 days at 20oC. A BOD5 test was carried out according to 

standard method procedure number 5210 B (APHA, 2005). All reagents used in the 

experiment were of an analytical grade obtained from Merck. 

-  Reagent 

1. Phosphate buffer solution: dissolve 8.5 g KH2PO4, 21.75 g K2HPO4, 33.4 g 

Na2HPO4.7H2O and 1.7 g NH4Cl in 500 ml distilled (DI) water and dilute to 1 L. 

2. Magnesium sulphate solution: dissolve 22.5 g MgSO4.7H2O in DI water and dilute 

to 1 L. 

3. Calcium chloride solution: dissolve 27.5 g CaCl2 in DI water and dilute to 1 L. 

4. Ferric chloride solution: dissolve 0.25 g FeCl3.6H2O in DI water and dilute to 1 L. 

 

- Procedure 

To prepare the dilution water, 15 L of DI water was aerated to ensure that the 

concentration of dissolved oxygen is at least 7.5 mg/L before being used to measure BOD.  

Then, 15 ml of each reagent solution (phosphate buffer, magnesium sulphate, calcium 

chloride, ferric chloride) was added into the aerated dilution water. This solution was 

mixed thoroughly and kept at temperature approximately 20oC.  

 

The measurement of BOD was duplicated with different sample volumes: 30 ml and 10 

ml in 300 ml BOD bottles. In this measurement, the BOD bottle was filled to 

approximately two-thirds full with dilution water and each BOD bottle had added to it 30 

ml and 10 ml of the samples. Then, the BOD bottles were completely filled with dilution 

water and the DO concentration was immediately measured with a DO probe with stirrer 

(DO meter YSI 5000) to determine the initial DO concentration in the solution. Stoppers 

were inserted tightly into the BOD bottles. In this step, it is important to make sure that 
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there are no bubbles in the bottle. Water seals were used to prevent the drawing of air into 

the bottles during incubation time. The samples then were incubated at approximately 

20oC for five days. After five days of incubation, DO concentrations in all samples were 

measured using a membrane electrode (DO meter YSI 5000, Yellow Springs, OH, USA). 

BOD (mg/L) is calculated by using the equation: 

 

 

𝐵𝑂𝐷5 =
𝐷𝑂0 − 𝐷𝑂5

𝑃
 

           DO0 = DO of diluted sample immediately after preparation, mg/L 

           DO5 = DO of diluted sample after 5 days incubation at 200C, mg/L 

           P    = decimal volumetric fraction of sample used; 1 𝑃⁄ = 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 

 

b. Total Suspended Solids and Total Volatile Solids Analysis 

Total suspended solids (TSS) and total volatile solids (TVS) measurements were intended 

to determine the material residue retained by a filter at a defined temperature. The 

separation of suspended solids from dissolved solids depends on several factors; the type 

of filter holders, porosity, pore size, surface area and thicknesses of the filter and particle 

size, the physical nature and the amount of the materials deposited on the filters (APHA, 

2005). The filters used were glass fibre paper filters (GF-75 with 47 mm diameter). TSS 

measurement was conducted according to the standard methods procedure number 2540 

D (gravimetric, dried at 105oC) and the TVS test was conducted according to the 

procedure number 2540 E (gravimetric, ignited at 550oC) (APHA, 2005). 

 

c. Nutrient Analysis 

To analysis the nutrients, water samples from the inflow and outflow were refrigerated at 

4oC for transport and temporary storage (maximum of 24 hr) and then frozen until 

analysed. All the analyses of nutrients were conducted according to the standard methods 

for the examination water and wastewater (APHA, 2005) and the methods for chemical 

analysis of water and wastes (USEPA, 1983). To determine the concentration of NH4
+-

N, NOx-N, and PO4-P, the water samples were defrosted and filtered using 0.45 µm 

millipore filters. The filtered solutions were then analysed using colorimetric methods 

with a Discrete Chemistry Analyser (Westco Smartchem 200, Danbury CT, USA). 

Measurements of NH4
+-N, NOx-N and PO4-P were based on USEPA 350.1, USEPA 

353.2, and USEPA 365.1, respectively. To determine TN and TP, the standards and 
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samples were first digested using standard persulfate digests (standard methods procedure 

number 4500-PB) and then the concentrations were determined following the methods 

for chemical analysis of water and wastes (USEPA, 1983). 

 

d. Coliforms 

Total coliforms and faecal coliforms were determined by using 3M Petrifilm coliform 

count (CC) plate method incubated at 37oC and 44oC, respectively. These methods used 

MPN methods and followed the procedure according to ISO 4831 (ISO, 2006). In this 

analysis, a 5 ml sample was taken and added to 10 ml of DI water. For plating, the 

Petrifilm CC plate was placed on a level surface, and then 1 ml of diluted sample was 

placed at the centre of the bottom film. To prevent trapping air bubbles, the film was 

rolled and the plastic spreader was placed on the centre of the plate and pressed gently on 

the centre to distribute the sample evenly. Then, the spreader was removed and the plates 

were left undisturbed for at least one minute to permit the gel to solidify. To determine 

total coliforms and faecal coliforms, the Petrifilm CC plates then were incubated at 37oC 

and 44oC for 24 hours, respectively. The colony counter method was used to determine 

the number of coliform colonies on the Petrifilm CC plates. 
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Appendix 2 Phosphorus analysis 

Preparation of sodium bicarbonate and Olsen colour reagent 

The procedures for the preparation of the sodium bicarbonate and Olsen colour reagents 

(sulphuric acid, potassium antimony tartrate heptahydrate, ammonium molibdate and 

ascorbic acid) are explained below: 

a. Sodium bicarbonate solution (NaHCO3) 0.5 M: 42 g NaHCO3 was dissolved in 1 

L of DI water.  

b. Standard solution (1,000 mg/L): 4.394 g of KH2PO4 was added into a 1,000 ml 

volumetric flask and diluted with DI water until the mark. The the standard 

solutions then were made up according to an expected range of concentrations 

(0.01 – 1 mg/L) 

c. Sulphuric acid 2 M:111 ml of concentrated sulphuric acid (18 M) was pipetted 

into 1 a L volumetric flask and then DI water slowly added to make 1 L of solution. 

d. Potassium antimony tartrate (K2Sb2(C4H2O6)2 ) solution:  1.37 g of potassium 

antimony tartrate heptahydrate was added to approximately 300 ml of DI water  

in a 500 ml beaker and stirred until all had dissolved. The solution was transferred 

into a 500 ml volumetric flask then DI water was added to the solution to the mark. 

This solution then was stored in the fridge. 

e. Ammonium molybdite ((NH4)2MoO4) solution (4%): 40 grams of ammonium 

molybdite was dissolved in DI water in a 1 L beaker glass using a until all the 

solution was dissolved. The solution then was transferred into a 1 L volumetric 

flask and diluted with DI water to the mark. 

f. Ascorbic acid (C8H8O6) 0.1 M :15 grams of ascorbic acid was dissolved in DI 

water in a 250 ml volumetric flask.  

g. Combined reagent solution: 50 ml of sulphuric acid 2 M, 5 ml of potassium 

antimony tartrate solution, 15 mL of ammonium molybdate solution, and 30 ml 

of ascorbic acid (C8H8O6) 0.1 M were transferred into a beaker glass and mixed. 

The solutions were added in that order. 

 

Extractable bicarbonate P Analysis  

Extractable bicarbonate P was determined by extracting the phosphorus from media 

samples using sodium bicarbonate solution and underwent colorimetric analysis utilising 

Olsen colour reagents. Soil samples were weighed approximately 5 grams and placed into 

100 ml labelled-conical flasks. 40 ml of sodium bicarbonate solution 0.5 M was added to 
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each sample and blank and mixed using a mechanical shaker for 30 minutes. The diluted 

samples then were centrifuged for 10 minutes. After that, the diluted samples were filtered 

using Whatman No.1 filter paper and placed in labelled containers with yellow lids. Two 

replicates were carried out for each sample. 

 

The standards were prepared by pipetting 5 ml of each standard and 5 ml of Olsen colour 

reagent. These solutions were diluted with 15 ml of DI water in 50 ml labelled tubes. 

These solutions then formed a blue solution, depending on the concentration of 

phosphorus. The standards were analysed using a spectrophotometer (Shimadzu UV-

2450) set at a wavelength of 880 nm. The diluted samples (samples extracted using 

NaHCO3) were analysed by adding 5 ml of diluted samples and 5 ml of colour reagent 

and diluted with 15 ml DI water in 50 ml labelled tubes. These samples were measured 

using a spectrophotometer set up at a wavelength 880 nm to determine the extracted 

phosphorus concentration. Then the amount of phosphorus (mg) was determined by 

multiply the concentration of extracted phosphorus with the total volume used for the 

extraction. The concentration of phosphorus in the media (mg/kg) was determined by 

dividing the amount of extracted phosphorus (mg) with the amount of media (kg). 

 

Microbial phosphorus Analysis 

Microbial phosphorus samples were analysed by fumigation, extraction with NaHCO3 

solution and measurement using a spectrophotometer at a wavelength of 880 nm. The 

samples must be fresh to avoid microbial death and release of P into the samples. 5 g of 

soil samples were weighed and placed into 50 ml labelled beakers. These samples then 

were fumigated for a minimum of 48 hours using chloroform in a vacuum desiccator. 5 g 

of samples without fumigation process were weighed into 50 ml falcon tubes. These 

fumigated and non-fumigated sample measurements were carried out with two replicates. 

Then, 40 ml of sodium bicarbonate 0.5 M was added into each sample and mixed using a 

mechanical shaker for 30 minutes. The diluted samples then were centrifuged for 10 

minutes. The diluted samples were filtered using Whatman No.1 filter paper and placed 

in labelled containers.  

 

The soil P content in the non-fumigated samples (leachable P) was also measured using 

a spectrophotometer with the Olsen colour reagents. The microbial biomass P was 
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determined by calculating the difference between the amounts of inorganic P extracted 

according to the following formula (Brookes et al., 1982)  

 

𝑀𝑖𝑐𝑟𝑜𝑏𝑖𝑎𝑙 𝑃 =  (𝑀𝑖𝑐𝑟𝑜𝑏𝑖𝑎𝑙 𝑃 + 𝑙𝑒𝑎𝑐ℎ𝑎𝑏𝑙𝑒 𝑃) − (𝑙𝑒𝑎𝑐ℎ𝑎𝑏𝑙𝑒 𝑃)            

 

Total phosphorus  

Total phosphorus in the soil was determined by using acid digest methods and analysed 

using a spectrophotometer (Shimadzu UV-2450) in a wavelength of 880 nm with Olsen 

colour reagents. In this analysis, the digestion reagents used were concentrated sulphuric 

acid, selenium acid, and sodium sulphate anhydrous. Meanwhile the Olsen reagent used 

was the same for the analysis of extractable-P and microbial P. 

  

The digestion reagent was made up by adding 500 ml of concentrated sulphuric acid into 

1 L beaker glass. Then, 50 g of sodium sulphate was slowly added into the beaker and 

mixed using a stirrer. After that, 1.63 g of selenium acid was added and stirred until all 

the solution was dissolved. The digestion reagent then was stored in a Winchester bottle 

fitted with a dispenser set to 6 ml. 

 

The procedure for digestion was started by weighing 0.3 g of each dried-soil sample into 

labelled-digestion tube. Three reference samples were used in digestion tubes each time. 

After that 6 ml of digestion reagent was dispensed into the digestion tubes. The digestion 

tubes then were placed into a block digester and the program shown below was started. 

a. Step to 100oC hold 90 min 

b. Step to 250oC hold 120 min 

c. Step to 330oC hold 150 min. 

 

Once the digest process was completed, 40 ml of DI water was added to each tube and 

allowed to cool. After that, the digested solutions were added DI water to 50 ml mark. 

These solutions were mixed by inverting the tubes and filtered using Whatman No.1 filter 

paper. The digested solution then was analysed using a spectrophotometer (Shimadzu 

UV-2450) at a wavelength of 880 nm with Olsen colour reagent.  
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Appendix 3 The list of stakeholders interviewed 

Stakeholders Employment Position KI Code 

Provincial 

level 

Public Works Agency of 

ENTP  

Head of Environmental Health 

Settlement Division 
P1 

Regional Development 

Planning Agency 

Head of Water Sanitation 

Environment and Infrastructure 

Division 

P2 

Health Agency of ENTP 

Head of Environmental Health 

Division 
P3 

Regional Environmental 

Agency of ENTP 

Head of Environmental Monitoring 

and Control Division 
P4 

Head of Environmental Laboratory  P5 

Municipality 

Level 

Mayor‘s office Vice Mayor of Kupang  M1 

Public Works Agency of 

Kupang Municipality 

Head of Division in Environmental 

Health Settlement 
M2 

Planning and Regional 

Development Board of 

Kupang Municipality 

Head of Infrastructure Division 
M3 

Health Agency of 

Kupang Municipality 

Head of Environmental Health 

Division 
M4 

Regional Environmental 

Board of Kupang 

Municipality 

Head of Environmental Monitoring 

and Control 
M5 

Settlement and Spatial 

Agency of Kupang 

Municipality 

Head of Planning and Technical 

Development Division  
M6 

Sanitary Agency of 

Kupang Municipality 

Head of Sludge Processing Facility 

of Kupang Municipality. 
M7 

NGOs 

Care International Field Manager of Sanitation Project N1 

CIS Timor 

Field Manager of Sanitation Project N2 

Field Coordinator Program in 

Sanitation 
N3 

Experts 

Nusa Cendana 

University 

Lecturer in Water and 

Environmental Science 
E1 

Udayana University 

Lecturer in Environmental and 

Public Health 
E2 

Water and Sanitation 

Working Group of 

ENTP 

Coordinator 
E3 

Sanitation Engineering 

Consultant Association 
Coordinator of ENTP Province E4 
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Appendix 4 The list of guidelines for key informant in-depth interview  

 

Name of respondent   : 

C o d e    : 

Position/Job   : 

Date of interview  : 

Mobile/ Email   : 

 

a. General information about sanitation and wastewater management programs in ENTP 

and the Kupang Municipality. 

- Concepts and knowledge of sanitation and wastewater management technology 

- Existing condition of sanitation and wastewater technology 

- Current status of sanitation and wastewater management programs 

- The strategy used to increase the sanitation coverage in the communities 

- Integrated planning to cope with sanitation and wastewater management issues 

- The role of each level of Governments (Central, Provincial, and Municipal) to deal 

with sanitation and wastewater management issues 

- The role of each stakeholder (government agencies at provincial and municipal 

level) in sanitation and wastewater management issues 

- Analysis of stakeholder participation in sanitation and wastewater management 

issues 

- The barriers and challenges to implementation of sanitation and wastewater 

management programs 

- The priorities of selecting wastewater treatment technology. 

-   

b. Challenges for the implementation of sanitation and wastewater management 

programs 

- Support from Central, Provincial and Municipal Governments (Funding) 

- Regulations regarding sanitation and wastewater management issues 

- Coordination among agencies at each level of government that deals with 

sanitation and wastewater management issues 

- Human resources in each agency dealing with sanitation and wastewater 

management issues 
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- Sustainability of the sanitation and wastewater management programs (challenge 

and barriers) 

- Involvement of the communities particularly for utilisation, operation and 

maintenance of sanitation wastewater treatment facilities. 

 

c. Implementation of Constructed Wetlands (CWs) 

- Knowledge and experiences of the stakeholders with CWs 

- Willingness to accept the CW technology 
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Appendix 5 One-way ANOVA analysis for saturated hydraulic conductivity (Ksat) 

a. February 2014 

 

Dependent Variable: Ksat

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP_Feb 1.69147 5.01934 1.000 -17.4120 20.7950

BC5_Feb 12.14049 5.01934 .667 -6.9630 31.2440

BC10_Feb
13.41621 5.01934 .493 -5.6873 32.5197

BC15_Feb
27.22476

* 5.01934 .000 8.1213 46.3283

BC20_Feb
31.30658

* 5.01934 .000 12.2031 50.4101

BC25_Feb
33.04888

* 5.01934 .000 13.9454 52.1524

S100_Feb -1.69147 5.01934 1.000 -20.7950 17.4120

BC5_Feb 10.44902 5.01934 .863 -8.6545 29.5525

BC10_Feb
11.72474 5.01934 .721 -7.3788 30.8282

BC15_Feb
25.53328

* 5.01934 .001 6.4298 44.6368

BC20_Feb
29.61510

* 5.01934 .000 10.5116 48.7186

BC25_Feb
31.35741

* 5.01934 .000 12.2539 50.4609

S100_Feb -12.14049 5.01934 .667 -31.2440 6.9630

SCP_Feb -10.44902 5.01934 .863 -29.5525 8.6545

BC10_Feb
1.27572 5.01934 1.000 -17.8278 20.3792

BC15_Feb
15.08427 5.01934 .291 -4.0192 34.1878

BC20_Feb
19.16609

* 5.01934 .048 .0626 38.2696

BC25_Feb
20.90839

* 5.01934 .019 1.8049 40.0119

S100_Feb -13.41621 5.01934 .493 -32.5197 5.6873

SCP_Feb -11.72474 5.01934 .721 -30.8282 7.3788

BC5_Feb -1.27572 5.01934 1.000 -20.3792 17.8278

BC15_Feb
13.80855 5.01934 .441 -5.2950 32.9121

BC20_Feb
17.89037 5.01934 .090 -1.2131 36.9939

BC25_Feb
19.63267

* 5.01934 .038 .5292 38.7362

S100_Feb -27.22476
* 5.01934 .000 -46.3283 -8.1213

SCP_Feb -25.53328
* 5.01934 .001 -44.6368 -6.4298

BC5_Feb -15.08427 5.01934 .291 -34.1878 4.0192

BC10_Feb
-13.80855 5.01934 .441 -32.9121 5.2950

BC20_Feb
4.08182 5.01934 1.000 -15.0217 23.1853

BC25_Feb
5.82412 5.01934 1.000 -13.2794 24.9276

S100_Feb -31.30658
* 5.01934 .000 -50.4101 -12.2031

SCP_Feb -29.61510
* 5.01934 .000 -48.7186 -10.5116

BC5_Feb -19.16609
* 5.01934 .048 -38.2696 -.0626

BC10_Feb
-17.89037 5.01934 .090 -36.9939 1.2131

BC15_Feb
-4.08182 5.01934 1.000 -23.1853 15.0217

BC25_Feb
1.74230 5.01934 1.000 -17.3612 20.8458

S100_Feb -33.04888
* 5.01934 .000 -52.1524 -13.9454

SCP_Feb -31.35741
* 5.01934 .000 -50.4609 -12.2539

BC5_Feb -20.90839
* 5.01934 .019 -40.0119 -1.8049

BC10_Feb
-19.63267

* 5.01934 .038 -38.7362 -.5292

BC15_Feb
-5.82412 5.01934 1.000 -24.9276 13.2794

BC20_Feb
-1.74230 5.01934 1.000 -20.8458 17.3612

BC15_Feb

BC20_Feb

BC25_Feb

Multiple Comparisons

(I) Bin_Date

Mean 

Difference (I-

J) Std. Error Sig.

95% Confidence 

Interval

S100_Feb

SCP_Feb

BC5_Feb

BC10_Feb
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b. August 2014 

 

Dependent Variable: Ksat

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP_Aug 3.69299 5.01934 1.000 -15.4105 22.7965

BC5_Aug 19.69786
* 5.01934 .037 .5943 38.8014

BC10_Aug
19.80395

* 5.01934 .035 .7004 38.9075

BC15_Aug
31.52974

* 5.01934 .000 12.4262 50.6333

BC20_Aug
36.95926

* 5.01934 .000 17.8558 56.0628

BC25_Aug
43.73799

* 5.01934 .000 24.6345 62.8415

S100_Aug -3.69299 5.01934 1.000 -22.7965 15.4105

BC5_Aug 16.00487 5.01934 .205 -3.0986 35.1084

BC10_Aug
16.11096 5.01934 .197 -2.9925 35.2145

BC15_Aug
27.83675

* 5.01934 .000 8.7332 46.9403

BC20_Aug
33.26627

* 5.01934 .000 14.1628 52.3698

BC25_Aug
40.04500

* 5.01934 .000 20.9415 59.1485

S100_Aug -19.69786
* 5.01934 .037 -38.8014 -.5943

SCP_Aug -16.00487 5.01934 .205 -35.1084 3.0986

BC10_Aug
.10609 5.01934 1.000 -18.9974 19.2096

BC15_Aug
11.83188 5.01934 .708 -7.2716 30.9354

BC20_Aug
17.26140 5.01934 .121 -1.8421 36.3649

BC25_Aug
24.04013

* 5.01934 .003 4.9366 43.1436

S100_Aug -19.80395
* 5.01934 .035 -38.9075 -.7004

SCP_Aug -16.11096 5.01934 .197 -35.2145 2.9925

BC5_Aug -.10609 5.01934 1.000 -19.2096 18.9974

BC15_Aug
11.72579 5.01934 .721 -7.3777 30.8293

BC20_Aug
17.15531 5.01934 .126 -1.9482 36.2588

BC25_Aug
23.93404

* 5.01934 .003 4.8305 43.0376

S100_Aug -31.52974
* 5.01934 .000 -50.6333 -12.4262

SCP_Aug -27.83675
* 5.01934 .000 -46.9403 -8.7332

BC5_Aug -11.83188 5.01934 .708 -30.9354 7.2716

BC10_Aug
-11.72579 5.01934 .721 -30.8293 7.3777

BC20_Aug
5.42952 5.01934 1.000 -13.6740 24.5330

BC25_Aug
12.20825 5.01934 .658 -6.8953 31.3118

S100_Aug -36.95926
* 5.01934 .000 -56.0628 -17.8558

SCP_Aug -33.26627
* 5.01934 .000 -52.3698 -14.1628

BC5_Aug -17.26140 5.01934 .121 -36.3649 1.8421

BC10_Aug
-17.15531 5.01934 .126 -36.2588 1.9482

BC15_Aug
-5.42952 5.01934 1.000 -24.5330 13.6740

BC25_Aug
6.77873 5.01934 .998 -12.3248 25.8822

S100_Aug -43.73799
* 5.01934 .000 -62.8415 -24.6345

SCP_Aug -40.04500
* 5.01934 .000 -59.1485 -20.9415

BC5_Aug -24.04013
* 5.01934 .003 -43.1436 -4.9366

BC10_Aug
-23.93404

* 5.01934 .003 -43.0376 -4.8305

BC15_Aug
-12.20825 5.01934 .658 -31.3118 6.8953

BC20_Aug
-6.77873 5.01934 .998 -25.8822 12.3248

Multiple Comparisons

(I) Bin_Date

Mean 

Difference (I-

J) Std. Error Sig.

95% Confidence 

Interval

S100_Aug

BC15_Aug

BC20_Aug

BC25_Aug

SCP_Aug

BC5_Aug

BC10_Aug
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c. March 2015 

 

Dependent Variable: Ksat

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP_Mar1

5
8.38069 5.01934 .979 -10.7228 27.4842

BC5_Mar1

5
22.18518

* 5.01934 .009 3.0817 41.2887

BC10_Mar

15
21.62360

* 5.01934 .013 2.5201 40.7271

BC15_Mar

15
33.31273

* 5.01934 .000 14.2092 52.4162

BC20_Mar

15
38.09566

* 5.01934 .000 18.9922 57.1992

BC25_Mar

15
43.18228

* 5.01934 .000 24.0788 62.2858

S100_Mar

15
-8.38069 5.01934 .979 -27.4842 10.7228

BC5_Mar1

5
13.80449 5.01934 .442 -5.2990 32.9080

BC10_Mar

15
13.24292 5.01934 .517 -5.8606 32.3464

BC15_Mar

15
24.93205

* 5.01934 .002 5.8285 44.0356

BC20_Mar

15
29.71498

* 5.01934 .000 10.6115 48.8185

BC25_Mar

15
34.80159

* 5.01934 .000 15.6981 53.9051

S100_Mar

15
-22.18518

* 5.01934 .009 -41.2887 -3.0817

SCP_Mar1

5
-13.80449 5.01934 .442 -32.9080 5.2990

BC10_Mar

15
-.56157 5.01934 1.000 -19.6651 18.5419

BC15_Mar

15
11.12755 5.01934 .793 -7.9760 30.2311

BC20_Mar

15
15.91048 5.01934 .213 -3.1930 35.0140

BC25_Mar

15
20.99710

* 5.01934 .018 1.8936 40.1006

S100_Mar

15
-21.62360

* 5.01934 .013 -40.7271 -2.5201

SCP_Mar1

5
-13.24292 5.01934 .517 -32.3464 5.8606

BC5_Mar1

5
.56157 5.01934 1.000 -18.5419 19.6651

BC15_Mar

15
11.68913 5.01934 .726 -7.4144 30.7926

BC20_Mar

15
16.47206 5.01934 .170 -2.6315 35.5756

BC25_Mar

15
21.55867

* 5.01934 .013 2.4552 40.6622

S100_Mar

15
-33.31273

* 5.01934 .000 -52.4162 -14.2092

SCP_Mar1

5
-24.93205

* 5.01934 .002 -44.0356 -5.8285

BC5_Mar1

5
-11.12755 5.01934 .793 -30.2311 7.9760

BC10_Mar

15
-11.68913 5.01934 .726 -30.7926 7.4144

BC20_Mar

15
4.78293 5.01934 1.000 -14.3206 23.8864

BC25_Mar

15
9.86954 5.01934 .910 -9.2340 28.9731

S100_Mar

15
-38.09566

* 5.01934 .000 -57.1992 -18.9922

SCP_Mar1

5
-29.71498

* 5.01934 .000 -48.8185 -10.6115

BC5_Mar1

5
-15.91048 5.01934 .213 -35.0140 3.1930

BC10_Mar

15
-16.47206 5.01934 .170 -35.5756 2.6315

BC15_Mar

15
-4.78293 5.01934 1.000 -23.8864 14.3206

BC25_Mar

15
5.08661 5.01934 1.000 -14.0169 24.1901

S100_Mar

15
-43.18228

* 5.01934 .000 -62.2858 -24.0788

SCP_Mar1

5
-34.80159

* 5.01934 .000 -53.9051 -15.6981

BC5_Mar1

5
-20.99710

* 5.01934 .018 -40.1006 -1.8936

BC10_Mar

15
-21.55867

* 5.01934 .013 -40.6622 -2.4552

BC15_Mar

15
-9.86954 5.01934 .910 -28.9731 9.2340

BC20_Mar

15
-5.08661 5.01934 1.000 -24.1901 14.0169

BC20_Mar

15

BC25_Mar

15

*. The mean difference is significant at the 0.05 level.

Multiple Comparisons

(I) Bin_Date

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval

S100_Mar

15

SCP_Mar1

5

BC5_Mar1

5

BC10_Mar

15

BC15_Mar

15
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Appendix 6 One-way ANOVA analysis for pH value 

a. SCW 

 

 

Dependent Variable: pH

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP .00019 .04736 1.000 -.1482 .1486

BC5 -.01722 .04736 1.000 -.1656 .1312

BC10 -.04278 .04736 .985 -.1912 .1056

BC15 -.08278 .04736 .657 -.2312 .0656

BC20 -.13833 .04736 .085 -.2867 .0101

BC25 -.14056 .04736 .076 -.2890 .0078

Eff -.52278
* .04736 .000 -.6712 -.3744

S100 -.00019 .04736 1.000 -.1486 .1482

BC5 -.01741 .04736 1.000 -.1658 .1310

BC10 -.04296 .04736 .984 -.1914 .1054

BC15 -.08296 .04736 .654 -.2314 .0654

BC20 -.13852 .04736 .084 -.2869 .0099

BC25 -.14074 .04736 .075 -.2891 .0077

Eff -.52296
* .04736 .000 -.6714 -.3746

S100 .01722 .04736 1.000 -.1312 .1656

SCP .01741 .04736 1.000 -.1310 .1658

BC10 -.02556 .04736 .999 -.1740 .1228

BC15 -.06556 .04736 .861 -.2140 .0828

BC20 -.12111 .04736 .191 -.2695 .0273

BC25 -.12333 .04736 .174 -.2717 .0251

Eff -.50556
* .04736 .000 -.6540 -.3572

S100 .04278 .04736 .985 -.1056 .1912

SCP .04296 .04736 .984 -.1054 .1914

BC5 .02556 .04736 .999 -.1228 .1740

BC15 -.04000 .04736 .990 -.1884 .1084

BC20 -.09556 .04736 .479 -.2440 .0528

BC25 -.09778 .04736 .448 -.2462 .0506

Eff -.48000
* .04736 .000 -.6284 -.3316

S100 .08278 .04736 .657 -.0656 .2312

SCP .08296 .04736 .654 -.0654 .2314

BC5 .06556 .04736 .861 -.0828 .2140

BC10 .04000 .04736 .990 -.1084 .1884

BC20 -.05556 .04736 .937 -.2040 .0928

BC25 -.05778 .04736 .923 -.2062 .0906

Eff -.44000
* .04736 .000 -.5884 -.2916

S100 .13833 .04736 .085 -.0101 .2867

SCP .13852 .04736 .084 -.0099 .2869

BC5 .12111 .04736 .191 -.0273 .2695

BC10 .09556 .04736 .479 -.0528 .2440

BC15 .05556 .04736 .937 -.0928 .2040

BC25 -.00222 .04736 1.000 -.1506 .1462

Eff -.38444
* .04736 .000 -.5328 -.2360

S100 .14056 .04736 .076 -.0078 .2890

SCP .14074 .04736 .075 -.0077 .2891

BC5 .12333 .04736 .174 -.0251 .2717

BC10 .09778 .04736 .448 -.0506 .2462

BC15 .05778 .04736 .923 -.0906 .2062

BC20 .00222 .04736 1.000 -.1462 .1506

Eff -.38222
* .04736 .000 -.5306 -.2338

S100 .52278
* .04736 .000 .3744 .6712

SCP .52296
* .04736 .000 .3746 .6714

BC5 .50556
* .04736 .000 .3572 .6540

BC10 .48000
* .04736 .000 .3316 .6284

BC15 .44000
* .04736 .000 .2916 .5884

BC20 .38444
* .04736 .000 .2360 .5328

BC25 .38222
* .04736 .000 .2338 .5306

BC25

Eff

*. The mean difference is significant at the 0.05 level.

S100

SCP

BC5

BC10

BC15

BC20

Multiple Comparisons

(I) BIN

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval
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b. Septage 

 

 

Dependent Variable: pH

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP -.02593 .02816 .983 -.1152 .0633

BC5 -.04652 .03332 .855 -.1521 .0591

BC10 -.09652 .03332 .096 -.2021 .0091

BC15 -.09919 .03332 .080 -.2048 .0064

BC20 -0.11926 .02816 .002 -.2085 -.0300

BC25 -0.21319 .03332 .000 -.3188 -.1076

Eff -.37370
* .02816 .000 -.4629 -.2845

S100 .02593 .02816 .983 -.0633 .1152

BC5 -.02059 .03332 .998 -.1262 .0850

BC10 -.07059 .03332 .418 -.1762 .0350

BC15 -.07326 .03332 .371 -.1788 .0323

BC20 -0.09333 .02816 .034 -.1826 -.0041

BC25 -0.18726 .03332 .000 -.2928 -.0817

Eff -.34778
* .02816 .000 -.4370 -.2586

S100 .04652 .03332 .855 -.0591 .1521

SCP .02059 .03332 .998 -.0850 .1262

BC10 -.05000 .03778 .885 -.1697 .0697

BC15 -.05267 .03778 .856 -.1724 .0670

BC20 -.07274 .03332 .380 -.1783 .0328

BC25 -0.16667 .03778 .001 -.2864 -.0470

Eff -.32719
* .03332 .000 -.4328 -.2216

S100 .09652 .03332 .096 -.0091 .2021

SCP .07059 .03332 .418 -.0350 .1762

BC5 .05000 .03778 .885 -.0697 .1697

BC15 -.00267 .03778 1.000 -.1224 .1170

BC20 -.02274 .03332 .997 -.1283 .0828

BC25 -.11667 .03778 .061 -.2364 .0030

Eff -.27719
* .03332 .000 -.3828 -.1716

S100 .09919 .03332 .080 -.0064 .2048

SCP .07326 .03332 .371 -.0323 .1788

BC5 .05267 .03778 .856 -.0670 .1724

BC10 .00267 .03778 1.000 -.1170 .1224

BC20 -.02007 .03332 .999 -.1256 .0855

BC25 -.11400 .03778 .072 -.2337 .0057

Eff -.27452
* .03332 .000 -.3801 -.1689

S100 0.11926 .02816 .002 .0300 .2085

SCP 0.09333 .02816 .034 .0041 .1826

BC5 .07274 .03332 .380 -.0328 .1783

BC10 .02274 .03332 .997 -.0828 .1283

BC15 .02007 .03332 .999 -.0855 .1256

BC25 -.09393 .03332 .114 -.1995 .0116

Eff -.25444
* .02816 .000 -.3437 -.1652

S100 0.21319 .03332 .000 .1076 .3188

SCP 0.18726 .03332 .000 .0817 .2928

BC5 0.16667 .03778 .001 .0470 .2864

BC10 .11667 .03778 .061 -.0030 .2364

BC15 .11400 .03778 .072 -.0057 .2337

BC20 .09393 .03332 .114 -.0116 .1995

Eff -.16052
* .03332 .000 -.2661 -.0549

S100 .37370
* .02816 .000 .2845 .4629

SCP .34778
* .02816 .000 .2586 .4370

BC5 .32719
* .03332 .000 .2216 .4328

BC10 .27719
* .03332 .000 .1716 .3828

BC15 .27452
* .03332 .000 .1689 .3801

BC20 .25444
* .02816 .000 .1652 .3437

BC25 .16052
* .03332 .000 .0549 .2661

BC25

Eff

*. The mean difference is significant at the 0.05 level.

S100

SCP

BC5

BC10

BC15

BC20

Multiple Comparisons

(I) BIN

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval



 
 

262 
 

Appendix 7 One-way ANOVA analysis for conductivity (µS/cm) 

a. SCW 

 

Dependent Variable: Conductivity

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP .00659 .04147 1.000 -.1233 .1365

BC5 .02711 .04147 .998 -.1028 .1571

BC10 .04211 .04147 .970 -.0878 .1721

BC15 .04970 .04147 .929 -.0802 .1796

BC20 .06081 .04147 .822 -.0691 .1908

BC25 .07219 .04147 .661 -.0578 .2021

Eff -.01849 .04147 1.000 -.1484 .1114

S100 -.00659 .04147 1.000 -.1365 .1233

BC5 .02052 .04147 1.000 -.1094 .1505

BC10 .03552 .04147 .989 -.0944 .1655

BC15 .04311 .04147 .966 -.0868 .1731

BC20 .05422 .04147 .893 -.0757 .1842

BC25 .06559 .04147 .759 -.0643 .1955

Eff -.02509 .04147 .999 -.1550 .1049

S100 -.02711 .04147 .998 -.1571 .1028

SCP -.02052 .04147 1.000 -.1505 .1094

BC10 .01500 .04147 1.000 -.1149 .1449

BC15 .02259 .04147 .999 -.1073 .1525

BC20 .03370 .04147 .992 -.0962 .1636

BC25 .04507 .04147 .957 -.0849 .1750

Eff -.04560 .04147 .955 -.1755 .0843

S100 -.04211 .04147 .970 -.1721 .0878

SCP -.03552 .04147 .989 -.1655 .0944

BC5 -.01500 .04147 1.000 -.1449 .1149

BC15 .00759 .04147 1.000 -.1223 .1375

BC20 .01870 .04147 1.000 -.1112 .1486

BC25 .03007 .04147 .996 -.0999 .1600

Eff -.06060 .04147 .825 -.1905 .0693

S100 -.04970 .04147 .929 -.1796 .0802

SCP -.04311 .04147 .966 -.1731 .0868

BC5 -.02259 .04147 .999 -.1525 .1073

BC10 -.00759 .04147 1.000 -.1375 .1223

BC20 .01111 .04147 1.000 -.1188 .1411

BC25 .02248 .04147 .999 -.1075 .1524

Eff -.06820 .04147 .722 -.1981 .0617

S100 -.06081 .04147 .822 -.1908 .0691

SCP -.05422 .04147 .893 -.1842 .0757

BC5 -.03370 .04147 .992 -.1636 .0962

BC10 -.01870 .04147 1.000 -.1486 .1112

BC15 -.01111 .04147 1.000 -.1411 .1188

BC25 .01137 .04147 1.000 -.1186 .1413

Eff -.07931 .04147 .548 -.2092 .0506

S100 -.07219 .04147 .661 -.2021 .0578

SCP -.06559 .04147 .759 -.1955 .0643

BC5 -.04507 .04147 .957 -.1750 .0849

BC10 -.03007 .04147 .996 -.1600 .0999

BC15 -.02248 .04147 .999 -.1524 .1075

BC20 -.01137 .04147 1.000 -.1413 .1186

Eff -.09068 .04147 .373 -.2206 .0393

S100 .01849 .04147 1.000 -.1114 .1484

SCP .02509 .04147 .999 -.1049 .1550

BC5 .04560 .04147 .955 -.0843 .1755

BC10 .06060 .04147 .825 -.0693 .1905

BC15 .06820 .04147 .722 -.0617 .1981

BC20 .07931 .04147 .548 -.0506 .2092

BC25 .09068 .04147 .373 -.0393 .2206

*. The mean difference is significant at the 0.05 level.

BC25

Eff

Multiple Comparisons

(I) BIN

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval

S100

SCP

BC5

BC10

BC15

BC20
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b. Septage 

 

 

Dependent Variable: Cond

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP .01552 .02457 .998 -.0623 .0934

BC5 -.00782 .02908 1.000 -.0999 .0843

BC10 -.01329 .02908 1.000 -.1054 .0788

BC15 .00418 .02908 1.000 -.0879 .0963

BC20 .04778 .02457 .529 -.0301 .1256

BC25 .03800 .02908 .892 -.0541 .1301

Eff -.03681 .02457 .805 -.1147 .0410

S100 -.01552 .02457 .998 -.0934 .0623

BC5 -.02334 .02908 .992 -.1155 .0688

BC10 -.02881 .02908 .974 -.1209 .0633

BC15 -.01134 .02908 1.000 -.1035 .0808

BC20 .03226 .02457 .890 -.0456 .1101

BC25 .02249 .02908 .994 -.0696 .1146

Eff -.05233 .02457 .411 -.1302 .0255

S100 .00782 .02908 1.000 -.0843 .0999

SCP .02334 .02908 .992 -.0688 .1155

BC10 -.00547 .03297 1.000 -.1099 .0990

BC15 .01200 .03297 1.000 -.0925 .1165

BC20 .05560 .02908 .550 -.0365 .1477

BC25 .04583 .03297 .857 -.0586 .1503

Eff -.02899 .02908 .973 -.1211 .0631

S100 .01329 .02908 1.000 -.0788 .1054

SCP .02881 .02908 .974 -.0633 .1209

BC5 .00547 .03297 1.000 -.0990 .1099

BC15 .01747 .03297 .999 -.0870 .1219

BC20 .06107 .02908 .429 -.0311 .1532

BC25 .05129 .03297 .773 -.0532 .1557

Eff -.02353 .02908 .992 -.1156 .0686

S100 -.00418 .02908 1.000 -.0963 .0879

SCP .01134 .02908 1.000 -.0808 .1035

BC5 -.01200 .03297 1.000 -.1165 .0925

BC10 -.01747 .03297 .999 -.1219 .0870

BC20 .04360 .02908 .804 -.0485 .1357

BC25 .03383 .03297 .968 -.0706 .1383

Eff -.04099 .02908 .848 -.1331 .0511

S100 -.04778 .02457 .529 -.1256 .0301

SCP -.03226 .02457 .890 -.1101 .0456

BC5 -.05560 .02908 .550 -.1477 .0365

BC10 -.06107 .02908 .429 -.1532 .0311

BC15 -.04360 .02908 .804 -.1357 .0485

BC25 -.00977 .02908 1.000 -.1019 .0823

Eff -.08459
* .02457 .024 -.1624 -.0067

S100 -.03800 .02908 .892 -.1301 .0541

SCP -.02249 .02908 .994 -.1146 .0696

BC5 -.04583 .03297 .857 -.1503 .0586

BC10 -.05129 .03297 .773 -.1557 .0532

BC15 -.03383 .03297 .968 -.1383 .0706

BC20 .00977 .02908 1.000 -.0823 .1019

Eff -.07482 .02908 .191 -.1669 .0173

S100 .03681 .02457 .805 -.0410 .1147

SCP .05233 .02457 .411 -.0255 .1302

BC5 .02899 .02908 .973 -.0631 .1211

BC10 .02353 .02908 .992 -.0686 .1156

BC15 .04099 .02908 .848 -.0511 .1331

BC20 .08459
* .02457 .024 .0067 .1624

BC25 .07482 .02908 .191 -.0173 .1669

BC20

BC25

Eff

*. The mean difference is significant at the 0.05 level.

Multiple Comparisons

(I) BIN

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval

S100

SCP

BC5

BC10

BC15
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Appendix 8 One-way ANOVA analysis for dissolved oxygen (DO) (mg/L) 

a. SCW 

 

 

Dependent Variable: DO

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP -.01852 .17640 1.000 -.5713 .5342

BC5 .01852 .17640 1.000 -.5342 .5713

BC10 .02222 .17640 1.000 -.5305 .5750

BC15 -.11481 .17640 .998 -.6675 .4379

BC20 -.00741 .17640 1.000 -.5601 .5453

BC25 .01852 .17640 1.000 -.5342 .5713

Eff .01111 .17640 1.000 -.5416 .5638

S100 .01852 .17640 1.000 -.5342 .5713

BC5 .03704 .17640 1.000 -.5157 .5898

BC10 .04074 .17640 1.000 -.5120 .5935

BC15 -.09630 .17640 .999 -.6490 .4564

BC20 .01111 .17640 1.000 -.5416 .5638

BC25 .03704 .17640 1.000 -.5157 .5898

Eff .02963 .17640 1.000 -.5231 .5824

S100 -.01852 .17640 1.000 -.5713 .5342

SCP -.03704 .17640 1.000 -.5898 .5157

BC10 .00370 .17640 1.000 -.5490 .5564

BC15 -.13333 .17640 .995 -.6861 .4194

BC20 -.02593 .17640 1.000 -.5787 .5268

BC25 0.00000 .17640 1.000 -.5527 .5527

Eff -.00741 .17640 1.000 -.5601 .5453

S100 -.02222 .17640 1.000 -.5750 .5305

SCP -.04074 .17640 1.000 -.5935 .5120

BC5 -.00370 .17640 1.000 -.5564 .5490

BC15 -.13704 .17640 .994 -.6898 .4157

BC20 -.02963 .17640 1.000 -.5824 .5231

BC25 -.00370 .17640 1.000 -.5564 .5490

Eff -.01111 .17640 1.000 -.5638 .5416

S100 .11481 .17640 .998 -.4379 .6675

SCP .09630 .17640 .999 -.4564 .6490

BC5 .13333 .17640 .995 -.4194 .6861

BC10 .13704 .17640 .994 -.4157 .6898

BC20 .10741 .17640 .999 -.4453 .6601

BC25 .13333 .17640 .995 -.4194 .6861

Eff .12593 .17640 .996 -.4268 .6787

S100 .00741 .17640 1.000 -.5453 .5601

SCP -.01111 .17640 1.000 -.5638 .5416

BC5 .02593 .17640 1.000 -.5268 .5787

BC10 .02963 .17640 1.000 -.5231 .5824

BC15 -.10741 .17640 .999 -.6601 .4453

BC25 .02593 .17640 1.000 -.5268 .5787

Eff .01852 .17640 1.000 -.5342 .5713

S100 -.01852 .17640 1.000 -.5713 .5342

SCP -.03704 .17640 1.000 -.5898 .5157

BC5 0.00000 .17640 1.000 -.5527 .5527

BC10 .00370 .17640 1.000 -.5490 .5564

BC15 -.13333 .17640 .995 -.6861 .4194

BC20 -.02593 .17640 1.000 -.5787 .5268

Eff -.00741 .17640 1.000 -.5601 .5453

S100 -.01111 .17640 1.000 -.5638 .5416

SCP -.02963 .17640 1.000 -.5824 .5231

BC5 .00741 .17640 1.000 -.5453 .5601

BC10 .01111 .17640 1.000 -.5416 .5638

BC15 -.12593 .17640 .996 -.6787 .4268

BC20 -.01852 .17640 1.000 -.5713 .5342

BC25 .00741 .17640 1.000 -.5453 .5601

Eff

Multiple Comparisons

(I) BIN

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval

S100

SCP

BC5

BC10

BC15

BC20

BC25
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b. Septage 

 

 

Dependent Variable: DO

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP .00741 .07718 1.000 -.2371 .2519

BC5 -.00593 .09132 1.000 -.2952 .2834

BC10 -.08593 .09132 .980 -.3752 .2034

BC15 -.05926 .09132 .998 -.3486 .2301

BC20 .01111 .07718 1.000 -.2334 .2556

BC25 -.14593 .09132 .749 -.4352 .1434

Eff .05556 .07718 .996 -.1890 .3001

S100 -.00741 .07718 1.000 -.2519 .2371

BC5 -.01333 .09132 1.000 -.3026 .2760

BC10 -.09333 .09132 .969 -.3826 .1960

BC15 -.06667 .09132 .996 -.3560 .2226

BC20 .00370 .07718 1.000 -.2408 .2482

BC25 -.15333 .09132 .700 -.4426 .1360

Eff .04815 .07718 .998 -.1964 .2927

S100 .00593 .09132 1.000 -.2834 .2952

SCP .01333 .09132 1.000 -.2760 .3026

BC10 -.08000 .10354 .994 -.4081 .2481

BC15 -.05333 .10354 1.000 -.3814 .2747

BC20 .01704 .09132 1.000 -.2723 .3064

BC25 -.14000 .10354 .874 -.4681 .1881

Eff .06148 .09132 .997 -.2278 .3508

S100 .08593 .09132 .980 -.2034 .3752

SCP .09333 .09132 .969 -.1960 .3826

BC5 .08000 .10354 .994 -.2481 .4081

BC15 .02667 .10354 1.000 -.3014 .3547

BC20 .09704 .09132 .961 -.1923 .3864

BC25 -.06000 .10354 .999 -.3881 .2681

Eff .14148 .09132 .777 -.1478 .4308

S100 .05926 .09132 .998 -.2301 .3486

SCP .06667 .09132 .996 -.2226 .3560

BC5 .05333 .10354 1.000 -.2747 .3814

BC10 -.02667 .10354 1.000 -.3547 .3014

BC20 .07037 .09132 .994 -.2189 .3597

BC25 -.08667 .10354 .990 -.4147 .2414

Eff .11481 .09132 .910 -.1745 .4041

S100 -.01111 .07718 1.000 -.2556 .2334

SCP -.00370 .07718 1.000 -.2482 .2408

BC5 -.01704 .09132 1.000 -.3064 .2723

BC10 -.09704 .09132 .961 -.3864 .1923

BC15 -.07037 .09132 .994 -.3597 .2189

BC25 -.15704 .09132 .675 -.4464 .1323

Eff .04444 .07718 .999 -.2001 .2890

S100 .14593 .09132 .749 -.1434 .4352

SCP .15333 .09132 .700 -.1360 .4426

BC5 .14000 .10354 .874 -.1881 .4681

BC10 .06000 .10354 .999 -.2681 .3881

BC15 .08667 .10354 .990 -.2414 .4147

BC20 .15704 .09132 .675 -.1323 .4464

Eff .20148 .09132 .366 -.0878 .4908

S100 -.05556 .07718 .996 -.3001 .1890

SCP -.04815 .07718 .998 -.2927 .1964

BC5 -.06148 .09132 .997 -.3508 .2278

BC10 -.14148 .09132 .777 -.4308 .1478

BC15 -.11481 .09132 .910 -.4041 .1745

BC20 -.04444 .07718 .999 -.2890 .2001

BC25 -.20148 .09132 .366 -.4908 .0878

BC25

Eff

Multiple Comparisons

(I) BIN

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval

S100

SCP

BC5

BC10

BC15

BC20
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Appendix 9 One-way ANOVA analysis for TSS and TVS loaded with SCW (mg/L) 

a. TSS 

 

 

 

Dependent Variable: TSS

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP .52222 1.29491 1.000 -3.4644 4.5088

BC5 1.44444 1.29491 .952 -2.5422 5.4311

BC10 1.54444 1.29491 .933 -2.4422 5.5311

BC15 1.97778 1.29491 .791 -2.0088 5.9644

BC20 2.56667 1.29491 .498 -1.4200 6.5533

BC25 2.45556 1.29491 .556 -1.5311 6.4422

Inflow -27.21111
* 1.29491 .000 -31.1977 -23.2245

S100 -.52222 1.29491 1.000 -4.5088 3.4644

BC5 .92222 1.29491 .997 -3.0644 4.9088

BC10 1.02222 1.29491 .993 -2.9644 5.0088

BC15 1.45556 1.29491 .950 -2.5311 5.4422

BC20 2.04444 1.29491 .762 -1.9422 6.0311

BC25 1.93333 1.29491 .810 -2.0533 5.9200

Inflow -27.73333
* 1.29491 .000 -31.7200 -23.7467

S100 -1.44444 1.29491 .952 -5.4311 2.5422

SCP -.92222 1.29491 .997 -4.9088 3.0644

BC10 .10000 1.29491 1.000 -3.8866 4.0866

BC15 .53333 1.29491 1.000 -3.4533 4.5200

BC20 1.12222 1.29491 .988 -2.8644 5.1088

BC25 1.01111 1.29491 .994 -2.9755 4.9977

Inflow -28.65556
* 1.29491 .000 -32.6422 -24.6689

S100 -1.54444 1.29491 .933 -5.5311 2.4422

SCP -1.02222 1.29491 .993 -5.0088 2.9644

BC5 -.10000 1.29491 1.000 -4.0866 3.8866

BC15 .43333 1.29491 1.000 -3.5533 4.4200

BC20 1.02222 1.29491 .993 -2.9644 5.0088

BC25 .91111 1.29491 .997 -3.0755 4.8977

Inflow -28.75556
* 1.29491 .000 -32.7422 -24.7689

S100 -1.97778 1.29491 .791 -5.9644 2.0088

SCP -1.45556 1.29491 .950 -5.4422 2.5311

BC5 -.53333 1.29491 1.000 -4.5200 3.4533

BC10 -.43333 1.29491 1.000 -4.4200 3.5533

BC20 .58889 1.29491 1.000 -3.3977 4.5755

BC25 .47778 1.29491 1.000 -3.5088 4.4644

Inflow -29.18889
* 1.29491 .000 -33.1755 -25.2023

S100 -2.56667 1.29491 .498 -6.5533 1.4200

SCP -2.04444 1.29491 .762 -6.0311 1.9422

BC5 -1.12222 1.29491 .988 -5.1088 2.8644

BC10 -1.02222 1.29491 .993 -5.0088 2.9644

BC15 -.58889 1.29491 1.000 -4.5755 3.3977

BC25 -.11111 1.29491 1.000 -4.0977 3.8755

Inflow -29.77778
* 1.29491 .000 -33.7644 -25.7912

S100 -2.45556 1.29491 .556 -6.4422 1.5311

SCP -1.93333 1.29491 .810 -5.9200 2.0533

BC5 -1.01111 1.29491 .994 -4.9977 2.9755

BC10 -.91111 1.29491 .997 -4.8977 3.0755

BC15 -.47778 1.29491 1.000 -4.4644 3.5088

BC20 .11111 1.29491 1.000 -3.8755 4.0977

Inflow -29.66667
* 1.29491 .000 -33.6533 -25.6800

S100 27.21111
* 1.29491 .000 23.2245 31.1977

SCP 27.73333
* 1.29491 .000 23.7467 31.7200

BC5 28.65556
* 1.29491 .000 24.6689 32.6422

BC10 28.75556
* 1.29491 .000 24.7689 32.7422

BC15 29.18889
* 1.29491 .000 25.2023 33.1755

BC20 29.77778
* 1.29491 .000 25.7912 33.7644

BC25 29.66667
* 1.29491 .000 25.6800 33.6533

BC25

Inflow

*. The mean difference is significant at the 0.05 level.

S100

SCP

BC5

BC10

BC15

BC20

Multiple Comparisons

(I) Bins

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 
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b. TVS 

 

 

Dependent Variable: TVS

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP .72222 1.14296 .998 -2.7966 4.2410

BC5 1.30000 1.14296 .947 -2.2188 4.8188

BC10 1.41111 1.14296 .920 -2.1077 4.9299

BC15 1.76667 1.14296 .781 -1.7522 5.2855

BC20 2.23333 1.14296 .517 -1.2855 5.7522

BC25 2.11111 1.14296 .589 -1.4077 5.6299

Inflow -22.10000
* 1.14296 .000 -25.6188 -18.5812

S100 -.72222 1.14296 .998 -4.2410 2.7966

BC5 .57778 1.14296 1.000 -2.9410 4.0966

BC10 .68889 1.14296 .999 -2.8299 4.2077

BC15 1.04444 1.14296 .984 -2.4744 4.5633

BC20 1.51111 1.14296 .889 -2.0077 5.0299

BC25 1.38889 1.14296 .926 -2.1299 4.9077

Inflow -22.82222
* 1.14296 .000 -26.3410 -19.3034

S100 -1.30000 1.14296 .947 -4.8188 2.2188

SCP -.57778 1.14296 1.000 -4.0966 2.9410

BC10 .11111 1.14296 1.000 -3.4077 3.6299

BC15 .46667 1.14296 1.000 -3.0522 3.9855

BC20 .93333 1.14296 .992 -2.5855 4.4522

BC25 .81111 1.14296 .997 -2.7077 4.3299

Inflow -23.40000
* 1.14296 .000 -26.9188 -19.8812

S100 -1.41111 1.14296 .920 -4.9299 2.1077

SCP -.68889 1.14296 .999 -4.2077 2.8299

BC5 -.11111 1.14296 1.000 -3.6299 3.4077

BC15 .35556 1.14296 1.000 -3.1633 3.8744

BC20 .82222 1.14296 .996 -2.6966 4.3410

BC25 .70000 1.14296 .999 -2.8188 4.2188

Inflow -23.51111
* 1.14296 .000 -27.0299 -19.9923

S100 -1.76667 1.14296 .781 -5.2855 1.7522

SCP -1.04444 1.14296 .984 -4.5633 2.4744

BC5 -.46667 1.14296 1.000 -3.9855 3.0522

BC10 -.35556 1.14296 1.000 -3.8744 3.1633

BC20 .46667 1.14296 1.000 -3.0522 3.9855

BC25 .34444 1.14296 1.000 -3.1744 3.8633

Inflow -23.86667
* 1.14296 .000 -27.3855 -20.3478

S100 -2.23333 1.14296 .517 -5.7522 1.2855

SCP -1.51111 1.14296 .889 -5.0299 2.0077

BC5 -.93333 1.14296 .992 -4.4522 2.5855

BC10 -.82222 1.14296 .996 -4.3410 2.6966

BC15 -.46667 1.14296 1.000 -3.9855 3.0522

BC25 -.12222 1.14296 1.000 -3.6410 3.3966

Inflow -24.33333
* 1.14296 .000 -27.8522 -20.8145

S100 -2.11111 1.14296 .589 -5.6299 1.4077

SCP -1.38889 1.14296 .926 -4.9077 2.1299

BC5 -.81111 1.14296 .997 -4.3299 2.7077

BC10 -.70000 1.14296 .999 -4.2188 2.8188

BC15 -.34444 1.14296 1.000 -3.8633 3.1744

BC20 .12222 1.14296 1.000 -3.3966 3.6410

Inflow -24.21111
* 1.14296 .000 -27.7299 -20.6923

S100 22.10000
* 1.14296 .000 18.5812 25.6188

SCP 22.82222
* 1.14296 .000 19.3034 26.3410

BC5 23.40000
* 1.14296 .000 19.8812 26.9188

BC10 23.51111
* 1.14296 .000 19.9923 27.0299

BC15 23.86667
* 1.14296 .000 20.3478 27.3855

BC20 24.33333
* 1.14296 .000 20.8145 27.8522

BC25 24.21111
* 1.14296 .000 20.6923 27.7299

BC25

Inflow

*. The mean difference is significant at the 0.05 level.

S100

SCP

BC5

BC10

BC15

BC20

Multiple Comparisons
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Mean 
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(I-J) Std. Error Sig.
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Interval



 
 

268 
 

Appendix 10 Correlation analysis between biochar percentage and TSS removal 

efficiency loaded with SCW (a) and septage (b) (mg/L) 

a. SCW 

 

b. Septage 

 

 

R R Square

Adjusted 

R Square

Std. Error 

of the 

Estimate

1 .837
a .700 .688 4.37856

Standardiz

ed 

Coefficient

s

B Std. Error Beta

(Constant)
43.232 3.080 14.035 .000

BC_Perc .260 .070 .286 3.730 .000

Eff_Rem 11.404 1.113 .786 10.250 .000

Model

Variables 

Entered

Variables 

Removed Method

1 Eff_Rem, 

BC_Perc
b Enter

a. Dependent Variable: TSS_Rem

Coefficients
a

Model

Unstandardized 

Coefficients

t Sig.

1

a. Dependent Variable: TSS_Rem

b. All requested variables entered.

Variables Entered/Removed
a

Model Summary

Model

a. Predictors: (Constant), Eff_Rem, BC_Perc

R R Square

Adjusted R 

Square

Std. Error 

of the 

Estimate

1 .871
a .758 .751 3.31833

Standardiz

ed 

Coefficient

s

B Std. Error Beta

(Constant)
67.756 .936 72.383 .000

BC_Perc .645 .063 .871 10.326 .000

Variables 

Entered

Variables 

Removed Method

1
BC_Perc

b Enter

Variables Entered/Removed
a

Model

a. Dependent Variable: TSS_Rem

b. All requested variables entered.

Model Summary

Model

a. Predictors: (Constant), BC_Perc

Coefficients
a

Model

Unstandardized Coefficients

t Sig.

1

a. Dependent Variable: TSS_Rem
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Appendix 11 One-way ANOVA analysis for TSS and TVS loaded with septage (mg/L) 

a. TSS 

 

Dependent Variable: TSS_Septage

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP 9.29630 5.83724 .754 -8.6326 27.2252

BC5 33.51852
* 6.90671 .000 12.3048 54.7323

BC10 37.65185
* 6.90671 .000 16.4381 58.8656

BC15 41.05185
* 6.90671 .000 19.8381 62.2656

BC20 50.00000
* 5.83724 .000 32.0711 67.9289

BC25 55.85185
* 6.90671 .000 34.6381 77.0656

Inflow -209.62963
* 5.83724 .000 -227.5585 -191.7008

S100 -9.29630 5.83724 .754 -27.2252 8.6326

BC5 24.22222
* 6.90671 .013 3.0085 45.4360

BC10 28.35556
* 6.90671 .002 7.1418 49.5693

BC15 31.75556
* 6.90671 .000 10.5418 52.9693

BC20 40.70370
* 5.83724 .000 22.7748 58.6326

BC25 46.55556
* 6.90671 .000 25.3418 67.7693

Inflow -218.92593
* 5.83724 .000 -236.8548 -200.9970

S100 -33.51852
* 6.90671 .000 -54.7323 -12.3048

SCP -24.22222
* 6.90671 .013 -45.4360 -3.0085

BC10 4.13333 7.83147 .999 -19.9208 28.1874

BC15 7.53333 7.83147 .979 -16.5208 31.5874

BC20 16.48148 6.90671 .255 -4.7323 37.6952

BC25 22.33333 7.83147 .090 -1.7208 46.3874

Inflow -243.14815
* 6.90671 .000 -264.3619 -221.9344

S100 -37.65185
* 6.90671 .000 -58.8656 -16.4381

SCP -28.35556
* 6.90671 .002 -49.5693 -7.1418

BC5 -4.13333 7.83147 .999 -28.1874 19.9208

BC15 3.40000 7.83147 1.000 -20.6541 27.4541

BC20 12.34815 6.90671 .629 -8.8656 33.5619

BC25 18.20000 7.83147 .287 -5.8541 42.2541

Inflow -247.28148
* 6.90671 .000 -268.4952 -226.0677

S100 -41.05185
* 6.90671 .000 -62.2656 -19.8381

SCP -31.75556
* 6.90671 .000 -52.9693 -10.5418

BC5 -7.53333 7.83147 .979 -31.5874 16.5208

BC10 -3.40000 7.83147 1.000 -27.4541 20.6541

BC20 8.94815 6.90671 .899 -12.2656 30.1619

BC25 14.80000 7.83147 .560 -9.2541 38.8541

Inflow -250.68148
* 6.90671 .000 -271.8952 -229.4677

S100 -50.00000
* 5.83724 .000 -67.9289 -32.0711

SCP -40.70370
* 5.83724 .000 -58.6326 -22.7748

BC5 -16.48148 6.90671 .255 -37.6952 4.7323

BC10 -12.34815 6.90671 .629 -33.5619 8.8656

BC15 -8.94815 6.90671 .899 -30.1619 12.2656

BC25 5.85185 6.90671 .990 -15.3619 27.0656

Inflow -259.62963
* 5.83724 .000 -277.5585 -241.7008

S100 -55.85185
* 6.90671 .000 -77.0656 -34.6381

SCP -46.55556
* 6.90671 .000 -67.7693 -25.3418

BC5 -22.33333 7.83147 .090 -46.3874 1.7208

BC10 -18.20000 7.83147 .287 -42.2541 5.8541

BC15 -14.80000 7.83147 .560 -38.8541 9.2541

BC20 -5.85185 6.90671 .990 -27.0656 15.3619

Inflow -265.48148
* 6.90671 .000 -286.6952 -244.2677

S100 209.62963
* 5.83724 .000 191.7008 227.5585

SCP 218.92593
* 5.83724 .000 200.9970 236.8548

BC5 243.14815
* 6.90671 .000 221.9344 264.3619

BC10 247.28148
* 6.90671 .000 226.0677 268.4952

BC15 250.68148
* 6.90671 .000 229.4677 271.8952

BC20 259.62963
* 5.83724 .000 241.7008 277.5585

BC25 265.48148
* 6.90671 .000 244.2677 286.6952

BC25

Inflow

*. The mean difference is significant at the 0.05 level.
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b. TVS 

Dependent Variable: TVS_STG

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP 3.66667 4.85114 .995 -11.2334 18.5668

BC5 17.02963 5.73995 .067 -.6004 34.6597

BC10 18.42963
* 5.73995 .034 .7996 36.0597

BC15 22.09630
* 5.73995 .004 4.4662 39.7264

BC20 24.11111
* 4.85114 .000 9.2110 39.0112

BC25 28.29630
* 5.73995 .000 10.6662 45.9264

Inflow -129.22222
* 4.85114 .000 -144.1223 -114.3221

S100 -3.66667 4.85114 .995 -18.5668 11.2334

BC5 13.36296 5.73995 .285 -4.2671 30.9930

BC10 14.76296 5.73995 .174 -2.8671 32.3930

BC15 18.42963
* 5.73995 .034 .7996 36.0597

BC20 20.44444
* 4.85114 .001 5.5443 35.3446

BC25 24.62963
* 5.73995 .001 6.9996 42.2597

Inflow -132.88889
* 4.85114 .000 -147.7890 -117.9888

S100 -17.02963 5.73995 .067 -34.6597 .6004

SCP -13.36296 5.73995 .285 -30.9930 4.2671

BC10 1.40000 6.50849 1.000 -18.5906 21.3906

BC15 5.06667 6.50849 .994 -14.9239 25.0573

BC20 7.08148 5.73995 .921 -10.5486 24.7115

BC25 11.26667 6.50849 .667 -8.7239 31.2573

Inflow -146.25185
* 5.73995 .000 -163.8819 -128.6218

S100 -18.42963
* 5.73995 .034 -36.0597 -.7996

SCP -14.76296 5.73995 .174 -32.3930 2.8671

BC5 -1.40000 6.50849 1.000 -21.3906 18.5906

BC15 3.66667 6.50849 .999 -16.3239 23.6573

BC20 5.68148 5.73995 .975 -11.9486 23.3115

BC25 9.86667 6.50849 .798 -10.1239 29.8573

Inflow -147.65185
* 5.73995 .000 -165.2819 -130.0218

S100 -22.09630
* 5.73995 .004 -39.7264 -4.4662

SCP -18.42963
* 5.73995 .034 -36.0597 -.7996

BC5 -5.06667 6.50849 .994 -25.0573 14.9239

BC10 -3.66667 6.50849 .999 -23.6573 16.3239

BC20 2.01481 5.73995 1.000 -15.6152 19.6449

BC25 6.20000 6.50849 .980 -13.7906 26.1906

Inflow -151.31852
* 5.73995 .000 -168.9486 -133.6885

S100 -24.11111
* 4.85114 .000 -39.0112 -9.2110

SCP -20.44444
* 4.85114 .001 -35.3446 -5.5443

BC5 -7.08148 5.73995 .921 -24.7115 10.5486

BC10 -5.68148 5.73995 .975 -23.3115 11.9486

BC15 -2.01481 5.73995 1.000 -19.6449 15.6152

BC25 4.18519 5.73995 .996 -13.4449 21.8152

Inflow -153.33333
* 4.85114 .000 -168.2334 -138.4332

S100 -28.29630
* 5.73995 .000 -45.9264 -10.6662

SCP -24.62963
* 5.73995 .001 -42.2597 -6.9996

BC5 -11.26667 6.50849 .667 -31.2573 8.7239

BC10 -9.86667 6.50849 .798 -29.8573 10.1239

BC15 -6.20000 6.50849 .980 -26.1906 13.7906

BC20 -4.18519 5.73995 .996 -21.8152 13.4449

Inflow -157.51852
* 5.73995 .000 -175.1486 -139.8885

S100 129.22222
* 4.85114 .000 114.3221 144.1223

SCP 132.88889
* 4.85114 .000 117.9888 147.7890

BC5 146.25185
* 5.73995 .000 128.6218 163.8819

BC10 147.65185
* 5.73995 .000 130.0218 165.2819

BC15 151.31852
* 5.73995 .000 133.6885 168.9486

BC20 153.33333
* 4.85114 .000 138.4332 168.2334

BC25 157.51852
* 5.73995 .000 139.8885 175.1486

BC25

Inflow

*. The mean difference is significant at the 0.05 level.
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Appendix 12 One-way ANOVA analysis for BOD5 loaded with SCW (mg/L) 

 

 

Dependent Variable: BOD

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP .77861 5.99926 1.000 -17.6934 19.2506

BC5 1.33444 5.99926 1.000 -17.1375 19.8064

BC10 1.26500 5.99926 1.000 -17.2070 19.7370

BC15 1.52639 5.99926 1.000 -16.9456 19.9984

BC20 2.26667 5.99926 1.000 -16.2053 20.7386

BC25 2.76806 5.99926 1.000 -15.7039 21.2400

Inflow -159.75858
* 6.08684 .000 -178.5002 -141.0169

S100 -.77861 5.99926 1.000 -19.2506 17.6934

BC5 .55583 5.99926 1.000 -17.9161 19.0278

BC10 .48639 5.99926 1.000 -17.9856 18.9584

BC15 .74778 5.99926 1.000 -17.7242 19.2197

BC20 1.48806 5.99926 1.000 -16.9839 19.9600

BC25 1.98944 5.99926 1.000 -16.4825 20.4614

Inflow -160.53719
* 6.08684 .000 -179.2788 -141.7955

S100 -1.33444 5.99926 1.000 -19.8064 17.1375

SCP -.55583 5.99926 1.000 -19.0278 17.9161

BC10 -.06944 5.99926 1.000 -18.5414 18.4025

BC15 .19194 5.99926 1.000 -18.2800 18.6639

BC20 .93222 5.99926 1.000 -17.5397 19.4042

BC25 1.43361 5.99926 1.000 -17.0384 19.9056

Inflow -161.09302
* 6.08684 .000 -179.8347 -142.3514

S100 -1.26500 5.99926 1.000 -19.7370 17.2070

SCP -.48639 5.99926 1.000 -18.9584 17.9856

BC5 .06944 5.99926 1.000 -18.4025 18.5414

BC15 .26139 5.99926 1.000 -18.2106 18.7334

BC20 1.00167 5.99926 1.000 -17.4703 19.4736

BC25 1.50306 5.99926 1.000 -16.9689 19.9750

Inflow -161.02358
* 6.08684 .000 -179.7652 -142.2819

S100 -1.52639 5.99926 1.000 -19.9984 16.9456

SCP -.74778 5.99926 1.000 -19.2197 17.7242

BC5 -.19194 5.99926 1.000 -18.6639 18.2800

BC10 -.26139 5.99926 1.000 -18.7334 18.2106

BC20 .74028 5.99926 1.000 -17.7317 19.2122

BC25 1.24167 5.99926 1.000 -17.2303 19.7136

Inflow -161.28497
* 6.08684 .000 -180.0266 -142.5433

S100 -2.26667 5.99926 1.000 -20.7386 16.2053

SCP -1.48806 5.99926 1.000 -19.9600 16.9839

BC5 -.93222 5.99926 1.000 -19.4042 17.5397

BC10 -1.00167 5.99926 1.000 -19.4736 17.4703

BC15 -.74028 5.99926 1.000 -19.2122 17.7317

BC25 .50139 5.99926 1.000 -17.9706 18.9734

Inflow -162.02525
* 6.08684 .000 -180.7669 -143.2836

S100 -2.76806 5.99926 1.000 -21.2400 15.7039

SCP -1.98944 5.99926 1.000 -20.4614 16.4825

BC5 -1.43361 5.99926 1.000 -19.9056 17.0384

BC10 -1.50306 5.99926 1.000 -19.9750 16.9689

BC15 -1.24167 5.99926 1.000 -19.7136 17.2303

BC20 -.50139 5.99926 1.000 -18.9734 17.9706

Inflow -162.52663
* 6.08684 .000 -181.2683 -143.7850

S100 159.75858
* 6.08684 .000 141.0169 178.5002

SCP 160.53719
* 6.08684 .000 141.7955 179.2788

BC5 161.09302
* 6.08684 .000 142.3514 179.8347

BC10 161.02358
* 6.08684 .000 142.2819 179.7652

BC15 161.28497
* 6.08684 .000 142.5433 180.0266

BC20 162.02525
* 6.08684 .000 143.2836 180.7669

BC25 162.52663
* 6.08684 .000 143.7850 181.2683

BC25

Inflow

*. The mean difference is significant at the 0.05 level.
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Appendix 13 Correlation analysis between biochar percentage and BOD5 removal 

efficiency loaded with SCW (a) and septage (b) (mg/L) 

a. SCW 

 

 

b. Septage 

 

Variables 

Entered

Variables 

Removed Method

1 BC_Per
b Enter

R R Square

Adjusted 

R Square

Std. Error of the 

Estimate

1 .355
a .126 .111 1.36614

Standardized 

Coefficients

B Std. Error Beta

(Constant)
89.426 .313 286.012 .000

BC_Per .060 .021 .355 2.892 .005

Coefficients
a

Model

Unstandardized 

Coefficients

t Sig.

1

a. Dependent Variable: BOD_Rem

a. Predictors: (Constant), BC_Per

Variables Entered/Removed
a

Model

a. Dependent Variable: BOD_Rem

b. All requested variables entered.

Model Summary

Model

Variables 

Entered

Variables 

Removed Method

1 BC_Perc
b Enter

R R Square

Adjusted 

R Square

Std. Error of 

the Estimate

1 .898
a .807 .802 .885

Standardized 

Coefficients

B Std. Error Beta

(Constant)
86.097 .250 344.817 .000

BC_Perc .199 .017 .898 11.932 .000

a. Dependent Variable: BOD_Rem

Coefficients
a

Model

Unstandardized 

Coefficients

t Sig.

1

Model Summary

Model

a. Predictors: (Constant), BC_Perc

Variables Entered/Removed
a

Model

a. Dependent Variable: BOD_Rem

b. All requested variables entered.
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Appendix 14 One-way ANOVA analysis for BOD5 loaded with septage (mg/L) 

Dependent Variable: BOD_STG

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP .90741 3.49595 1.000 -9.8303 11.6451

BC5 8.45111 4.13647 .456 -4.2539 21.1561

BC10 11.86144 4.13647 .086 -.8436 24.5665

BC15 15.95444
* 4.13647 .004 3.2494 28.6595

BC20 19.44630
* 3.49595 .000 8.7086 30.1840

BC25 21.39778
* 4.13647 .000 8.6927 34.1028

Inflow -371.20926
* 3.49595 .000 -381.9470 -360.4715

S100 -.90741 3.49595 1.000 -11.6451 9.8303

BC5 7.54370 4.13647 .605 -5.1613 20.2487

BC10 10.95404 4.13647 .147 -1.7510 23.6591

BC15 15.04704
* 4.13647 .009 2.3420 27.7521

BC20 18.53889
* 3.49595 .000 7.8012 29.2766

BC25 20.49037
* 4.13647 .000 7.7853 33.1954

Inflow -372.11667
* 3.49595 .000 -382.8544 -361.3790

S100 -8.45111 4.13647 .456 -21.1561 4.2539

SCP -7.54370 4.13647 .605 -20.2487 5.1613

BC10 3.41033 4.69031 .996 -10.9958 17.8165

BC15 7.50333 4.69031 .750 -6.9028 21.9095

BC20 10.99519 4.13647 .144 -1.7098 23.7002

BC25 12.94667 4.69031 .113 -1.4595 27.3528

Inflow -379.66037
* 4.13647 .000 -392.3654 -366.9553

S100 -11.86144 4.13647 .086 -24.5665 .8436

SCP -10.95404 4.13647 .147 -23.6591 1.7510

BC5 -3.41033 4.69031 .996 -17.8165 10.9958

BC15 4.09300 4.69031 .988 -10.3131 18.4991

BC20 7.58485 4.13647 .598 -5.1202 20.2899

BC25 9.53633 4.69031 .463 -4.8698 23.9425

Inflow -383.07070
* 4.13647 .000 -395.7757 -370.3657

S100 -15.95444
* 4.13647 .004 -28.6595 -3.2494

SCP -15.04704
* 4.13647 .009 -27.7521 -2.3420

BC5 -7.50333 4.69031 .750 -21.9095 6.9028

BC10 -4.09300 4.69031 .988 -18.4991 10.3131

BC20 3.49185 4.13647 .990 -9.2132 16.1969

BC25 5.44333 4.69031 .942 -8.9628 19.8495

Inflow -387.16370
* 4.13647 .000 -399.8687 -374.4587

S100 -19.44630
* 3.49595 .000 -30.1840 -8.7086

SCP -18.53889
* 3.49595 .000 -29.2766 -7.8012

BC5 -10.99519 4.13647 .144 -23.7002 1.7098

BC10 -7.58485 4.13647 .598 -20.2899 5.1202

BC15 -3.49185 4.13647 .990 -16.1969 9.2132

BC25 1.95148 4.13647 1.000 -10.7535 14.6565

Inflow -390.65556
* 3.49595 .000 -401.3933 -379.9178

S100 -21.39778
* 4.13647 .000 -34.1028 -8.6927

SCP -20.49037
* 4.13647 .000 -33.1954 -7.7853

BC5 -12.94667 4.69031 .113 -27.3528 1.4595

BC10 -9.53633 4.69031 .463 -23.9425 4.8698

BC15 -5.44333 4.69031 .942 -19.8495 8.9628

BC20 -1.95148 4.13647 1.000 -14.6565 10.7535

Inflow -392.60704
* 4.13647 .000 -405.3121 -379.9020

S100 371.20926
* 3.49595 .000 360.4715 381.9470

SCP 372.11667
* 3.49595 .000 361.3790 382.8544

BC5 379.66037
* 4.13647 .000 366.9553 392.3654

BC10 383.07070
* 4.13647 .000 370.3657 395.7757

BC15 387.16370
* 4.13647 .000 374.4587 399.8687

BC20 390.65556
* 3.49595 .000 379.9178 401.3933

BC25 392.60704
* 4.13647 .000 379.9020 405.3121

BC20

BC25

Inflow

*. The mean difference is significant at the 0.05 level.

Multiple Comparisons

(I) BIN

Mean 

Difference (I-

J) Std. Error Sig.

95% Confidence 
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Appendix 15 One-way ANOVA analysis for coliforms loaded with SCW and septage 

(mg/L) 

a. SCW 

 

 

Dependent Variable: Total coliforms

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP 200.00000 1232.29123 1.000 -3881.2412 4281.2412

BC5 916.66667 1232.29123 .994 -3164.5745 4997.9079

BC10 1866.66667 1232.29123 .792 -2214.5745 5947.9079

BC15 2816.66667 1232.29123 .341 -1264.5745 6897.9079

BC20 3100.00000 1232.29123 .236 -981.2412 7181.2412

BC25 3183.33333 1232.29123 .210 -897.9079 7264.5745

Eff -36466.66667
* 1232.29123 .000 -40547.9079 -32385.4255

S100 -200.00000 1232.29123 1.000 -4281.2412 3881.2412

BC5 716.66667 1232.29123 .999 -3364.5745 4797.9079

BC10 1666.66667 1232.29123 .869 -2414.5745 5747.9079

BC15 2616.66667 1232.29123 .429 -1464.5745 6697.9079

BC20 2900.00000 1232.29123 .307 -1181.2412 6981.2412

BC25 2983.33333 1232.29123 .276 -1097.9079 7064.5745

Eff -36666.66667
* 1232.29123 .000 -40747.9079 -32585.4255

S100 -916.66667 1232.29123 .994 -4997.9079 3164.5745

SCP -716.66667 1232.29123 .999 -4797.9079 3364.5745

BC10 950.00000 1232.29123 .993 -3131.2412 5031.2412

BC15 1900.00000 1232.29123 .778 -2181.2412 5981.2412

BC20 2183.33333 1232.29123 .643 -1897.9079 6264.5745

BC25 2266.66667 1232.29123 .601 -1814.5745 6347.9079

Eff -37383.33333
* 1232.29123 .000 -41464.5745 -33302.0921

S100 -1866.66667 1232.29123 .792 -5947.9079 2214.5745

SCP -1666.66667 1232.29123 .869 -5747.9079 2414.5745

BC5 -950.00000 1232.29123 .993 -5031.2412 3131.2412

BC15 950.00000 1232.29123 .993 -3131.2412 5031.2412

BC20 1233.33333 1232.29123 .970 -2847.9079 5314.5745

BC25 1316.66667 1232.29123 .957 -2764.5745 5397.9079

Eff -38333.33333
* 1232.29123 .000 -42414.5745 -34252.0921

S100 -2816.66667 1232.29123 .341 -6897.9079 1264.5745

SCP -2616.66667 1232.29123 .429 -6697.9079 1464.5745

BC5 -1900.00000 1232.29123 .778 -5981.2412 2181.2412

BC10 -950.00000 1232.29123 .993 -5031.2412 3131.2412

BC20 283.33333 1232.29123 1.000 -3797.9079 4364.5745

BC25 366.66667 1232.29123 1.000 -3714.5745 4447.9079

Eff -39283.33333
* 1232.29123 .000 -43364.5745 -35202.0921

S100 -3100.00000 1232.29123 .236 -7181.2412 981.2412

SCP -2900.00000 1232.29123 .307 -6981.2412 1181.2412

BC5 -2183.33333 1232.29123 .643 -6264.5745 1897.9079

BC10 -1233.33333 1232.29123 .970 -5314.5745 2847.9079

BC15 -283.33333 1232.29123 1.000 -4364.5745 3797.9079

BC25 83.33333 1232.29123 1.000 -3997.9079 4164.5745

Eff -39566.66667
* 1232.29123 .000 -43647.9079 -35485.4255

S100 -3183.33333 1232.29123 .210 -7264.5745 897.9079

SCP -2983.33333 1232.29123 .276 -7064.5745 1097.9079

BC5 -2266.66667 1232.29123 .601 -6347.9079 1814.5745

BC10 -1316.66667 1232.29123 .957 -5397.9079 2764.5745

BC15 -366.66667 1232.29123 1.000 -4447.9079 3714.5745

BC20 -83.33333 1232.29123 1.000 -4164.5745 3997.9079

Eff -39650.00000
* 1232.29123 .000 -43731.2412 -35568.7588

S100 36466.66667
* 1232.29123 .000 32385.4255 40547.9079

SCP 36666.66667
* 1232.29123 .000 32585.4255 40747.9079

BC5 37383.33333
* 1232.29123 .000 33302.0921 41464.5745

BC10 38333.33333
* 1232.29123 .000 34252.0921 42414.5745

BC15 39283.33333
* 1232.29123 .000 35202.0921 43364.5745

BC20 39566.66667
* 1232.29123 .000 35485.4255 43647.9079

BC25 39650.00000
* 1232.29123 .000 35568.7588 43731.2412

BC25

Eff

*. The mean difference is significant at the 0.05 level.

S100

SCP

BC5

BC10

BC15

BC20

Multiple Comparisons

(I) BIN

Mean 

Difference (I-

J) Std. Error Sig.

95% Confidence Interval
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b. Septage 

Dependent Variable: FC_STG

Tukey HSD

Lower Bound

Upper 

Bound

SCP 540.74074 582.32129 .982 -1304.2190 2385.7005

BC5 2321.48148
* 689.01184 .030 138.4957 4504.4673

BC10 3001.48148
* 689.01184 .002 818.4957 5184.4673

BC15 3668.14815
* 689.01184 .000 1485.1623 5851.1340

BC20 3718.51852
* 582.32129 .000 1873.5588 5563.4783

BC25 3841.48148
* 689.01184 .000 1658.4957 6024.4673

Inflow -16651.85185
* 582.32129 .000 -18496.8116 -14806.8921

S100 -540.74074 582.32129 .982 -2385.7005 1304.2190

BC5 1780.74074 689.01184 .187 -402.2451 3963.7265

BC10 2460.74074
* 689.01184 .017 277.7549 4643.7265

BC15 3127.40741
* 689.01184 .001 944.4216 5310.3932

BC20 3177.77778
* 582.32129 .000 1332.8180 5022.7375

BC25 3300.74074
* 689.01184 .000 1117.7549 5483.7265

Inflow -17192.59259
* 582.32129 .000 -19037.5523 -15347.6329

S100 -2321.48148
* 689.01184 .030 -4504.4673 -138.4957

SCP -1780.74074 689.01184 .187 -3963.7265 402.2451

BC10 680.00000 781.26599 .987 -1795.2732 3155.2732

BC15 1346.66667 781.26599 .672 -1128.6066 3821.9399

BC20 1397.03704 689.01184 .475 -785.9488 3580.0228

BC25 1520.00000 781.26599 .528 -955.2732 3995.2732

Inflow -18973.33333
* 689.01184 .000 -21156.3191 -16790.3475

S100 -3001.48148
* 689.01184 .002 -5184.4673 -818.4957

SCP -2460.74074
* 689.01184 .017 -4643.7265 -277.7549

BC5 -680.00000 781.26599 .987 -3155.2732 1795.2732

BC15 666.66667 781.26599 .989 -1808.6066 3141.9399

BC20 717.03704 689.01184 .966 -1465.9488 2900.0228

BC25 840.00000 781.26599 .959 -1635.2732 3315.2732

Inflow -19653.33333
* 689.01184 .000 -21836.3191 -17470.3475

S100 -3668.14815
* 689.01184 .000 -5851.1340 -1485.1623

SCP -3127.40741
* 689.01184 .001 -5310.3932 -944.4216

BC5 -1346.66667 781.26599 .672 -3821.9399 1128.6066

BC10 -666.66667 781.26599 .989 -3141.9399 1808.6066

BC20 50.37037 689.01184 1.000 -2132.6154 2233.3562

BC25 173.33333 781.26599 1.000 -2301.9399 2648.6066

Inflow -20320.00000
* 689.01184 .000 -22502.9858 -18137.0142

S100 -3718.51852
* 582.32129 .000 -5563.4783 -1873.5588

SCP -3177.77778
* 582.32129 .000 -5022.7375 -1332.8180

BC5 -1397.03704 689.01184 .475 -3580.0228 785.9488

BC10 -717.03704 689.01184 .966 -2900.0228 1465.9488

BC15 -50.37037 689.01184 1.000 -2233.3562 2132.6154

BC25 122.96296 689.01184 1.000 -2060.0228 2305.9488

Inflow -20370.37037
* 582.32129 .000 -22215.3301 -18525.4106

S100 -3841.48148
* 689.01184 .000 -6024.4673 -1658.4957

SCP -3300.74074
* 689.01184 .000 -5483.7265 -1117.7549

BC5 -1520.00000 781.26599 .528 -3995.2732 955.2732

BC10 -840.00000 781.26599 .959 -3315.2732 1635.2732

BC15 -173.33333 781.26599 1.000 -2648.6066 2301.9399

BC20 -122.96296 689.01184 1.000 -2305.9488 2060.0228

Inflow -20493.33333
* 689.01184 .000 -22676.3191 -18310.3475

S100 16651.85185
* 582.32129 .000 14806.8921 18496.8116

SCP 17192.59259
* 582.32129 .000 15347.6329 19037.5523

BC5 18973.33333
* 689.01184 .000 16790.3475 21156.3191

BC10 19653.33333
* 689.01184 .000 17470.3475 21836.3191

BC15 20320.00000
* 689.01184 .000 18137.0142 22502.9858

BC20 20370.37037
* 582.32129 .000 18525.4106 22215.3301

BC25 20493.33333
* 689.01184 .000 18310.3475 22676.3191

*. The mean difference is significant at the 0.05 level.

BC5

BC10

BC15

BC20

BC25

Inflow

Multiple Comparisons

(I) BIN

Mean 

Difference (I-J) Std. Error Sig.

95% Confidence Interval

S100

SCP
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Appendix 16 Correlation analysis between biochar percentage and coliform removal 

efficiency loaded with septage (mg/L) 

 

 

Variables 

Entered

Variables 

Removed Method

1 BC_Perce
b Enter

R R Square

Adjusted 

R Square

Std. Error 

of the 

Estimate

1 .898
a .806 .799 2.41386

Standardiz

ed 

Coefficient

s

B Std. Error Beta

(Constant)
87.785 .781 112.359 .000

BC_Perce .557 .052 .898 10.785 .000

1

a. Dependent Variable: FC_Rem

Model Summary

Model

a. Predictors: (Constant), BC_Perce

Coefficients
a

Model

Unstandardized 

Coefficients

t Sig.

Variables Entered/Removed
a

Model

a. Dependent Variable: FC_Rem

b. All requested variables entered.
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Appendix 17 One-way ANOVA analysis for TP and PO4-P loaded with SCW  

a. TP 

 

 

 

Dependent Variable: TP_P

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP .31998 .28864 .954 -.5686 1.2086

BC5 -.38261 .28864 .888 -1.2712 .5060

BC10 -.71330 .28864 .217 -1.6019 .1753

BC15 -1.19345
* .28864 .002 -2.0821 -.3048

BC20 -1.12983
* .28864 .003 -2.0185 -.2412

BC25 -1.78540
* .28864 .000 -2.6740 -.8968

Inflow -5.26349
* .28864 .000 -6.1521 -4.3749

S100 -.31998 .28864 .954 -1.2086 .5686

BC5 -.70259 .28864 .234 -1.5912 .1860

BC10 -1.03328
* .28864 .011 -1.9219 -.1447

BC15 -1.51344
* .28864 .000 -2.4021 -.6248

BC20 -1.44981
* .28864 .000 -2.3384 -.5612

BC25 -2.10538
* .28864 .000 -2.9940 -1.2168

Inflow -5.58347
* .28864 .000 -6.4721 -4.6948

S100 .38261 .28864 .888 -.5060 1.2712

SCP .70259 .28864 .234 -.1860 1.5912

BC10 -.33069 .28864 .945 -1.2193 .5579

BC15 -.81084 .28864 .101 -1.6995 .0778

BC20 -.74722 .28864 .169 -1.6358 .1414

BC25 -1.40279
* .28864 .000 -2.2914 -.5142

Inflow -4.88088
* .28864 .000 -5.7695 -3.9923

S100 .71330 .28864 .217 -.1753 1.6019

SCP 1.03328
* .28864 .011 .1447 1.9219

BC5 .33069 .28864 .945 -.5579 1.2193

BC15 -.48016 .28864 .711 -1.3688 .4085

BC20 -.41653 .28864 .835 -1.3052 .4721

BC25 -1.07210
* .28864 .007 -1.9607 -.1835

Inflow -4.55019
* .28864 .000 -5.4388 -3.6616

S100 1.19345
* .28864 .002 .3048 2.0821

SCP 1.51344
* .28864 .000 .6248 2.4021

BC5 .81084 .28864 .101 -.0778 1.6995

BC10 .48016 .28864 .711 -.4085 1.3688

BC20 .06362 .28864 1.000 -.8250 .9523

BC25 -.59194 .28864 .452 -1.4806 .2967

Inflow -4.07004
* .28864 .000 -4.9587 -3.1814

S100 1.12983
* .28864 .003 .2412 2.0185

SCP 1.44981
* .28864 .000 .5612 2.3384

BC5 .74722 .28864 .169 -.1414 1.6358

BC10 .41653 .28864 .835 -.4721 1.3052

BC15 -.06362 .28864 1.000 -.9523 .8250

BC25 -.65557 .28864 .317 -1.5442 .2331

Inflow -4.13366
* .28864 .000 -5.0223 -3.2450

S100 1.78540
* .28864 .000 .8968 2.6740

SCP 2.10538
* .28864 .000 1.2168 2.9940

BC5 1.40279
* .28864 .000 .5142 2.2914

BC10 1.07210
* .28864 .007 .1835 1.9607

BC15 .59194 .28864 .452 -.2967 1.4806

BC20 .65557 .28864 .317 -.2331 1.5442

Inflow -3.47809
* .28864 .000 -4.3667 -2.5895

S100 5.26349
* .28864 .000 4.3749 6.1521

SCP 5.58347
* .28864 .000 4.6948 6.4721

BC5 4.88088
* .28864 .000 3.9923 5.7695

BC10 4.55019
* .28864 .000 3.6616 5.4388

BC15 4.07004
* .28864 .000 3.1814 4.9587

BC20 4.13366
* .28864 .000 3.2450 5.0223

BC25 3.47809
* .28864 .000 2.5895 4.3667

BC25

Inflow

*. The mean difference is significant at the 0.05 level.

S100

SCP

BC5

BC10

BC15

BC20

Multiple Comparisons

(I) Bins

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval
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b. PO4-P 

 

 

 

Dependent Variable: PO4_P

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP .106891 .197423 .999 -.50091 .71469

BC5 -.464350 .197423 .274 -1.07215 .14345

BC10 -.709993
* .197423 .010 -1.31779 -.10219

BC15 -.722884
* .197423 .008 -1.33069 -.11508

BC20 -1.130846
* .197423 .000 -1.73865 -.52304

BC25 -1.862074
* .197423 .000 -2.46988 -1.25427

Inflow -4.119527
* .197423 .000 -4.72733 -3.51172

S100 -.106891 .197423 .999 -.71469 .50091

BC5 -.571241 .197423 .082 -1.17904 .03656

BC10 -.816883
* .197423 .002 -1.42469 -.20908

BC15 -.829775
* .197423 .001 -1.43758 -.22197

BC20 -1.237736
* .197423 .000 -1.84554 -.62993

BC25 -1.968964
* .197423 .000 -2.57677 -1.36116

Inflow -4.226417
* .197423 .000 -4.83422 -3.61862

S100 .464350 .197423 .274 -.14345 1.07215

SCP .571241 .197423 .082 -.03656 1.17904

BC10 -.245643 .197423 .917 -.85344 .36216

BC15 -.258534 .197423 .894 -.86634 .34927

BC20 -.666496
* .197423 .021 -1.27430 -.05869

BC25 -1.397724
* .197423 .000 -2.00553 -.78992

Inflow -3.655177
* .197423 .000 -4.26298 -3.04737

S100 .709993
* .197423 .010 .10219 1.31779

SCP .816883
* .197423 .002 .20908 1.42469

BC5 .245643 .197423 .917 -.36216 .85344

BC15 -.012891 .197423 1.000 -.62069 .59491

BC20 -.420853 .197423 .400 -1.02865 .18695

BC25 -1.152081
* .197423 .000 -1.75988 -.54428

Inflow -3.409534
* .197423 .000 -4.01734 -2.80173

S100 .722884
* .197423 .008 .11508 1.33069

SCP .829775
* .197423 .001 .22197 1.43758

BC5 .258534 .197423 .894 -.34927 .86634

BC10 .012891 .197423 1.000 -.59491 .62069

BC20 -.407962 .197423 .442 -1.01576 .19984

BC25 -1.139190
* .197423 .000 -1.74699 -.53139

Inflow -3.396643
* .197423 .000 -4.00444 -2.78884

S100 1.130846
* .197423 .000 .52304 1.73865

SCP 1.237736
* .197423 .000 .62993 1.84554

BC5 .666496
* .197423 .021 .05869 1.27430

BC10 .420853 .197423 .400 -.18695 1.02865

BC15 .407962 .197423 .442 -.19984 1.01576

BC25 -0.73123 .197423 .007 -1.33903 -.12343

Inflow -2.988681
* .197423 .000 -3.59648 -2.38088

S100 1.862074
* .197423 .000 1.25427 2.46988

SCP 1.968964
* .197423 .000 1.36116 2.57677

BC5 1.397724
* .197423 .000 .78992 2.00553

BC10 1.152081
* .197423 .000 .54428 1.75988

BC15 1.139190
* .197423 .000 .53139 1.74699

BC20 0.731228 .197423 .007 .12343 1.33903

Inflow -2.257453
* .197423 .000 -2.86525 -1.64965

S100 4.119527
* .197423 .000 3.51172 4.72733

SCP 4.226417
* .197423 .000 3.61862 4.83422

BC5 3.655177
* .197423 .000 3.04737 4.26298

BC10 3.409534
* .197423 .000 2.80173 4.01734

BC15 3.396643
* .197423 .000 2.78884 4.00444

BC20 2.988681
* .197423 .000 2.38088 3.59648

BC25 2.257453
* .197423 .000 1.64965 2.86525

BC20

BC25

Inflow

*. The mean difference is significant at the 0.05 level.

Multiple Comparisons

(I) Bins

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval

S100

SCP

BC5

BC10

BC15
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Appendix 18 One-way ANOVA analysis for TP and PO4-P loaded with septage (mg/L) 

a. TP

Dependent Variable:TP

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP -.09239 .51129 1.000 -1.6628 1.4780

BC5 -1.69795 .60496 .101 -3.5561 .1602

BC10 -1.79644 .60496 .066 -3.6546 .0617

BC15 -3.68287
* .60496 .000 -5.5410 -1.8247

BC20 -3.20190
* .51129 .000 -4.7723 -1.6315

BC25 -5.99704
* .60496 .000 -7.8552 -4.1389

Inflow -16.92324
* .51129 .000 -18.4936 -15.3528

S100 .09239 .51129 1.000 -1.4780 1.6628

BC5 -1.60556 .60496 .145 -3.4637 .2526

BC10 -1.70405 .60496 .098 -3.5622 .1541

BC15 -3.59048
* .60496 .000 -5.4486 -1.7324

BC20 -3.10951
* .51129 .000 -4.6799 -1.5391

BC25 -5.90464
* .60496 .000 -7.7628 -4.0465

Inflow -16.83085
* .51129 .000 -18.4012 -15.2605

S100 1.69795 .60496 .101 -.1602 3.5561

SCP 1.60556 .60496 .145 -.2526 3.4637

BC10 -.09848 .68596 1.000 -2.2054 2.0084

BC15 -1.98492 .68596 .081 -4.0918 .1220

BC20 -1.50395 .60496 .209 -3.3621 .3542

BC25 -4.29908
* .68596 .000 -6.4060 -2.1922

Inflow -15.22529
* .60496 .000 -17.0834 -13.3672

S100 1.79644 .60496 .066 -.0617 3.6546

SCP 1.70405 .60496 .098 -.1541 3.5622

BC5 .09848 .68596 1.000 -2.0084 2.2054

BC15 -1.88643 .68596 .116 -3.9933 .2205

BC20 -1.40547 .60496 .288 -3.2636 .4527

BC25 -4.20060
* .68596 .000 -6.3075 -2.0937

Inflow -15.12681
* .60496 .000 -16.9849 -13.2687

S100 3.68287
* .60496 .000 1.8247 5.5410

SCP 3.59048
* .60496 .000 1.7324 5.4486

BC5 1.98492 .68596 .081 -.1220 4.0918

BC10 1.88643 .68596 .116 -.2205 3.9933

BC20 .48096 .60496 .993 -1.3772 2.3391

BC25 -2.31417
* .68596 .020 -4.4211 -.2073

Inflow -13.24037
* .60496 .000 -15.0985 -11.3823

S100 3.20190
* .51129 .000 1.6315 4.7723

SCP 3.10951
* .51129 .000 1.5391 4.6799

BC5 1.50395 .60496 .209 -.3542 3.3621

BC10 1.40547 .60496 .288 -.4527 3.2636

BC15 -.48096 .60496 .993 -2.3391 1.3772

BC25 -2.79513 .60496 .000 -4.6533 -.9370

Inflow -13.72134
* .51129 .000 -15.2917 -12.1509

S100 5.99704
* .60496 .000 4.1389 7.8552

SCP 5.90464
* .60496 .000 4.0465 7.7628

BC5 4.29908
* .68596 .000 2.1922 6.4060

BC10 4.20060
* .68596 .000 2.0937 6.3075

BC15 2.31417
* .68596 .020 .2073 4.4211

BC20 2.79513 .60496 .000 .9370 4.6533

Inflow -10.92621
* .60496 .000 -12.7843 -9.0681

S100 16.92324
* .51129 .000 15.3528 18.4936

SCP 16.83085
* .51129 .000 15.2605 18.4012

BC5 15.22529
* .60496 .000 13.3672 17.0834

BC10 15.12681
* .60496 .000 13.2687 16.9849

BC15 13.24037
* .60496 .000 11.3823 15.0985

BC20 13.72134
* .51129 .000 12.1509 15.2917

BC25 10.92621
* .60496 .000 9.0681 12.7843

BC25

Inflow

*. The mean difference is significant at the 0.05 level.

S100

SCP

BC5

BC10

BC15

BC20

Multiple Comparisons

(I) BIN

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence

Interval
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b. PO4-P 

 

 

Dependent Variable: PO4_P

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP -.11027 .45801 1.000 -1.5170 1.2965

BC5 -1.03288 .54193 .549 -2.6974 .6316

BC10 -1.49506 .54193 .113 -3.1596 .1695

BC15 -3.17797
* .54193 .000 -4.8425 -1.5135

BC20 -2.71397
* .45801 .000 -4.1207 -1.3072

BC25 -5.27820
* .54193 .000 -6.9427 -3.6137

Inflow -13.19100
* .45801 .000 -14.5978 -11.7842

S100 .11027 .45801 1.000 -1.2965 1.5170

BC5 -.92261 .54193 .686 -2.5871 .7419

BC10 -1.38479 .54193 .181 -3.0493 .2797

BC15 -3.06771
* .54193 .000 -4.7322 -1.4032

BC20 -2.60371
* .45801 .000 -4.0105 -1.1969

BC25 -5.16793
* .54193 .000 -6.8324 -3.5034

Inflow -13.08073
* .45801 .000 -14.4875 -11.6740

S100 1.03288 .54193 .549 -.6316 2.6974

SCP .92261 .54193 .686 -.7419 2.5871

BC10 -.46218 .61449 .995 -2.3496 1.4252

BC15 -2.14510
* .61449 .014 -4.0325 -.2577

BC20 -1.68110
* .54193 .046 -3.3456 -.0166

BC25 -4.24532
* .61449 .000 -6.1327 -2.3579

Inflow -12.15812
* .54193 .000 -13.8226 -10.4936

S100 1.49506 .54193 .113 -.1695 3.1596

SCP 1.38479 .54193 .181 -.2797 3.0493

BC5 .46218 .61449 .995 -1.4252 2.3496

BC15 -1.68291 .61449 .119 -3.5703 .2045

BC20 -1.21891 .54193 .329 -2.8834 .4456

BC25 -3.78314
* .61449 .000 -5.6705 -1.8958

Inflow -11.69594
* .54193 .000 -13.3605 -10.0314

S100 3.17797
* .54193 .000 1.5135 4.8425

SCP 3.06771
* .54193 .000 1.4032 4.7322

BC5 2.14510
* .61449 .014 .2577 4.0325

BC10 1.68291 .61449 .119 -.2045 3.5703

BC20 .46400 .54193 .989 -1.2005 2.1285

BC25 -2.10022
* .61449 .018 -3.9876 -.2128

Inflow -10.01303
* .54193 .000 -11.6775 -8.3485

S100 2.71397
* .45801 .000 1.3072 4.1207

SCP 2.60371
* .45801 .000 1.1969 4.0105

BC5 1.68110
* .54193 .046 .0166 3.3456

BC10 1.21891 .54193 .329 -.4456 2.8834

BC15 -.46400 .54193 .989 -2.1285 1.2005

BC25 -2.56422 .54193 .000 -4.2287 -.8997

Inflow -10.47703
* .45801 .000 -11.8838 -9.0703

S100 5.27820
* .54193 .000 3.6137 6.9427

SCP 5.16793
* .54193 .000 3.5034 6.8324

BC5 4.24532
* .61449 .000 2.3579 6.1327

BC10 3.78314
* .61449 .000 1.8958 5.6705

BC15 2.10022
* .61449 .018 .2128 3.9876

BC20 2.56422 .54193 .000 .8997 4.2287

Inflow -7.91281
* .54193 .000 -9.5773 -6.2483

S100 13.19100
* .45801 .000 11.7842 14.5978

SCP 13.08073
* .45801 .000 11.6740 14.4875

BC5 12.15812
* .54193 .000 10.4936 13.8226

BC10 11.69594
* .54193 .000 10.0314 13.3605

BC15 10.01303
* .54193 .000 8.3485 11.6775

BC20 10.47703
* .45801 .000 9.0703 11.8838

BC25 7.91281
* .54193 .000 6.2483 9.5773

BC20

BC25

Inflow

*. The mean difference is significant at the 0.05 level.

Multiple Comparisons

(I) BIN

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval

S100

SCP

BC5

BC10

BC15
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Appendix 19 Correlation analysis between biochar percentage and removal efficiency of 

TP and PO4-P loaded with SCW and septage (mg/L) 

 

1. a TP Loaded with SCW 

 

 

1.b PO4-P loaded with SCW 

 

Variables 

Entered

Variables 

Removed Method

1 BC_Perc
b Enter

R R Square

Adjusted 

R Square

Std. Error 

of the 

Estimate

1 .771
a .595 .587 7.90973

Sum of 

Squares df

Mean 

Square F Sig.

Regressio

n
4783.259 1 4783.259 76.454 .000

b

Residual 3253.320 52 62.564

Total 8036.580 53

Standardiz

ed 

Coefficient

s

B Std. Error Beta

(Constant)
77.779 1.908 40.760 .000

BC_Perc -1.102 .126 -.771 -8.744 .000

Coefficients
a

Model

Unstandardized 

Coefficients

t Sig.

1

ANOVA
a

Model

1

a. Dependent Variable: TP_Rem

b. Predictors: (Constant), BC_Perc

Model Summary

Model

a. Predictors: (Constant), BC_Perc

Variables Entered/Removed
a

Model

a. Dependent Variable: TP_Rem

b. All requested variables entered.

Variables 

Entered

Variables 

Removed Method

1 BC_Perc
b Enter

R R Square

Adjusted 

R Square

Std. Error 

of the 

Estimate

1 .753
a .567 .559 8.33315

Sum of 

Squares df

Mean 

Square F Sig.

Regressio

n
4727.936 1 4727.936 68.085 .000

b

Residual 3610.953 52 69.441

Total 8338.890 53

Standardiz

ed 

Coefficient

s

B Std. Error Beta

(Constant)
80.908 2.010 40.245 .000

BC_Perc -1.096 .133 -.753 -8.251 .000

1

a. Dependent Variable: PO4_Rem

Model Summary

Model

a. Predictors: (Constant), BC_Perc

Model

Unstandardized 

Coefficients

t Sig.

ANOVA
a

Model

1

a. Dependent Variable: PO4_Rem

b. Predictors: (Constant), BC_Perc

Coefficients
a

Variables Entered/Removed
a

Model

a. Dependent Variable: PO4_Rem

b. All requested variables entered.
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2.a TP Loaded with septage

2b. PO4-P Loaded with Septage 

Variables 

Entered

Variables 

Removed Method

1 BC_Perc
b Enter

R R Square

Adjusted 

R Square

Std. Error 

of the 

Estimate

1 .607
a .368 .351 9.20207

Sum of 

Squares df

Mean 

Square F Sig.

Regressio

n
1777.125 1 1777.125 20.987 .000

b

Residual 3048.412 36 84.678

Total 4825.536 37

Standardiz

ed 

Coefficient

s

B Std. Error Beta

(Constant)
68.201 2.498 27.304 .000

BC_Perc -.766 .167 -.607 -4.581 .000

1

a. Dependent Variable: TP_rem

a. Dependent Variable: TP_rem

b. Predictors: (Constant), BC_Perc

Coefficients
a

Model

Unstandardized 

Coefficients

t Sig.

Model

a. Predictors: (Constant), BC_Perc

ANOVA
a

Model

1

Variables Entered/Removed
a

Model

a. Dependent Variable: TP_rem

b. All requested variables entered.

Model Summary

Variables 

Entered

Variables 

Removed Method

1 BC_Perc
b Enter

R R Square

Adjusted 

R Square

Std. Error 

of the 

Estimate

1 .598
a .358 .340 8.67266

Sum of 

Squares df

Mean 

Square F Sig.

Regressio

n
1509.163 1 1509.163 20.065 .000

b

Residual 2707.743 36 75.215

Total 4216.906 37

Standardiz

ed 

Coefficient

s

B Std. Error Beta

(Constant)
72.988 2.354 31.005 .000

BC_Perc -.706 .158 -.598 -4.479 .000

1

a. Dependent Variable: PO4_Rem

a. Dependent Variable: PO4_Rem

b. Predictors: (Constant), BC_Perc

Coefficients
a

Model

Unstandardized 

Coefficients

t Sig.

1

Variables Entered/Removed
a

Model

a. Dependent Variable: PO4_Rem

b. All requested variables entered.

Model Summary

Model

a. Predictors: (Constant), BC_Perc

ANOVA
a

Model
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Appendix 20 One-way ANOVA analysis for extractable bicarbonate P concentration in 

the soil loaded with septage (mg/L) 

a. Three different depths in each treatment 

 

 

 

 

Dependent Variable: Extrac_P

Tukey HSD

Lower 

Bound

Upper 

Bound

S100_20 19.29015
* .95528 .000 15.7908 22.7895

S100_30 66.51300
* .95528 .000 63.0137 70.0123

SCP_20 19.80419
* .95528 .000 16.3049 23.3035

SCP_30 64.24565
* .95528 .000 60.7463 67.7450

_BC5_20 20.47042
* .95528 .000 16.9711 23.9698

BC5_30 56.98698
* .95528 .000 53.4876 60.4863

BC10_20 20.52766
* .95528 .000 17.0283 24.0270

BC10_30 56.78912
* .95528 .000 53.2898 60.2885

BC15_20 19.88747
* .95528 .000 16.3881 23.3868

BC15_30 54.85926
* .95528 .000 51.3599 58.3586

BC20_20 21.75667
* .95528 .000 18.2573 25.2560

BC20_30 56.59739
* .95528 .000 53.0980 60.0967

BC25_20 19.85574
* .95528 .000 16.3564 23.3551

BC25_30 52.36179
* .95528 .000 48.8625 55.8611

S100_10 -19.29015
* .95528 .000 -22.7895 -15.7908

S100_30 47.22285
* .95528 .000 43.7235 50.7222

SCP_10 -19.80419
* .95528 .000 -23.3035 -16.3049

SCP_30 44.44146
* .95528 .000 40.9421 47.9408

BC5_10 -20.47042
* .95528 .000 -23.9698 -16.9711

BC5_30 36.51656
* .95528 .000 33.0172 40.0159

BC10_10 -20.52766
* .95528 .000 -24.0270 -17.0283

BC10_30 36.26146
* .95528 .000 32.7621 39.7608

BC15_10 -19.88747
* .95528 .000 -23.3868 -16.3881

BC15_30 34.97179
* .95528 .000 31.4725 38.4711

BC20_10 -21.75667
* .95528 .000 -25.2560 -18.2573

BC20_30 34.84071
* .95528 .000 31.3414 38.3401

BC25_10 -19.85574
* .95528 .000 -23.3551 -16.3564

BC25_30 32.50606
* .95528 .000 29.0067 36.0054

S100_10 -66.51300
* .95528 .000 -70.0123 -63.0137

S100_20 -47.22285
* .95528 .000 -50.7222 -43.7235

SCP_10 -64.24565
* .95528 .000 -67.7450 -60.7463

SCP_20 -44.44146
* .95528 .000 -47.9408 -40.9421

BC5_10 -56.98698
* .95528 .000 -60.4863 -53.4876

_BC5_20 -36.51656
* .95528 .000 -40.0159 -33.0172

BC10_10 -56.78912
* .95528 .000 -60.2885 -53.2898

BC10_20 -36.26146
* .95528 .000 -39.7608 -32.7621

BC15_10 -54.85926
* .95528 .000 -58.3586 -51.3599

BC15_20 -34.97179
* .95528 .000 -38.4711 -31.4725

BC20_10 -56.59739
* .95528 .000 -60.0967 -53.0980

BC20_20 -34.84071
* .95528 .000 -38.3401 -31.3414

BC25_10 -52.36179
* .95528 .000 -55.8611 -48.8625

BC25_20 -32.50606
* .95528 .000 -36.0054 -29.0067

BC20_30

BC25_30

*. The mean difference is significant at the 0.05 level.

BC25_20

S100_30

SCP_30

BC5_30

BC10_30

BC15_30

S100_20

SCP_20

BC5_20

BC10_20

BC15_20

BC20_20

SCP_10

BC5_10

BC10_10

BC15_10

BC20_10

BC25_10

(I) Separate

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval

S100_10

Multiple Comparisons
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b. Each depth in different treatments 

Multiple Comparisons 

Dependent 
Variable:  Extrac_P      

Tukey HSD       

(I) Separate 

Mean 
Difference 

(I-J) 
Std. 
Error Sig. 

95% Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

S100_10 SCP_10 2.27984 .95528 .693 -1.2195 5.7792 

BC5_10 12.25962* .95528 .000 8.7603 15.7590 

BC10_10 13.05592* .95528 .000 9.5566 16.5553 

BC15_10 15.77677* .95528 .000 12.2774 19.2761 

BC20_10 15.40770* .95528 .000 11.9084 18.9070 

BC25_10 18.63474* .95528 .000 15.1354 22.1341 

SCP_10 S100_10 -2.27984 .95528 .693 -5.7792 1.2195 

BC5_10 9.97978* .95528 .000 6.4804 13.4791 

BC10_10 10.77608* .95528 .000 7.2767 14.2754 

BC15_10 13.49692* .95528 .000 9.9976 16.9963 

BC20_10 13.12785* .95528 .000 9.6285 16.6272 

BC25_10 16.35489* .95528 .000 12.8556 19.8542 

BC5_10 S100_10 -
12.25962* 

.95528 .000 
-

15.7590 
-8.7603 

SCP_10 
-9.97978* .95528 .000 

-
13.4791 

-6.4804 

BC10_10 .79630 .95528 1.000 -2.7030 4.2956 

BC15_10 3.51715* .95528 .047 .0178 7.0165 

BC20_10 3.14808 .95528 .136 -.3513 6.6474 

BC25_10 6.37512* .95528 .000 2.8758 9.8745 

BC15_10 S100_10 -
15.77677* 

.95528 .000 
-

19.2761 
-

12.2774 
SCP_10 -

13.49692* 
.95528 .000 

-
16.9963 

-9.9976 

BC5_10 -3.51715* .95528 .047 -7.0165 -.0178 

BC10_10 -2.72085 .95528 .359 -6.2202 .7785 

BC20_10 -.36907 .95528 1.000 -3.8684 3.1303 

BC25_10 2.85797 .95528 .272 -.6414 6.3573 

BC20_10 S100_10 -
15.40770* 

.95528 .000 
-

18.9070 
-

11.9084 
SCP_10 -

13.12785* 
.95528 .000 

-
16.6272 

-9.6285 

BC5_10 -3.14808 .95528 .136 -6.6474 .3513 

BC10_10 -2.35178 .95528 .638 -5.8511 1.1476 

BC15_10 .36907 .95528 1.000 -3.1303 3.8684 

BC25_10 3.22704 .95528 .110 -.2723 6.7264 

BC25_10 S100_10 -
18.63474* 

.95528 .000 
-

22.1341 
-

15.1354 
SCP_10 -

16.35489* 
.95528 .000 

-
19.8542 

-
12.8556 

BC5_10 -6.37512* .95528 .000 -9.8745 -2.8758 

BC10_10 -5.57882* .95528 .000 -9.0782 -2.0795 

BC15_10 -2.85797 .95528 .272 -6.3573 .6414 

BC20_10 -3.22704 .95528 .110 -6.7264 .2723 
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S100_20 SCP_20 2.79388 .95528 .311 -.7055 6.2932 

_BC5_20 13.43989* .95528 .000 9.9405 16.9392 

BC10_20 14.29343* .95528 .000 10.7941 17.7928 

BC15_20 16.37408* .95528 .000 12.8747 19.8734 

BC20_20 17.87422* .95528 .000 14.3749 21.3736 

BC25_20 19.20032* .95528 .000 15.7010 22.6997 

SCP_20 S100_20 -2.79388 .95528 .311 -6.2932 .7055 

_BC5_20 10.64601* .95528 .000 7.1467 14.1453 

BC10_20 11.49955* .95528 .000 8.0002 14.9989 

BC15_20 13.58020* .95528 .000 10.0809 17.0795 

BC20_20 15.08033* .95528 .000 11.5810 18.5797 

BC25_20 16.40644* .95528 .000 12.9071 19.9058 

BC5_20 S100_20 -
13.43989* 

.95528 .000 
-

16.9392 
-9.9405 

SCP_20 -
10.64601* 

.95528 .000 
-

14.1453 
-7.1467 

BC10_20 .85354 .95528 1.000 -2.6458 4.3529 

BC15_20 2.93419 .95528 .230 -.5651 6.4335 

BC20_20 4.43433* .95528 .002 .9350 7.9337 

BC25_20 5.76043* .95528 .000 2.2611 9.2598 

BC10_20 S100_20 -
14.29343* 

.95528 .000 
-

17.7928 
-

10.7941 
SCP_20 -

11.49955* 
.95528 .000 

-
14.9989 

-8.0002 

_BC5_20 -.85354 .95528 1.000 -4.3529 2.6458 

BC15_20 2.08065 .95528 .825 -1.4187 5.5800 

BC20_20 3.58079* .95528 .039 .0815 7.0801 

BC25_20 4.90689* .95528 .000 1.4076 8.4062 

BC15_20 S100_20 -
16.37408* 

.95528 .000 
-

19.8734 
-

12.8747 
SCP_20 -

13.58020* 
.95528 .000 

-
17.0795 

-
10.0809 

_BC5_20 -2.93419 .95528 .230 -6.4335 .5651 

BC10_20 -2.08065 .95528 .825 -5.5800 1.4187 

BC20_20 1.50014 .95528 .992 -1.9992 4.9995 

BC25_20 2.82624 .95528 .291 -.6731 6.3256 

BC20_20 S100_20 -
17.87422* 

.95528 .000 
-

21.3736 
-

14.3749 
SCP_20 -

15.08033* 
.95528 .000 

-
18.5797 

-
11.5810 

_BC5_20 -4.43433* .95528 .002 -7.9337 -.9350 

BC10_20 -3.58079* .95528 .039 -7.0801 -.0815 

BC15_20 -1.50014 .95528 .992 -4.9995 1.9992 

BC25_20 1.32611 .95528 .998 -2.1732 4.8254 

BC25_20 S100_20 -
19.20032* 

.95528 .000 
-

22.6997 
-

15.7010 
SCP_20 -

16.40644* 
.95528 .000 

-
19.9058 

-
12.9071 

_BC5_20 -5.76043* .95528 .000 -9.2598 -2.2611 

BC10_20 -4.90689* .95528 .000 -8.4062 -1.4076 

BC15_20 -2.82624 .95528 .291 -6.3256 .6731 

BC20_20 -1.32611 .95528 .998 -4.8254 2.1732 

S100_30 SCP_30 .01249 .95528 1.000 -3.4868 3.5118 

BC5_30 2.73360 .95528 .351 -.7657 6.2329 
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BC10_30 3.33204 .95528 .082 -.1673 6.8314 

BC15_30 4.12302* .95528 .006 .6237 7.6224 

BC20_30 5.49208* .95528 .000 1.9927 8.9914 

BC25_30 4.48353* .95528 .001 .9842 7.9829 

SCP_30 S100_30 -.01249 .95528 1.000 -3.5118 3.4868 

BC5_30 2.72111 .95528 .359 -.7782 6.2204 

BC10_30 3.31955 .95528 .085 -.1798 6.8189 

BC15_30 4.11053* .95528 .006 .6112 7.6099 

BC20_30 5.47959* .95528 .000 1.9802 8.9789 

BC25_30 4.47104* .95528 .002 .9717 7.9704 

BC5_30 S100_30 -2.73360 .95528 .351 -6.2329 .7657 

SCP_30 -2.72111 .95528 .359 -6.2204 .7782 

BC10_30 .59844 .95528 1.000 -2.9009 4.0978 

BC15_30 1.38942 .95528 .997 -2.1099 4.8888 

BC20_30 2.75848 .95528 .334 -.7409 6.2578 

BC25_30 1.74993 .95528 .958 -1.7494 5.2493 

BC10_30 S100_30 -3.33204 .95528 .082 -6.8314 .1673 

SCP_30 -3.31955 .95528 .085 -6.8189 .1798 

BC5_30 -.59844 .95528 1.000 -4.0978 2.9009 

BC15_30 .79098 .95528 1.000 -2.7084 4.2903 

BC20_30 2.16004 .95528 .776 -1.3393 5.6594 

BC25_30 1.15149 .95528 1.000 -2.3478 4.6508 

BC15_30 S100_30 -4.12302* .95528 .006 -7.6224 -.6237 

SCP_30 -4.11053* .95528 .006 -7.6099 -.6112 

BC5_30 -1.38942 .95528 .997 -4.8888 2.1099 

BC10_30 -.79098 .95528 1.000 -4.2903 2.7084 

BC20_30 1.36906 .95528 .997 -2.1303 4.8684 

BC25_30 .36051 .95528 1.000 -3.1388 3.8598 

BC20_30 S100_30 -5.49208* .95528 .000 -8.9914 -1.9927 

SCP_30 -5.47959* .95528 .000 -8.9789 -1.9802 

BC5_30 -2.75848 .95528 .334 -6.2578 .7409 

BC10_30 -2.16004 .95528 .776 -5.6594 1.3393 

BC15_30 -1.36906 .95528 .997 -4.8684 2.1303 

BC25_30 -1.00855 .95528 1.000 -4.5079 2.4908 

BC25_30 S100_30 -4.48353* .95528 .001 -7.9829 -.9842 

SCP_30 -4.47104* .95528 .002 -7.9704 -.9717 

BC5_30 -1.74993 .95528 .958 -5.2493 1.7494 

BC10_30 -1.15149 .95528 1.000 -4.6508 2.3478 

BC15_30 -.36051 .95528 1.000 -3.8598 3.1388 

BC20_30 1.00855 .95528 1.000 -2.4908 4.5079 

*. The mean difference is significant at the 0.05 level. 
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Appendix 21 One-way ANOVA analysis for microbial P between different depths in 

each treatment 

a. Three different depths in each treatment 

 

 

Dependent Variable: Mic_P

Tukey HSD

Lower 

Bound

Upper 

Bound

S100_20 4.16120
* .51135 .000 2.2880 6.0344

S100_30 5.70523
* .51135 .000 3.8321 7.5784

SCP_20 4.13214
* .51135 .000 2.2590 6.0053

SCP_30 5.36528
* .51135 .000 3.4921 7.2384

BC5_20 7.22017
* .51135 .000 5.3470 9.0933

BC5_30 9.87626
* .51135 .000 8.0031 11.7494

BC10_20 7.64021
* .51135 .000 5.7670 9.5134

BC10_30 10.05370
* .51135 .000 8.1805 11.9269

BC15_20 8.32708
* .51135 .000 6.4539 10.2002

BC15_30 11.39558
* .51135 .000 9.5224 13.2687

BC20_20 8.80292
* .51135 .000 6.9298 10.6761

BC20_30 12.39622
* .51135 .000 10.5231 14.2694

BC25_20 8.76246
* .51135 .000 6.8893 10.6356

BC25_30 12.68792
* .51135 .000 10.8148 14.5611

S100_10 -4.16120
* .51135 .000 -6.0344 -2.2880

S100_30 1.54402 .51135 .257 -.3291 3.4172

SCP_10 -4.13214
* .51135 .000 -6.0053 -2.2590

SCP_30 1.23314 .51135 .675 -.6400 3.1063

BC5_10 -7.22017
* .51135 .000 -9.0933 -5.3470

BC5_30 2.65609
* .51135 .000 .7829 4.5293

BC10_10 -7.64021
* .51135 .000 -9.5134 -5.7670

BC10_30 2.41349
* .51135 .001 .5403 4.2867

BC15_10 -8.32708
* .51135 .000 -10.2002 -6.4539

BC15_30 3.06850
* .51135 .000 1.1953 4.9417

BC20_10 -8.80292
* .51135 .000 -10.6761 -6.9298

BC20_30 3.59330
* .51135 .000 1.7201 5.4665

BC25_10 -8.76246
* .51135 .000 -10.6356 -6.8893

BC25_30 3.92546
* .51135 .000 2.0523 5.7986

S100_10 -5.70523
* .51135 .000 -7.5784 -3.8321

S100_20 -1.54402 .51135 .257 -3.4172 .3291

SCP_10 -5.36528
* .51135 .000 -7.2384 -3.4921

SCP_20 -1.23314 .51135 .675 -3.1063 .6400

BC5_10 -9.87626
* .51135 .000 -11.7494 -8.0031

BC5_20 -2.65609
* .51135 .000 -4.5293 -.7829

BC10_10 -10.05370
* .51135 .000 -11.9269 -8.1805

BC10_20 -2.41349
* .51135 .001 -4.2867 -.5403

BC15_10 -11.39558
* .51135 .000 -13.2687 -9.5224

BC15_20 -3.06850
* .51135 .000 -4.9417 -1.1953

BC20_10 -12.39622
* .51135 .000 -14.2694 -10.5231

BC20_20 -3.59330
* .51135 .000 -5.4665 -1.7201

BC25_10 -12.68792
* .51135 .000 -14.5611 -10.8148

BC25_20 -3.92546
* .51135 .000 -5.7986 -2.0523

BC15_30

BC20_30

BC25_30

*. The mean difference is significant at the 0.05 level.

BC20_20

BC25_20

S100_30

SCP_30

BC5_30

BC10_30

BC25_10

S100_20

SCP_20

BC5_20

BC10_20

BC15_20

S100_10

SCP_10

BC5_10

BC10_10

BC15_10

BC20_10

Multiple Comparisons

(I) Separate

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval
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b. Each depth in different treatments 

Multiple Comparisons 

Dependent 
Variable:  Mic_P      

Tukey HSD       

(I) Separate 

Mean 
Difference 

(I-J) 
Std. 
Error Sig. 

95% Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

S100_10 SCP_10 .13693 .51135 1.000 -1.7362 2.0101 

BC5_10 -4.33957* .51135 .000 -6.2127 -2.4664 

BC10_10 -4.59786* .51135 .000 -6.4710 -2.7247 

BC15_10 -6.46115* .51135 .000 -8.3343 -4.5880 

BC20_10 -7.18793* .51135 .000 -9.0611 -5.3148 

BC25_10 -7.70113* .51135 .000 -9.5743 -5.8280 

SCP_10 S100_10 -.13693 .51135 1.000 -2.0101 1.7362 

BC5_10 -4.47650* .51135 .000 -6.3497 -2.6033 

BC10_10 -4.73479* .51135 .000 -6.6079 -2.8616 

BC15_10 -6.59808* .51135 .000 -8.4712 -4.7249 

BC20_10 -7.32486* .51135 .000 -9.1980 -5.4517 

BC25_10 -7.83806* .51135 .000 -9.7112 -5.9649 

BC5_10 S100_10 4.33957* .51135 .000 2.4664 6.2127 

SCP_10 4.47650* .51135 .000 2.6033 6.3497 

BC10_10 -.25828 .51135 1.000 -2.1314 1.6149 

BC15_10 -2.12158* .51135 .011 -3.9947 -.2484 

BC20_10 -2.84835* .51135 .000 -4.7215 -.9752 

BC25_10 -3.36156* .51135 .000 -5.2347 -1.4884 

BC10_10 S100_10 4.59786* .51135 .000 2.7247 6.4710 

SCP_10 4.73479* .51135 .000 2.8616 6.6079 

BC5_10 .25828 .51135 1.000 -1.6149 2.1314 

BC15_10 -1.86330 .51135 .053 -3.7365 .0099 

BC20_10 -2.59007* .51135 .000 -4.4632 -.7169 

BC25_10 -3.10327* .51135 .000 -4.9764 -1.2301 

BC15_10 S100_10 6.46115* .51135 .000 4.5880 8.3343 

SCP_10 6.59808* .51135 .000 4.7249 8.4712 

BC5_10 2.12158* .51135 .011 .2484 3.9947 

BC10_10 1.86330 .51135 .053 -.0099 3.7365 

BC20_10 -.72677 .51135 .998 -2.5999 1.1464 

BC25_10 -1.23998 .51135 .665 -3.1131 .6332 

BC20_10 S100_10 7.18793* .51135 .000 5.3148 9.0611 

SCP_10 7.32486* .51135 .000 5.4517 9.1980 

BC5_10 2.84835* .51135 .000 .9752 4.7215 

BC10_10 2.59007* .51135 .000 .7169 4.4632 

BC15_10 .72677 .51135 .998 -1.1464 2.5999 

BC25_10 -.51320 .51135 1.000 -2.3864 1.3600 

BC25_10 S100_10 7.70113* .51135 .000 5.8280 9.5743 

SCP_10 7.83806* .51135 .000 5.9649 9.7112 

BC5_10 3.36156* .51135 .000 1.4884 5.2347 
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BC10_10 3.10327* .51135 .000 1.2301 4.9764 

BC15_10 1.23998 .51135 .665 -.6332 3.1131 

BC20_10 .51320 .51135 1.000 -1.3600 2.3864 

S100_20 SCP_20 .10787 .51135 1.000 -1.7653 1.9810 

_BC5_20 -1.28060 .51135 .607 -3.1538 .5926 

BC10_20 -1.11885 .51135 .820 -2.9920 .7543 

BC15_20 -2.29527* .51135 .003 -4.1684 -.4221 

BC20_20 -2.54621* .51135 .000 -4.4194 -.6730 

BC25_20 -3.09987* .51135 .000 -4.9730 -1.2267 

SCP_20 S100_20 -.10787 .51135 1.000 -1.9810 1.7653 

_BC5_20 -1.38847 .51135 .451 -3.2616 .4847 

BC10_20 -1.22671 .51135 .684 -3.0999 .6464 

BC15_20 -2.40314* .51135 .001 -4.2763 -.5300 

BC20_20 -2.65407* .51135 .000 -4.5272 -.7809 

BC25_20 -3.20774* .51135 .000 -5.0809 -1.3346 

BC5_20 S100_20 1.28060 .51135 .607 -.5926 3.1538 

SCP_20 1.38847 .51135 .451 -.4847 3.2616 

BC10_20 .16176 .51135 1.000 -1.7114 2.0349 

BC15_20 -1.01467 .51135 .914 -2.8878 .8585 

BC20_20 -1.26561 .51135 .629 -3.1388 .6076 

BC25_20 -1.81927 .51135 .068 -3.6924 .0539 

BC10_20 S100_20 1.11885 .51135 .820 -.7543 2.9920 

SCP_20 1.22671 .51135 .684 -.6464 3.0999 

_BC5_20 -.16176 .51135 1.000 -2.0349 1.7114 

BC15_20 -1.17643 .51135 .751 -3.0496 .6967 

BC20_20 -1.42736 .51135 .397 -3.3005 .4458 

BC25_20 -1.98102* .51135 .026 -3.8542 -.1079 

BC15_20 S100_20 2.29527* .51135 .003 .4221 4.1684 

SCP_20 2.40314* .51135 .001 .5300 4.2763 

_BC5_20 1.01467 .51135 .914 -.8585 2.8878 

BC10_20 1.17643 .51135 .751 -.6967 3.0496 

BC20_20 -.25093 .51135 1.000 -2.1241 1.6222 

BC25_20 -.80459 .51135 .992 -2.6778 1.0686 

BC20_20 S100_20 2.54621* .51135 .000 .6730 4.4194 

SCP_20 2.65407* .51135 .000 .7809 4.5272 

_BC5_20 1.26561 .51135 .629 -.6076 3.1388 

BC10_20 1.42736 .51135 .397 -.4458 3.3005 

BC15_20 .25093 .51135 1.000 -1.6222 2.1241 

BC25_20 -.55366 .51135 1.000 -2.4268 1.3195 

BC25_20 S100_20 3.09987* .51135 .000 1.2267 4.9730 

SCP_20 3.20774* .51135 .000 1.3346 5.0809 

_BC5_20 1.81927 .51135 .068 -.0539 3.6924 

BC10_20 1.98102* .51135 .026 .1079 3.8542 

BC15_20 .80459 .51135 .992 -1.0686 2.6778 

BC20_20 .55366 .51135 1.000 -1.3195 2.4268 

S100_30 SCP_30 -.20302 .51135 1.000 -2.0762 1.6701 

BC5_30 -.16853 .51135 1.000 -2.0417 1.7046 
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BC10_30 -.24938 .51135 1.000 -2.1225 1.6238 

BC15_30 -.77080 .51135 .995 -2.6440 1.1024 

BC20_30 -.49693 .51135 1.000 -2.3701 1.3762 

BC25_30 -.71844 .51135 .998 -2.5916 1.1547 

SCP_30 S100_30 .20302 .51135 1.000 -1.6701 2.0762 

BC5_30 .03448 .51135 1.000 -1.8387 1.9076 

BC10_30 -.04636 .51135 1.000 -1.9195 1.8268 

BC15_30 -.56778 .51135 1.000 -2.4409 1.3054 

BC20_30 -.29392 .51135 1.000 -2.1671 1.5792 

BC25_30 -.51542 .51135 1.000 -2.3886 1.3577 

BC5_30 S100_30 .16853 .51135 1.000 -1.7046 2.0417 

SCP_30 -.03448 .51135 1.000 -1.9076 1.8387 

BC10_30 -.08085 .51135 1.000 -1.9540 1.7923 

BC15_30 -.60227 .51135 1.000 -2.4754 1.2709 

BC20_30 -.32840 .51135 1.000 -2.2016 1.5448 

BC25_30 -.54990 .51135 1.000 -2.4231 1.3233 

BC10_30 S100_30 .24938 .51135 1.000 -1.6238 2.1225 

SCP_30 .04636 .51135 1.000 -1.8268 1.9195 

BC5_30 .08085 .51135 1.000 -1.7923 1.9540 

BC15_30 -.52142 .51135 1.000 -2.3946 1.3517 

BC20_30 -.24755 .51135 1.000 -2.1207 1.6256 

BC25_30 -.46906 .51135 1.000 -2.3422 1.4041 

BC15_30 S100_30 .77080 .51135 .995 -1.1024 2.6440 

SCP_30 .56778 .51135 1.000 -1.3054 2.4409 

BC5_30 .60227 .51135 1.000 -1.2709 2.4754 

BC10_30 .52142 .51135 1.000 -1.3517 2.3946 

BC20_30 .27387 .51135 1.000 -1.5993 2.1470 

BC25_30 .05236 .51135 1.000 -1.8208 1.9255 

BC20_30 S100_30 .49693 .51135 1.000 -1.3762 2.3701 

SCP_30 .29392 .51135 1.000 -1.5792 2.1671 

BC5_30 .32840 .51135 1.000 -1.5448 2.2016 

BC10_30 .24755 .51135 1.000 -1.6256 2.1207 

BC15_30 -.27387 .51135 1.000 -2.1470 1.5993 

BC25_30 -.22150 .51135 1.000 -2.0947 1.6517 

BC25_30 S100_30 .71844 .51135 .998 -1.1547 2.5916 

SCP_30 .51542 .51135 1.000 -1.3577 2.3886 

BC5_30 .54990 .51135 1.000 -1.3233 2.4231 

BC10_30 .46906 .51135 1.000 -1.4041 2.3422 

BC15_30 -.05236 .51135 1.000 -1.9255 1.8208 

BC20_30 .22150 .51135 1.000 -1.6517 2.0947 

*. The mean difference is significant at the 0.05 level. 
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Appendix 22 One-way ANOVA analysis for TP accumulated in the plants among seven 

media treatments 

Multiple Comparisons 

Tukey 
HSD        

Dependent Variable 

Mean 
Difference 

(I-J) 
Std. 
Error Sig. 

95% Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

P_MQ 
harvest in 
July 2015 

S100 SCP .00867 .06373 1.000 -.2089 .2263 

BC20 .29067* .06373 .006 .0731 .5083 

SCP S100 -.00867 .06373 1.000 -.2263 .2089 

BC20 .28200* .06373 .008 .0644 .4996 

BC20 S100 -.29067* .06373 .006 -.5083 -.0731 

SCP -.28200* .06373 .008 -.4996 -.0644 

P_MQ 
harvest in 

March 
2015 

BC5 BC10 -.18167 .06373 .132 -.3993 .0359 

BC15 -.17933 .06373 .140 -.3969 .0383 

BC25 -0.25533 .06373 .017 -.4729 -.0377 

BC10 BC5 .18167 .06373 .132 -.0359 .3993 

BC15 .00233 .06373 1.000 -.2153 .2199 

BC25 -.07367 .06373 .899 -.2913 .1439 

BC15 BC5 .17933 .06373 .140 -.0383 .3969 

BC10 -.00233 .06373 1.000 -.2199 .2153 

BC25 -.07600 .06373 .886 -.2936 .1416 

BC25 BC5 0.25533 .06373 .017 .0377 .4729 

BC10 .07367 .06373 .899 -.1439 .2913 

BC15 .07600 .06373 .886 -.1416 .2936 

P_LG 
harvested 

in July 
2015 

S100 SCP .01598 .09575 1.000 -.3110 .3429 

BC20 .05467 .09575 .997 -.2723 .3816 

SCP S100 -.01598 .09575 1.000 -.3429 .3110 

BC20 .03869 .09575 1.000 -.2882 .3656 

BC20 S100 -.05467 .09575 .997 -.3816 .2723 

SCP -.03869 .09575 1.000 -.3656 .2882 

P_LG 
harvested 
in March 

2015 

BC5 BC10 .04023 .09575 .999 -.2867 .3672 

BC15 .00065 .09575 1.000 -.3263 .3276 

BC25 -.03148 .09575 1.000 -.3584 .2955 

BC10 BC5 -.04023 .09575 .999 -.3672 .2867 

BC15 -.03957 .09575 .999 -.3665 .2874 

BC25 -.07171 .09575 .986 -.3986 .2552 

BC15 BC5 -.00065 .09575 1.000 -.3276 .3263 

BC10 .03957 .09575 .999 -.2874 .3665 

BC25 -.03213 .09575 1.000 -.3591 .2948 

BC25 BC5 .03148 .09575 1.000 -.2955 .3584 

BC10 .07171 .09575 .986 -.2552 .3986 

BC15 .03213 .09575 1.000 -.2948 .3591 

P_TOT 
harvested 

S100 SCP .02467 .07777 1.000 -.2409 .2902 

BC20 .34467* .07777 .008 .0791 .6102 
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in July 
2015 

SCP S100 -.02467 .07777 1.000 -.2902 .2409 

BC20 .32000* .07777 .014 .0544 .5856 

BC20 S100 -.34467* .07777 .008 -.6102 -.0791 

SCP -.32000* .07777 .014 -.5856 -.0544 

P_TOT 
harvested 
in March 

2015 

BC5 BC10 -.14167 .07777 .556 -.4072 .1239 

BC15 -.17867 .07777 .310 -.4442 .0869 

BC25 -0.28667 .07777 .031 -.5522 -.0211 

BC10 BC5 .14167 .07777 .556 -.1239 .4072 

BC15 -.03700 .07777 .999 -.3026 .2286 

BC25 -.14500 .07777 .531 -.4106 .1206 

BC15 BC5 .17867 .07777 .310 -.0869 .4442 

BC10 .03700 .07777 .999 -.2286 .3026 

BC25 -.10800 .07777 .799 -.3736 .1576 

BC25 BC5 0.28667 .07777 .031 .0211 .5522 

BC10 .14500 .07777 .531 -.1206 .4106 

BC15 .10800 .07777 .799 -.1576 .3736 

*. The mean difference is significant at the 0.05 level. 
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Appendix 23 One-way ANOVA analysis for TN, NH4-N, and NOx-N loaded with 

secondary clarified wastewater. 

a. TN 

 

Lower 

Bound

Upper 

Bound

SCP .06937 .04816 .837 -.0781 .2168

BC5 .18664
* .04816 .004 .0392 .3341

BC10 .28932
* .04816 .000 .1418 .4368

BC15 .35852
* .04816 .000 .2110 .5060

BC20 .46266
* .04816 .000 .3152 .6101

BC25 .52733
* .04816 .000 .3799 .6748

Inflow -2.31152
* .04816 .000 -2.4590 -2.1640

S100 -.06937 .04816 .837 -.2168 .0781

BC5 .11727 .04816 .230 -.0302 .2647

BC10 .21996
* .04816 .000 .0725 .3674

BC15 .28916
* .04816 .000 .1417 .4366

BC20 .39329
* .04816 .000 .2458 .5408

BC25 .45796
* .04816 .000 .3105 .6054

Inflow -2.38089
* .04816 .000 -2.5284 -2.2334

S100 -.18664
* .04816 .004 -.3341 -.0392

SCP -.11727 .04816 .230 -.2647 .0302

BC10 .10268 .04816 .398 -.0448 .2502

BC15 .17188
* .04816 .010 .0244 .3194

BC20 .27602
* .04816 .000 .1285 .4235

BC25 .34069
* .04816 .000 .1932 .4882

Inflow -2.49816
* .04816 .000 -2.6456 -2.3507

S100 -.28932
* .04816 .000 -.4368 -.1418

SCP -.21996
* .04816 .000 -.3674 -.0725

BC5 -.10268 .04816 .398 -.2502 .0448

BC15 .06920 .04816 .839 -.0783 .2167

BC20 .17334
* .04816 .009 .0259 .3208

BC25 .23801
* .04816 .000 .0905 .3855

Inflow -2.60084
* .04816 .000 -2.7483 -2.4534

S100 -.35852
* .04816 .000 -.5060 -.2110

SCP -.28916
* .04816 .000 -.4366 -.1417

BC5 -.17188
* .04816 .010 -.3194 -.0244

BC10 -.06920 .04816 .839 -.2167 .0783

BC20 .10414 .04816 .379 -.0433 .2516

BC25 .16881
* .04816 .013 .0213 .3163

Inflow -2.67004
* .04816 .000 -2.8175 -2.5226

S100 -.46266
* .04816 .000 -.6101 -.3152

SCP -.39329
* .04816 .000 -.5408 -.2458

BC5 -.27602
* .04816 .000 -.4235 -.1285

BC10 -.17334
* .04816 .009 -.3208 -.0259

BC15 -.10414 .04816 .379 -.2516 .0433

BC25 .06467 .04816 .881 -.0828 .2121

Inflow -2.77418
* .04816 .000 -2.9217 -2.6267

S100 -.52733
* .04816 .000 -.6748 -.3799

SCP -.45796
* .04816 .000 -.6054 -.3105

BC5 -.34069
* .04816 .000 -.4882 -.1932

BC10 -.23801
* .04816 .000 -.3855 -.0905

BC15 -.16881
* .04816 .013 -.3163 -.0213

BC20 -.06467 .04816 .881 -.2121 .0828

Inflow -2.83885
* .04816 .000 -2.9863 -2.6914

S100 2.31152
* .04816 .000 2.1640 2.4590

SCP 2.38089
* .04816 .000 2.2334 2.5284

BC5 2.49816
* .04816 .000 2.3507 2.6456

BC10 2.60084
* .04816 .000 2.4534 2.7483

BC15 2.67004
* .04816 .000 2.5226 2.8175

BC20 2.77418
* .04816 .000 2.6267 2.9217

BC25 2.83885
* .04816 .000 2.6914 2.9863

BC10

BC15

BC20

BC25

Inflow

*. The mean difference is significant at the 0.05 level.

(I) BIN

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval

S100

SCP

BC5
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b. NH4-N 

 

 

Dependent Variable: NH4

Lower 

Bound

Upper 

Bound

SCP .00197 .00217 .985 -.0047 .0086

BC5 .00622 .00217 .086 -.0004 .0129

BC10 .01039
* .00217 .000 .0037 .0170

BC15 .01346
* .00217 .000 .0068 .0201

BC20 .01839
* .00217 .000 .0117 .0250

BC25 .02198
* .00217 .000 .0153 .0286

Inflow -.09308
* .00217 .000 -.0997 -.0864

S100 -.00197 .00217 .985 -.0086 .0047

BC5 .00425 .00217 .516 -.0024 .0109

BC10 .00842
* .00217 .004 .0018 .0151

BC15 .01149
* .00217 .000 .0048 .0182

BC20 .01642
* .00217 .000 .0098 .0231

BC25 .02001
* .00217 .000 .0134 .0267

Inflow -.09505
* .00217 .000 -.1017 -.0884

S100 -.00622 .00217 .086 -.0129 .0004

SCP -.00425 .00217 .516 -.0109 .0024

BC10 .00417 .00217 .540 -.0025 .0108

BC15 .00725
* .00217 .022 .0006 .0139

BC20 .01217
* .00217 .000 .0055 .0188

BC25 .01576
* .00217 .000 .0091 .0224

Inflow -.09930
* .00217 .000 -.1060 -.0926

S100 -.01039
* .00217 .000 -.0170 -.0037

SCP -.00842
* .00217 .004 -.0151 -.0018

BC5 -.00417 .00217 .540 -.0108 .0025

BC15 .00308 .00217 .849 -.0036 .0097

BC20 .00800
* .00217 .007 .0013 .0147

BC25 .01159
* .00217 .000 .0049 .0182

Inflow -.10347
* .00217 .000 -.1101 -.0968

S100 -.01346
* .00217 .000 -.0201 -.0068

SCP -.01149
* .00217 .000 -.0182 -.0048

BC5 -.00725
* .00217 .022 -.0139 -.0006

BC10 -.00308 .00217 .849 -.0097 .0036

BC20 .00492 .00217 .319 -.0017 .0116

BC25 .00851
* .00217 .003 .0019 .0152

Inflow -.10655
* .00217 .000 -.1132 -.0999

S100 -.01839
* .00217 .000 -.0250 -.0117

SCP -.01642
* .00217 .000 -.0231 -.0098

BC5 -.01217
* .00217 .000 -.0188 -.0055

BC10 -.00800
* .00217 .007 -.0147 -.0013

BC15 -.00492 .00217 .319 -.0116 .0017

BC25 .00359 .00217 .718 -.0031 .0102

Inflow -.11147
* .00217 .000 -.1181 -.1048

S100 -.02198
* .00217 .000 -.0286 -.0153

SCP -.02001
* .00217 .000 -.0267 -.0134

BC5 -.01576
* .00217 .000 -.0224 -.0091

BC10 -.01159
* .00217 .000 -.0182 -.0049

BC15 -.00851
* .00217 .003 -.0152 -.0019

BC20 -.00359 .00217 .718 -.0102 .0031

Inflow -.11506
* .00217 .000 -.1217 -.1084

S100 .09308
* .00217 .000 .0864 .0997

SCP .09505
* .00217 .000 .0884 .1017

BC5 .09930
* .00217 .000 .0926 .1060

BC10 .10347
* .00217 .000 .0968 .1101

BC15 .10655
* .00217 .000 .0999 .1132

BC20 .11147
* .00217 .000 .1048 .1181

BC25 .11506
* .00217 .000 .1084 .1217

*. The mean difference is significant at the 0.05 level.

S100

SCP

BC5

BC10

BC15

BC20

BC25

Inflow

Multiple Comparisons

(I) BIN

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval
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c. NOx-N 

Dependent Variable: NOx

Lower 

Bound

Upper 

Bound

SCP .01734 .01825 .981 -.0385 .0732

BC5 .04585 .01825 .196 -.0100 .1017

BC10 .06354
* .01825 .014 .0077 .1194

BC15 .07282
* .01825 .002 .0169 .1287

BC20 .08540
* .01825 .000 .0295 .1413

BC25 .08962
* .01825 .000 .0337 .1455

Inflow -.61306
* .01825 .000 -.6689 -.5572

S100 -.01734 .01825 .981 -.0732 .0385

BC5 .02851 .01825 .772 -.0274 .0844

BC10 .04620 .01825 .188 -.0097 .1021

BC15 .05548 .01825 .053 -.0004 .1114

BC20 .06805
* .01825 .006 .0122 .1239

BC25 .07228
* .01825 .003 .0164 .1282

Inflow -.63040
* .01825 .000 -.6863 -.5745

S100 -.04585 .01825 .196 -.1017 .0100

SCP -.02851 .01825 .772 -.0844 .0274

BC10 .01769 .01825 .978 -.0382 .0736

BC15 .02697 .01825 .818 -.0289 .0829

BC20 .03955 .01825 .376 -.0163 .0954

BC25 .04377 .01825 .248 -.0121 .0997

Inflow -.65891
* .01825 .000 -.7148 -.6030

S100 -.06354
* .01825 .014 -.1194 -.0077

SCP -.04620 .01825 .188 -.1021 .0097

BC5 -.01769 .01825 .978 -.0736 .0382

BC15 .00928 .01825 1.000 -.0466 .0652

BC20 .02186 .01825 .932 -.0340 .0777

BC25 .02608 .01825 .843 -.0298 .0820

Inflow -.67660
* .01825 .000 -.7325 -.6207

S100 -.07282
* .01825 .002 -.1287 -.0169

SCP -.05548 .01825 .053 -.1114 .0004

BC5 -.02697 .01825 .818 -.0829 .0289

BC10 -.00928 .01825 1.000 -.0652 .0466

BC20 .01258 .01825 .997 -.0433 .0685

BC25 .01680 .01825 .984 -.0391 .0727

Inflow -.68588
* .01825 .000 -.7418 -.6300

S100 -.08540
* .01825 .000 -.1413 -.0295

SCP -.06805
* .01825 .006 -.1239 -.0122

BC5 -.03955 .01825 .376 -.0954 .0163

BC10 -.02186 .01825 .932 -.0777 .0340

BC15 -.01258 .01825 .997 -.0685 .0433

BC25 .00422 .01825 1.000 -.0517 .0601

Inflow -.69846
* .01825 .000 -.7543 -.6426

S100 -.08962
* .01825 .000 -.1455 -.0337

SCP -.07228
* .01825 .003 -.1282 -.0164

BC5 -.04377 .01825 .248 -.0997 .0121

BC10 -.02608 .01825 .843 -.0820 .0298

BC15 -.01680 .01825 .984 -.0727 .0391

BC20 -.00422 .01825 1.000 -.0601 .0517

Inflow -.70268
* .01825 .000 -.7586 -.6468

S100 .61306
* .01825 .000 .5572 .6689

SCP .63040
* .01825 .000 .5745 .6863

BC5 .65891
* .01825 .000 .6030 .7148

BC10 .67660
* .01825 .000 .6207 .7325

BC15 .68588
* .01825 .000 .6300 .7418

BC20 .69846
* .01825 .000 .6426 .7543

BC25 .70268
* .01825 .000 .6468 .7586

*. The mean difference is significant at the 0.05 level.

95% Confidence 

Interval

S100

SCP

BC5

BC10

BC15

BC20

BC25

Inflow

Multiple Comparisons

(I) BIN

Mean 

Difference 

(I-J) Std. Error Sig.
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Appendix 24 One-way ANOVA analysis for TN, NH4-N, and NOx-N loaded with 

septage. 

a. TN 

 

 

Dependent Variable: TN

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP 1.32387 1.53263 .989 -3.3836 6.0313

BC5 7.74313
* 1.81344 .001 2.1732 13.3130

BC10 9.79196
* 1.81344 .000 4.2221 15.3619

BC15 12.60336
* 1.81344 .000 7.0335 18.1733

BC20 15.86951
* 1.53263 .000 11.1621 20.5769

BC25 18.63924
* 1.81344 .000 13.0693 24.2092

Inflow -68.16229
* 1.53263 .000 -72.8697 -63.4549

S100 -1.32387 1.53263 .989 -6.0313 3.3836

BC5 6.41926
* 1.81344 .012 .8494 11.9892

BC10 8.46809
* 1.81344 .000 2.8982 14.0380

BC15 11.27948
* 1.81344 .000 5.7096 16.8494

BC20 14.54563
* 1.53263 .000 9.8382 19.2531

BC25 17.31537
* 1.81344 .000 11.7455 22.8853

Inflow -69.48617
* 1.53263 .000 -74.1936 -64.7787

S100 -7.74313
* 1.81344 .001 -13.3130 -2.1732

SCP -6.41926
* 1.81344 .012 -11.9892 -.8494

BC10 2.04883 2.05624 .974 -4.2669 8.3645

BC15 4.86023 2.05624 .267 -1.4555 11.1759

BC20 8.12637
* 1.81344 .000 2.5565 13.6963

BC25 10.89611
* 2.05624 .000 4.5804 17.2118

Inflow -75.90542
* 1.81344 .000 -81.4753 -70.3355

S100 -9.79196
* 1.81344 .000 -15.3619 -4.2221

SCP -8.46809
* 1.81344 .000 -14.0380 -2.8982

BC5 -2.04883 2.05624 .974 -8.3645 4.2669

BC15 2.81140 2.05624 .871 -3.5043 9.1271

BC20 6.07754
* 1.81344 .022 .5076 11.6475

BC25 8.84728
* 2.05624 .001 2.5316 15.1630

Inflow -77.95425
* 1.81344 .000 -83.5242 -72.3843

S100 -12.60336
* 1.81344 .000 -18.1733 -7.0335

SCP -11.27948
* 1.81344 .000 -16.8494 -5.7096

BC5 -4.86023 2.05624 .267 -11.1759 1.4555

BC10 -2.81140 2.05624 .871 -9.1271 3.5043

BC20 3.26615 1.81344 .620 -2.3038 8.8361

BC25 6.03589 2.05624 .072 -.2798 12.3516

Inflow -80.76565
* 1.81344 .000 -86.3356 -75.1957

S100 -15.86951
* 1.53263 .000 -20.5769 -11.1621

SCP -14.54563
* 1.53263 .000 -19.2531 -9.8382

BC5 -8.12637
* 1.81344 .000 -13.6963 -2.5565

BC10 -6.07754
* 1.81344 .022 -11.6475 -.5076

BC15 -3.26615 1.81344 .620 -8.8361 2.3038

BC25 2.76974 1.81344 .792 -2.8002 8.3396

Inflow -84.03180
* 1.53263 .000 -88.7392 -79.3244

S100 -18.63924
* 1.81344 .000 -24.2092 -13.0693

SCP -17.31537
* 1.81344 .000 -22.8853 -11.7455

BC5 -10.89611
* 2.05624 .000 -17.2118 -4.5804

BC10 -8.84728
* 2.05624 .001 -15.1630 -2.5316

BC15 -6.03589 2.05624 .072 -12.3516 .2798

BC20 -2.76974 1.81344 .792 -8.3396 2.8002

Inflow -86.80154
* 1.81344 .000 -92.3714 -81.2316

S100 68.16229
* 1.53263 .000 63.4549 72.8697

SCP 69.48617
* 1.53263 .000 64.7787 74.1936

BC5 75.90542
* 1.81344 .000 70.3355 81.4753

BC10 77.95425
* 1.81344 .000 72.3843 83.5242

BC15 80.76565
* 1.81344 .000 75.1957 86.3356

BC20 84.03180
* 1.53263 .000 79.3244 88.7392

BC25 86.80154
* 1.81344 .000 81.2316 92.3714

BC25

Inflow

*. The mean difference is significant at the 0.05 level.

S100

SCP

BC5

BC10

BC15

BC20

Multiple Comparisons

(I) BIN

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval
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b. NH4-N 

 

 

Dependent Variable: NH4_N

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP .54123 1.19565 1.000 -3.1312 4.2136

BC5 1.81312 1.41471 .904 -2.5321 6.1584

BC10 2.73376 1.41471 .531 -1.6115 7.0790

BC15 4.93696
* 1.41471 .014 .5917 9.2822

BC20 8.57453
* 1.19565 .000 4.9021 12.2469

BC25 9.71331
* 1.41471 .000 5.3681 14.0585

Inflow -41.65915
* 1.19565 .000 -45.3315 -37.9868

S100 -.54123 1.19565 1.000 -4.2136 3.1312

BC5 1.27189 1.41471 .986 -3.0734 5.6171

BC10 2.19253 1.41471 .779 -2.1527 6.5378

BC15 4.39573
* 1.41471 .045 .0505 8.7410

BC20 8.03330
* 1.19565 .000 4.3609 11.7057

BC25 9.17207
* 1.41471 .000 4.8268 13.5173

Inflow -42.20038
* 1.19565 .000 -45.8728 -38.5280

S100 -1.81312 1.41471 .904 -6.1584 2.5321

SCP -1.27189 1.41471 .986 -5.6171 3.0734

BC10 .92064 1.60413 .999 -4.0064 5.8477

BC15 3.12384 1.60413 .521 -1.8032 8.0509

BC20 6.76141
* 1.41471 .000 2.4162 11.1067

BC25 7.90019
* 1.60413 .000 2.9731 12.8272

Inflow -43.47227
* 1.41471 .000 -47.8175 -39.1270

S100 -2.73376 1.41471 .531 -7.0790 1.6115

SCP -2.19253 1.41471 .779 -6.5378 2.1527

BC5 -.92064 1.60413 .999 -5.8477 4.0064

BC15 2.20320 1.60413 .868 -2.7238 7.1302

BC20 5.84077
* 1.41471 .001 1.4955 10.1860

BC25 6.97955
* 1.60413 .001 2.0525 11.9066

Inflow -44.39291
* 1.41471 .000 -48.7381 -40.0477

S100 -4.93696
* 1.41471 .014 -9.2822 -.5917

SCP -4.39573
* 1.41471 .045 -8.7410 -.0505

BC5 -3.12384 1.60413 .521 -8.0509 1.8032

BC10 -2.20320 1.60413 .868 -7.1302 2.7238

BC20 3.63757 1.41471 .174 -.7077 7.9828

BC25 4.77635 1.60413 .065 -.1507 9.7034

Inflow -46.59611
* 1.41471 .000 -50.9414 -42.2509

S100 -8.57453
* 1.19565 .000 -12.2469 -4.9021

SCP -8.03330
* 1.19565 .000 -11.7057 -4.3609

BC5 -6.76141
* 1.41471 .000 -11.1067 -2.4162

BC10 -5.84077
* 1.41471 .001 -10.1860 -1.4955

BC15 -3.63757 1.41471 .174 -7.9828 .7077

BC25 1.13877 1.41471 .993 -3.2065 5.4840

Inflow -50.23368
* 1.19565 .000 -53.9061 -46.5613

S100 -9.71331
* 1.41471 .000 -14.0585 -5.3681

SCP -9.17207
* 1.41471 .000 -13.5173 -4.8268

BC5 -7.90019
* 1.60413 .000 -12.8272 -2.9731

BC10 -6.97955
* 1.60413 .001 -11.9066 -2.0525

BC15 -4.77635 1.60413 .065 -9.7034 .1507

BC20 -1.13877 1.41471 .993 -5.4840 3.2065

Inflow -51.37246
* 1.41471 .000 -55.7177 -47.0272

S100 41.65915
* 1.19565 .000 37.9868 45.3315

SCP 42.20038
* 1.19565 .000 38.5280 45.8728

BC5 43.47227
* 1.41471 .000 39.1270 47.8175

BC10 44.39291
* 1.41471 .000 40.0477 48.7381

BC15 46.59611
* 1.41471 .000 42.2509 50.9414

BC20 50.23368
* 1.19565 .000 46.5613 53.9061

BC25 51.37246
* 1.41471 .000 47.0272 55.7177

BC25

Inflow

*. The mean difference is significant at the 0.05 level.

S100

SCP

BC5

BC10

BC15

BC20

Multiple Comparisons

(I) BIN

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval
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C. NOx-N 

 

Dependent Variable: NOx-N

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP .11210 .19661 .999 -.4918 .7160

BC5 1.11572
* .23264 .000 .4012 1.8303

BC10 1.41171
* .23264 .000 .6972 2.1262

BC15 1.58283
* .23264 .000 .8683 2.2974

BC20 1.44371
* .19661 .000 .8398 2.0476

BC25 1.80523
* .23264 .000 1.0907 2.5198

Inflow -7.39762
* .19661 .000 -8.0015 -6.7937

S100 -.11210 .19661 .999 -.7160 .4918

BC5 1.00363
* .23264 .001 .2891 1.7182

BC10 1.29961
* .23264 .000 .5851 2.0141

BC15 1.47073
* .23264 .000 .7562 2.1853

BC20 1.33161
* .19661 .000 .7277 1.9355

BC25 1.69313
* .23264 .000 .9786 2.4077

Inflow -7.50972
* .19661 .000 -8.1136 -6.9058

S100 -1.11572
* .23264 .000 -1.8303 -.4012

SCP -1.00363
* .23264 .001 -1.7182 -.2891

BC10 .29598 .26379 .951 -.5142 1.1062

BC15 .46711 .26379 .641 -.3431 1.2773

BC20 .32798 .23264 .852 -.3866 1.0425

BC25 .68950 .26379 .159 -.1207 1.4997

Inflow -8.51335
* .23264 .000 -9.2279 -7.7988

S100 -1.41171
* .23264 .000 -2.1262 -.6972

SCP -1.29961
* .23264 .000 -2.0141 -.5851

BC5 -.29598 .26379 .951 -1.1062 .5142

BC15 .17112 .26379 .998 -.6391 .9813

BC20 .03200 .23264 1.000 -.6825 .7465

BC25 .39352 .26379 .811 -.4167 1.2037

Inflow -8.80933
* .23264 .000 -9.5239 -8.0948

S100 -1.58283
* .23264 .000 -2.2974 -.8683

SCP -1.47073
* .23264 .000 -2.1853 -.7562

BC5 -.46711 .26379 .641 -1.2773 .3431

BC10 -.17112 .26379 .998 -.9813 .6391

BC20 -.13912 .23264 .999 -.8537 .5754

BC25 .22240 .26379 .990 -.5878 1.0326

Inflow -8.98045
* .23264 .000 -9.6950 -8.2659

S100 -1.44371
* .19661 .000 -2.0476 -.8398

SCP -1.33161
* .19661 .000 -1.9355 -.7277

BC5 -.32798 .23264 .852 -1.0425 .3866

BC10 -.03200 .23264 1.000 -.7465 .6825

BC15 .13912 .23264 .999 -.5754 .8537

BC25 .36152 .23264 .777 -.3530 1.0761

Inflow -8.84133
* .19661 .000 -9.4452 -8.2374

S100 -1.80523
* .23264 .000 -2.5198 -1.0907

SCP -1.69313
* .23264 .000 -2.4077 -.9786

BC5 -.68950 .26379 .159 -1.4997 .1207

BC10 -.39352 .26379 .811 -1.2037 .4167

BC15 -.22240 .26379 .990 -1.0326 .5878

BC20 -.36152 .23264 .777 -1.0761 .3530

Inflow -9.20285
* .23264 .000 -9.9174 -8.4883

S100 7.39762
* .19661 .000 6.7937 8.0015

SCP 7.50972
* .19661 .000 6.9058 8.1136

BC5 8.51335
* .23264 .000 7.7988 9.2279

BC10 8.80933
* .23264 .000 8.0948 9.5239

BC15 8.98045
* .23264 .000 8.2659 9.6950

BC20 8.84133
* .19661 .000 8.2374 9.4452

BC25 9.20285
* .23264 .000 8.4883 9.9174

BC25

Inflow

*. The mean difference is significant at the 0.05 level.

S100

SCP

BC5

BC10

BC15

BC20

Multiple Comparisons

(I) BIN

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval
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Appendix 25 One-way ANOVA analysis for TN, in the plant biomass 

a. Melaleuca trees 

 

 

 

 

 

 

 

 

 

 

 

 

Dependent Variable: N_MQ

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP -.40000 .49055 .979 -2.0750 1.2750

BC20 .23333 .49055 .999 -1.4417 1.9083

S100 .40000 .49055 .979 -1.2750 2.0750

BC20 .63333 .49055 .845 -1.0417 2.3083

S100 -.23333 .49055 .999 -1.9083 1.4417

SCP -.63333 .49055 .845 -2.3083 1.0417

BC10 -1.20000 .49055 .250 -2.8750 .4750

BC15 -1.40000 .49055 .132 -3.0750 .2750

BC25 -1.63333 .49055 .058 -3.3083 .0417

BC5 1.20000 .49055 .250 -.4750 2.8750

BC15 -.20000 .49055 1.000 -1.8750 1.4750

BC25 -.43333 .49055 .969 -2.1083 1.2417

BC5 1.40000 .49055 .132 -.2750 3.0750

BC10 .20000 .49055 1.000 -1.4750 1.8750

BC25 -.23333 .49055 .999 -1.9083 1.4417

BC5 1.63333 .49055 .058 -.0417 3.3083

BC10 .43333 .49055 .969 -1.2417 2.1083

BC15 .23333 .49055 .999 -1.4417 1.9083

*. The mean difference is significant at the 0.05 level.

S100

SCP

BC5

BC10

BC15

BC20

BC25

N_MQ 

Harvested 

in July 

2015

N_MQ 

Harvested 

in March 

2015

Multiple Comparisons

(I) Treatment

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval
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b. Lemongrass plants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dependent Variable: N_LG

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP .06333 .72527 1.000 -2.4132 2.5398

BC20 .02333 .72527 1.000 -2.4532 2.4998

S100 -.06333 .72527 1.000 -2.5398 2.4132

BC20 -.04000 .72527 1.000 -2.5165 2.4365

S100 -.02333 .72527 1.000 -2.4998 2.4532

SCP .04000 .72527 1.000 -2.4365 2.5165

BC10 -.51000 .72527 .990 -2.9865 1.9665

BC15 -.67000 .72527 .962 -3.1465 1.8065

BC25 -.85667 .72527 .890 -3.3332 1.6198

BC5 .51000 .72527 .990 -1.9665 2.9865

BC15 -.16000 .72527 1.000 -2.6365 2.3165

BC25 -.34667 .72527 .999 -2.8232 2.1298

BC5 .67000 .72527 .962 -1.8065 3.1465

BC10 .16000 .72527 1.000 -2.3165 2.6365

BC20 -.81000 .72527 .913 -3.2865 1.6665

BC5 .85667 .72527 .890 -1.6198 3.3332

BC10 .34667 .72527 .999 -2.1298 2.8232

BC15 .18667 .72527 1.000 -2.2898 2.6632

BC10

BC15

BC20

BC25

N_LG 

harvested 

in July 

2015

N_LG 

harvested 

in March 

2015

S100

SCP

BC5

Multiple Comparisons

(I) Treatment

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval
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c. Total nitrogen in each media treatment

Dependent Variable: N_Tot

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP -.32433 .50525 .994 -2.0496 1.4009

BC20 .25633 .50525 .998 -1.4689 1.9816

S100 .32433 .50525 .994 -1.4009 2.0496

BC20 .58067 .50525 .902 -1.1446 2.3059

S100 -.25633 .50525 .998 -1.9816 1.4689

SCP -.58067 .50525 .902 -2.3059 1.1446

BC10 -.93933 .50525 .534 -2.6646 .7859

BC15 -1.31733 .50525 .196 -3.0426 .4079

BC25 -1.67667 .50525 .059 -3.4019 .0486

BC5 .93933 .50525 .534 -.7859 2.6646

BC15 -.37800 .50525 .986 -2.1032 1.3472

BC25 -.73733 .50525 .763 -2.4626 .9879

BC5 1.31733 .50525 .196 -.4079 3.0426

BC10 .37800 .50525 .986 -1.3472 2.1032

BC25 -.35933 .50525 .990 -2.0846 1.3659

BC5 1.67667 .50525 .059 -.0486 3.4019

BC10 .73733 .50525 .763 -.9879 2.4626

BC15 .35933 .50525 .990 -1.3659 2.0846

SCP

BC20

N_Tot 

harvested 

in July 

2015

N_Tot 

Harvested 

in March 

2015

*. The mean difference is significant at the 0.05 level.

S100

BC5

BC10

BC15

BC25

Multiple Comparisons

(I) Treatment

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence

Interval
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Appendix 26 One-way ANOVA analysis for the height of the Melaleuca trees  

a. Measured in September 2014 

 

 

Dependent Variable: Height_MQ_Sept

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP 8.53333 10.12611 .976 -26.0431 43.1098

BC5 8.86667 10.12611 .971 -25.7098 43.4431

BC10 16.00000 10.12611 .696 -18.5765 50.5765

BC15 17.20000 10.12611 .628 -17.3765 51.7765

BC20 24.66667 10.12611 .254 -9.9098 59.2431

BC25 20.60000 10.12611 .437 -13.9765 55.1765

S100 -8.53333 10.12611 .976 -43.1098 26.0431

BC5 .33333 10.12611 1.000 -34.2431 34.9098

BC10 7.46667 10.12611 .987 -27.1098 42.0431

BC15 8.66667 10.12611 .974 -25.9098 43.2431

BC20 16.13333 10.12611 .689 -18.4431 50.7098

BC25 12.06667 10.12611 .886 -22.5098 46.6431

S100 -8.86667 10.12611 .971 -43.4431 25.7098

SCP -.33333 10.12611 1.000 -34.9098 34.2431

BC10 7.13333 10.12611 .990 -27.4431 41.7098

BC15 8.33333 10.12611 .978 -26.2431 42.9098

BC20 15.80000 10.12611 .707 -18.7765 50.3765

BC25 11.73333 10.12611 .898 -22.8431 46.3098

S100 -16.00000 10.12611 .696 -50.5765 18.5765

SCP -7.46667 10.12611 .987 -42.0431 27.1098

BC5 -7.13333 10.12611 .990 -41.7098 27.4431

BC15 1.20000 10.12611 1.000 -33.3765 35.7765

BC20 8.66667 10.12611 .974 -25.9098 43.2431

BC25 4.60000 10.12611 .999 -29.9765 39.1765

S100 -17.20000 10.12611 .628 -51.7765 17.3765

SCP -8.66667 10.12611 .974 -43.2431 25.9098

BC5 -8.33333 10.12611 .978 -42.9098 26.2431

BC10 -1.20000 10.12611 1.000 -35.7765 33.3765

BC20 7.46667 10.12611 .987 -27.1098 42.0431

BC25 3.40000 10.12611 1.000 -31.1765 37.9765

S100 -24.66667 10.12611 .254 -59.2431 9.9098

SCP -16.13333 10.12611 .689 -50.7098 18.4431

BC5 -15.80000 10.12611 .707 -50.3765 18.7765

BC10 -8.66667 10.12611 .974 -43.2431 25.9098

BC15 -7.46667 10.12611 .987 -42.0431 27.1098

BC25 -4.06667 10.12611 1.000 -38.6431 30.5098

S100 -20.60000 10.12611 .437 -55.1765 13.9765

SCP -12.06667 10.12611 .886 -46.6431 22.5098

BC5 -11.73333 10.12611 .898 -46.3098 22.8431

BC10 -4.60000 10.12611 .999 -39.1765 29.9765

BC15 -3.40000 10.12611 1.000 -37.9765 31.1765

BC20 4.06667 10.12611 1.000 -30.5098 38.6431

BC25

S100

SCP

BC5

BC10

BC15

BC20

Multiple Comparisons

(I) Treatment

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval
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b. Measured in January 2015 

 

 

Dependent Variable: Height_MQ_Jan15

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP -13.30000 10.09748 .833 -47.7787 21.1787

BC5 1.06667 10.09748 1.000 -33.4120 35.5454

BC10 -21.63333 10.09748 .381 -56.1120 12.8454

BC15 -2.20000 10.09748 1.000 -36.6787 32.2787

BC20 9.30000 10.09748 .963 -25.1787 43.7787

BC25 -21.16667 10.09748 .405 -55.6454 13.3120

S100 13.30000 10.09748 .833 -21.1787 47.7787

BC5 14.36667 10.09748 .782 -20.1120 48.8454

BC10 -8.33333 10.09748 .978 -42.8120 26.1454

BC15 11.10000 10.09748 .918 -23.3787 45.5787

BC20 22.60000 10.09748 .336 -11.8787 57.0787

BC25 -7.86667 10.09748 .983 -42.3454 26.6120

S100 -1.06667 10.09748 1.000 -35.5454 33.4120

SCP -14.36667 10.09748 .782 -48.8454 20.1120

BC10 -22.70000 10.09748 .331 -57.1787 11.7787

BC15 -3.26667 10.09748 1.000 -37.7454 31.2120

BC20 8.23333 10.09748 .979 -26.2454 42.7120

BC25 -22.23333 10.09748 .353 -56.7120 12.2454

S100 21.63333 10.09748 .381 -12.8454 56.1120

SCP 8.33333 10.09748 .978 -26.1454 42.8120

BC5 22.70000 10.09748 .331 -11.7787 57.1787

BC15 19.43333 10.09748 .497 -15.0454 53.9120

BC20 30.93333 10.09748 .092 -3.5454 65.4120

BC25 .46667 10.09748 1.000 -34.0120 34.9454

S100 2.20000 10.09748 1.000 -32.2787 36.6787

SCP -11.10000 10.09748 .918 -45.5787 23.3787

BC5 3.26667 10.09748 1.000 -31.2120 37.7454

BC10 -19.43333 10.09748 .497 -53.9120 15.0454

BC20 11.50000 10.09748 .905 -22.9787 45.9787

BC25 -18.96667 10.09748 .523 -53.4454 15.5120

S100 -9.30000 10.09748 .963 -43.7787 25.1787

SCP -22.60000 10.09748 .336 -57.0787 11.8787

BC5 -8.23333 10.09748 .979 -42.7120 26.2454

BC10 -30.93333 10.09748 .092 -65.4120 3.5454

BC15 -11.50000 10.09748 .905 -45.9787 22.9787

BC25 -30.46667 10.09748 .100 -64.9454 4.0120

S100 21.16667 10.09748 .405 -13.3120 55.6454

SCP 7.86667 10.09748 .983 -26.6120 42.3454

BC5 22.23333 10.09748 .353 -12.2454 56.7120

BC10 -.46667 10.09748 1.000 -34.9454 34.0120

BC15 18.96667 10.09748 .523 -15.5120 53.4454

BC20 30.46667 10.09748 .100 -4.0120 64.9454

BC25

Multiple Comparisons

(I) Treatment

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval
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Appendix 27 One-way ANOVA analysis for the diameter of the Melaleuca trees  

a. Measured in September 2014 

 

Dependent Variable: Diam_MQ_Sept

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP 7.03333 2.72548 .204 -2.2731 16.3397

BC5 5.40000 2.72548 .465 -3.9064 14.7064

BC10 6.30000 2.72548 .303 -3.0064 15.6064

BC15 7.10000 2.72548 .196 -2.2064 16.4064

BC20 9.76667 2.72548 .037 .4603 19.0731

BC25 8.96667 2.72548 .062 -.3397 18.2731

S100 -7.03333 2.72548 .204 -16.3397 2.2731

BC5 -1.63333 2.72548 .996 -10.9397 7.6731

BC10 -.73333 2.72548 1.000 -10.0397 8.5731

BC15 .06667 2.72548 1.000 -9.2397 9.3731

BC20 2.73333 2.72548 .945 -6.5731 12.0397

BC25 1.93333 2.72548 .990 -7.3731 11.2397

S100 -5.40000 2.72548 .465 -14.7064 3.9064

SCP 1.63333 2.72548 .996 -7.6731 10.9397

BC10 .90000 2.72548 1.000 -8.4064 10.2064

BC15 1.70000 2.72548 .995 -7.6064 11.0064

BC20 4.36667 2.72548 .683 -4.9397 13.6731

BC25 3.56667 2.72548 .837 -5.7397 12.8731

S100 -6.30000 2.72548 .303 -15.6064 3.0064

SCP .73333 2.72548 1.000 -8.5731 10.0397

BC5 -.90000 2.72548 1.000 -10.2064 8.4064

BC15 .80000 2.72548 1.000 -8.5064 10.1064

BC20 3.46667 2.72548 .854 -5.8397 12.7731

BC25 2.66667 2.72548 .951 -6.6397 11.9731

S100 -7.10000 2.72548 .196 -16.4064 2.2064

SCP -.06667 2.72548 1.000 -9.3731 9.2397

BC5 -1.70000 2.72548 .995 -11.0064 7.6064

BC10 -.80000 2.72548 1.000 -10.1064 8.5064

BC20 2.66667 2.72548 .951 -6.6397 11.9731

BC25 1.86667 2.72548 .991 -7.4397 11.1731

S100 -9.76667 2.72548 .037 -19.0731 -.4603

SCP -2.73333 2.72548 .945 -12.0397 6.5731

BC5 -4.36667 2.72548 .683 -13.6731 4.9397

BC10 -3.46667 2.72548 .854 -12.7731 5.8397

BC15 -2.66667 2.72548 .951 -11.9731 6.6397

BC25 -.80000 2.72548 1.000 -10.1064 8.5064

S100 -8.96667 2.72548 .062 -18.2731 .3397

SCP -1.93333 2.72548 .990 -11.2397 7.3731

BC5 -3.56667 2.72548 .837 -12.8731 5.7397

BC10 -2.66667 2.72548 .951 -11.9731 6.6397

BC15 -1.86667 2.72548 .991 -11.1731 7.4397

BC20 .80000 2.72548 1.000 -8.5064 10.1064

BC25

*. The mean difference is significant at the 0.05 level.

Multiple Comparisons

(I) Treatment

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval

S100

SCP

BC5

BC10

BC15

BC20
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b. Measured in May 2015 

 

Dependent Variable: Diam_MQ_May15

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP 10.90000 4.52712 .115 -2.9904 24.7904

BC20 6.16667 4.52712 .416 -7.7238 20.0571

S100 -10.90000 4.52712 .115 -24.7904 2.9904

BC20 -4.73333 4.52712 .578 -18.6238 9.1571

S100 -6.16667 4.52712 .416 -20.0571 7.7238

SCP 4.73333 4.52712 .578 -9.1571 18.6238

SCP

BC20

Multiple Comparisons

(I) Treatment

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval

S100
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Appendix 28 T-test analysis for the Lemongrass shoots between SCW and septage 

loading period 

 

 

N Mean

Std. 

Deviation

Std. Error 

Mean

SCW 21 1.1190 .15505 .03383

STG 21 1.5298 .31864 .06953

Lower Upper

Equal 

variances 

assumed

15.876 .000 -5.313 40 .000 -.41083 .07733 -.56711 -.25454

Equal 

variances 

not 

assumed

-5.313 28.968 .000 -.41083 .07733 -.56899 -.25266

Std. Error 

Difference

95% Confidence 

Interval of the 

Growth_ra

te

Independent Samples Test
Levene's Test for 

Equality of Variances t-test for Equality of Means

F Sig. t df

Sig. (2-

tailed)

Mean 

Difference

Group Statistics

Treatment1

Growth_ra

te
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Appendix 29 One-way ANOVA analysis for the growth rate of Lemongrass shoots 

among treatments loaded with SCW and septage 

a. Loaded with SCW 

 

 

Dependent Variable: GR_LG_SCW

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP -.21123 .13272 .690 -.6644 .2419

BC5 -.04807 .13272 1.000 -.5012 .4051

BC10 -.08957 .13272 .992 -.5427 .3636

BC15 -.08067 .13272 .995 -.5338 .3725

BC20 -.10290 .13272 .984 -.5561 .3503

BC25 -.20790 .13272 .704 -.6611 .2453

S100 .21123 .13272 .690 -.2419 .6644

BC5 .16317 .13272 .871 -.2900 .6163

BC10 .12167 .13272 .964 -.3315 .5748

BC15 .13057 .13272 .950 -.3226 .5837

BC20 .10833 .13272 .979 -.3448 .5615

BC25 .00333 .13272 1.000 -.4498 .4565

S100 .04807 .13272 1.000 -.4051 .5012

SCP -.16317 .13272 .871 -.6163 .2900

BC10 -.04150 .13272 1.000 -.4947 .4117

BC15 -.03260 .13272 1.000 -.4858 .4206

BC20 -.05483 .13272 .999 -.5080 .3983

BC25 -.15983 .13272 .881 -.6130 .2933

S100 .08957 .13272 .992 -.3636 .5427

SCP -.12167 .13272 .964 -.5748 .3315

BC5 .04150 .13272 1.000 -.4117 .4947

BC15 .00890 .13272 1.000 -.4443 .4621

BC20 -.01333 .13272 1.000 -.4665 .4398

BC25 -.11833 .13272 .968 -.5715 .3348

S100 .08067 .13272 .995 -.3725 .5338

SCP -.13057 .13272 .950 -.5837 .3226

BC5 .03260 .13272 1.000 -.4206 .4858

BC10 -.00890 .13272 1.000 -.4621 .4443

BC20 -.02223 .13272 1.000 -.4754 .4309

BC25 -.12723 .13272 .955 -.5804 .3259

S100 .10290 .13272 .984 -.3503 .5561

SCP -.10833 .13272 .979 -.5615 .3448

BC5 .05483 .13272 .999 -.3983 .5080

BC10 .01333 .13272 1.000 -.4398 .4665

BC15 .02223 .13272 1.000 -.4309 .4754

BC25 -.10500 .13272 .982 -.5582 .3482

S100 .20790 .13272 .704 -.2453 .6611

SCP -.00333 .13272 1.000 -.4565 .4498

BC5 .15983 .13272 .881 -.2933 .6130

BC10 .11833 .13272 .968 -.3348 .5715

BC15 .12723 .13272 .955 -.3259 .5804

BC20 .10500 .13272 .982 -.3482 .5582

BC25

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval

S100

SCP

Multiple Comparisons

BC5

BC10

BC15

BC20

(I) Treatment
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b. Loaded with septage 

 

Dependent Variable: GR_LG_STG

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP .45580 .21525 .394 -.2792 1.1908

BC5 -.14383 .21525 .992 -.8788 .5912

BC10 .01259 .21525 1.000 -.7224 .7476

BC15 -.17136 .21525 .982 -.9064 .5636

BC20 -.02568 .21525 1.000 -.7607 .7093

BC25 .35704 .21525 .651 -.3780 1.0920

S100 -.45580 .21525 .394 -1.1908 .2792

BC5 -.59963 .21525 .147 -1.3346 .1354

BC10 -.44321 .21525 .424 -1.1782 .2918

BC15 -.62716 .21525 .119 -1.3622 .1078

BC20 -.48148 .21525 .336 -1.2165 .2535

BC25 -.09877 .21525 .999 -.8338 .6362

S100 .14383 .21525 .992 -.5912 .8788

SCP .59963 .21525 .147 -.1354 1.3346

BC10 .15642 .21525 .988 -.5786 .8914

BC15 -.02753 .21525 1.000 -.7625 .7075

BC20 .11815 .21525 .997 -.6168 .8531

BC25 .50086 .21525 .297 -.2341 1.2359

S100 -.01259 .21525 1.000 -.7476 .7224

SCP .44321 .21525 .424 -.2918 1.1782

BC5 -.15642 .21525 .988 -.8914 .5786

BC15 -.18395 .21525 .974 -.9189 .5510

BC20 -.03827 .21525 1.000 -.7733 .6967

BC25 .34444 .21525 .685 -.3905 1.0794

S100 .17136 .21525 .982 -.5636 .9064

SCP .62716 .21525 .119 -.1078 1.3622

BC5 .02753 .21525 1.000 -.7075 .7625

BC10 .18395 .21525 .974 -.5510 .9189

BC20 .14568 .21525 .992 -.5893 .8807

BC25 .52840 .21525 .247 -.2066 1.2634

S100 .02568 .21525 1.000 -.7093 .7607

SCP .48148 .21525 .336 -.2535 1.2165

BC5 -.11815 .21525 .997 -.8531 .6168

BC10 .03827 .21525 1.000 -.6967 .7733

BC15 -.14568 .21525 .992 -.8807 .5893

BC25 .38272 .21525 .581 -.3523 1.1177

S100 -.35704 .21525 .651 -1.0920 .3780

SCP .09877 .21525 .999 -.6362 .8338

BC5 -.50086 .21525 .297 -1.2359 .2341

BC10 -.34444 .21525 .685 -1.0794 .3905

BC15 -.52840 .21525 .247 -1.2634 .2066

BC20 -.38272 .21525 .581 -1.1177 .3523

BC25

S100

SCP

BC5

BC10

BC15

BC20

Multiple Comparisons

(I) Treatment

Mean 

Difference 

(I-J) Std. Error Sig.

95% Confidence 

Interval
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Appendix 30 One-way ANOVA analysis for Melaleuca biomass among treatments  

 

 

Dependent Variable: Biomass

Tukey HSD

Lower 

Bound

Upper 

Bound

SCP -3.36667 40.59144 1.000 -141.9697 135.2363

BC20 117.96667 40.59144 .121 -20.6363 256.5697

S100 3.36667 40.59144 1.000 -135.2363 141.9697

BC20 121.33333 40.59144 .105 -17.2697 259.9363

S100 -117.96667 40.59144 .121 -256.5697 20.6363

SCP -121.33333 40.59144 .105 -259.9363 17.2697

BC10 -95.63333 40.59144 .285 -234.2363 42.9697

BC15 -112.26667 40.59144 .152 -250.8697 26.3363

BC25 -98.70000 40.59144 .255 -237.3030 39.9030

BC5 95.63333 40.59144 .285 -42.9697 234.2363

BC15 -16.63333 40.59144 .999 -155.2363 121.9697

BC25 -3.06667 40.59144 1.000 -141.6697 135.5363

BC5 112.26667 40.59144 .152 -26.3363 250.8697

BC10 16.63333 40.59144 .999 -121.9697 155.2363

BC25 13.56667 40.59144 1.000 -125.0363 152.1697

BC5 98.70000 40.59144 .255 -39.9030 237.3030

BC10 3.06667 40.59144 1.000 -135.5363 141.6697

BC15 -13.56667 40.59144 1.000 -152.1697 125.0363

BC25

*. The mean difference is significant at the 0.05 level.

Biomass 

harvested 

in July 

2015

Biomass 

harvested 

in March 

2015

S100

SCP

BC20

BC5

BC10

BC15

Multiple Comparisons

(I) Treatment

Mean 

Difference (I-J) Std. Error Sig.

95% Confidence 

Interval
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Appendix 31 One-way ANOVA analysis for Lemongrass biomass among treatments  

 

Dependent Variable: LG_biomass

Tukey HSD

Lower 

Bound

Upper 

Bound

S100 SCP 7.10000 55.79349 1.000 -183.4117 197.6117

BC20 16.20000 55.79349 1.000 -174.3117 206.7117

SCP S100 -7.10000 55.79349 1.000 -197.6117 183.4117

BC20 9.10000 55.79349 1.000 -181.4117 199.6117

BC20 S100 -16.20000 55.79349 1.000 -206.7117 174.3117

SCP -9.10000 55.79349 1.000 -199.6117 181.4117

BC5 BC10 -1.73333 55.79349 1.000 -192.2450 188.7783

BC15 -24.86667 55.79349 .999 -215.3783 165.6450

BC25 -26.80000 55.79349 .999 -217.3117 163.7117

BC10 BC5 1.73333 55.79349 1.000 -188.7783 192.2450

BC15 -23.13333 55.79349 .999 -213.6450 167.3783

BC25 -25.06667 55.79349 .999 -215.5783 165.4450

BC15 BC5 24.86667 55.79349 .999 -165.6450 215.3783

BC10 23.13333 55.79349 .999 -167.3783 213.6450

BC25 -1.93333 55.79349 1.000 -192.4450 188.5783

BC25 BC5 26.80000 55.79349 .999 -163.7117 217.3117

BC10 25.06667 55.79349 .999 -165.4450 215.5783

BC15 1.93333 55.79349 1.000 -188.5783 192.4450

LG 

biomass 

harvested 

in March 

2015

Multiple Comparisons

(I) Treatment

Mean 

Difference (I-J) Std. Error Sig.

95% Confidence 

Interval

LG 

biomass 

harvested 

in July 

2015
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Appendix 32 Human Research Ethics of Griffith University 

         GRIFFITH UNIVERSITY HUMAN RESEARCH ETHICS COMMITTEE 

 

                                                              18-

May-2015 

 

 

Dear Mr. De Rozari 

 

I write further to the additional information provided in relation 

to the provisional approval granted to your application for ethical 

clearance for your project "NR: An Investigation into The Use of 

Biochar as Media Amendment to Treat Septic Sewage and The 

Feasibility of Constructed Wetland Ecotechnology in East Nusa 

Tenggara Province, Indonesia." (GU Ref No: ENG/12/14/HREC). 

 

The additional information was considered by Office for Research. 

 

This is to confirm that this response has addressed the comments 

and concerns of the HREC. 

 

 

 

Consequently, you are authorised to immediately commence this 

research on this basis. 

 

The standard conditions of approval attached to our previous 

correspondence about this protocol continue to apply. 

 

Regards 

 

 

 

Ms Kim Madison 

Policy Officer 

Office for Research 

Bray Centre, Nathan Campus 

Griffith University 

ph: +61 (0)7 373 58043 

fax: +61 (07) 373 57994 

email: k.madison@griffith.edu.au 

web:  

 

Cc:  

 

Researchers are reminded that the Griffith University Code for the 

Responsible Conduct of Research provides guidance to researchers in 

areas such as conflict of interest, authorship, storage of data, & 

the training of research students. 

You can find further information, resources and a link to the 

University's Code by visiting 

http://policies.griffith.edu.au/pdf/Code%20for%20the%20Responsible%

20Conduct%20of%20Research.pdf 

PRIVILEGED,  PRIVATE AND CONFIDENTIAL 

This email and any files transmitted with it are intended solely 

for the use of the addressee(s) and may contain information which 

is confidential or privileged. If you receive this email and you 

are not the addressee(s) [or responsible for delivery of the email 
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to the addressee(s)], please disregard the contents of the email, 

delete the email and notify the author immediately 
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Appendix 33 Research permit letter from East Nusa Tenggara Province, Government. 
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