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ABSTRACT 

The agricultural industry faces the difficulties of land, water and air pollution derived 
from the poor management of agricultural byproducts and livestock wastewater, 
whilst also being affected by the costs of purchasing crop fertiliser. This study aims to 
engineer a sustainable program addressing these problems through (i) recycling 
agricultural byproducts into biochar, (ii) optimising biochar’s performance removing 
nutrients in animal wastewater and (iii) employing used biochar as a fertiliser. 
 
This study investigated biochar produced from three prominent agricultural wastes: 
corncob, bamboo and rice husk. Filter column trials determined the best raw biochar 
material, chemical modification, running time and detention time to maximise 
biochar’s nutrient absorption. The results show biochar materials adsorbed nutrients at 
a comparable amount to current bioadsorbents. Exhausted biochar fertiliser also 
improved plant growth at a similar level to the commercial fertiliser trialed. 
 
This study engineered two models for biochar’s productive application. The first 
involves a simple bamboo biochar filter pack that treats livestock wastewater at the 
filtration rate of 5.5 m3/m2/day under a 1-hour detention time. This filter can run for 
36 hours, with 7 kg of bamboo biochar removing sufficient nutrients in 1m3 
wastewater to meet Australian discharge standards. This model reduces a significant 
2.43 g of ammonium, phosphate, nitrate and nitrite per kilogram of biochar. 
Following use, exhausted biochar can be recycled as a fertiliser. The second model 
recommends a running time exceeding 72 hours, facilitating a greater removal of 3.78 
g of ammonium, phosphate, nitrate and nitrite per kilogram of biochar. The choice of 
which model to employ is dependent on the nutrient levels of the influent wastewater. 
 
This study’s engineered biochar models have four main benefits to both the 
agricultural industry and farmers, as well as to the environment. Biochar production 
recycling polluting agricultural wastes to filter animal wastewater may help reduce air 
and water pollution. Biochar also has potential to act as a sustainable alternative to 
commercial fertilisers. In addition, biochar’s use does not require skilled operators 
and is accessible for farmers to apply. Hence, biochar is an ecofriendly material with 
promising and extensive agricultural applications.  
 

  
  



! 4 

I. INTRODUCTION 
 
I. 1. Water pollution- Eutrophication 

 
Water pollution, derived from excess nutrients such as 
ammonium, nitrates and phosphates is commonly referred 
to as eutrophication. Eutrophication is one of the most 
widespread global environmental problems in inland 
waters, most prominent in developing nations where 
treatment of wastewaters is limited. It is also increasing 
in its prevalence with a rise in industrial and agricultural 
activities and wastewater discharges. Nutrient enrichment through eutrophication 
affects major water including Lake Erie (USA), Lake Victoria (Tanzania, Uganda, 
Kenya), and Lake Dianchi (China) (UN Environmental Programme, n.d).  
 
Eutrophication’s large number of negative effects upon the environment includes the 
nutrient-rich conditions favouring the development of toxic algae blooms of nitrogen-
fixing cyanobacteria. This consequently decreases levels of dissolved oxygen and 
creates hypoxic conditions that threaten marine life with suffocation (Chislock et al., 
2013). These algae blooms also deplete dissolved inorganic carbon and raise pH 
levels to extreme levels during the day, which may impair survival of marine 
organisms. Further environment detriments may extend to the collapse of ecosystems, 
lowered biodiversity, formation of anoxic (dead) zones, and poisoning of animals and 
livestock (Prepas, 2003).  
 

Water pollution in the form of eutrophication also poses 
danger to human society in terms of instigating public 
health concerns. Human consumption of eutrophic water 
may cause human poisoning, with babies particularly 
impacted by blue-baby syndrome (Gerber et al., 2007). 
Eutrophication’s harmful algae blooms also present 
economic repercussions, with the livelihood of fisheries 
being affected by marine suffocation and dead zones. 
Tourism and recreational activities may be impacted by the 
presence of thick, unappealing cyanobacteria algae blooms 
(Burkholder et al., 1992). Due to these consequences upon 
the environment and society, the mitigation and reduction 
of the level of nutrients entering the environment is 
necessary. One of largest contributors to this type of 
nutrient pollution are animal wastewaters derived from the 
agriculture and livestock industry. 
 
 
 
 

I.2. Agricultural wastes  
 
On a global scale livestock production is growing to meet human demands. With this, 
the amount of agricultural waste discharged into the environment is also increasing. 
This poses severe ramifications as common water pollutants such as ammonium, 

Picture 1. Eutrophic, hypoxic 
conditions can suffocate marine life 
(Michigan State University)!

Picture 2: Effect of algae bloom 
within Lake Dal (Gunkuming 
news) 

Picture 3: Lake Erie, USA, one 
of the Great American Lakes, 
where algae blooms threatens 
the recreational sports industry 
(Cleveland Museum of Natural 
History). 
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nitrogen and phosphate are all found in large concentrations in 
animal wastes. Over two thirds of the nutrients animals 
consume are excreted back into the environment (Brooks, 
2010). Animals are fairly inefficient with their nutrient uptake, 
with their waste containing 50-80% of nitrogen and 80% of 
phosphorous apparent in their nutrient-rich feed (Mooney, 
2010). Animal wastes are also high in organics and in 
biochemical oxygen-demanding (BOD) materials; with swine 
waste slurry containing 20,000–30,000 mg BOD/L (Webb and Archer, 1994).  
 
Research has indicated a direct cause and effect relationship between agricultural 
animal wastes and the deterioration of water quality. Animal wastewaters often 
permeate the environment through leaching in ground water, being applied to crop-
land or through being directly discharged into water bodies (Strokal, 2016). The US 
Environmental Protection Agency has identified more than 60 rivers and streams as 
impaired in the USA due to agricultural waste runoff (EPA, 2016). One such instance 
of the connection between agricultural runoff and environmental detriments is a dead 
zone spanning 22,000 km2 in the Gulf of Mexico. Scientists have stated that the 
agricultural runoff from the Mississippi River played a pivotal role in creating this 
dead zone (Schwartz, 2005).  
 
Furthermore, research by the Australian Institute of Marine Science has established a 
link between nutrient loads of animal wastewaters with the worsening health of coral 
reefs, as the nutrients discharged into the water favour the growth of macroalgae that 
reduce light availability and seagrass photosynthesis (Australian Institute of Marine 
Science, 2017). In China, where more than half the groundwater is classified as 
unusable due to excess nutrient levels, livestock faeces account for 90% of the 
country’s organic pollutants. This is 2.3 times more than the amount discharged by 
industrial activities (Ivanova, 2013). In the country’s first pollution report in 2007, 
agricultural activities were responsible for 67% of the nation’s phosphorous and 57% 
of its nitrogen discharges (Watts, 2010). These statistics are not an isolated 
occurrence. Due to the correlation between agricultural wastes and damaging nutrient 
enrichment of water bodies, it is imperative to manage the output of agricultural 
pollutants. 
 
Issues with current management schemes 
 
Currently, several biological and chemical methods have been applied to manage 
pollution from livestock runoff. The chemical approach has focused on struvite use. 
Biologically, removal of pollutants has been performed using methods such as 
membrane reactors, anaerobic ammonium oxidation (Kizito et al., 2015). 
 
However, full-scale application of these processes is limited as they are often highly 
sensitive to pH changes. In addition, common water treatment methods of coagulation 
and filtration do not remove ammonium effectively, especially in decentralized water 
systems (Sica et al., 2014). Finally, the high cost of raw materials and initial set up 
has restricted large-scale management schemes being implemented, especially in 
developing nations where water pollution is more apparent (Song et al., 2011). Due to 
the economic and practical problems of these management schemes, the continual 
output of untreated nutrient pollutants unfortunately occurs worldwide. Hence, the 

Picture 4. Livestock operations 
often contaminate groundwater 
(EPA) 
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agricultural sector is in severe need for a more financially accessible technology to 
remove pollutants from wastewater. This would enable necessary livestock 
production to occur whilst preventing water pollution for the environment and human 
society’s benefit.  
 
I. 3. Biochar 
 
Biochar production 
 
One possible method to target agricultural runoff is 
absorption. This may be more economical than biological 
or chemical treatment methods if a suitable adsorbent  
material is successfully developed. A potential material for the adsorption of different 
pollutants is biochar. Biochar is a carbon-rich charcoal residue produced through 
pyrolysing agricultural wastes at temperatures between 300-15000C (Zheng, 2010). 
This pyrolysis needs to occur in anoxic conditions. Agricultural byproducts that can 
become biochar vary, and can include corncob, rice husk, bamboo, elephant grass and 
rapeseed oil cake (Chen and Chen, 2011).  
 
Biochar’s applications 
 
Biochar has favourable characteristics such as a high surface area, porosity and 
adsorption capacity. This heightens its potential for applications as a soil conditioner, 
carbon storage unit, and bioadsorbent for water (Kizito et al, 2015).  
 
Recent studies have suggested that biochar may act as a bio-filter for organic and 
inorganic pollutants. This has potential applications in industrial and environmental 
wastewater treatment, as well as within the remediation of contaminated water (Zhang 
et al., 2015; Tan et al., 2016). Laboratory testing from a variety of studies have 
indicated that biochar has the potential to reduce contaminants including heavy 
metals, organics such as gasoline compounds, herbicides and pesticides, as well as 
nutrients and total suspended solids (Zheng et al., 2010; Taghizadeh-Toosi et al., 
2012; Inyang, 2012). A notable feature of biochar is how it has high anion exchange 
capacity (Cheng et al., 2008). This is especially relevant to the removal of 
phosphorous nutrients in agricultural wastewaters that may cause eutrophication. 
 
Biochar’s high carbon content has also meant that it has previously been proposed as 
a soil amendment tool improving agricultural productivity (Lehmann, 2006). It has 
been reported to positively impact an array of soil processes by controlling soil-borne 
pathogens, enhancing nitrogen fixation, improving soil physical and chemical 
properties and decreasing nitrate leaching (Lone, 2015). Biochar’s negative charge 
that it develops can also reduce soil acidity and help soil retain nutrients.!!Biochar can 
potentially enhance soil and crop productivity through enhancing soil moisture 
availability and stimulating microbial diversity through causing a pH change in soils 
(Steiner et al., 2004; Gwenzi, 2015). In research in Brazil, biochar fertilised soil gave 
double the yields of grain compared to soil without biochar fertiliser (Christoph et al., 
2007). Therefore, if biochar can be produced regionally and strongly improves plant 
growth, it may economically benefit local farmers, whilst also reducing the 
dependency of nations on fertiliser imports (Atkinson, 2010). This minimisation of 

Picture 5. Biochars are made with a 
variety of agricultural byproducts 
(ETH Zurich) 
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fertiliser costs provides a positive economic value of biochar within the agricultural 
sector. 
!!

Another interesting aspect of biochar is that 
whilst in the soil, biochar holds the capacity 
permanently sequester atmospheric carbon, 
hence helping to mitigate climate change 
(Laird, 2008). Biochar contains twofold higher 
carbon content than ordinary plant biomass and 
moreover, biochar locks up rapidly 
decomposing carbon in plant biomass in a 
more durable form (Lal, 2011). 
 

Nonetheless, large-scale applications of biochar are still uncommon and additional 
research into biochar’s practical use is required (Talberg, 2009). This is particularly in 
terms of biochar remediating wastewater with high organic content, as from literature 
studies, biochar has not been utilised to treat animal wastewater despite this potential. 
Research is also lacking within the focus of the effectiveness of exhausted/used 
biochar as a fertiliser. Most past studies have been short term in controlled 
environments or with synthetic water, with more in-situ investigations or those 
utilising real wastewater being required. Furthermore, before biochar’s benefits are 
fully realised, research is needed to form models that enhance biochar’s performance 
and specifies the criteria for its application.  
 
Biochar benefits 
 
Agricultural byproducts worldwide contribute to air, land and water pollution. 
Farmers often burn crop residue, which releases carbon dioxide to the atmosphere and 
does little to help sustain fertility, rehabilitate degraded land or bring infertile areas 
into production. In this regard, biochar has a constructive environment effect as it 
recycles these agricultural byproducts, thus decreasing pollutants and helping to 
prevent costly waste management practices (Vu et al., 2017). Furthermore, biochars’ 
general costs of production are relatively low at approximately $1.40 AUD per kg 
(Porter, 2014). Therefore biochar presents an attractive alternative that transforms 
agricultural waste into a mutli-use resource that can potentially improve soil and 
water quality (CSIRO, 2009). 
  

Picture 6: biochar production, uses (International 
Biochar Initiative) 
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II- AIM 
1. To optimise biochar performance as a bio-adsorbent for nutrients in livestock 

wastewater by determining: 
a. Best agricultural waste material for use as biochar 
b. Best biochar modification and treatment method  
c. Best filtering conditions (including running time, detention time i.e 

number of filter columns or amount of material) 
d. The maximum amount of nutrients biochar is able to adsorb under 

certain conditions 
2. To establish exhausted/used biochar's effectiveness as an agricultural fertiliser  
3. To engineer a model maximising biochar’s applications to benefit the 

environment and farmers by addressing: 
a. Environmental pollution derived from agricultural waste 
b. Water pollution due to excess nutrients in livestock wastewater 
c. Economic costs associated with purchasing of commercial fertiliser  

 
 
III. HYPOTHESIS and PREDICTION 
 
Hypothesis: Corn-cob modified biochar treated with sodium hydroxide and 
hydrochloric acid (MCC) will be the optimum biochar material. Plants fertilised 
with exhausted/used biochar will exhibit better health than those unfertilised. 
 
Note: in this study- exhausted/used biochar is defined as biochar that has been in 
contact and has adsorbed nutrients contained in wastewater. 
 
Prediction: The modification of surface chemistry on corn-cob biochar will 
improve its adsorption efficiency and cause MCC to be the best bioadsorbent 
biochar material. The nutrients contained with exhausted/used biochar will be 
released into the soil and improve plant growth relative to unfertilised plants and 
at a rate comparable to commercially fertilised plants.  
 
 
IV. VARIABLES 
Dependent: amount of nutrients adsorbed and removed by biochar, growth and 
health of plant samples. 
 
Independent: raw material of biochar (corncob, rice husk, bamboo), chemical 
treatment conditions, filter conditions (running time and detention time). 
 
Controlled: pyrolysis conditions and temperature, source and volume of 
wastewater passed through filter columns, collection time of effluent, source and 
amount of soil (Richgro All Purpose Garden soil mix), plant species (Brocollette 
Brassica oleracea), amount of water and level of sunlight plants are exposed to, 
amount of nutrients contained in biochar fertiliser and commercial fertiliser 
(Hortico). 
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V. EXPERIMENTAL DESIGN 
V.1. Stage 1- Biochar pyrolysis and preparation 

 
Biochars 
All of this study’s biochar materials have been chosen based on the following 
criteria: 
! available worldwide to ensure that the biochar chosen would be viable for 

widespread implementation as a wastewater filter and fertiliser. 
! That the current methods of addressing the agricultural waste products are 

environmentally harmful. Hence biochar production turning these waste 
products into a useful material may alleviate these problems. 

! That the raw material holds a high surface area and other favourable 
characteristics in order to effectively adsorb nutrients. 

 
Corn-cob  

Associated problems with corn-cob and justification 
for reuse as biochar 
Corn is a major crop plant worldwide utilised as a staple 
food and livestock fodder. In the US in 2012, over 1.88 
billion bushels of corn were produced, with corn also 
being India’s third most abundant cereal crop (Larson, 
2012). However, the corn cob itself is one of the most 
plentiful agricultural wastes globally, with millions of 

tonnes of corncobs being burnt annually contributing to 
air, soil and water pollution. Such nations where this 

occurs are third world nations such as Vietnam, in which eutrophication and 
associated issues surrounding agricultural activities are a significant government 
concern (Vu et al,. 2017). 
 
Hence, this study will investigate whether a possible method to fully utilise the corn 
plant and to avoid the above harmful implications is by reusing corncob as biochar.  
 
Bamboo 
Associated problems with bamboo waste-products and 
justification for reuse as biochar 
Bamboo is a widely utilised crop in Asia for a variety of 
purposes ranging from handicrafts, furniture, paper and 
chopsticks. In China, over 20 million mature trees are 
chopped per year to accommodate for the country’s need 
for bamboo products (Boyer, 2013). However, forestry 
leaders have acknowledged that the wastage of certain parts of the bamboo not used 
for commercial products must be addressed (Gates, 2013).  
 
This study trials bamboo biochar based on it being a renewable plant crop and 
accessible material for usage as biochar. Furthermore, bamboo biochar possesses 
suitable characteristics to adsorb nutrients such as a low density, high pH value, high 
carbon and nitrogen content and surface functional group content. In the past, 
research has primarily focused on bamboo biochar as a soil amendment and water 
storage material. Further research into bamboo biochar’s ability to filter nutrients is 
needed (Ye et al., 2015).  

Picture 7: corncob waste (C&EN 
energy)!

Picture 8: bamboo biochar (UK 
Biochar Research)  
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Rice husk biochar 
Associated problems with rice-husk and justification for 
reuse as biochar 
Rice husks are the natural sheaths that form on rice grains 
during growth and accounts for 1/5 of annual gross rice. 
It is an agricultural byproduct in vast quantity, with Asia 
producing 770 million tonnes of rice husk annually (Zhu 
et al, 2012). Due to rice husk being difficult to 
decompose due to its high silicon content, it is a source of 
pollution leading to a series of environmental problems 
including eutrophication (Mane, 2007).  
 
In research by the China Agricultural University, rice 
husk biochar adsorbed 60% of ammonium in water. 
Recommendations have been made for further studies into rice husk biochars’ use as a 
wastewater nutrient filter (Santiguel, 2017). This study will determine whether rice 
husk is an effective bioadsorbent and fertiliser. If risk husk is deemed to be a suitable 
bioadsorbent and fertiliser, the reduction of rice husk waste and therefore 
environmental pollution associated with it may be possible. 
 
Pyrolysis conditions 
 
Biochar production needs to occur in the absence of air. To achieve these anoxic 
conditions, this study utilised a woodfire pizza oven to pyrolyse biochar which was 
placed in a lidded steel can. The pyrolysis temperature of 5000 C was chosen, as past 
literature has indicated that temperatures between 400-6000 C are optimum due to 
elevated pyrolysis temperatures decreasing biochar yield (Ngatia, 2017). Pyrolysis at 
lower temperatures under 6000 C also minimizes the risk of producing dioxins and 
harmful polyaromatic hydrocarbons that could contaminate biochar or escape with 
exhaust gases and solid wastes (Barrow, 2012). Hence, the chosen temperature of 500 
C would ensure biochar reovery is not greatly reduced whilst also producing a high 
quality biochar. In addition, this temperature is practical within large-scale basis 
biochar production, as it would require less energy input than higher pyrolysis 
temperatures. 
 
Treatment for modification and optimization of biochar characteristics 
 
Raw biochars may be limited in their ability to act as a bioadsorbent of high nutrient 
concentrations. Hence, modification of biochars through activation methods that 
improve their pore structure, surface area, and functionality may be necessary 
(Kwiatkowski, 2008). In recent years, biochar modifications have involved various 
methods such as acid treatment, base treatment, surfactant modification and magnetic 
modification (Rajapaska, 2016).  
 
One suggested method to improve biochar’s absorption efficiency is an acid and base 
treatment. Acidic modification involves biochar being soaked for hours or days 
followed by washing and drying. This increases biochar’s acidic properties and 
hydrophilic nature for the efficient removal of mineral elements and nutrient ions 
(Shen et al., 2008). Alkaline modification with bases produces high ratios of surface 

Picture 9 
Above: burning of rice husk  
Below: rice husk biochar (UK Biochar 
Research) 
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aromaticity, with acid then base treatments working in conjunction to enhance 
removal of pollutants. After acid or alkaline modifications, biochars are required to be 
rinsed with deionized water to neutralise the pH, otherwise the biochar’s functionality 
and compatibility can be compromised (Uchimiya et al., 2015). In 2016 research by 
the Hanoi University of Natural Resources and the Environment, 7.93 mg/g of 
ammonium was adsorbed by corncob biochar modified with nitric acid and sodium 
hydroxide (Vu et al., 2017). 
 
Therefore, this study will trial the acid-base modification strategy to assess whether 
this additional treatment condition increases biochar’s efficiency to a sufficient level 
for it to be practical and attractive for use. Corncob biochar will be treated with 6M 
hydrochloric acid then 0.5 M of sodium hydroxide, chemicals that are more accessible 
than other types of acids and bases. 
 
V.2. Stage 2- Column studies 
 
Experimental set up of column studies 
To trial as many variables to ascertain the optimum filtering program for maximum 
nutrient absorption, the following framework is formulated for the column studies: 

! Part one-  
o Variable trialed: different types of biochar material 

! Four filter columns were run, each with a different type of 
biochar. Effluent samples were collected following 24 hours. 
The four different types of biochars were corncob with and 
without acid-base chemical modification (CC, MCC), bamboo 
(BB), and rice husk (RH). Each filter column contained equal 
masses (3.50 g) of the specific biochar. The results collected 
will enable comparison of the different biochars to identify 
which type of agricultural waste product/biochar is most suited 
to act as a bioadsorbent. 

! Part two- 
o Variables trialed: a) detention time (number of filter columns) and b) 

running time  
! With the most suitable biochar material identified in part one, 

effluent was passed through a series of three filter columns 
with this material. This process compared whether an increase 
by 2x and 3x in detention time maximizes nutrient absorption 
to a level that makes longer detention times necessary. 

! Effluent samples were collected every 4-6 hours over a total 
running time of 72 hours. 

! Results from this part will determine the best filtration 
conditions (running time and detention time) for maximum 
absorption of nutrients in wastewater. 

! Part three-  
o Variable trialed: further trials regarding running time.  

! Following determining the best detention time (number of filter 
columns) from part two, another biochar material acted as a 
filter was under this detention time. Effluent samples were 
collected every 4-6 hours over 72 hours to further observe and 
identify the optimum running time for nutrient absorption.  
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Content found in urine 
Animal and human urine is 91-96% water and consists of a range of inorganic salts 
and organic compounds. Urine contains the largest fractions of nitrogen, phosphorus, 
and potassium released from the body. Human urine and the urine of animals such as 
cows contain similar levels of nutrients, with the composition of urine including 
0.12% phosphate, 0.05% ammonium (Rose, 2015). Due to this nutrient content, urine 
can be applied directly to soil as a fertilizer; with the fertilization effect of urine being 
found to be comparable to that of commercial nitrogen fertilizers (Johannsson, 2001; 
Steinfeld, 2004; Rose, 2015). On an elemental level, human urine contains 8.12 g/L 
nitrogen whilst cow urine contains around 4.4 g/L of nitrogen. In animals such as 
sheep, total nitrogen ranged from 3-13.7 g/L (Bristol, 1992).  
 
In this study, human urine was utilised, rather than a stock solution. Employment of 
real urine would ensure that there would be several nutrients within the wastewater; to 
better mimic the wastewater biochar would receive within practical applications. This 
consequently increases the validity of results. 
 
Nutrients measured 
Ammonium 
Ammonium is a common by-product of animal waste due to the inefficient 
conversion of feed nitrogen into animal product. Livestock animals only adsorb one-
third of ammonium they ingest, with the rest being excreted (Gay, 2009). Ammonium 
content is the greatest in bovine waste, though pig and poultry waste also contains 
high ammonium content (Rostami, 2015).  
 
Phosphates 
Phosphates enter waterways, groundwater and surface water through livestock faecal 
matter and urine, fertiliser application for crop production and industrial effluents, 
with phosphates being a key nutrient contributor to eutrophication (Oram, 2014). This 
necessitates comprehensive consideration of technologies and materials to reduce the 
phosphate released by agricultural practices to mitigate eutrophication.  
 
There are numerous methods for removing phosphate from water. A sorption process 
is generally considered an effective treatment option because of the process’ 
convenience, ease of operation and cost-efficiency (Bhatnagar and Sillanpa, 2011). 
However, currently there is little known on the optimisation of biochar to act as an 
adsorbent material for phosphates (Dari, 2015). This study will attempt to address this 
area of limited knowledge and determine whether biochar is effective for use as 
phosphate adsorbent material. 
 
Nitrate 
Nitrate’s high water solubility and susceptibility to leaching due to nitrate not readily 
binding to soil causes nitrate to be a widespread contaminant in water bodies. High 
nitrate concentrations pose a severe risk to environmental and public health, with 
excess nitrate stimulating heavy algal growth promoting eutrophication. Furthermore, 
after uptake of water high in nitrate, acute poisoning may occur within 30 min to 4 
hours in cattle. Nitrate in drinking water has also been linked to specific cancers, 
adverse reproductive outcomes and diabetes (Ward, 2005).  
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The most commonly used treatment methods to remove nitrate include chemical 
denitrification, reverse osmosis (RO), electrodialysis (ED), catalytic denitrification 
and biological denitrification. However, current available technologies for NO3

− 
removal have limitations as they are often expensive and generate byproducts such 
nitrate-concentrated waste streams that pose a disposal problem (Ward, 2005).  
 
Nitrite 
Nitrite in high concentrations (of over 0.5 mg/g) instigates a serious condition in fish 
called “brown blood disease”. Nitrites in water instigating eutrophication can also 
react with haemoglobin in blood to destroy the ability of red blood cells to transport 
oxygen (methemoglobin). This condition is extremely serious, especially to babies 
where ‘blue baby’ disease may occur. Diabetes may also be caused from excess 
nitrogen levels in water (Kentucky Water Watch, 2017). 
 
V.3. Stage 3- Testing exhausted/used biochar as a fertiliser 
Experimental design and set up 

! Part 1- determining whether exhausted biochar has fertiliser qualities and 
improves plant growth and health relative to unfertilised plants 

o Eight pots were filled with equal amounts of Richgro All Purpose 
garden soil (chosen as this is a relatively standard soil, with greatly 
enriched soils not being chosen as they could alter the plant growth 
and skew the study). Two pots each are filled with equal masses of one 
type of the four different types of biochar, mixed in thoroughly at 
around 2-3 cm below the soil surface. Two pots did not contain any 
biochar to act as a control, to assess whether biochar fertiliser 
displayed positive effects on plant growth relative to unfertilized soil. 

o To compare plant health under different fertilisers, the height of plants 
and number of leaves was recorded on a weekly basis for six weeks. 

o To keep all variables controlled apart from the independent and 
dependent variables: plants were watered on a daily basis with an equal 
amount of water, measured with a measuring cylinder. Plant pots were 
also kept under a clear covering to reduce the effect of uneven rain or 
sunlight patterns on plant growth. 

o Plant root length was measured at the end of six weeks to evaluate any 
impacts biochar fertiliser had upon the soil and plant health. 

! Part 2- determining whether biochar fertiliser is comparable to commercially 
available biochars, and thus whether biochar fertiliser is a competitive 
resource viable for agricultural use. 

o The same process was repeated as above: with two of the best biochar 
materials determined from part 1 fertiliser tests, two pots without any 
fertiliser (control), and two pots containing commercial fertiliser. 

o The commercial fertiliser will be chosen based on how closely it 
matched the nutrient content contained within exhausted/used biochar 
to ensure a fairer test. The mass of the commercial fertiliser will be 
calculated to ensure that it contains the same level of nutrients as the 
biochar fertilisers for a valid study. 
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Broccoli 
Broccolette plants were chosen, as they are an adaptable 
and globally grown plant. They are members of the 
family Brassicaceae, with them being a key feature in 
many cuisines worldwide. The US produces more than 2 
billion pounds of broccoli in 2011, with a value of over 
$750 million (Orzoleck, 2017). Therefore, any results of 
biochar-fertiliser on soil and plant health will be relevant worldwide. Furthermore, 
brocolette plants are adaptable plants that do best with added nitrogen in the forms of 
nitrate, nitrite, ammonium, which are expected to be the nutrients contained within 
biochar (ABC Gardening, 2014). 
 
V.4. Validity 
To ensure this study was valid, all variables apart from the independent variables and 
the dependent variables were kept constant through the use of controls and the 
following experimental design considerations: 

• Pyrolysis conditions and temperatures were kept constant for all biochars 
(5000 C in anoxic conditions within a steel can). 

• The source of wastewater used in this study was real wastewater, not a 
synthetic solution. The urine influent allows biochar’s filtering performance to 
be examined when there are multiple polluting nutrients in the influent, rather 
than biochar being exposed to a synthetic stock solution that contains only one 
type of nutrient. This ensures results collected by this study are truly reflective 
of biochar’s filtering capacity in practical applications. 

• The source of soil, plant species, amount and type of commercial fertiliser was 
kept the same throughout the plant trials. 

• Plants were kept under a clear covering to minimise the effects of uneven 
rainfall on growth and health. 

• Plants were watered with equal amounts of water measured using a measuring 
cylinder at the same time of day throughout the plant trials. 

• Control plant pots were utilised within the trials of biochar as a fertiliser. 
• Suitable measuring equipment was utilised- such as a spectrophotometer 

correct to three decimal places, a measuring scale accurate to three decimal 
places, as well graduated measuring cylinders.  

 
The above measures and use of controls ensures this study involved fair tests and 
controlled experiments. Hence, valid data and conclusions were attained. 
 
V.5. Accuracy 
The accuracy of this experiment was increased through utilising appropriate 
measuring equipment, namely a Spectroquant NOVA 60 machine during the analysis 
of nutrient content in influent and effluent samples. The spectrophotometer provided 
results to two decimal places, ensuring a more true value of nutrients in influent and 
effluent samples. Furthermore, all calculations were made using appropriate formulas 
on Microsoft Excel to at least two significant figures. This further heightens the 
accuracy of presented data. In addition, measuring scales accurate to three decimal 
places were utilised for the measurement of masses. A graduated measuring cylinder 
ensured equal amounts of water was given to plants on a daily basis. 
 

Picture 10: Brassica olecerea plants 
(Author) 
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V.6. Reliability 
The reliability and reproducibility of results was assessed and improved through: 

• Consistent and frequent collection of effluent samples  
• Repeat and replicated trials of biochar as a fertiliser for plants. 
• Calculation of averages whenever possible.!
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VI. EQUIPMENT and MATERIALS 
! Oven 
! Steel can 
! Gloves 
! Sieves with particle sizes 0.3-0.6 and 0.6-0.1 mm 
! Mortar and pestle 
! 0.5 M Sodium hydroxide 
! 6M Hydrochloric acid 
! Test tubes 
! Beakers 
! Scale 
! Distilled water 
! Spectrophotometer 
! Dosing pump 
! Electronic balance 
! Tubes 
! Plant pots 
! Ruler 
! Camera 
! Corncob (CC) biochar 
! HCl and NaOH treated corncob biochar (MCC) 
! Bamboo biochar (BB) 
! Rice husk biochar (RH) 
! Broccolette plants 
! Richgro All Purpose garden soil 
! Human urine 
! Plant fertilizer (Hortico Australia Company: total nitrogen 12.5% w/w; total 

phosphorus: 2%) 
 

 
 
 
 
 
  

Picture 11. (left to right prior to sieving): corncob biochar, bamboo 
biochar, rice husk biochar (author) 
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VII. PROCEDURE 
VII.1. STAGE 1- Biochar pyrolysis and preparation 
1. Dry corncob under the sun for 3 continuous days. 
2. Pack the corncob into a steel can.   
3. Pyrolyse corncob at 500 degrees C in anoxic 

conditions for 3 hours to make corncob biochar (CC)  
4. The modified corncob biochar (MCC) was produced 

using half of the quantity of CC pyrolysed above by 
using the method developed by Vu et al., (2017), as 
followed:  

i. Pour and immerse 6M Hydrochloric 
acid onto half of the CC produced 
above in several 50 mL test tubes 

ii. Leave for 8 hours 
iii. Discharge hydrochloric acid and clean CC with distilled water 
iv. Pour and immerse CC with 0.5 M of sodium hydroxide, leave to 

rest for 24 hours 
v. Clean CC with distilled water to produce modified corncob (MCC) 

vi. Dry MCC in oven for 1 hour 
5. Grind CC, MCC and commercially produced bamboo biochar (BB), commercially 

produced rice husk biochar (RH)   
6. Sieve CC, MCC, BB, RH into particle sizes 0.3-0.6 mm 
7. Wash biochars with distilled water 
8. Dry all biochar samples in laboratory oven for 3 hours 

 
VII.2. STAGE 2- Column studies 
Table 1: Experimental conditions 
Design   
Column dimensions Diameter (m) 0.015 
 Material depth (m) 0.080 
 Volume (L) 0.015 
Filtration conditions Flow rate (L/hr) 0.040 L/h 
 Detention time per filter 

column (hours) 
0.33 hours or 20 minutes 

 
Component 1- Comparison of different 
biochars 
1. Measure 3.50 g of CC biochar on an 

electronic balance and pack into a 
15mL plastic filter column 

2. Pump human urine into the CC column 
at a flow rate of 40 mL/hour using a 
dosage pump 

3. Repeat 1-4 with MCC, BB, RH 
biochar 

4. Run 4 filter columns simultaneously 
5. Collect effluent samples after period of 1 hour 
6. Collect effluent samples at intervals of every 4 hours over a span 24 hours  
 

Picture 12 
Above left: burning corncob biochar 
Above right: product of corncob 
biochar after grinding (prior to 
sieving) (author) 
 

Picture 13 
Above left: Biochar in filter columns 
Above middle: set-up of single column tests 
Above right: multiple columns of CC biochar running 
under same influent (author) 
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Based on (i) the results of component 1 (presented in section IX), (ii) the global 
accessibility of materials, corncob and bamboo, were selected for components 2 and 3 
of this study 
  
Component 2- Comparison of the effect of different detention and running times 
(number of filter columns) between biochar and urine 
7. Measure 3.50 g of CC biochar on an electronic balance and pack into a 15mL 

plastic filter column 
8. Using CC, run a series of three columns with biochar (3 x 3.50 g of CC packed 

into 15 mL filter columns) 
9. Collect effluent samples from different columns at intervals of every 4-6 hours 

over a period of 72 hours 
 
Component 3- Further investigation of the effect of running time on nutrient 
absorption 
10. Measure 3.50 g of BB on an electronic balance and pack into a 15mL plastic filter 

column 
11. Using BB, run a series of three filter columns (detention time 1 hour for 3  

columns, 3.50 g of BB per 15mL tube) 
12. Collect effluent from column 3 after periods of 12 hours over a span of 72 hours 
 
Component 4- Measurement of nutrient concentration in influent, effluent samples 
13. Measure ammonium, nitrate, nitrite and phosphate content from all samples using 

a spectrophotometer and compare removal efficiency of different biochars 
14. Dry exhausted/used biochar in air under the sun for 24 hours 
  
VII.3. STAGE 3- Testing exhausted/used biochar ability to act as a fertiliser 
1. Place equal amounts of soil into 10 plant pots 
2. Place equal amounts of CC biochar (3.50 g) into two plant pots, mix well  
3. Repeat process with used MCC, BB, RH biochar with another 6 pots 
4. Leave another 2 pots to act as control pots without biochar 
5. Place one brocolette sapling into each plot 
6. Place all samples under a clear covering to allow equal amounts of sunlight to 

pass whilst restricting rainfall 
7. Water each plant with equal amounts of water on a daily basis 
8. Measure the height of each brocolette plant on a weekly basis 
9. Record the number of leaves on each plant on a weekly basis 
10. Repeat steps 5-6 for 6 weeks 
11. Compare the root system of each broccolette plant at the end of the 6 weeks 
12. Compare the growth and health of plants in pots with exhausted/used biochar with 

those in pots without being fertilised by exhausted/used biochar  
 
 
 
 
 
 
 
 
 

Picture 14: 10 plant pots (left to right): 2 controls, CC, BB, 
RH, MCC plants (author) 
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STAGE 3b-Comparing biochar fertiliser with commercial fertiliser 
1. Pour equal amounts of soil into 8 plant pots 
2. Place 3.50 g of exhausted/used CC biochar into one plant pots, repeat so there are 

2 plant pots containing 7.00 g of exhausted/used CC biochar in total between them 
3. Repeat step 2 with exhausted/used BB biochar  
4. Place and distribute 0.09 g of Hortico Plant and Vegie commercial fertiliser into 2 

plant pots. This amount contains similar amount of nutrients (ammonium, 
phosphate, etc.) contained within the specific masses of used CC and BB specified 

5. Leave 2 plant pots without any fertiliser or biochar to act as a control (ensure there 
are 2 control plant pots, 2 plant pots with commercial fertiliser, 2 plant pots with 
CC, 2 plant pots with BB). 

6. Place one broccolette sapling into each plot. 
7. Place all samples under a clear covering to allow equal amounts of sunlight to 

pass whilst restricting rainfall. 
8. Water each plant with equal amounts of water on a daily basis. 
9. Measure the height of each brocolette plant on a weekly basis. 
10. Record number of leaves on a weekly basis. 
11. Compare the root system length of each brocolette plant at the end of the 6 weeks 
13. Compare the growth and health of plants in pots with exhausted/used biochar with 

those in pots unfertilised with exhausted/used biochar  
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VIII. RISK ASSESSMENT 
 
Table 2: possible hazard and strategies to minimized these hazards 
Identified hazards Strategies to minimize hazards 
Burns during 
pyrolysis of 
biochar 

- Tie hair back 
- Use heat resistant glove 
- Allow a suitable period of 2 hours before handling of biochar 
- Fence area of oven away 
- Use protective glasses  
- Use a handheld thermometer to identify when temperature is safe 
- Keep fire extinguisher in close proximity 

Biochar particles 
may irritate lungs, 
nose and throat 
when sieving into 
appropriate particle 
sizes 

- Use a dust mask 
- Undertake procedures in well ventilated area 

6M of hydrochloric 
acid (highly 
corrosive): highly 
lung irritant if HCl 
gas is evolved, 
highly skin irritant, 
toxic by all routes 
of exposure 

- Use in a well ventilated area 
- Use eye and skin protection  
- Dispose waste solution down toilet after making solution pH 7-9 
with NaOH 

0.5M of sodium 
hydroxide: 
corrosive to skin 
and eyes, toxic if 
ingested 

- Use in a well ventilated area 
- Use eye and skin protection  
- Dispose waste solution down toilet after making solution pH 7-9 
with HCl 

Infectious diseases 
spreading through 
urine 

- Use disposable gloves  
- Wash hands following use  
- Discharge used and analysed test tube contents down toilet 
- Firmly screw test tube caps before disposal in a separate, zip-
locked labeled bag in the trash 

Potting mix may 
irritate nose, throat 
and lungs due to 
presence of dust or 
liquid mists. Skin 
irritation may occur 
with direct contact 
with potting mix 

In accordance to directions of potting mix:  
- Avoid contact with the potting mix with eyes and skin through use 
of gloves, a facemask, protective glasses 
- Wash hands and clothes following use 
- Use in a well ventilated area 
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IX. RESULTS AND DISCUSSION 
 
IX.1. COLUMN TESTS 
 
IX.1.i. Ammonium removal efficiency  

a. Ammonium removal efficiency of different biochar materials 
 
The ammonium removal efficiency of different biochar materials is presented in 
Figure 1. 
 

 
Figure 1. Ammonium removal efficiency of different biochars (initial ammonium 
concentration: 4.6-8mg/L, initial pH: 8.7-8.93) 
 
Discussion 
Under the first set of column tests, biochar was not highly effective at removing 
ammonium. This does not correlate with past literature. This may suggest that 
ammonium volatization may have occurred during influent storage prior to 
spectrophotometer analysis, thus affecting influent results. 
 
At a neutral pH and typical wastewater temperature (20-300 C), most ammonium ions 
are in ionized form. However, at a higher pH of 9.3, the number of hydroxyl ions rises 
and the concentration of unionized ammonium becomes equal to the concentration of 
ionised ammonium (Siegrist et al., 2013). The pH of urine after being filtered was 
8.9-9.17. Therefore, a significant level of ammonium in the influent samples could 
have evaporated during the storage before spectrophotometer analysis. 
 
Due to the difference in time between influent collection and spectrophotometer 
analysis compared to the time between effluent collection and spectrophotometry, the 
influent samples may have experienced a greater level of ammonium evaporation. 
Hence, is hypothesised that this greater ammonium volatisation in the influent 
samples lowered the influent’s ammonium content measured by the 
spectrophotometer. This would have decreased the accuracy of the results within this 
set of trials regarding the level of ammonium biochar was able to remove.  
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To address this potential source of error, in future trials the period between urine 
collection and column tests and between sample collection and spectrophotometry 
analysis will be reduced to 12 hours and 2 days respectively. Future experiments also 
will fill sampling containers completely with influent, to minimize the rate of 
ammonium volatisation. Another suggestion to improve the accuracy of results is to 
apply acids such as HCl within the influent sample to reduce the pH and ammonium 
volatisation occurring.  
 
b. Effect of different detention and running times 
 
The effect of different detention and running times on corncob biochar’s ammonium 
removal is presented in Table 3. 
  
Table 3. Removal amount (mg) of ammonium by CC with different running times 
and detention times (or number of filter columns) (Influent: 9.0 mg/L-29.8 mg/L, pH: 
8.84-9.01)  
Running time (hours) Detention time  

 
 20 minutes 

(1 column) 
40 minutes 
(2 columns) 

60 minutes 
(3 columns) 

12 NA 0.10  
24 NA 5.72 6.63 
36  9.42 10.39 
72   12.89 

Note: NA: Not accurate so this result is not used  
  
Discussion 
Ammonium removal within the second batch of column studies with corncob biochar 
was significantly higher than within the first batch of column studies. This supports 
the hypothesis that ammonium volatization in the first set of trials caused ammonium 
removal by corncob biochar to appear less than what was actually occurred.  
 
Within this second batch of column studies, ammonium was adsorbed at a high 
amount; with a maximum of 10.39 mg being removed under 3 columns over a 
running time 36 hours. It is identified that an increase in detention time from 2 to 3 
columns had a positive effect on ammonium absorption, with a nearly 1 mg increase 
in ammonium being adsorbed at 24 and 36 hours. Hence, a greater detention time 
does improve the ammonium removal efficiency to a sufficient extent that 3 filter 
columns is recommended for application. 
 
The data in table 3 suggests that corncob biochar has a strong bio-absorption capacity 
for ammonium, with the maximum ammonium removal being 12.89 mg over 72 
hours under 3 columns (corresponding to 1.48 mg ammonium/g CC). 
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The effect of different running times on bamboo biochar’s removal of ammonium is 
presented in Table 4. 
 
Table 4. Removal amount and removal efficiency of ammonium by bamboo biochar 
after different running times by 3 filter columns (corresponding to 1 hour detention 
time, Influent NH4

+: 14.3-24.9 mg/L; pH: 8.70-9.17) 
 

Running NH4
+  

time 
(hours) 

Amount in the influent 
(mg) 

Removal amount 
(mg) 

Removal efficiency 
(%) 

12 8.35 4.66 55.4 
24 16.75 9.34 55.6 
36 23.86 12.50 52.3 
48 32.64 13.94 42.7 
60 44.59 15.90 35.7 
72 56.54 17.13 30.3 

 
From the results above, ammonium removal by bamboo biochar was the most 
efficient between 0-36 hours of running time, where ammonium removal efficiency 
was at its peak between 52.3-55.6%. A greater detention time did increase the amount 
of ammonium removed, with an additional significant 7.79 mg being removed 
between 36-72 hours. However, this removal efficiency was at a lower rate of 30.3-
42.7%. This indicates there were less absorption sites for ammonium as time 
progressed as they had already been used to ammonium and other nutrient ions. As a 
result, 36 hours of filtering time is suggested for time-efficiency. 
 
Both corncob and bamboo biochars displayed a capable bio-adsorbent capacity in 
terms of adsorbing ammonium. Bamboo biochar removed 17.13 mg (1.64 mg/g) after 
72 hours of filtration time and corncob biochar removed a similarly high 12.89 mg 
after this running time. These results are comparable with other biosorbents. For 
example, the maximum ammonium absorption capacity of common adsorbents such 
as rice husk and slag are 2.10 mg/g and 3.1 mg/g (Zhu, 2012, Zhang et al., 2013). It 
should be noted that the maximum ammonium absorption capacity of slag and rice 
husk was calculated according to batch studies and with synthetic wastewater. The 
stock solution contained only one type of nutrient, allowing a higher rate of removal 
of this nutrient (ammonium). This contrasts to this study replicating realistic 
wastewater nutrient levels with urine influent, which would cause competitive 
absorption of nutrients. This study’s urine wastewater would result in singular 
nutrients being adsorbed in lower levels but a wider variety of nutrients being 
removed. 
 
Bamboo biochar is evaluated to be more efficient than corncob biochar in removing 
ammonium, with 33% more ammonium being adsorbed under bamboo biochar filters 
than under corncob filters (equivalent to an additional 0.40 mg/g of ammonium). 
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IX.1.ii. Phosphate removal efficiency  
a. Phosphate removal efficiency of different biochar materials 
 
The phosphate removal efficiency of different biochar materials is presented in Figure 
2 and Table 5. 
 

 
Figure 2. Phosphate removal efficiency of different biochars (initial phosphate 
concentration: 1.38-2.19mg/L, initial pH: 8.7-8.93) 
 
Table 5. Removal amount (mg) of phosphate by 5.0 g of different biochars after 24 
hours (Influent phosphate: 1.52-2.19 mg/L; pH: 8.70-8.93) 

 PO4
3- (mg) 

Bamboo 0.41 
Rice husk 0.46 
Corncob 0.30 
Modified corncob 0.29 

 
Discussion 
The rice husk biochar displayed the highest removal amount of phosphate (0.46 mg). 
However, it is worth noting that there was only a very slight difference of a maximum 
0.16 mg between the amount of PO4

3- removed across the 4 different biochar types. 
This denotes all four biochar materials have a similar capacity and suitability for 
phosphate absorption. What agricultural byproduct chosen to be employed needs to 
take into consideration the accessibility and cost of the material.  
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b. Effect of different detention and running times 
 
The effect of different detention and running times on corncob biochar’s phosphate 
removal is presented in Table 6. 
 
Table 6. Removal amount (mg) of phosphate by corncob biochar with different 
running times and detention times (number of filter columns), (Influent: 1.37-3.66 
mg/L; pH: 8.84-9.01) 
 
Running time (hours) Detention time  

 
 20 minutes 

(1 column) 
40 minutes 
(2 columns) 

  60 minutes 
(3 columns) 

12 0.05 0.06  
24 0.30 0.97 0.98 
36  1.02 1.06 
72   3.10 

 
Discussion 
A significant rise in phosphate removal occurred following an increased detention 
time of corncob biochar with influent. A further 0.68 mg of phosphate was adsorbed 
under 2 columns as opposed to under 1 column following 24 hours, corresponding to 
a 228% increase in phosphate removal. This marked difference demonstrates that 2 
filter columns are recommended for minimum nutrient removal. 
 
However, for phosphate reduction 3 filter columns are not deemed to be necessary as 
the amount of phosphate removed did not significantly heighten under 3 filter 
columns. The maximum increase in phosphate adsorbed following an additional 
running time of 12 hours under 3 filter columns was 0.04 mg. This displays that 
whilst an increase in detention time is valuable, after a certain period biochar’s 
phosphate removal capacity has been reached. Following this, more filter columns 
become slightly redundant in terms of the aim of lowering phosphate levels.  
 
Furthermore, based on results, the phosphate effluent content does not reach a point 
where it is below 1mg/L. This may indicate that there are stable phosphate-
compounds within the urine that can never be fully adsorbed by biochar. 
 
During column tests, white particles were formed inside the columns and after 72 
hours of operation the first column became blocked. The phenomenon can be 
explained based on how the urine contained mostly amorphous phosphates due to the 
influent conditions being alkaline (pH 8.7-9.17) (Bradley, 1982). To address this 
precipitate in practical applications of biochar, a backwash of the filter column can be 
carried out, or the exhausted biochar can be replaced.  
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The effect of different running times on bamboo biochar’s phosphate removal is 
presented in Table 7. 
 
Table 7. Removal amount and removal efficiency of phosphate by bamboo biochar 
after different running times by 3 filter columns (corresponding to 1 hour detention 
time, Influent phosphate: 1.42-4.40 mg/L, pH: 8.70-9.17) 
 

Running PO4
3-  

time 
(hours) 

Amount in the influent  
(mg) 

Removal amount 
(mg) 

Removal efficiency 
(%) 

12 0.76 0.28 36.8 
24 1.44 0.52 36.1 
36 2.60 0.98 37.7 
48 4.71 2.17 46.1 
60 6.16 3.28 53.2 
72 7.61 4.23 55.6 

 
Discussion 
A longer running time from 0 to 72 hours had a notable increase in phosphate 
adsorbed by bamboo biochar, with the majority of phosphate removal occurring 
within the later stages of running time. 3.25 mg (75%) of the total 4.34 mg of 
phosphate removed throughout 72 hours was between hours 36-72. Removal 
efficiency of phosphate was at its highest within the later stages of running time, 
increasing gradually from 36.8% to 55.6% at the end of the 72 hours.  
 
The greater amount of phosphate (in mg) being removed at the later stages of running 
time suggest that competitive absorption for absorption sites is occurring between 
phosphate and ammonium compounds. This hypothesis is based on ammonium 
removal in mg by bamboo biochar being most significant within the first 24 hours 
(16.75 mg), whilst phosphate removal by bamboo biochar being at its lowest level 
within the first 24 hours (0.52 mg). Conversely, the highest phosphate removal by 
bamboo biochar occurred when ammonium removal by bamboo biochar was 
decreasing. This may denote that in the process of competitive absorption, following 
ammonium being adsorbed in larger quantities, bamboo biochar becomes more 
favourable to adsorbing phosphate compounds.  
 
The phosphate content removed by both the corncob (0.30 mg/g) and bamboo 
biochars (0.40 mg/g) is competitive with absorption methods widespread today. These 
include limestone (0.3 mg/g, Hussain et al., 2011), opoka (0.1 mg/g, Johansson, 1999) 
and dolomite (1 mg/g, Karaca et al., 2006). As and corncob biochars have similar 
phosphate absorption rates as current schemes, they are viable for application as a 
filter for damaging wastewater nutrients.  
 
If phosphate content is of concern and needs to be reduced in high quantities (over 
55% of the phosphate contained in a certain volume of influent), a running time of 72 
hours is suggested. However, a 36-hour time frame is proposed if under 40% of the 
phosphate of a certain influent volume is required to be reduced. 
 
In terms of phosphate removal, likewise to ammonium removal, bamboo biochar 
proved to reduce more phosphate content than the corncob biochar. The level of 



27  

phosphate adsorbed following 72 hours of running time under 10.50 g of corncob was 
1.13 mg less than the level of phosphate adsorbed by bamboo (4.23 mg) after this 
same duration and detention time. Therefore, bamboo biochar is the recommended 
bio-adsorbent material to best reduce phosphate and ammonium content, 
  



! 28 

 
IX.1.iii. Nitrate removal efficiency  

a. Nitrate removal efficiency of different biochar materials 
 
The nitrite removal efficiency of different biochar materials is presented in Figure 3 
and Table 8. 
 

 
Figure 3. Nitrate removal efficiency of different biochars (initial nitrate 
concentration: 8.8-11.3mg/L, initial pH: 8.7-8.93) 
 
Table 8. Removal amount (mg) of nitrate by different biochars after 24 hours 
(Influent nitrate: 8.8-11.3 mg/L, pH: 8.7-8.93) 
 

 NO3
- (mg) 

Bamboo 0.19 
Rice husk 0.07 
Corncob 0.05 
Modified corncob 0.00 

 
Discussion 
From the results, bamboo biochar is determined to be best for nitrate absorption, with 
it removing the maximum level of nitrate (0.19 mg). Modified corncob, corncob and 
rice husk had a lower nitrate removal capacity of 0-0.07 mg of nitrate removed after 
24 hours. 
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b. Effect of different detention and running times on nitrate removal 
Tables 9 and 10 show the effect of different detention and running time on the nitrate 
removal performance of corncob and bamboo biochars. 
 
Table 9. Removal amount (mg) of nitrate by Corncob biochar with different running 
times and detention times (or number of filter columns), (Influent nitrate: 11.8-14.9 
mg/L, pH: 8.84-9.01) 
 
Running time (hours) Detention time  

 
 20 minutes 

1 column 
40 minutes 
2 columns 

60 minutes 
3 columns 

12 0.04 0.26  
24 0.05 0.92 1.46 
36  1.98 2.88 
72   8.21 

 
Discussion 
Similar to the phosphate and ammonium parameters, 2 columns and double the 
detention time increased the nitrate removal amount significantly, by up to 650%. 
Three columns also did significantly maximize the nitrate adsorbed, with between 
0.54-0.90 mg more nitrate removed under 3 filter columns compared to 2 filters 
columns after the same running times. The nitrate adsorbed also increased 
significantly between 36 to 72 hours of running time. Hence, 3 filters columns are 
recommended to ensure efficient nitrate absorption, as the fairly large nitrate removal 
increase justifies the investment of an additional third column. 
 
Table 10. Removal amount and removal efficiency of nitrate by bamboo biochar after 
different running times by 3 filter columns (corresponding to 1 hour detention time), 
(Influent nitrate: 15.6-22.6 mg/L; pH: 8.70-9.17) 
 

Running NO3
-  

time 
(hours) 

Amount in the influent  
(mg) 

Removal amount 
(mg) 

Removal efficiency 
(%) 

12 10.32 4.40 42.6 
24 21.17 8.64 40.8 
36 28.90 11.89 41.1 
48 37.15 14.96 40.3 
60 44.64 17.24 38.6 
72 52.13 18.13 34.8 

 
Discussion 
 
In a shared trend to ammonium results, nitrate removal by bamboo biochar was at its 
greatest efficiency in the early stages of running time (0-36 hours) where nitrate 
removal efficiency was between 40.8-42.6%.  Following this, biochar removal 
efficiency was still substantial, however began to lower, with the removal efficiency 
decreasing to 34.8-40.3%. Hence, it is recommended that the most suitable and 
effective running period to implement bamboo biochar is over 36 hours (likewise to 
the method proposed based on bamboo biochar’s ammonium removal results).  
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In addition, it is noteworthy that like ammonium, another nitrogen based compound, 
nitrate removal efficiency by bamboo biochar was higher within the earlier stages of 
running time whilst phosphate removal efficiency was higher within the later stages. 
This corroborates the hypothesis that competitive absorption is occurring, with 
nitrogen-based compounds being adsorbed before phosphorous-based compounds.   
 
Both biochars displayed strong nitrate removal ability over 72 hours. The corncob 
biochar removed 8.21 mg nitrate (0.78 mg/g), and bamboo biochar removed 18.13 mg 
of nitrate (1.73 mg/g). This removal amount by both biochars is similar to a range of 
current absorption methods, such as halloysite (0.54 mg/g), wheat-straw charcoal 
(1.10 mg/g) and mustard straw charcoal (1.30 mg/g) (Bhatnagar 2011; Mischra et al., 
2009; Tezuka S et al., 2004). This denotes bamboo biochars have potential to filter 
harmful nitrate content in water at a level competitive with current treatment methods.  
 
Upon comparison of the two biochars, bamboo biochar removed 9.92 mg more nitrate 
than corncob biochar following 72 hours of running time (detention time 1 hour) 
Therefore bamboo is deemed to be a more suitable biochar material to serve as 
bioadsorbent for nitrate. 
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IX.1.iv. Nitrite removal efficiency  
a. Nitrite removal efficiency of different biochar materials 
 
The nitrite removal efficiency of different biochar materials is presented in Figure 4 
and Table 11. 
 

 
Figure 4. Nitrite removal efficiency of different biochars (initial nitrite 
concentration: 0.42-1.65mg/L, initial pH: 8.7-8.93) 
 
Table 11. Removal amount (mg) of nitrite by 5.0 g of different biochars after 24 
hours (Influent nitrite: 0.42-1.65 mg/L, pH: 8.7-8.93) 
 

 NO2
- (mg) 

Bamboo 0.42 
Rice husk 0.47 
Corncob 0.52 
Modified corncob 0.49 

 
Discussion 
All biochar materials were fairly comparable in terms of their nitrite reduction ability, 
differing at most by 0.10 mg. Due to the miniscule difference and similar performance 
from the 4 trialed biochars, the biochar material that is most accessible and of lowest 
cost for a given circumstance is suggested for practical usage. 
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b. Effect of different detention and running times 
Tables 12 and 13 shows the effects of different detention and running time on the 
corncob and bamboo biochars’ removal of nitrite. 
 
Table 12. Removal amount (mg) of nitrite by Corncob biochar with different running 
times and detention times (number of filter columns), (Influent nitrite: 0.43-0.48 
mg/L, pH: 8.84-9.01) 
Running time (hours) Detention time (minutes) 

Number of columns 
 20 minutes 

1 column 
40 minutes 
2 columns 

60 minutes 
3 columns 

12 0.02 0.02  
24 0.51 0.11 0.12 
36  0.12 0.15 
72   0.29 

 
Discussion 
Based on overall results, 2 columns proved to be best for nitrite reduction, as no 
significant improvement was observed from an increased contact time from 40 to 60 
minutes (increased number of columns from 2 to 3).  
 
However, is unexpected that 1 filter column removed 0.21-0.40 mg more than 2 and 3 
filter columns after 24 hours of running time. This apparent decrease in nitrite 
removal from an increased detention time at this time is hypothesized to be due to the 
influent within trials with 1 filter column containing more nitrate compared to the 
influent within the trials with 2 and 3 filter columns. (1.65 mg/L of nitrate compared 
to 0.6 mg/L of nitrate).  
 
Biochar generally showed a lower nitrite removal capacity in contrast to its reduction 
of other nutrient parameters. This may be due to the low influent nitrite concentration 
as well as the competition of sorption sites. In this study, real wastewater was utilised 
rather than synthetic stock solutions. This was to increase the experiment’s validity 
and more accurately reflect the biochars’ nutrient removal capacity within real-life 
applications. As multiple rather than singular nutrients were contained in the influent, 
different nutrients would compete for biochar’s adsorption sites. This competition 
between nutrient ions may have hindered absorption of nitrite. Hence, nitrite may not 
be as strongly adsorbed as if it was the only nutrient within a synthetic water sample. 
 
In addition, the biochar’s absorption sites being more favorable to other nutrients such 
as ammonium (which was removed in high concentrations) rather than the nitrite ion 
may also have affected nitrite removal. If the biochar adsorbent is favourable to 
ammonium, and the ammonium content is high, less absorption capacity may be 
given for nitrite ions (Sethupathi et al., 2017). Further research is recommended to 
identify the cause for biochar’s fairly low nitrite reduction that differs from its much 
higher reduction of nutrients such as ammonium. 
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Table 13. Removal amount and removal efficiency of nitrite by bamboo biochar after 
different running times by 3 filter columns (corresponding to 1 hour detention time), 
(Influent nitrite: 0.38-0.54 mg/L, pH: 8.70-9.17) 
 

Running NO2
- 

time 
(hours) 

Amount in the influent  
(mg) 

Removal amount 
(mg) 

Removal efficiency 
(%) 

12 0.18 0.04 22.2 
24 0.44 0.12 27.3 
36 0.62 0.15 24.2 
48 0.86 0.19 22.1 
60 1.09 0.22 20.2 
72 1.32 0.23 17.4 

 
Discussion 
 
As apparent within all the nutrient parameter levels (apart from phosphate), the 1st 36 
hours had the most efficient rate of nutrient removal, with nitrite removal efficiency 
being between 22.2-27.3%. The removal amount of nitrite in terms of mg of nitrite 
adsorbed did increase with an increased running time, with a further 0.08 mg nitrite 
removed from 36-72 hours of running time. However, the removal efficiency was 
lower between 36-72 hours than within the first 36 hours. Hence, a 36-hour running 
time is proposed, as this time frame had the highest nitrite removal efficiency and 
would ensure biochar’s time-effective application.  
 
In terms of the better agricultural waste product to act as a bioadsorbent for nitrite, 
corncob material fared slightly better. Following 72 hours of running time under three 
columns, corncob biochar removed 0.06 mg more than bamboo biochar. Nevertheless, 
this is a minute difference, and either material could be used to reasonably filter nitrite 
content in agricultural wastewaters. The ultimate decision needs to take into account 
the accessibility and cost of available materials. 
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IX.1.v. Comparison between different biochars  
 
Table 14. Removal amount (mg) of nutrients by different biochars by 1 column (3.50 
g) after 24 hours 
 
 PO4

3- 
(mg) 

NO3
- 

(mg) 
NO2

-  
(mg) 

Total nutrients (mg) 
(excluding ammonium) 

Bamboo 0.41 0.19 0.42 1.02 
Rice husk 0.46 0.07 0.47 1.00 
Corncob 0.30 0.05 0.52 0.86 
Modified corncob 0.29 0.00 0.49 0.78 

 
Discussion 
This table’s results show that the nutrient removal and adsorption performance of 
different biochars on nutrient removal follows this order (from best to worst material):  
 
Bamboo biochar > Rice husk biochar > corncob biochar > modified corncob biochar 
 
Based on these results, bamboo biochar and corncob biochar were chosen for the 
subsequent 3-column study experiment. This is due to them holding the highest 
nutrient removal (for bamboo) and due to the accessibility of the material worldwide 
(for corncob). 
 
It is unexpected to find that the chemical treatment of the modified corncob (MCC) 
slightly reduced its nutrient adsorption capacity. This study employed modification 
with HCl and NaOH, which aims to specifically improve biochar’s ammonium 
adsorption capacity rather than its absorption of other nutrients (Vu et al., 2017). 
Unfortunately, ammonium volatisation encountered within this study affected the 
reliability of the results concerning modified corncob’s ammonium absorption. 
Therefore, in this study, the chemical modification of corncob demonstrated no 
improvement in terms of the biochar’s overall absorption of nutrients.        
 
b. Long term performance 
The amount of nutrients removed by corncob and bamboo biochar after 72 hours of 
filtration is presented in Tables 15-16. 
 
Table 15. Removal amount (mg) of nutrients by 10.50 g corncob biochar after 
different running times (1 hour detention time, 3 filter columns) 
 

Running time 
(hours) 

NH4
+ 

(mg) 
PO4

3- 
(mg) 

NO3
- 

(mg) 
NO2

- 
(mg) 

Total nutrients 
(mg) 

24 6.63 0.97 1.46 0.12 9.18 
36 10.39 1.06 2.88 0.15 14.49 
72 12.89 3.90 8.21 0.29 25.28 
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Table 16. Removal amount (mg) of nutrients by 10.50 g of bamboo biochar after 
different running times (1 hour detention time, 3 filter columns) 

Running 
time 

(hours) 

NH4
+ 

(mg) 
PO4

3-  
(mg) 

NO3
- 

(mg) 
NO2

- 
(mg) 

Total 
nutrients 
removed 

(mg) 

Total 
nutrients 
influent 

(mg) 

Removal 
percentage 
of influent 
nutrients  

24 9.34 0.52 8.64 0.12 18.62 39.80 46.8 
36 12.50 0.98 11.89 0.15 25.51 55.98 45.6 
72 17.13 4.23 18.13 0.23 39.72 117.6 33.8 

 
 
Discussion 
As observed in Tables 14 and 15, competitive absorption does occur. Nitrogen based 
compounds such as ammonium, nitrate and nitrite were adsorbed at a greater level at 
early running times than phosphorous based compounds such as phosphate, which 
was adsorbed at a greater level at later running times. The largest ammonium amount 
adsorbed within was within the first 24 hours of running time, with 9.34 mg being 
removed. Similarly, the greater nitrate and nitrite content adsorbed by bamboo 
biochar in a duration of 24 hours was within the first 24 hours, at 8.64 mg and 0.12 
mg respectively. Contrastingly, the lowest level of phosphate removed (0.52 mg) in a 
span of 24 hours was during the period at which nitrogen based compounds were 
being adsorbed at their highest rate (0-24 hours). Meanwhile, the highest content of 
phosphate removed in 24 hours (2.03 mg between 48-72 hours) occurred when 
absorption of nitrogen-based compounds was becoming less efficient. This indicates 
that bamboo biochar’s surface chemistry results in nitrogen based compounds being 
favourable to absorption before phosphorous-based compounds. 
 
Tables 15 and 16 also show that bamboo biochar has a stronger nutrient removal 
capability in comparison to corncob biochar. In the trials of different biochar filters 
under 1 column, bamboo biochar removed 0.16 mg more total nutrients of nitrate, 
nitrite and phosphate than corncob biochar filters. Likewise, bamboo biochar removed 
14.44 mg more ammonium, nitrate, nitrite and phosphate (57%) than corncob biochar 
following 72 hours under 3 filter columns. Therefore, bamboo is the overall 
preferable agricultural byproduct to produce bioadsorbents able to filter damaging 
nutrients in agricultural wastewater. 
 
The higher surface area of bamboo biochar compared corncob biochar may be the 
reason for its better nutrient absorption. Chen et al. (2017) and Ye et al. (2015) 
reported that the specific surface area of bamboo powder pyrolyzed at 400 - 5000C is 
2.27 – 2.91m2/g, two to three times higher than that of corncob biochar (0.96 m2/g, Vu 
et al., 2017).  
 
 
!
!
!
!
!
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IX.2. TRIALS OF BIOCHAR AS A FERTILISER  

IX.2.i. Effect of the addition of exhausted biochar on plant growth and health 
 
The effect of the addition of exhausted/used biochars as a fertiliser on plant growth 
and health is presented in the Figures 5 to 7. 
 
 

  
Figure 5. Average increase in height over six weeks of brocolette plants fertilised 
with different biochars!
 
 

! 
Figure 6- Average increase in number of leaves over six weeks of brocolette plants 
fertilised with different biochars 
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Figure 7. Average root length after six weeks of brocolette plants fertilised with 
different biochars 
 
Discussion 
It is determined that plants fertilised with biochars possessed greater height and better 
health than the plants without any biochar fertiliser. This is observed through the 
control plants’ increase in height being 50-175% less than the plants fertilised with 
biochar. In addition, the control plants’ average increase in number of leaves was 25-
200% less than those plants biochar enriched. Therefore, biochar fertiliser does 
positively improve soil quality, as the plants grown in biochar-enriched soil 
consistently displayed better growth and health than plants unfertilised with biochar.  
 
For biochar’s application as a fertiliser based on results within this set of trials, 
modified corncob or bamboo biochar are recommended. This is based on plants 
fertilised with these types of biochar displaying the greatest increase in height or 
number of leaves. Bamboo biochar’s suitability for fertiliser applications is supported 
by plants bamboo-biochar enriched increased in their number of leaves two times 
more than unfertilised plants. Similarly, modified corncob’s effectiveness as a 
fertiliser is evident in modified corncob plants having the fastest rate of growth. Their 
increase in height was 175% more than that displayed by the control plants. Modified 
corncob plants also had one of the more extensive root systems (length of 19.5 cm).  
 
Based on results as a whole, as all biochars enriched the soil to a degree to which 
plant growth and health improved relative to unfertilised plants all biochar materials 
are able to be reused as a crop fertiliser. This maximises biochar’s output and 
productivity for agricultural applications.  
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IX.2.ii. Performance of exhausted biochar in aiding plant growth and health 
 
The comparison between the growth and health of plants fertilised by different 
biochars and commercial fertilizer is presented in Figures 8 to 10. 
 

 
Figure 8- Average increase in height over six weeks of brocolette plants fertilised 
with different biochars and commercial fertilizer 
 
 

 
Figure 9- Average increase in number of leaves over six weeks of brocolette plants 
fertilised with different biochars and commercial fertilizer 
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Figure 10- Average root length after six weeks of brocolette plants fertilised with 
different biochars and commercial fertilizer 
 
Discussion 
Results from the second set of plant tests demonstrate that both the bamboo and 
corncob biochars are similar in their fertiliser capacity and highly suitable to act as a 
fertiliser material. This is based on corncob biochar fertiliser increasing the height of 
brocolette plants by 6.25 cm on average over the 6 weeks, a 38% greater increase in 
average height than plants fertilised with the commercial fertiliser. Similarly, bamboo 
biochar fertilised plants displayed a comparable growth in height to plants fertilised 
by commercial fertiliser (the growth rate between differed by only a maximum of 
16% on average). 
 
Regarding the leaf health under different fertiliser conditions, the bamboo biochar and 
corncob biochar both increased the brocolette plant leaves by 3-4 leaves, from an 
initial 4-5 leaves. 
 
Bamboo and corncob fertiliser both exceeded the commercial fertiliser’s capacity in 
terms of aiding root health. Plants fertilised by these biochar materials displayed a 
more extensive and longer root system (by 1-6.5 cm) after six weeks than 
commercially fertilised plants.  
 
Overall, plants fertilised by bamboo and corncob bamboo biochars displayed a better 
or equivalent increase in height, leaves and had a more extensive root system than 
plants fertilised with commercial fertilisers or no fertiliser. This renders bamboo and 
corncob biochars appropriate for application as a sustainable alternative to 
commercial fertilisers available. 
 
Within these set of trials, corncob biochar was best for improving plant growth, with 
plants fertilised with corncob biochar fertilised plants displaying a 1.75 cm (38%) 
greater increase in plant height than plants fertilised with commercial fertiliser. It is 
interesting to note that despite the bamboo biochar containing more nutrient content 
(39.72 mg of ammonium, nitrate, nitrite, phosphate/10.50 g) than corncob biochar 
(25.28 mg of ammonium, nitrate, nitrite, phosphate/10.50 g), corncob biochar aided 
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plant growth more. This may indicate specific chemical characteristics of corncob 
biochar, such as its high water holding capacity, (Piash, 2014) are also valuable 
factors contributing to its fertiliser performance. Further research into the surface 
chemistry of biochar is recommended to better understand the reasons enabling 
biochar’s effectiveness as a fertiliser, apart from its nutrient contributions to soil.  
 
Meanwhile, bamboo biochar is deemed optimum for improving root health. The root 
system of bamboo biochar fertilised plants was 5.5 cm (33%) longer than the roots of 
plants fertilised by corncob biochars and 6.5 cm (42%) longer than the root system of 
plants commercially fertiliserd.  
 
Hence, bamboo and corncob biochars are recommended for use as a crop fertiliser 
following being utilised as a filter and bioadsorbent for animal wastewaters. The 
multiple uses of biochar as both a bioadsorbent and fertiliser increases its output, 
productivity and cost-efficiency within agricultural applications. This aids to reduce 
environmental pollution. 
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X. CONCLUSION AND PROPOSAL 
 
Part 1- Model of biochar application 
 
Model 1- For cost and time efficient removal of lower wastewater nutrient levels  
 
Model outline/Criteria for application 

! Material: Bamboo biochar 
! Filtration rate: 5.5 m3/m2/day 
! Amount: less than 7kg of biochar/m3 of wastewater 
! Detention time of wastewater in filter column/s: 1 hour 
! Running time for effective removal (up to 45.6% of the main nutrients in 

wastewater: ammonium, phosphate, nitrate, nitrite): 36 hours 
 
Nutrients in the influent are removed at a level up to: 

! 52% of initial ammonium NH4
+  

! 38% of initial phosphate PO4
3-  

! 41% of initial nitrate NO3
-  

! 24% of initial nitrite NO2
-  

 
This 1st model is practical and is capable of reducing total nitrogen in wastewater to 
under 20 mg/L and total to under 2mg/L. These values meet the effluent quality 
guidelines in Australia for sewerage systems, which specify the acceptable nutrient 
levels of effluents following primary and secondary treatments (Agriculture and 
Resource Management Council of Australia and New Zealand, 1997). 
 
Following use as filter for wastewater, bamboo biochar can be recycled as a fertiliser 
for crops, with bamboo biochar fertilised plants displaying better leaves and root 
systems than plants fertilised with commercial fertiliser. This demonstrates bamboo 
biochars effectively improves soil health and hence may serve a sustainable 
alternative to commercial fertilisers. 
 
Justification of model for application 

! Choice of material (Bamboo) 
The hypothesis that modified corncob biochar would be the best raw material to act as 
a bioadsorbent and fertiliser was not supported by this study’s results. Bamboo was 
chosen as out of the four materials trialed within the first set of column tests (see 
Table 14), bamboo biochar removed the highest nutrient content of phosphate, nitrate 
and nitrite (1.02 mg in comparison to 0.78-1.00 mg removed by CC, MCC and RH 
biochars). 
 
Furthermore, in Table 15 and Table 16, bamboo biochar removed nutrients 
consistently better than corncob biochar. Bamboo biochar removed 76% more total 
nutrients of ammonium, phosphate, nitrate and nitrites after 36 hours under 3 filter 
columns compared to corncob after this period (25.51 mg as opposed to 14.49 mg). 
This stronger absorption capacity was sustained; with bamboo biochar removing 9.44-
14.44 mg more of the nutrients measured than corncob biochar after the same 
detention and running times throughout the 72 hours. This indicates that bamboo is 
the most effective agricultural byproducts to produce biochar filters from. 
 



! 42 

In addition, the employment of a bamboo-sourced biochar is highly viable on a 
practical basis, as bamboo is a sustainable and fast-growing plant grown worldwide. 
Chen et.al reported that: “Bamboo can be one of the most attractive biomass sources 
as it is widely cultured. Bamboo can grow around 8 cm per day. In comparison to 
most woods, the harvest period of bamboo is much shorter (~3 years) and can 
regenerate without replanting (Zhang et al., 2014; Yuan et al., 2016)” (Chen et. al. 
2017). Therefore, bamboo’s accessibility and rapid growth result in it being a feasible 
biochar material for application to both minimize nutrient pollutants in wastewater 
and fertilise crops.  
 

! Choice of filtration rate (5.5 m3/m2/day)!
The filtration rate employed within this investigation’s column studies (0.040 L/hr) 
effectively facilitated nutrient removal, and therefore is recommended for application. 
This study’s filtering conditions of a rate of 0.040 L/hr equates to 5.5 m3/m2/day. 
 

! Choice of amount of biochar (less than 7kg of biochar/m3 wastewater) and 
detention time (1 hour)!

Based on tests comparing two to three filter columns, three filter columns were most 
successful. Three filter columns removed an additional 0.908-0.972 mg of 
ammonium, 0.037 mg of phosphate, 0.536-0.904 mg of nitrate, 0.001-0.029 mg of 
nitrite compared to two filter columns following the same running times. As each 
filter column contained 3.50 g of material that treated 1 L/day, less than 7kg of 
biochar would be required to treat 1m3 of wastewater to meet Australian effluent 
standards. 
 
The detention time of 1 hour is recommended. This is due to the design of the filter 
column tests (see Method) calculating that the detention time per filter column is 0.33 
hours, or 20 minutes. Therefore, under 3 filter columns, the detention time increases 
to 60 minutes or 1 hour. 
 

! Choice of running time (36 hours) 
Under 36 hours, a significant total of 25.51 mg of ammonium, phosphate, nitrate and 
nitrites were removed (45.6% of the total nutrients in the influent). Within this 
amount, 12.50 mg of ammonium, 0.98 mg of phosphate, 11.89 mg of nitrate and 0.15 
mg of nitrite was removed. This running time is sufficient to reduce total nitrogen and 
phosphate content to under 20mg/L and 2mg/L respectively in the effluent, which is 
the current guideline for advanced sewage treatment plants in Australia. 
 
Moreover, a running time of 36 hours is the period in which the bamboo biochar had 
the highest nutrient removal efficiency. Within the first 36 hours, 25.51 mg of nitrate, 
nitrite, ammonium and phosphate was removed, contrasting to a lower 14.21 mg of 
the same nutrients being removed between 36-72 hours of running time. This 
indicates a reduction in absorption sites towards the latter stages of the running time 
trialed. Bamboo biochar still held the capacity to remove harmful nutrients, but this 
capacity was declining. Therefore, the most time-efficient period to apply bamboo 
biochar filters is over a running time of 36 hours.  
 

! Reuse as a fertiliser 
Following use as filter for wastewater, bamboo biochar is proposed to be recycled as a 
fertiliser for crops. The increase in the number of leaves on plants bamboo-biochar 
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enriched was double the increase in number of leaves on unfertilised plants. Bamboo 
biochar also increased the plant height of brocolette plants at a comparable rate to the 
trialed Hortico plant and vegie commercial fertiliser, with the growth in height 
between commercially and bamboo biochar fertilised plants only differing by 16%. 
Additionally, plants fertilised with bamboo biochar had the most healthy root systems, 
with the average root length of brocolette plants enriched with bamboo biochar being 
6.5 cm or 41% more than plants fertilised with commercial fertilisers. Hence, bamboo 
biochar is appropriate for use as a crop fertiliser in the agricultural industry, with its 
fertiliser performance being similar to current fertilisers. 
 
Model 2- For maximising the removal of higher nutrient content in wastewaters  

 
! Material: Bamboo biochar 
! Filtration rate: 5.5 m3/m2/day 
! Amount: less than 3.5 kg of biochar/m3 wastewater 
! Detention time of wastewater in the column: 1 
! Running time for effective removal: At least 72 hours 

 
Justification of model for application 
 
The only difference within Model 2 to Model 1 is the increase in running time to over 
72 hours from 36 hours, which serves to maximise nutrient removal. Following 72 
hours of running time the total ammonium, phosphate, nitrate and nitrite removed by 
10.50 g bamboo biochar increased by 56%, or 14.21 mg, from 25.51 mg (36 hours of 
running time) to 39.72 mg (72 hours running time). The additional 36 hours of 
running time resulted in ammonium removal increasing by 4.63 mg, phosphate 
removal by 3.35 mg, nitrate removal by 6.24 mg and nitrite removal by 0.08 mg.  
 
In summary, it is recommended that if a significantly higher nutrient level needs to be 
removed from wastewater, an extended running time over 72 hours is a viable option. 
However, the more practical Model 1 is proposed if only lower nutrient amounts, (see 
criteria Section X Part 1) are required to be removed to meet sewage discharge 
standards. This minimises the time required to apply biochar as a bioadsorbent, and 
ensures a time-effective application of the bamboo biochar filter. 
 
Part 2- Recommendations and considerations for when applying biochar as a 
bioadsorbent and fertiliser 
 

! Collection of animal waste 
Collection of animal waste for filtering by biochar can occur through several 
mechanisms, with two common methods including: 

o In traditional sheds for livestock production, urine not adsorbed into 
bedding bacteria (excess urine) can be channeled out of the shed and 
collected for storage in a drum. This drum is generally located in the shed 
itself or just outside, connected to a drainage channel through a pipe 
protected from rain and runoff (Wocat SLM Technologies, n.d). 

o Urine collection cups allow the precise collection of urine to be achieved 
without leakage, fecal contamination or urethra infection. They compose 
of an anterior urethra, a urine cup and a collection barrel. Urine collection 
cups are made of polypropylene plastic and can be held in place by an 
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udder support harness with rubber tubing connecting the collection cup to 
a carboy (Heinrichs, 2017). They are placed at floor level with no 
underground collection facility or elevated animal platform required.  

 
Following the animal wastewater being filtered with biochar, disposal via the existing 
sewerage system should be carried out. The biochar filter, if applied accordingly 
based on the criteria and models outlined above, will by then have adsorbed enough 
excess nutrients to meet effluent water quality standards. This will assist to reduce the 
risk of water pollution derived from agricultural activities.  
 

! Small and large scale pyrolysis of biochar 
In smaller scale uses of biochar, pizza ovens or similar types of ovens can be utilised 
to pyrolyse biochar. The application of biochar gasifiers may also be advantageous. 
Gasifiers compose of a lid with vents that enable the ignition of the biomass inside, a 
crown (storage unit) to insert the raw agricultural byproduct, and a fan facilitate the 
removal of gases produced when pyrolysing biochar. As the material pyrolyses, an 
orange flame can be viewed through the gasifier’s vents. At the end of biochar 
pyrolysis a blue flame is apparent, at which point the reactor is shut off. The lid is 
then removed and placed into a mud pit. After a few hours of cooling the biochar is 
ready for use as a filter and fertiliser (Goodier, 2013). 

 
Picture 15: diagram of a biochar gasifier. Source: Goodier, 2013 

 
Biochar gasifiers can produce biochar through burning feedstock and agricultural 
waste products, whilst also providing enough heat energy for household cooking. In 
countries such as Vietnam, biochar gasifiers are available for $60-90 depending on 
the size of the gasifier itself, with 12 volts of energy being required to power one 60 
cm household gasifier that can produce 1-2 kg of biochar for each period of use 
(Olivier, 2017). This low amount of electrical energy required and the heat energy 
produced from biochar’s pyrolysis being used for household purposes increases the 
viability of using biochar agriculturally to both benefit farmers and the environment.  
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Picture 16: a biochar gasifier in which the heat energy produced upon pyrolysis can 
be used for household cooking purposes (components include a fan, crown, reactor 
body, power source, stove grate, vents). Source: author 
 
For applications of biochar on large farms, commercial ovens may be suitable to 
facilitate the high levels of pyrolysis of agricultural waste to create biochar material. 
Likewise to this study, steel cans may be used to store the agricultural byproducts for 
pyrolysis. Biochar can also be purchased commercially, with the average price per ton 
being below $1.4 AUD per kg. 
 

! Safety precautions 
Within biochar’s pyrolysis, the following precautions outlined in this study’s risk 
assessment should be followed. Protective clothing such as gloves and glasses should 
be worn, hair needs to be tied back and a suitable period should pass before handling 
of containers. Fire extinguishers should also be kept in close proximity. 
 
Within livestock urine, there may be bacteria, viruses and protozoa that may pose a 
risk of illnesses such as swine hepetitis E virus following occupational exposure (Pal, 
2015). To prevent the risk of occupational exposure with urine, powder free nitrile 
gloves and suitable face protection should be worn when handling urine.  
 
To ensure the biochar containing nutrients from urine is safe for application as 
fertiliser, exhausted biochar should be dried in an oven or under the sunlight for a 
period of 3 to 12 hours. The oven’s heat or the sun’s UV radiation will help kill 
pathogens (Pell, 1997). 
 

! Replacement of bamboo biochar 
If the wastewater influent biochar is exposed to alkaline, a precipitate of phosphate 
may be formed following 72 hours of running time, potentially hindering nutrient 
absorption. If this occurs, washing of bamboo biochar with water or replacement of 
the biochar materials may be needed. As Model 1’s running time is under 72 hours, 
this is not a serious issue of concern for this model.  
 
Part 3- Benefits to biochar as a bioadsorbent and fertiliser 
 

1. Recycling of waste materials 
As biochar production relies on agricultural waste products such as corncob and rice 
husk, it is sustainable and environmentally-friendly. Agricultural waste products 
contribute to land, air and water pollution whilst outputting greenhouse gases when 
they are frequently burnt in developing nations. Consequently, through biochar 
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production recycling into a valuable material, the biochar model proposed may 
minimise pollution to land, water and air. 
 

2. Significant reduction in nutrient content in animal wastewater  
10.50 g of bamboo biochar reduced a total of 39.72 mg of ammonium, phosphate, 
nitrate and phosphates (3.78 mg/g) and 10.50 g of corncob biochar similarly reduced a 
total of 25.28 mg of these same nutrients (2.41 mg/g). Bamboo biochar displayed a 
significant removal efficiency of up to 55.6% for ammonium and phosphate, 42.6% 
for nitrate and 27.3% for nitrite. As outlined in the results section, this nutrient 
content removed by the biochars is high, comparable to current bioadsorbents such as 
wheat-straw, mustard straw charcoal, limestone, opoka, dolomite, and slag. Thus, 
biochar demonstrates a strong and competitive capacity to adsorb harmful wastewater 
nutrients and reduce the prevalence of water pollution, a severe environmental 
problem. 
 
Biochar can be practically used as an adsorbent in a simple de-centralised filter 
system. This study’s proposed biochar model can be easily operated and maintained 
by farmers, with no extensive chemical modification techniques being utilised that 
would require a skilled operator. Therefore it can be readily implemented in different 
farms in Australia as well as other countries, especially those in which present 
chemical and biological treatment methods are unviable. 
 

3. Sustainable alternative to commercial fertiliser  
One of the largest single variable costs for Australian grain producers is the money 
spent on commercial fertilisers, accounting for 15-20% of all cash costs, or 20-25% of 
variable costs (International Plant Nutrition Institute, 2013). The bamboo and corncob 
biochars trialed in this study as fertilisers proved to be comparable or stronger in their 
capacity as a soil improver when contrasted to a commercial fertiliser. Over 6 weeks, 
corncob biochar fertilised plants’ average growth in height was 38% greater than 
plants fertilised with commercial fertiliser. Similarly, bamboo biochar enriched 
plants’ root systems were 41% longer than the average root length of commercially 
fertilised plants. Therefore, through reusing waste products as a filter and fertiliser, 
exhausted biochar can also serve as an alternative fertiliser material that alleviates the 
economic costs of purchasing commercial fertiliser 
 

4. Time and cost-effective program with multiple uses 
As biochar is produced from agricultural wastes in abundance and that would 
otherwise pollute the environment, its components are readily available and 
sustainable.  Furthermore, as biochar production is reliant on agricultural wastes, 
producing biochar is fairly cost-effective. Due to a low level of money being spent on 
attaining the raw materials for biochar, the average price to produce 1 kg of biochar is 
relatively low (below $1.4 AUD) (Porter, 2014). If the biochar is produced in 
developing countries, the cost to produce 1 kg of biochar is even less than $1 AUD.  
 
In addition, the process of biochar filtering wastewater does not need an extensive 
amount of time to remove a high level of nutrients. It requires the detention time of 
less than 1 hour, with the simple filter system packed with biochar capably running 
for 3 days.  
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This study has optimised biochars’ performance through engineering two application 
models that do not require any skilled operators. Through biochars’ effectiveness as a 
filter and fertiliser being increased, biochar presents itself as a productive material 
able to reduce the impact of pollution and economic costs of commercial fertilisers. 
This model is particularly relevant for the agricultural industries of developing 
countries, where current wastewater treatment programs may be unable to be 
implemented for practical or financial reasons.  
 
Part 4- Recommendations for future studies 
It is recommended that future studies trial more variables such as different flow rates, 
an increased number of filter columns, and different chemical modifications of 
biochar. It is also suggested future tests undertake a trial run of the models developed 
in this study, to further determine their effectiveness under field conditions and 
ascertain the reliability of results. It would be beneficial for future studies to utilise 
animal urine from a livestock farm to increase the experiment’s accuracy. Within the 
fertiliser tests, different plants could be utilised to trial biochar fertilisers’ capacity in 
terms of improving the growth and health of different plants. 
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LOGBOOK 
 
 
17/01/17 
 
I have begun brainstorming potential ideas for a research project, with all of my ideas 
being centered on environmental issues of interest to me. I am particularly interested 
in water pollution associated with agricultural activities, a problem prevalent on 
global scale. Whatever project I choose to undertake must have an element of 
sustainability and potential to reduce human society’s impact on the environment. The 
current list for further research for a potential project is as follows: 

• algae as a biofuel  
• Worms as a method of dissolving plastics 
• Mycoremediation? I was introduced to this during my work experience period 

at UTS- maybe interesting to follow it up 
• Natural filter for water pollution 

 
20/01/17 
 
Regarding the above ideas, following researching and reading research papers, I have 
found out about biochar, which is the charcoal produced from burning agricultural 
wastes in anoxic conditions. It has multiple interesting potential applications, 
including its use as a carbon sequester, soil amendment/fertiliser and as a 
bioabsorbent for water. Biochar has captured my attention as it transforms and 
recycles otherwise polluting agricultural waste products into something of value. 
Furthermore, if I could devise a project that enables biochar to be reused in multiple 
ways, this would increase biochar’s viability for practical use.  
 
22/01/17 
After researching more, biochar seems to be perfectly suited towards my interests of a 
sustainable and productive resource. It suits my goals as it: 

• Has been suggested for several purposes-> therefore has high output and can 
be maximised in terms of its performance  

• Reuses wastes-> is a sustainable material 
 

I would like to address water pollution with biochar in an innovative way that is cost-
effective and time-efficient for large-scale implementation. In my literature study, I 
have noticed an area of research lacking in past biochar studies. Though past research 
has largely addressed biochar’s ability to absorbing heavy metals and pesticides I 
have not found as extensive research on biochar removing organic nutrients. These 
include nitrate, phosphate etc., nutrients that are abundant in livestock waste that 
heavily pollutes the environment. The semblances of a project are starting to form- 
can biochar effectively remove these nutrients from wastewater? 
 
28/01/17 
Biochar, based on its favorable characteristics such as high porosity and surface area 
should be able to reduce and filter nutrient content found in animal waste. I would 
like to engineer a method to optimise this performance of biochar in its absorption of 
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excess nutrients. To do this- different variables can be trialed, some of which I have 
brainstormed below: 

• Different materials: there are a vast abundance of biomass and materials that 
can be used for biochar such as corncob, rapeseed oil cake, bamboo, rice husk, 
grass, rice husk. However, I aim to make sure that the filter program relies 
upon easily accessible materials worldwide. This would enable biochar to be 
more readily applied to treat wastewater on a global level. Therefore I am 
leaning towards using corncob, bamboo and rice husk (corncob is abundant in 
Australia, bamboo and rice husk is widely available in Asia). 

• Different particle sizes- research from different studies have all indicated a 
different optimum pore size depending on what is being treated 

• Different filtering conditions- eg. flow rates, contact time, detention time 
• Different pyrolysis temperatures 
• Different chemical treatment - acid/base treatment? 

 
29/01/17 
To form a comprehensive study, I have chosen to investigate primarily the effect of 
utilising different materials, different treatment schemes and different filtering 
conditions on biochar’s removal of nutrients. The materials I have chosen are 
corncob, bamboo and rice husk. I have chosen to investigate biochar’s reduction 
capacity of the nutrients of ammonium, nitrate, nitrite and phosphate. These nutrients 
are common nutrients found in animal wastewater, due to animals poorly absorbing 
these nutrients. Consequently, large amounts of these nutrients are released into the 
environment, where in excess they pose harmful implications particularly in terms of 
leading to water pollution in the form of eutrophication.  
 
I have contacted my uncle, who has an pizza oven that can reach temperatures of 600 
C. This temperature is suitable for pyrolysis of raw agricultural wastes to make 
biochar. In the meantime, need to purchase sufficient corncobs for use as corncob 
biochar.  
 
04/02/17 
I have thought of another further aspect I could include in my project to maximise 
biochar’s agricultural use to both benefit the environment and farmers! As mentioned 
before, it has been suggested that biochar can be used to improve soil fertility and 
health. Hence, I would like to trial whether following acting as filter for wastewater, 
exhausted biochar can act as an effective fertiliser for agricultural crops. This 
increases biochar’s productivity and viability as a remediation program due to its two-
fold use. Furthermore, as during use as a filter biochar would absorb nutrients in the 
wastewater, these nutrients would hopefully prove to be very beneficial when biochar 
is applied as a fertiliser. I hypothesise that when these nutrients such as nitrate that are 
contained within exhausted (used) biochar are released into the soil, they can improve 
plant growth and health. 
 
Also, this aspect of my study is significantly different from past research, as based on 
my literature review, exhausted biochar has not been used to fertilise soil- only 
unused biochar has been used. Therefore this aspect of my experiment will provide 
new data and determine whether exhausted biochar with nutrients retained from the 
wastewater positively or negatively impacts plant and soil quality. 
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Today I also purchased 40 corncobs and removed the kernels to prepare them for 
pyrolysis. I also purchased other necessary equipment (test tubes, steel containers for 
pyrolysis, dosage pump).  
 
My project now has a clear plan: pyrolysis of biochar-> treatment in different 
conditions (acid, bases)-> column tests with wastewater under different filtering 
conditions-> fertilizing soil with biochar. 
 
11/02/17 
Today 40 corncobs were placed for 3 hours in a pizza oven running at 500 Celsius, in 
steel cans to ensure anoxic conditions. This resulted in corncob biochar- with no 
problems encountered during pyrolysis process. I have outlined a risk assessment in 
my report, with care taken when pyrolysing the corncob (eg. heat-resistant gloves, 
safety goggles, fire extinguisher, adult supervision etc.) 
 
Below: checking the temperature of the inside of the oven before inserting the steel 
can containing corncobs into the oven 
 

 
 
17-18/02/17 
Yesterday and today I: 

• Crushed and sieved corncob biochar, bamboo biochar (BB) and rice husk 
biochar (RH) into particle sizes 0.3-0.6 mm 

• Also poured 6M Hydrochloric acid onto half of corncob produced, then left 
for 8 hours before discharging the HCl and cleaned the corncob with deionised 
water. Afterwards, I poured 0.5 M of Sodium hydroxide onto the corncob and 
left it to rest for 24 hours to produce modified corncob (MCC). 

• Following treatment using the acid and base (as past studies have suggested 
acid-base treatment to improve favourable characteristics of biochar), I rinsed 
the MCC biochar with deionised water and dried in an oven for 1 hour.  

 
Above: corncob biochar production- pyrolysis, crushing, and then sieving into 
particle sizes 0.6-1 mm 
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Below: Rice husk and bamboo biochar sieved into 0.6-1 mm particle sizes 
 

 
 
15/03/17 
Today urine collection occurred- 2 L of urine was collected to start the column tests. 
Care was taken to ensure no contact with urine through use of disposable gloves and 
washing of hands.  
 
18/03/17 (continued to 21/03) 
Today it was time to start the column tests- the second stage of the investigation! This 
is to determine which raw material, modification technique and filtering conditions 
are optimum for maximum nutrient absorption. I have two dosage pumps, each 
capable of running two filter columns at a time.  
15. Pack 3.50 g of CC in a 50mL plastic filter column 
16. Pump human urine into the CC column at a flow rate of 40 mL/hour using dosage 

pump 
17. Repeat 1-4 with MCC, BB, RH biochar, run 4 filter columns simultaneously 
18. Collect effluent samples after period of 1 hour 
19. Collect effluent samples at intervals of every 4 hours following first collection 

over 24 hours  
Each day I collected 2 L of urine for testing.  
 
Table 1: Experimental conditions 
Design   
Column dimensions Diameter (m) 0.015 
 Material depth (m) 0.080 
 Volume (L) 0.015 
Filtration conditions Flow rate (L/hr) 0.040 L/h 
 Detention time per filter 

column (hours) 
0.33 hours or 20 minutes 

Below: the two dosage pumps running effluent through biochar columns. 
 

  
 



! 60 

 
20/03/17 
Unfortunately at hour 20 on 20/03 the dosage pump encountered some problems and 
did not pump any further water. The instruction manual was consulted however no 
solution was found. Hence, for column 3 and 4 (trialing CC and MCC) only effluent 
collection up to hour 20 was collected.  
 
25/03/17 
Today a spectrometer at UTS was used to analyse the ammonium, phosphate, nitrate 
and nitrite content in the samples, with the results measured as followed: 
 
SET 1- URINE COLUMN TESTS WITH 1 COLUMN PER DOSAGE PUMP  
  Biochar Biochar amount: (g) Biochar volume (mL) 
Column 1 BB  3.50 14 
Column 2 RH 3.50 14 
Column 3 CC  3.50 14 
Column 4 MCC 3.50 14 

 
Day 1- 18/03/17 

Samplin
g time  

Duration 
(h) 

Flow 
rate 

(mL/h
) 

Colum
n 1 

Colum
n 2 

Duration 
(h) 

Flow 
rate 

(mL/h
) 

Column 
3 

Column 
4 

6:45 0   Day 1 influent 
7:45 1 40 C11 C21         

10:45 4 40 C12 C22         
14:45 8 40 C13 C23         
15:00         0       
16:00   40      1 40 C31 C41 
19:00   40      4 40 C32 C42 
23:00   40      8 40 C33 C43 

 

  
Duration 
(h) 

PO4
3-P 

(mg/L) 
NH4

+N 
(mg/L) 

NO3
-N 

(mg/L) 
NO2-N 
(mg/L) pH 

              
Day 1 
influent   1.52 4.6 10.25 1.65 8.7 
C11 1 1.16 6.2 9.5 0.4 8.9 
C12 4 1.4 8.8 9 0.54   
C13 8 1.45 9.5 10.2 0.72   

       C21 1 1.22 4.8 9.25 0.4 8.95 
C22 4 1,56 2 10.2 0.45   
C23 8 1.67 13 10.1 0.53   
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C31 1 1.2 6.2 10.25 0.3 8.95 
C32 4 1.58 9.5 10.2 0.37   
C33 8 1.47 13.1 10 0.29   

       C41 1 1.58 7.4 10.5 0.4 9.04 
C42 4 1.53 12.3 10.8 0.31   
C43 8 1.58 13.9 10.4 0.42   

 
 
Day 2- 19/03/17 

Sampling 
time  

Duration 
(h) 

Flow 
rate 

(mL/h) 
Column 

1 
Column 

2 
Duration 

(h) 

Flow 
rate 

(mL/h) 
Column 

3 
Column 

4 
6:45 Start    Day 2 influent 
10:45 12 40  C14 C24         
14:45 16 40  C15 C25         
15:00 Start                
19:00   40      12 40  C34 C44 
23:00   40      16 40  C35 C45 
 
  

Duration 
(h) 

PO4
3-P 

(mg/L) 
NH4

+N 
(mg/L) 

NO3
-N 

(mg/L) 
NO2-N 
(mg/L) pH 

Day 2 
influent   1.38 5.9 8.8 0.42 8.91 
C14 12 1.2 5.4 9.2 0.38 9 
C15 16 1.18 10.1 10.9 0.36   
              
C24 12 0.93 3.5 12.4 0.33 9.03 
C25 16 1.06 8.7 9.6 0.32   
              
C34 12 1.08 7 11.3 0.32 8.98 
C35 16 1.11 14.8 12.2 0.2   
              
C44 12 0.95 5.4 13.5 0.36 8.98 
C45 16 1.15 9.7 11 0.2   
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Day 3- 20 and 21/3/17 

Sampling 
time  

Duration 
(h) 

Flow 
rate 

(mL/h) 
Column 

1 
Column 

2 
Duration 

(h) 

Flow 
rate 

(mL/h) 
Column 

3 
Column 

4 
16:00     Day 3 influent 
20:00 20 40  C16 C26         
24:00 24 40  C17 C27         
24:00                 
04:00   40      20 40  C36 C46 

 

  
Duration 
(h) 

PO4
3-P 

(mg/L) 
NH4

+N 
(mg/L) 

NO3
-N 

(mg/L) 
NO2-N 
(mg/L) pH 

Day 3 
influent   2.19 8 11.3 0.42 8.93 
C16 20 1.3 13.4 11.3 0.18 9.07 
C17 24 1.17 5.9 14.5 0.2   
              
C26 20 1.19 9.7 13 0.24 8.9 
C27 24 1.19 4.7 12.3 0.18   
              
C36 20 1.04 2.3 14.4 0.18 9.17 
              
C46 20 1.02 7.9 15 0.24 8.98 

 
In a more neater and easier to compare format- I have transferred the results as 
followed: 
 
Removal amount mg of nutrients by 3.50 g of different biochars after 24 hours 
 
 PO4

3- 
(mg) 

NO3
- 

(mg) 
NO2

-  
(mg) 

Total nutrients (mg) 
(excluding ammonium) 

Bamboo 0.41 0.19 0.42 1.02 
Rice husk 0.46 0.07 0.47 1.00 
Corncob 0.30 0.05 0.52 0.86 
Modified 
corncob 

0.29 0.00 0.49 0.78 

 
29-30/03/17 
I spent these days analysing the results. I am writing detailed discussion and analysis 
in my report. However, the main points have been listed below.  

• The materials were all fairly comparable in absorption capacity. This leads to 
the conclusion that depending on the different resources available, any one of 
the four biochars trialed would be suitable for nutrient removal from 
wastewater. The decision should be dependent on the accessibility and cost of 
available materials. 

o Hence, based on the similar capacities of the four biochars, I have 
chosen to continue trials on corncob and bamboo biochar. This is due 
to corncob and bamboo byproducts being a widely available 
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agricultural byproduct worldwide. Therefore, trialing corncob and 
bamboo biochars would allow any findings to be more relevant and 
applicable for application on a larger scale.  

• Phosphate removal by biochar was the highest out of the four nutrient 
parameters trialed  

• Ammonium removal was much lower than expected. Results also do not 
correlate with literature studies that have suggested biochar’s high capacity 
for ammonium absorption. Therefore, either biochar is not suited for 
ammonium removal, or the following is hypothesized to have happened: 

o The influent samples, due to a greater period of time between the 
collection of influent and spectrophotometry compared to the time of 
effluent collection and spectrophotometry may have experienced a 
greater level of ammonium evaporation. Hence, is hypothesised that 
this greater ammonium volatisation in the influent samples lowered 
the influent ammonium content measured by the spectrophotometer. 
This may make it appear that the effluent samples had a higher 
ammonium content than the influent when this is not the case. Due to 
this volatisation, the accuracy of this set of results would decrease in 
terms of the recorded level of ammonium biochar was able to remove.  

• Furthermore, it must be considered that unlike the majority of past studies, the 
water biochar is treating in this study is real wastewater, not a synthetic 
solution. The use of real wastewater instead of a singular nutrient stock 
solution would ensure a more valid and accurate study of biochar’s capacity as 
a bioabsorbent for animal waste, which contains multiple nutrients. As the 
influent biochar is exposed to is not synthetic solution containing only 1 type 
of nutrient, biochar will experience competitive absorption between different 
nutrients. Therefore, the removal amount of nutrients by biochar may be 
slightly different from past studies. 
 

My father bought new tubes for the dosage pump, with the pump managing to start 
working. I trialed pumping water at 40mL/hour and the pump accurately pumped 
through that amount, indicating it was functioning properly again. 
 
In order to further my investigation and trial more variables, I have decided to 
conduct more trials with the CC biochar, with three columns running simultaneously 
from one dosage pump. This would allow me to see whether an increased detention 
time maximizes nutrient absorption capacity, whilst also addressing whether 
experimental error within the first set of trials skewed ammonium concentrations.  
 
I have written the method for this stage as follows: 
20. Measure 3.59 g of CC in a beaker using an electronic balance 
21. Using CC, run a series of three columns with biochar (3 x 3.50 g of CC packed 

into 15 mL filter columns) 
22. Collect effluent from different columns at intervals of every 4-6 hours over a 

period of 72 hours 
 

These trials will enable evaluation of whether increased detention time (1, 2, 3 filter 
columns) significantly reduces nutrient content in the wastewater to make multiple 
filters effective for application, or whether one run through the column is sufficient. 
02/04/17 
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Today I went to Bunnings to prepare and collect the needed equipment and materials 
for stage three of my testing, in which I will apply exhausted biochar as a fertiliser. I 
have chosen to apply the exhausted biochar from the 4 different materials on 
broccolette plants. This is due to brocolette plants being widely found and grown 
throughout the world. I hypothesise that the nutrients absorbed from the wastewater in 
the biochar will be released into the soil and benefit the growth and health of the 
brocolette plants. 
 
The following equipment was collected: 

• Potting mix- Richgro all purpose garden soil 
• 10 plant pots 
• 10 broccolette plants (brassica olecerea) 

 
Following this, when I got home, I distributed equal amount of the soil into each of 
the ten plant pots, taking appropriate safety precautions whilst doing so (i.e dust 
mask, gloves). I distributed one broccolette plant per pot, being careful not to damage 
their roots whilst doing so. I will not leave the broccolette plants for one week for 
them to adjust to their new environment, before adding biochar to them as fertiliser.  
 
I ensured the plants received full sunlight, as per instructions, whilst covering the 
plants under a clear covering so uneven rainfall will not alter results. The water levels 
each plant receives on a daily basis will be controlled and equal through use of a 
measuring cylinder. 
 
03/04/17 
Today, I watered the plants with equal amounts of water at 4 pm, when I got home 
from school. I will water the plants at this time every day for the duration of the study, 
and for the purposes of not being repetitive in this logbook, I will not record this daily 
activity.  
 
08/04/17 
Today I placed equal amounts of biochar (3.5 g) into the plant pots. There were: 

• 2 plant pots without any biochar- control plant pots 
• 2 plant pots with 3.5 g each of RH biochar (RH1, RH2) 
• 2 plant pots with 3.5 g each of MCC biochar (MCC1, MCC2) 
• 2 plant pots with 3.5 g each of CC biochar (CC1, CC2) 
• 2 plant pots with 3.5 g each of BB biochar (BB1, BB2) 

 
Every week for a period of 6 weeks, I will do the following: 

• Measure how many large leaves (over 4 cm in length) there are per plant 
• Measure how many small leaves (under 4 cm in length) there are per plant 
• Measure the height of each plant 

 
I will calculate the averages of above results, as well as recording any general 
observations to determine whether the addition of biochar fertiliser positively affects 
soil quality and plant health. If biochar fertiliser does do so, its productivity and 
potential for agricultural use will heighten considerably. I aim to identify the best 
exhausted biochar material to use as a fertiliser. I also am planning to compare this to 
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current commercial fertilisers later in my study to see whether biochar is comparable 
in its fertiliser effectiveness.  
 
At the end of the six weeks, I will also measure the root length of each plant, to 
determine whether the addition of biochar fertiliser improves root health. 
 

!
!
Above: set up of plants in columns based on what biochar is contained within the 
pots, left to right: 2 control pots, 2 CC, 2 BB, 2RH, 2 MCC  
 
15/04/17 
Today was the first day of measuring plant health, with the following observations 
being noted: 

• There was a significant difference in health 
• Much smaller leaves and size were apparent in the control plants- indicating 

that biochar does improve and positively increase plant growth 
• Based on visual appearance, the MCC plants had the healthiest leaves, 

however the BB plants had overall the largest height and size 
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The following results are recorded 
Plant health with different biochar fertilisers- Week 

1 
Biochar type 

 
Control 1 Control 2 Average 

Number 
of big 
leaves 
(over 4 cm 
in length) 0 0 0 
Number 
of small 
(under 4 
cm in 
length) 2 3 2.5 
Max 
height 
(cm) 7.5 7 7.25 

 
RH 1 RH 2 Average 

Number 
of big 
leaves 
(over 4 cm 1 3 2 

Left to 
right: 
control, 
RH1, 
MCC1, 
CC1, 
BB1 

Left: all 10 
plant 
containers, 
with (L to R) 
control, RH1, 
MCC1, CC1, 
BB1  

Left to right: RH1, 
MCC1, CC1, BB1 
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in length) 
Number 
of small 
(under 4 
cm in 
length) 3 1 2 
Max 
height 
(cm) 9.5 8.5 9 

 
MCC 1 MCC 2 Average 

Number 
of big 
leaves 
(over 4 cm 
in length) 1 3 2 
Number 
of small 
(under 4 
cm in 
length) 3 1 2 
Max 
height 
(cm) 8.5 11.5 10 

 
CC 1 CC 2 Average 

Number 
of big 
leaves 
(over 4 cm 
in length) 3 1 2 
Number 
of small 
(under 4 
cm in 
length) 1 3 2 
Max 
height 
(cm) 10 8.5 9.25 

 
BB 1 BB 1 Average 

Number 
of big 
leaves 
(over 4 cm 
in length) 3 1 2 
Number 
of small 
(under 4 
cm in 
length) 1 1 1 
Max 10.5 11 10.75 
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height 
(cm) 

 
22/04/17 
The observations for week 2 of plants include that: 

• MCC and BB plants still are visually the most healthy 
• Yellowing leaves are apparent on all however most noticeable on the control, 

CC and RH 
o Based on research, causes for yellowing leaves on broccoli plants may 

be due to black rot, which occurs when plants are in hot conditions. 
Hence, I have chosen to move the plants into an area still in sunlight 
and under covering, but where the sun does not shine on the plants the 
entire day. 

 
 
 
Plant health with different biochar fertilisers- Wk 2 

Biochar type 

 
Control 1 Control 2 Average 

Number 
of big 
leaves 
(over 4 cm 
in length) 0 0 0 
Number 
of small 
(under 4 
cm in 
length) 2 3 2.5 
Max 
height 7.5 7 7.25 

Left to right: control, CC, 
MCC, RH, BB 

Left to right: control, CC, 
MCC, RH, BB 
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(cm) 

 
RH1 RH2 Average 

Number 
of big 
leaves 
(over 4 cm 
in length) 1 3 2 
Number 
of small 
(under 4 
cm in 
length) 3 1 2 
Max 
height 
(cm) 9.5 8.5 9 

 
MCC1 MCC2 Average 

Number 
of big 
leaves 
(over 4 cm 
in length) 1 3 2 
Number 
of small 
(under 4 
cm in 
length) 3 1 2 
Max 
height 
(cm) 8.5 11.5 10 

 
CC1 CC2 Average 

Number 
of big 
leaves 
(over 4 cm 
in length) 3 1 2 
Number 
of small 
(under 4 
cm in 
length) 1 3 2 
Max 
height 
(cm) 10 8.5 9.25 

 
BB 1 BB2 Average 

Number 
of big 
leaves 
(over 4 cm 
in length) 3 1 2 
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Number 
of small 
(under 4 
cm in 
length) 1 1 1 
Max 
height 
(cm) 10.5 11 10.75 

 
29/04/17 
Observations from week 3 include: 

• All apart from the control plants had healthy leaves. The control plants had 
very red and weak looking leaves 
 

Plant health with different biochar fertilisers- Week 
3 

 Biochar type 

 
Control 1 Control 2 Average 

Number 
of big 
leaves 
(over 4 cm 
in length) 0 0 0 
Number 
of small 
(under 4 
cm in 
length) 4 4 4 
Max 
height 
(cm) 8 7.5 7.75 

 
RH 1 RH 2 Average 

Number 
of big 
leaves 
(over 4 cm 
in length) 1 3 2 
Number 
of small 
(under 4 
cm in 
length) 0 1 0.5 
Max 
height 
(cm) 10 8 9 

 
MCC 1 MCC 2 Average 

Number 
of big 
leaves 5 3 4 
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(over 4 cm 
in length) 
Number 
of small 
(under 4 
cm in 
length) 1 1 1 
Max 
height 
(cm) 13.5 9 11.25 

 
CC 1 CC 2 Average 

Number 
of big 
leaves 
(over 4 cm 
in length) 3 2 2.5 
Number 
of small 
(under 4 
cm in 
length) 1 1 1 
Max 
height 
(cm) 11 8.5 9.75 

 
BB 1 BB 1 Average 

Number 
of big 
leaves 
(over 4 cm 
in length) 3 3 3 
Number 
of small 
(under 4 
cm in 
length) 1 1 1 
Max 
height 
(cm) 11.5 10.5 11 
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06/05/17 
Observations from week four of the study include: 

• Reddish tinge apparent on RH and CC biochar plants, as well as control 
• Control was much smaller than other biochars, had the smallest height, lowest 

number of leaves 

 
Plant health with different biochar fertilisers- Wk 4 

 Biochar type 

 
Control 1 Control 2 Average 

Left to right: all 
10 plant pots 
from aerial view, 
all 10 plant pots 
from side-on 
view, control 
plant 

Left to right: control, CC 
Bottom left to right: 
MCC, RH, BB 

Above left to right: control, CC, MCC, RH, BB 

Left to right: CC, 
MCC, RH, BB 
!
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Number 
of big 
leaves 
(over 4 
cm in 
length) 0 0 0 
Number 
of small 
(under 4 
cm in 
length) 3 4 3.5 
Max 
height 
(cm) 8.5 8 8.25 

 
RH1 RH2 Average 

Number 
of big 
leaves 
(over 4 
cm in 
length) 3 3 3 
Number 
of small 
(under 4 
cm in 
length) 4 3 3.5 
Max 
height 
(cm) 9.5 9.5 9.5 

 
MCC 1 MCC 2 Average 

Number 
of big 
leaves 
(over 4 
cm in 
length) 3 6 4.5 
Number 
of small 
(under 4 
cm in 
length) 3 3 3 
Max 
height 
(cm) 9.5 15 12.25 

 
CC 1 CC 2 Average 

Number 
of big 
leaves 
(over 4 3 2 2.5 
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cm in 
length) 
Number 
of small 
(under 4 
cm in 
length) 2 2 2 
Max 
height 
(cm) 11.5 9 10.25 

 
BB1 BB2 Average 

Number 
of big 
leaves 
(over 4 
cm in 
length) 3 3 3 
Number 
of small 
(under 4 
cm in 
length) 2 2 2 
Max 
height 
(cm) 11 11.5 11.25 

 
Column tests also began today at 7am, using the corncob biochar.  
 
Below: set up of the column tests with three filter columns containing CC biochar 
with the same influent passing through column 1, then column 2, then column 3 
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08/05/17 
Column tests ended today at 7pm.  
 
10/05/17 
The UTS spectrometer was used to analyse and measure nutrient contents, with the 
results as followed: 
 
SET 2- URINE COLUMN TESTS WITH 3 COLUMNS RUNNING 
SIMULTANEOUSLY  
 
Start          
Sampling 
time  

Duration 
(h) 

Flow rate 
(mL/h) Column 2 Column 3 

DAY 1 7:00 0   Day 1 influent 
8:00 1 40 C11 C12 
11:00 4 40 C13   
15:00 8 40 C14   
19:00 12 40 C15 C16 
 DAY 2 7:00     Day 2 inf 
11:00 16 40  C21   
15:00 20 40 C22   
19:00 24 40  C23 C24 
DAY 3 8:00     Day 3 influent 
12:00 28 40  C31   
16:00 32 40  C32   
20:00 36 40  C33 C34 
          

 

  
Duration 
(h) 

PO4
3-P 

(mg/L) 
NH4

+N 
(mg/L) 

NO3
-N 

(mg/L) 
NO2-N 
(mg/L) pH 

Column 1             
Day 1 inf   1.37 9 14.90 0.43 8.84 
C11 1 1.01 4.8 13.10 0.30 8.90 
C13 4 0.98 6.6 13.10 0.33   
C14 8 1.02 8.4 13.30 0.31 8.89 
C15 12 1.01 9.8 13.30 0.29   
Day 2 inf   3.66 29.8 11.80 0.48 8.83 
C21 16 1.94 15.7 9.90 0.36   
C22 20 1.96 20.6 10.40 0.36 8.84 
C23 24 2.09 15.1 11.00 0.37   
Day 3 inf   1.58 21.8 14.30 0.43 9.01 
C31 28 1.32 16.1 11.00 0.34   
C32 32 1.47 12.6 11.20 0.35   
C33 36 1.4 13.2 11.80 0.36   
Column 2             
Day 1 inf   1.37 9 14.90 0.43 8.84 
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C12 1 1.01 5.1 13.10 0.32   
C16 12 1.04 10.3 13.30 0.29   
Day 2 inf   3.66 29.8 11.80 0.48 8.83 
C24 24 1.96 18.2 11.50 0.38   
Day 3 inf   1.58 21.8 14.30 0.43 9.01 
C34 36 1.48 14.1 12.10 0.40   

 
Removal amount (mg) of ammonium by CC with different running times and 
detention times (or number of filter columns) (Influent: 9.0 mg/L-29.8 mg/L, pH: 
8.84-9.01)  
Running time (hours) Detention time (min) 

Number of columns 
 20 

1  
40 
2  

60 
3  

12 NA 0.096  
24 NA 5.724 6.632 
36  9.420 10.392 
72   12.888 

Note: NA: Not accurate so this result is not used  
 
 
Removal amount (mg) of phosphate by Corncob biochar with different running times 
and detention times (number of filter columns), (Influent: 1.37-3.66 mg/L; pH: 8.84-
9.01) 
 
Running time (hours) Detention time (minutes) 

Number of columns 
 20 

1  
40 
2 

60 
3 

12 0.048 0.058  
24 0.296 0.973 0.976 
36  1.024 1.061 
72   3.099 

 
Removal amount (mg) of nitrate by Corncob biochar with different running times and 
detention times (or number of filter columns), (Influent nitrate: 8.8-14.9 mg/L, pH: 
8.84-9.01) 
 
Running time (hours) Detention time (minutes) 

Number of columns 
 20 

1  
40 
2  

60 
3  

12 0.040 0.256  
24 0.046 0.920 1.456 
36  1.976 2.880 
72   8.208 
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Removal amount (mg) of nitrite by Corncob biochar with different running times and 
detention times (number of filter columns), (Influent nitrite: 0.43-0.6 mg/L, pH: 8.84-
9.01) 
Running time (hours) Detention time (minutes) 

Number of columns 
 20 

1 
40 
2  

60 
3 

12 0.016 0.023  
24 0.514 0.114 0.115 
36  0.124 0.153 
72   0.290 
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12/05/17 
Results were analysed today with the following key and important conclusions 
reached: 
 

• Overall, 3 columns did perform vastly better than 1 and 2 columns in terms of 
the ammonium and nitrate absorbed. A less significant, but still visible 
difference was observed for an increased detention time in terms of removal 
of nitrite and phosphate 

• Hence 3 filter columns are suggested to fully optimise biochar’s performance 
as a bio absorbent for nutrients 

 
• Ammonium removal was much higher within the second batch of trials (with 

the CC under 3 filter columns) than within the first trials, and is more 
consistent with past studies. This supports the hypothesis that the delayed 
analysis of influent samples in the first set of results enabled ammonium 
volatilisation to affect results (this time, results were measured the day after 
collection to reduce the effect of ammonium evaporation). Therefore, based 
on the more accurate results collected in the second trials of CC biochar under 
3 filter columns, biochar is shown to have a high capacity to reduce 
ammonium in wastewater.  

 
I have written comprehensive and detailed analysis of each set of results within my 
report. 
 
13/05/17 
Today, the following results have been recorded. 
Plant health with different biochar fertilisers- Week 

5 
 Biochar type 

 
Control 1 Control 2 Average 

Number 
of big 
leaves 
(over 4 
cm in 
length) 0 0 0 
Number 
of small 
(under 4 
cm in 
length) 3 3 3 
Max 
height 
(cm) 7.5 8 7.75 

 
RH1 RH2 Average 

Number 
of big 
leaves 
(over 4 3 4 3.5 
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cm in 
length) 
Number 
of small 
(under 4 
cm in 
length) 5 4 4.5 
Max 
height 
(cm) 8.5 10 9.25 

 
MCC 1 MCC 2 Average 

Number 
of big 
leaves 
(over 4 
cm in 
length) 2 6 3.5 
Number 
of small 
(under 4 
cm in 
length) 5 2 3.5 
Max 
height 
(cm) 9.5 14 11.75 

 
CC 1 CC 2 Average 

Number 
of big 
leaves 
(over 4 
cm in 
length) 3 2 2.5 
Number 
of small 
(under 4 
cm in 
length) 3 2 2.5 
Max 
height 
(cm) 11.5 10 10.75 

 
BB1 BB2 Average 

Number 
of big 
leaves 
(over 4 
cm in 
length) 2 3 2.5 
Number 
of small 3 1 2 
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(under 4 
cm in 
length) 
Max 
height 
(cm) 11 12.5 11.75 

 

 

 
 
For biochar fertiliser to be viable for large-scale usage worldwide, it must be 
competitive and comparable in its fertiliser capacity to commercially available 
fertilisers. Hence, I will trial 2 types of biochar fertilisers and compare plants biochar-
enriched with plants that are fertilised with commercial fertiliser and unfertilised 
plants (control). This repeat trial with the added variable of plants grown with 
commercial fertiliser enables me to determine the reproducibility and reliability of my 
results. Furthermore, it will allow me to assess whether biochar fertiliser’s 
effectiveness is similar to products available on the market, and hence allow me to 
provide recommendations on whether biochar fertiliser should be used in large-scale 
agricultural activities.  
 
I have decided to continue trials of biochar acting as fertiliser with bamboo and 
corncob biochars, as based on previous results, they are the most suitable materials to 
filter nutrients. Therefore they are suggested for use as a filter for wastewater, and 
through these additional fertiliser tests, their capability in improving plant and soil 
health can be further investigated.  
 

Left to right: control, 
RH, MCC, CC, BB 
pots 

Left to right: control, 
RH, MCC, CC, BB 
pots 
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Hence, today I went and bought the following after I measured the plants: 
• Richgro all purpose garden soil 
• Another 10 brocolette plants 
• Fertiliser- Hortico Plant fertiliser for vegies 

o I chose this fertiliser as it has similar nitrogen and phosphate content to 
corncob and bamboo biochar- at 13.5% w/w of total nitrogen, 2% w/w 
phosphate) (calculations show that for a fair test in that there are 
similar and comparable content of nitrogen/phosphate provided for 
plants fertilised by commercial and biochar fertilisers- the mass of 
Hortico Plant fertiliser should be 0.09 g for 3.5 g of biochar fertiliser). 

 
I have placed all the 10 brocolette plants in plant pots with the same amount of garden 
soil and placed them next to the ongoing trial of plants.  
 
14-18/05/17 
 
I have decided to conduct further column studies again with bamboo biochar in order 
to produce more exhausted biochar for testing as fertiliser. I want to further 
investigate the effect of different running times on biochar’s removal capacity of 
nutrients.  
 
As determined from the studies of different detention times and running times with 
corncob biochar, 3 filter columns (1 hour detention time) proved optimum for the 
removal of nutrients. Hence, I will apply bamboo biochar as a filter over 3 filter 
columns, with results collected every 12 hours over a span of 72 hours. This would 
also allow me to compare whether more nutrients were absorbed by bamboo or 
corncob biochar under the same running and detention times (to determine the 
optimum biochar material to act as a bioabsorbent). Furthermore, this will enable me 
to ascertain the nutrients removed after certain running times. Through this, I can 
engineer models of biochar application that can outline the level of harmful nutrients 
absorbed under certain filtering conditions. My goal is to engineer multiple models of 
biochar’s application that can cater for different requirements of nutrient removal in 
wastewater. 
 
The method for this section of my project is: 
23. Measure 3.5 g of BB in a beaker on a electronic balance 
24. Using BB, run a series of three filter columns (detention time 1 hour for 3 filters) 

(3.5 g of BB per 15mL tube to act as filter column) 
25. Collect effluent from column 3 after periods of 12 hours over a span of 72 hours 
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20/05/17 
The following results have been collated. 
 
Removal amount and removal efficiency of ammonium by bamboo biochar after 
different running times by 3 filter columns (corresponding to 1 hour detention time), 
(Influent NH4

+: 14.3-24.9 mg/L; pH: 8.70-9.17) 
 

Running NH4
+  

time 
(hours) 

Influent  
(mg) 

Removal amount 
(mg) 

Removal efficiency 
(%) 

12 8.35 4.66 55.4 
24 16.75 9.34 55.6 
36 23.86 12.50 52.3 
48 32.64 13.94 42.7 
60 44.59 15.90 35.7 
72 56.54 17.13 30.3 

 
Removal amount and removal efficiency of phosphate by bamboo biochar after 
different running times by 3 filter columns (corresponding to 1 hour detention time), 
(Influent phosphate: 1.42-4.40 mg/L, pH: 1.42-3.02) 
 

Running PO4
3-  

time 
(hours) 

Influent  
(mg) 

Removal amount 
(mg) 

Removal efficiency 
(%) 

12 0.76 0.28 36.8 
24 1.44 0.52 36.1 
36 2.60 0.98 37.7 
48 4.71 2.17 46.1 
60 6.16 3.28 53.2 
72 7.61 4.23 55.6 

 
Removal amount and removal efficiency of nitrate by bamboo biochar after different 
running times by 3 filter columns (corresponding to 1 hour detention time), (Influent 
nitrate: 15.6-22.6 mg/L; pH: 8.70-9.17) 
 

Running NO3
-  

time 
(hours) 

Influent  
(mg) 

Removal amount 
(mg) 

Removal efficiency 
(%) 

12 10.32 4.40 42.6 
24 21.17 8.64 40.8 
36 28.90 11.89 41.1 
48 37.15 14.96 40.3 
60 44.64 17.24 38.6 
72 52.13 18.13 34.8 

 
Removal amount (mg) of nitrite by Corncob biochar with different running times and 
detention times (number of filter columns), (Influent nitrite: 0.48-0.6 mg/L, pH: 8.84-
9.01) 
Running time (hours) Detention time (minutes) 
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Number of columns 
 20 

1 column 
40 
2 columns 

60 
3 columns 

12 0.016 0.023  
24 0.514 0.114 0.115 
36  0.124 0.153 
72   0.290 

 
 
Removal amount (mg) of nutrients by 10.5 g corncob biochar after different running 
times (1 hour detention time, 3 filter columns) 
 
Running time 
(hours) 

NH4
+ 

(mg) 
PO4

3- 
(mg) 

NO3
- 

(mg) 
NO2

- 
(mg) 

Total nutrients 
(mg) 

24 6.63 0.97 1.46 0.12 9.18 
36 10.39 1.06 2.88 0.15 14.49 
72 12.89 3.90 8.21 0.29 25.28 

 
Removal amount (mg) of nutrients by 10.5 g of bamboo biochar after different 
running times (1 hour detention time, 3 filter columns) 
Running 
time 
(hours) 

NH4
+ 

(mg) 
PO4

3-  
(mg) 

NO3
- 

(mg) 
NO2

- 
(mg) 

Total 
nutrients 
removed 
(mg) 

Total 
nutrients 
influent 
(mg) 

Removal 
percentage of 
influent 
nutrients  

12 4.66 0.28 4.40 0.04 9.38 19.61  47.8 
24 9.34 0.52 8.64 0.12 18.62 39.80 46.8 
36 12.50 0.98 11.89 0.15 25.51 55.98 45.6 
48 13.94 2.17 14.96 0.19 31.25 75.36 41.5 
60 15.90 3.28 17.24 0.22 36.64 96.48 38.0 
72 17.13 4.23 18.13 0.23 39.72 117.6 33.8 

The following significant observations have been noted based on results: 
• Bamboo biochar performed better at removing nutrients than corncob biochar 

(39.72 mg of nutrients removed over 72 hours vs. 25.28 mg 57% difference) 
• Competitive absorption (competition for absorption sites) did occur. This is 

based on removal efficiency for nitrogen-based compounds (ammonium, 
nitrate, nitrite) being greatest within the first stages of running time. 
Meanwhile, biochar had the greatest removal efficiency of phosphorous-based 
compounds (phosphate), within the later stages of running time. This 
displayed bamboo biochar is more favourable to nitrogen based compounds 
during early stages of the filtering period, and then phosphorous based 
compounds were absorbed at a higher rate.  

• Both bamboo and corncob biochar have strong filtering capacity for nutrients, 
at a similar level to current bioabsorbents such as halloysite and wheat straw. 
This indicates bamboo and corncob biochar have strong potential as a 
bioabsorbent for nutrients, comparable to existing treatment methods. 

 
A much more detailed analysis of results for all components of the filter column tests 
is reported in my draft report. 
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21/05/17 
Today was the last week of measuring the height and health of plants fertilised with 
different types of biochar compared to those unfertilised.   
 
Below (left to right in columns): control, RH, MCC, CC and BB fertilised brocolette 
plants 

 
The following results have been recorded: 
 
Plant health with different biochar fertilisers- Wk 6 

 Biochar type 

 
Control 1 Control 2 Average 

Number 
of big 
leaves 
(over 4 
cm in 
length) 0 0 0 
Number 
of small 
(under 4 
cm in 
length) 3 3 3 
Max 
height 
(cm) 7.5 8 7.75 

 
RH1 RH2 Average 

Number 
of big 
leaves 
(over 4 
cm in 
length) 1 5 3 
Number 
of small 
(under 4 3 1 2 
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cm in 
length) 
Max 
height 
(cm) 8.5 11.5 10 

 
MCC 1 MCC 2 Average 

Number 
of big 
leaves 
(over 4 
cm in 
length) 1 6 3.5 
Number 
of small 
(under 4 
cm in 
length) 4 1 3.5 
Max 
height 
(cm) 10 15.5 12.75 

 
CC 1 CC 2 Average 

Number 
of big 
leaves 
(over 4 
cm in 
length) 2 3 2.5 
Number 
of small 
(under 4 
cm in 
length) 4 2 3 
Max 
height 
(cm) 11.5 11 11.25 

 
BB1 BB2 Average 

Number 
of big 
leaves 
(over 4 
cm in 
length) 4 3 3.5 
Number 
of small 
(under 4 
cm in 
length) 2 3 2.5 
Max 
height 10 11 10.5 
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(cm) 
 
In addition, today I made recordings on the root health of each plant, to determine 
whether exhausted biochar fertiliser improved root health or not.  
 
 Root length (cm) Average root length (cm)  
Control 15 20 17.5 
RH 14 13 13.5 
MCC 22 17 19.5 
CC 25 17 21 
BB 14 17 15.5 

 

 
 
Above (left to right in groups of two plants): Control, RH, MCC, CC, BB plants 
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Collating the results from throughout the six weeks, the following graphs have been 
produced: 
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Hence, based on the overall results, the following general conclusions have been 
reached: 

• Plants fertilised with exhausted biochar consistently displayed better health 
(number of leaves) and growth- which denote that exhausted biochar does 
effectively fertilise plants and improve soil quality 

• Modified corncob biochars are best for use as fertiliser as their plants 
displayed the greatest increase in height (2.75 cm, 175% more than control 
plants). MCC plants also displayed one of the more extensive root systems 
measured (19.5 cm root length) 

• Bamboo biochar is also recommended, as it was fairly effective in aiding the 
growth of number of leaves per plant (increase of 4 leaves, 200% more than 
control plants) 

• However, all fertilisers made out of exhausted biochar have improved plant 
and soil health relative to unfertilised plants. Any of the four biochar materials 
would be suitable for use. Consideration must be taken regarding what 
materials are most widely available and cost-effective for utilisation. 

 
I have written more indepth analysis in my draft report. 
  
28/05/17  
 
As based on previous results, biochar fertiliser does improve soil quality, and 
consequently plant growth and health. Now it needs to be determined biochar’s 
effectiveness compared to commercial fertilisers.  
 
Therefore, today I mixed in a total of 7 g of used BB biochar split between two plant 
pots planted last week, and a total of 7 g of used CC biochar split between two plant 
pots (3.5 g biochar in each). In addition, 2 plant pots were left unfertilised (the 
controls), with one plant pot with 0.09 g of Hortico fertiliser (0.09 g was determined 
as this mass of Hortico fertiliser contains approximately the same amount of total 
nitrogen and phosphorous as 3.5 g of BB and CC biochars, ensuring a valid study).  
 
I have chosen to further trial these biochar materials as fertilisers, as they were the 
best materials for acting as a bioabsorbents for nutrients. Hence further investigation 
into their reuse following application as a filter would be useful and relevant. 
 
I will repeat the same documentation of plant health and growth (leaves, root length, 
height) as the previous plant trials, and continue to record my observations in this 
logbook over the upcoming 6 weeks. 
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04/06/17 
Week 1 
Today the following results have been collected: 
 
Control    Average 
Number of big leaves (over 4 cm) 2 2 2 
Number of small leaves (under 4 
cm)  

2 3 
2.5 

Max height (cm) 10 6.5 13 

 
  

 Commercial fertiliser (CF)   
 Number of big leaves (over 4 cm) 4 3 3.5 

Number of small leaves (under 4 
cm) 

1 2 
1.5 

Max height (cm) 10.5 10.5 10.5 

 
  

 CC   
 Number of big leaves (over 4 cm) 3 2 2.5 

Number of small leaves (under 4 
cm) 

2 3 
2.5 

Max height (cm) 9 11 10 

 
  

 BB   
 Number of big leaves (over 4 cm) 3 2 2.5 

Number of small leaves (under 4 
cm) 

2 2 
2 

Max height (cm) 11.5 10 10.75 

 
Above (left to right in columns): Control, CF, CC, BB plants 
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11/06/17 
Week 2 
Today the following results have been collected: 
 
Control    Average 
Number of big leaves (over 4 cm) 3 0 2 
Number of small leaves (under 4 
cm)  

2 0 
1 

Max height (cm) 11.5 9 10.25 

 
  

 Commercial fertiliser (CF)   
 Number of big leaves (over 4 cm) 3 3 3 

Number of small leaves (under 4 
cm) 

1 1 
1 

Max height (cm) 12 10 11 

 
  

 CC   
 Number of big leaves (over 4 cm) 2 4 3 

Number of small leaves (under 4 
cm) 

2 5 
3.5 

Max height (cm) 11.5 14 12.75 

 
  

 BB   
 Number of big leaves (over 4 cm) 1 5 3 

Number of small leaves (under 4 
cm) 

2 2 
2 

Max height (cm) 11 11.5 11.25 
 

 
Above (left to right in columns): Control, CF, CC, BB plants 
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18/06/17 
Week 3 
Control    Average 
Number of big leaves (over 4 cm) 1 1 1 
Number of small leaves (under 4 
cm)  

3 3 
3 

Max height (cm) 11.5 9 10.25 

 
  

 Commercial fertiliser (CF)   
 Number of big leaves (over 4 cm) 2 2 2 

Number of small leaves (under 4 
cm) 

2 1 
1.5 

Max height (cm) 12 10 11 

 
  

 CC   
 Number of big leaves (over 4 cm) 3 4 3.5 

Number of small leaves (under 4 
cm) 

1 2 
1.5 

Max height (cm) 11.5 14 12.75 

 
  

 BB   
 Number of big leaves (over 4 cm) 3 3 3 

Number of small leaves (under 4 
cm) 

1 2 
1.5 

Max height (cm) 11 11.5 11.25 
 
25.06/17 
Today the following results have been collected: 
 
Week 4 
Control    Average 
Number of big leaves (over 4 cm) 3 0 1.5 
Number of small leaves (under 4 
cm)  

4 1 
2.5 

Max height (cm) 12 9 10.5 

 
  

 Commercial fertiliser (CF)   
 Number of big leaves (over 4 cm) 1 5 3 

Number of small leaves (under 4 
cm) 

6 3 
4.5 

Max height (cm) 13 14 13.5 

 
  

 CC   
 Number of big leaves (over 4 cm) 2 4 3 

Number of small leaves (under 4 
cm) 

2 5 
3.5 
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Max height (cm) 11.5 14 12.75 

 
  

 BB   
 Number of big leaves (over 4 cm) 4 5 4.5 

Number of small leaves (under 4 
cm) 

5 3 
4 

Max height (cm) 10 12.5 11.25 

 
 
Above (left to right in columns): Control, CF, CC, BB plants 
 
02/07/17 
Today the following results have been collected: 
 
Week 5 
Control    Average 
Number of big leaves (over 4 cm) 3 0 1.5 
Number of small leaves (under 4 
cm)  

4 1 
2.5 

Max height (cm) 12 9 10.5 

 
  

 Commercial fertiliser (CF)   
 Number of big leaves (over 4 cm) 3 5 4 

Number of small leaves (under 4 
cm) 

3 3 
3 

Max height (cm) 13 14 13.5 

 
  

 CC   
 Number of big leaves (over 4 cm) 4 4 4 

Number of small leaves (under 4 
cm) 

3 5 
4 

Max height (cm) 13.5 14.5 14 

 
  

 BB   
 Number of big leaves (over 4 cm) 5 5 5 

Number of small leaves (under 4 
cm) 

5 3 
4 
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Max height (cm) 10 14.5 12.25 
 

 
 
Above (left to right in columns): Control, CF, CC, BB plants 
 
09/07/17 
Today the following results have been collected (root length as final week): 
Control    Average 
Number of big leaves (over 4 cm) 3 2 2.5 
Number of small leaves (under 4 
cm)  

2 4 
3 

Max height (cm) 13 11 12 
Root length (cm) 21 18 19.5 
    
Commercial fertiliser (CF)   

 Number of big leaves (over 4 cm) 4 1 2.5 
Number of small leaves (under 4 
cm) 

3 7 
5 

Max height (cm) 13 12.5 13 
Root length (cm) 13 18 15.5 

 
  

 CC    
Number of big leaves (over 4 cm) 3 5 4 
Number of small leaves (under 4 
cm) 

6 2 
4 

Max height (cm) 11.25 15 13.25 
Root length (cm) 25 19 22 
    
BB   

 Number of big leaves (over 4 cm) 6 4 5 
Number of small leaves (under 4 
cm) 

3 6 
4.5 

Max height (cm) 14 15 14.5 
Root length (cm) 15 18 16.5 
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General observations and comments are recorded below: 
• The corncob biochar improved plant growth the most (in terms of height), by a 

38% greater increase in stem height over the six weeks than the commercial 
fertiliser 

• Regarding the leaf health under different fertiliser conditions, the bamboo 
biochar and corncob biochar both increased the brocolette plant leaves by 3-4 
leaves, from an initial 4-5 leaves. 

• In terms of root health, the bamboo biochar was the best, with the most 
extensive root length of 22cm, 6.5 cm (42%) longer than the commercial 
fertiliser.  

• Based on the graphs displayed below, the biochar fertilisers displayed a 
consistent trend of being comparable or exceeding the fertiliser capacity of 
commercial fertilisers. This is displayed in bamboo or corncob biochar 
fertilised plants having greater height increase or root length increase than 
plants fertilised by commercial fertiliser.  

 
Above (left to right in columns): Control, CF, CC, BB plants 

 
Above (left to right in groups of two): Control, CF, CC, BB plants (root health) 
 
10/07/17-22/07/17 
I have finished writing my discussions for the various filter column tests and plant 
fertiliser tests. I have begun writing my conclusion that focuses on outlining the 
model of biochar’s application within the agricultural industry. A rough guideline that 
I have devised based on cumulative examination of results is: 
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Model 1- Most cost and time efficient model for lower nutrient content 
Model outline/Criteria for application 

! Material: Bamboo biochar 
! Filtration rate: 5.5 m3/m2/day 
! Amount of biochar requirement: less than 7kg/m3 wastewater 
! Detention time of wastewater in column: 1 hour 
! Running time for effective removal (up to 45.6% of the main nutrients in 

wastewater: ammonium, phosphate and nitrate): 36 hours 
 
Following use as filter for wastewater, bamboo biochar is proposed to be recycled as a 
fertiliser for crops. It increased the plant height of brocolette plants at a comparable 
rate to the trialed Hortico plant and vegie commercial fertiliser, with the growth in 
height between commercially and bamboo biochar fertilised plants only differing by 
16%. Additionally, plants fertilised with bamboo biochar had the most extensive and 
healthy root systems, with the average root length of brocolette plants bamboo 
biochar enriched being 6.5 cm or 41% more than the average root length over plants 
fertilised with commercial fertilisers. Hence, bamboo biochar is suitable for use crop 
fertiliser for usage in the agricultural industry, with its bamboo biochar’s fertiliser 
performance being competitive with a current fertiliser on offer. 
 
Criteria for application of model 
 
Nutrients are removed at a level up to: 

! 52% of initial ammonium NH4
+  

! 38% of initial phosphate PO4
3-  

! 41% of initial nitrate NO3
-  

! 24% of initial nitrite NO2
-  

 
This 1st model of the most practical, cost and time efficient method of nutrient 
removal in wastewater is capable of reducing total nitrogen to under 20mg/L and total 
phosphorus to under 2mg/L. These values meet the effluent quality guideline of 
Australia for sewerage treatment systems, which addresses not only primary and 
secondary treatments but also nutrient removal processes (Agriculture and Resource 
Management Council of Australia and New Zealand, 1997). 

 
Model 2- For removal of higher nutrient content 
 
For application to maximise the nutrients absorbed by biochar. 
  

! Material: Bamboo biochar 
! Filtration rate: 5.5 m3/m2/day 
! Amount: less than 7kg/m3 wastewater 
! Detention time of wastewater in the column: 1 
! Running time for effective removal: At least 72 hours 

 
I aim to outline the benefits of utilising biochar as a sustainable and multi-use 
resource within the agricultural industry, including the biochar bioabsorbent and 
filtering model: 

1. Recycling polluting waste materials 
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2. Significantly reducing the nutrient content in animal waste water (comparable 
to many current bioabsorbents) 

3. Alternative to commercial fertiliser  
4. High productivity and multiple uses 
5. Sustainable material- cost-effective, as well as being time-effective with a 

running time of 72 hours 
 

I also aim to address procedures and considerations that must be taken into account 
when using biochar, such as safety precautions associated with pyrolysis and handling 
of urine. Future studies and improvements will also be included within the final 
section of my report.  
 
Future improvements: 

• trial more variables such as different flow rates and an increased number of 
filter columns, for a more diverse and comprehensive study 

• trial run of the models developed and engineered, to further determine their 
effectiveness under field conditions and further assess the reliability and 
reproducibility of results 

• utilise animal urine from a livestock farm to increase the accuracy of results 
within a practical application of the model 

• different plants could be utilised to trial biochar’s fertiliser capacity to 
diversify the study 
 

Overall, bamboo and corncob biochar was highly promising in terms of their nutrient 
removal, at a similar level to bio-absorbents currently available such as halloysite and 
peach-stone. This indicates biochar’s strong viability as a filter for excess nutrients 
commonly found in animal wastes. Biochar also significantly improved plant health 
in terms of height, root health and leaf health compared to plants not fertilised with 
biochar. Biochar fertiliser was a comparable or better fertiliser to the trialled 
commercial fertiliser in this study.  
 
24/07/17-19/08/17 
I have been editing down my report and refining it, formatting it etc. 
 
19/08/17 
I am submitting my report today. 

 


