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Abstract 

In the wake of ever more occurring and evident consequences brought by climate change such 

as droughts and an increasing world population, a responsible use and handling of freshwater 

has never been as important as before. Stormwater is more than often not treated and simply 

released back in nature with any kind of pollution it has collected on its way, one of which 

being heavy metals. By treating stormwater not only would this underutilised resource be made 

use of, creating a new source of freshwater, but environmental pollution caused by untreated 

stormwater could be potentially decreased, as it can be converted into a potential resource 

rather than a waste caused by nature. 

There are a number of already established methods to lower the concentration of heavy metals 

in water, however there are inherent economical and practical disadvantages with each of them. 

A method that has shown promising results with potential to challenge these contemporary 

solutions is biosorption. This study has explored the use of fungal biomass of Rhizopus oryzae 

for heavy metal biosorption in conjuncture with an organic filler material. The metals 

investigated were Zn, Cu and Fe. Moreover, the effects of pre-treating the fungal biomass with 

primarily NaOH were also investigated together with the optimal ratio between biomass and 

filler material and retention time, in order to maximise biosorption. 

Pre-treating the fungal biomass with NaOH resulted in a considerable increase in biosorption. 

Moreover, the presence of the filler material had a positive impact on biosorption by further 

enhancing it. The best effect was obtained at a 4:1 ratio between biomass and filler material. 

Finally, the best retention time was determined to be around 2 hours, slowly levelling off at 

higher retention times. However, the use of pre-treated R. oryzae with filler material did not 

prove to be efficient regarding the removal of heavy metal ions in stormwater at very low 

concentration of metals, between approximately 4 to 10 ppb. In the future, it would be 

worthwhile to investigate the viability of this method on stormwater with higher metal 

concentrations as well as looking into the effects of pH and temperature. 
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Sammanfattning 

Som en påföljd av de konsekvenser som klimatförändringen har orsakat, som till exempel svåra 

torkor tillsammans med en ökande världsbefolkning, har det blivit av allt större vikt att 

hanteringen av sötvatten sker på ett mer ansvarsfullt och hållbart sätt. Stormvatten brukar inte 

behandlas överhuvudtaget utan släpps tillbaka i miljön tillsammans med föroreningarna som 

det samlat på sig under sin väg, bland annat tungmetaller. 

Det finns redan ett antal metoder för att minska koncentrationen av tungmetaller i vatten, dock 

inte utan ekonomiska och praktiska svårigheter. Hur som helst så har det forskats en del kring 

en relativt ny metod som har tidigare visat goda resultat och skulle kunna konkurrera med 

befintliga lösningar, nämligen biosorption. I denna studie har man utforskat möjligheten att 

använda svampen Rhizopus oryzae tillsammans med ett organiskt fyllmedelsmaterial för 

biosorptionen av tungmetaller i stormvatten. De tungmetaller som undersöktes var Zn, Cu och 

Fe. Dessutom har man undersökt effekterna av ett förbehandlingssteg hos biomassan med 

NaOH tillsammans med det optimala förhållandet mellan biomassan och fyllemedelsmaterialet 

och retentionstiden för att maximera biosorptionen. 

Förbehandlingssteget visade en markant förbättring av biosorptionen. Fyllemedelsmaterialet 

hade för övrigt också en positiv inverkan genom att ytterligare öka biosorptionen. Ett 4:1 

förhållande mellan biomassan och fyllemedelsmaterialet resulterade i det optimala förhållandet 

för komponenterna med tanke på biosorptionen. För retentionstiden visade det sig de bästa 

resultaten erhålles vid 2 timmar i lösningen. Emellertid visade det sig att användningen av den 

förbehandlade svampen tillsammans med fyllemedelsmaterialet inte var effektivt på 

stormvatten med en väldig låg tungmetallkoncentration, ungefär mellan 4 till 10 ppb. I 

framtiden skulle det vara intressant att undersöka inte bara metodens genomförbarhet på 

stormvatten med högre metallkoncentrationer, utan även hur pH-värde samt temperatur kan 

påverka resultaten.  
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1 Introduction 

Stormwater is referred to water which usually originates from rain which carries any pollution 

it has met along its path (NSW Government 2018). Such water may for instance have come in 

contact with rooftops, cars, parking lots and streets, which over time accumulated said 

pollutants during dry periods (Ma, Egodawatta, McGree, Liu & Goonetilleke 2016). One of 

these pollutants are heavy metals, which are mainly released from tyres, car exhausts, asphalt 

erosion and combustion. The presence of heavy metals in urban stormwater runoffs can pose 

health hazards to humans and the environment alike (Reddy, Xie & Dastgheibi 2014). 

Stormwater in large cities is usually not treated and will simply be collected in storm drains 

which will in turn release the water in nature again, degrading the quality of bottom sediments 

as well as generally polluting the area with anything the water has carried (Birch, Matthai, 

Fazeli & Suh 2004). 

Some heavy metals play an essential role in a well-functioning human. These are called trace 

elements and are involved in important biochemicals processes in the body. Copper for 

instance, is a co-factor for enzymes of redox cycling and zinc is important for living tissues. 

An excess of these metals will however cause cramps, irritations, convulsions and in the worst 

case even death. Other heavy metals have on the other hand no known benefits to the human 

body, such as mercury and lead, which both cause permanent damage to the nervous system as 

well as impairing the function of lungs, kidney and liver (Fu & Wang 2011). 

Droughts caused by the ever more evident consequences of climate change tied with an 

increasing population has called for the need of a more responsible way of managing water in 

all its forms. There is a tangible upside in harvesting and treating stormwater as not only can 

the water be reused, but the amount of pollution in waterways can also be kept under control 

(Begum, Rasul & Brown 2008). Contemporary and conventional methods for heavy metal 

removal in water involve the use of for instance precipitation, membrane filtration, ion-

exchange, electrochemical treatment and adsorption (Fu & Wang 2011). There are some 

inherent downsides with each method though. For instance, precipitating heavy metals present 

in low concentrations is not as effective as for higher concentrations. The cost of filtrating 

heavy metal ions is relatively high and complex, likewise with ion-exchange which is 

expensive in large scale applications and can cause secondary pollution when maintaining the 



2 

resins. Electrochemical water treatment needs a big capital investment and constant electrical 

supply and adsorption’s efficiency depends on the kind of adsorbent used (Fu & Wang 2011). 

The use of activated carbon adsorbents is widely used in the removal of heavy metals. 

However, depletion of the commercial coal-based source used to make this adsorbent has 

driven prices up, pushing for the development of composite materials (Fu & Wang 2011). 

Nevertheless, a relatively recent method for the removal of heavy metal ions from water using 

bioadsorbents is showing auspicious results, as well as being eco-friendly and cheaper; among 

such bioadsorbents are algae, bacteria and fungi (Al-Qodah 2006). Though both living and 

dead cells can be employed in biosorption, dead cells will not need the same level of care and 

maintenance as live cells, nor will they need any nourishment. Furthermore, metal toxicity will 

not pose a threat to the cells themselves as they will already be dead (Al-Qodah 2006). 

Adsorption on the fungal biomass is possible thanks to negative charges of functional groups 

such as phosphates, carboxyls and amines located on the cell wall structure (Kapoor & 

Viraraghavan 1995). The number of negatively charged binding sites can be increased by pre-

treating the fungal biomass with NaOH, which will remove lipids and proteins that hide such 

sites. This treatment step has previously been reported to result in a higher heavy metal uptake 

by fungal cells (Bhainsa & D’souza 2008; Al-Qodah 2006; Gadd 1993). pH also plays a 

significant role in metal biosorption capacity. A lower pH will result in a poorer metal uptake, 

while a higher pH will facilitate it, at least regarding Cu. This could be explained by the fact 

that at a lower pH, there will be a higher amount of hydrogen ions competing with copper ions 

for available negatively charged binding sites. Finally, temperature plays a role as well, 

increasing biosorption at higher temperatures and decreasing it at lower. This can be attributed 

to not only the endothermicity of biosorption, but to the increased frequency of collisions with 

the binding sites brought by a higher kinetic energy (Bhainsa & D’souza 2008). 

In this study, the viability of fungal biomass with the addition of a filler material for heavy 

metal biosorption in stormwater will be investigated. At the same time, two factors, the ratio 

between filler material and biomass and the retention time in the polluted solution will be 

investigated together will the effect of pre-treating the biomass before application. The fungus 

in question is Rhizopus oryzae which will firstly be cultivated and later pre-treated in several 

steps. The treated filler material used has its origin from a plant source and was kindly provided 

by Mycorena AB and was used as is. Thereafter, the optimal conditions for biosorption will be 

determined using a stock solution with known concentrations of heavy metals, which will yield 
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the best ratio between the biomass and filler material and the best retention time, in order to 

maximise the effect of biosorption. Finally, the obtained parameters will be tested on a 

provided stormwater sample to verify the validity of the method. The stormwater sample was 

also kindly provided by Mycorena AB and was collected from a catchment area in Västra 

Frölunda, Sweden. 

  



4 

2 Ethical aspects 

The scope of this work has been for the most part restricted to investigating the effects of a 

filler material on fungal biomass in heavy metal biosorption. That might per se not have ethical 

implications, but if the method used in this study, even in part, were to be used in a real process, 

having at least a better overview of the whole picture might provide a better understanding of 

any ethical problems that might arise. 

One possible ethical aspect to consider involves the production of the biomass, a material of 

essential importance for this method to be implemented. On an industrial scale, where far 

greater amounts of biomass are needed, it itself has to be produced using other methods and 

materials, not described in this work which only focuses on a laboratory scale operation. The 

cost of production on an industrial scale might vary depending on where it is grown. Two 

factors that might for instance influence the final production cost could be local wages and 

government subsidies in this particular sector. If, for any reason, the country where the biomass 

would be needed outsources the step process abroad, depending on for instance economic 

motives, that would result in transporting the finished product by air, sea and or land. 

Depending how the transportation is carried out, this could defy the very reason this study is 

undertaken in the first place. In a practical example, the biomass can be transported by a cargo 

ship which uses heavy fuel oil, a non-eco-friendly choice, but one of the cheapest and most 

popular ones. The ethical issue and moral contradiction would be found in the will of reducing 

pollution by using a component with a relatively large carbon footprint. This aspect assumes 

even greater relevance if the biomass needs to be supplied on a regular and frequent basis.  

Another ethical aspect to consider involves the way the used biomass, containing heavy metals, 

is treated. This work does not delve into how the biomass could be recycled and destroyed after 

reaching a certain point, but will become of importance if, as mentioned above, it was to be 

scaled up industrially. It would be of utmost importance not to mishandle the polluted biomass, 

as if the metals were to somehow be dispersed into the environment, any work striving towards 

a cleaner environment and a potential additional water source would be for naught. 

The two examples above are but a few of many possible ethical aspects which should be 

considered in future studies and on a bigger scale operation. One way to possibly evaluate the 

environmental benefits of this method would be the use of an LCA, which could also help in 

ethical conflicts that might develop from certain choices along the entire process.  
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3 Method and materials 

3.1 Biomass production 

3.1.1 Spore plates preparation 

A PDA (potato dextrose agar) mixture was prepared containing 4 g L-1 peptone, 20 g L-1 

glucose, 15 g L-1 agar and distilled water. The PDA was later autoclaved at 121 ℃ for 20 

minutes and under sterile conditions poured into petri dishes and left to cool overnight. 

The PDA plates were inoculated with spores of R. oryzae from an already existing plate by 

inundating it with 20 mL sterile distilled water and scraped with a cell spreader. The detached 

spores were transferred to a conical tube and from it 4 drops of spore suspension were poured 

into each plate. Afterwards, the plates were placed in an incubator at 30 ℃ for 48 hours, as 

seen as in figure 1. 

 

Fig. 1: The picture shows the PDA plates containing R. oryzae in the incubator. 
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3.1.2 Cultivation in bench-scale bubble column bioreactor 

To obtain the needed amount of biomass, R. Oryzae was cultivated in 4 L bubble column 

bioreactors (Belach Bioteknik, Stockholm, Sweden), shown in figure 2. The growth medium 

used was YPD (yeast peptone dextrose) and contained 1 g L-1 yeast extract, 20 g L-1 glucose, 

4 g L-1 peptone and distilled water. The bioreactors were filled with 3.5 L of medium each 

before being autoclaved. 

During the cultivation, the medium temperature was set to 35 ℃, the pH to 5.5 and the aeration 

rate to 5 L min-1. The reactors were inoculated with 15 mL spore suspension obtained from the 

previously mentioned plates. After 48 hours, the biomass was harvested and washed thoroughly 

with distilled water, shown in figure 3.  

 

Fig. 2: The picture shows the fungal biomass which has grown in the bioreactor right before harvesting. 
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Fig. 3: The picture shows the harvested fungal biomass being rinsed. 

3.2 Biomass pre-treatment 

3.2.1 Ethanol extraction 

The obtained biomass was left to dry in a fume hood for 48 hours. Thereafter, it was extracted 

with boiling absolute ethanol for 2 hours. This was carried out in a round-bottom flask 

connected to a condenser and placed in a heating mantle, assembled and carried out as shown 

in figure 4. Afterwards, the biomass was washed with distilled water. 

3.2.2 Sodium hydroxide extraction 

The same equipment as for the step above was used. The biomass was extracted with boiling 1 

M sodium hydroxide for 2 hours and was afterwards washed with distilled water. The biomass 

was thereafter washed with 0.2 M glacial acetic acid. 



8 

 

Fig. 4: The picture shows how the NaOH and ethanol extraction was set up. 
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3.2.3 Biomass milling 

After the extraction steps, the biomass was left to dry once again. Once completely dry, it was 

placed inside a blender such that a powder could be obtained, as seen on the left-hand side on 

figure 5. On the right-hand side the filler material can be observed. To improve particle size 

homogeneity, larger pieces of biomass were grinded with a mortar and pestle. Additionally, the 

biomass was observed under a light microscope and a picture was taken, namely figure 6. 

 

Fig. 5: The picture on the left shows how R. oryzae looked like after both extraction steps and the milling and on the right the 

appearance of the filler material. 
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Fig. 6: The picture shows the biomass from fig. 6 at x40 magnification under a light microscope. 

3.3 Metal solution preparation 

A 1 L metal stock solution for the serial optimisation trials was prepared. It was made and 

stored into a plastic container and contained 300 ppm Zn, 100 ppm Cu, 100 ppm Fe and Milli-

Q water. To make the solutions, CuCl2•2H2O, ZnCl2 and FeCl2•4H2O salts were used. Each 

was carefully weighed on an analytical scale using aluminium cups. 

3.4 Serial optimisation  

3.4.1 Finding the optimal biomass to filler material ratio 

The biomass powder was mixed with the filler material and enclosed inside a plastic net to 

form a ball shaped bag, demonstrated in figure 7. The chosen biomass concentrations were 

10%, 25%, 50%, 75% and 100% and in each trial, the total mass of both components was 1.0 

g. 

Each bag was placed inside a 100 mL plastic Erlenmeyer flask, filled with 90 mL Milli-Q water 

and 10 mL metal stock solution. The flasks were then put inside a shaking water bath set at 30 

℃ and 135 RPM for 100 minutes. Finally, 10 mL from each flask were passed through a filter 

and poured inside a plastic tube, later stored inside a freezer. This step was done in duplicate 
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and these samples were the first to be run in the Microwave Plasma Atomic Emission 

Spectrometer. 

3.4.2 Finding the optimal retention time 

After determining the optimal ratio between biomass and filler material, the self-same 

concentration was used in the following step. 

Two new bags were made, containing 75% biomass and 25% filler material, each totalling 1.0 

g. Each was placed inside a plastic Erlenmeyer flask with the same volumes of Milli-Q and 

metal stock solution as the step above. The selected retention times were 10 min, 40 min, 80 

min, 120 min and 180 min, at which 10 mL of the solution were removed from the flask, 

filtered, put inside a plastic tube and stored in a freezer. This step too was done in duplicate 

and the samples were the second to be run in the MP-AES. 

 

Fig. 7:The picture shows how the fungal biomass and filler material have been enclosed during the biosorption runs. 
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3.4.3 Untreated biomass 

In addition to the pre-treated fungal biomass, one trial with untreated one was performed. The 

difference between the two kinds is only that no NaOH and ethanol extractions took place and 

that the biomass itself was not placed inside a net but was free in the metal solution during 

biosorption. The biomass concentration was 10 g L-1 and the retention time was 100 min. 

3.5 Preparation of stormwater samples 

The provided stormwater was autoclaved at 121 ℃ for 20 minutes and stored in a plastic 

container. Thereafter, 10 mL of stormwater were transferred in a plastic Erlenmeyer flask with 

90 mL Milli-Q water and the biomass bag. The content of the bags was determined by the serial 

optimisation, in this case 75% biomass and 25% filler material (for a total of 1.0 g) let to swirl 

a shaking water bath for 2 hours. 

To conclude the preparation of these samples, 10 mL from the flask was filtered and stored in 

a freezer as done in previous steps. The step was done in duplicate.   

3.6 Microwave Plasma - Atomic Emission Spectrometry analysis 

3.6.1 Calibration of the instrument 

The apparatus (MP-AES 4200, Agilent Technologies, Santa Clara, CA, USA) was calibrated 

with five standards made from stock solutions. These were diluted with 2% HNO3 from a 

concentration of 1000 ppm to 0.1 ppm, 0.5 ppm, 1 ppm, 5 ppm and 10 ppm for Zn, Cu and Fe. 

A total of five 50 mL standard solutions were made. Moreover, glass instruments used in this 

step had been previously acid washed. 

3.6.2 Determining the metal concentration in the samples 

Each 10 mL liquid sample from the serial optimisation as well as the stormwater experiments 

was divided into roughly equal parts among 3 tubes before being placed on a rack by the MP-

AES’s autosampler. The standard solutions were placed in their respective place and the 

machine was run. After all the samples were analysed, the respective metal concentrations 

could be obtained. Every analysis was set to give metal concentrations in ppm except for 

stormwater samples where the results had been set to ppb.  
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4 Results 

4.1 Serial optimisation 

4.1.1 Optimal biomass to filler material ratio 

A ratio of 75% biomass and 25% filler material resulted in the highest metal biosorption. 

In figure 8, the first set of bars simply shows the heavy metal concentrations after having 

diluted the stock solution by a factor of 10. This set a reference point for the different ratios 

that have been tested. The last set of bars shows how biomass only is able to adsorb metals, 

without any interaction from the filler material. 

 

Fig. 8: This bar chart shows how Zn, Cu and Fe ion concentrations are affected by different ratios of fungal biomass and filler 

material. 
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4.1.2 Optimal retention time 

The retention time showing the highest biosorption was 3 hours. However, a 2 hours retention 

time was chosen in the later trials as the difference in metal concentration between 2 and 3 

hours was miniscule. 

In figure 9, the retention time at 0 minutes displays the heavy metal concentrations after a factor 

10 dilution and before adding the fungal biomass and filler material with optimal parameters. 

 

Fig. 9 This bar chart shows how Zu, Cu and Fe ion concentrations decrease with regard to different retention times. 
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4.2 Treated and untreated biomass 

As it can be seen in figure 10, the fungal biomass which underwent pre-treatment, thus 

extracted with NaOH and ethanol, showed far better biosorption compared to untreated 

biomass. The biomass concentration and retention time were not optimised. 

 

Fig. 10: This bar graph shows the difference in biosorption capacity between pre-treated fungal biomass and untreated fungal 

biomass, without including any filler material. 
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4.3 Verification of optimal parameters on stormwater samples 

After a 10 times dilution, the stormwater samples contained 11.32 ppb Zn, 3.93 ppb Cu and 

5.15 ppb Fe. After the fungal biomass and filler material were applied at optimal parameters, 

which were 4:1 biomass to filler material ratio and 2 hours retention time, an increase of heavy 

metal concentration could be observed. The concentrations rose to 22.04 ppb Zn, 35.25 ppb Cu 

and 10.34 ppb Fe, as shown in figure 11. 

 

Fig. 11 This bar chart shows how the fungal biomass and filler material applied at optimal parameters adsorbs metals on a 

stormwater sample. 
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5 Discussion 

5.1 Treated and pre-treated biomass 

As shown in figure 10, pre-treating the biomass with NaOH and ethanol drastically improved 

the biosorption capacity of the fungal biomass. This was to be expected, as the metal cations 

will bond with the negative sites on the cell wall, exposed by the base (Bhainsa & D’souza, 

2008). The pre-treatment will deacetylate the chitin, which is present in the cell wall and will 

give rise to complexes consisting of chitosan and glucan, having a higher affinity to metal 

cations (Kapoor & Viraraghavan, 1995). 

5.2 Serial optimisation 

5.2.1 Optimal biomass to filler material ratio 

The serial optimisation has shown that variables such as time and biomass concentration play 

a major role in heavy metal biosorption. 

In the case of finding the optimal ratio between fungal biomass and filler material, a meaningful 

decrease of metal concentration in the solution could be measured, as seen in figure 8, as the 

biomass percentage increased in respect to the filler material percentage with a very clear trend. 

On the other hand, using only biomass resulted in the poorest biosorption results. 

The results suggest that the filler material will play a beneficial role in the biosorption of Zn, 

Cu and Fe at these concentrations. 

5.2.2 Optimal retention time 

Figure 9 suggests a trend in which the metal concentration will decrease the longer the biomass 

and filler material are in contact with the metal solution. It also seems that the trend will level 

off at around 2-3 hours, giving the impression that prolonging the process will not result in 

better results, at least at 30 ℃, 135 RPM and at the selected optimal concentrations of biomass 

and filler material. 
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5.3 Verification of optimal parameters on stormwater samples 

Surprisingly, the results from the stormwater samples speak against the optimisation ones, as 

the introduction of the fungal biomass and filler material at an optimal ratio and retention time 

yielded the opposite of what was expected, since the metal concentration increased. 

However, the optimal conditions were determined for higher concentrations of metals in the 

range of several ppm, in contrast to several ppb in stormwater. This might have caused the 

biomass and filler material themselves to become a pollutant, increasing the Zn, Cu and Fe 

amounts, as these three metals are actually present in the fungus and might have desorbed. 

Moreover, the composition of the stormwater samples was unknown and surely vastly different 

to the lab-prepared stock solution. Even though the sought metals were present in the received 

stormwater samples, a myriad of other components were without a doubt present and might 

somehow have hampered biosorption. Additionally, the pH of the metal stock solution should 

be neutral, while the stormwater’s was not measured and could have interfered with 

biosorption. 

5.4 Sources of error 

There have been several elements that might have contributed to errors in the results, one of 

them being the fungal biomass itself. Ideally, the grinded biomass has the same particle size, 

but by looking at figure 5 it is clear that there are very fine particles and relatively larger ones 

in the cup. This might have affected surface area, changing the effectivity of biosorption 

yielding less accurate results. Unfortunately, the laboratory instruments that would have 

homogenised the particle size was not available. Additionally, the step in which the filler 

material and biomass had to be sealed inside the net was manually challenging, resulting in 

some biomass falling off to the side, when it had been carefully weighed beforehand. This 

could have introduced some errors when determining the optimal biomass to filler material 

ratio, even though the general trend was of relevance. Additionally, it was very difficult 

packing the biomass and filler material in the same way in all the bags or giving them all the 

same exact shape, which could have altered the liquid passed through the material. 

Another source of error certainly originated from the MP-AES. When finding the optimal 

concentration, an already made set of standards was used. However, before running the 

retention time analysis it was noticed that two out of the five standards were depleted, so they 
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were remade and used together with the older ones. Sadly, the calibration curve generated by 

using pre-made and new standards was not ideal, giving sometimes dubious results, which were 

omitted, and the impression that all the standards should have been remade instead. For the 

stormwater analysis, a totally new set of standards was made, resulting in the calibration curve 

having a nearly perfect R-value. These errors can be clearly seen in the results, especially in 

figure 9 where the iron concentration, which should have been 10 ppm at 0 minutes is almost 

halved and is almost undetectable at greater retention times. 
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6 Conclusion 

As shown from the obtained results, the biosorption of Zn, Cu and Fe by pre-treated R. oryzae 

together with the filler material was not viable at very low heavy metal cation concentrations. 

This conclusion can however be drawn only for metal concentrations in the range of a couple 

ppb, as it was the only one that could be inspected in this study due to time restrictions. 

Moreover, the effects of pH and temperature were not investigated, but could have played a 

major role in biosorption. 

It could also be concluded that the filler material provided does improve biosorption when used 

in conjuncture with fungal biomass and the optimal ratio between the two were 4:1 biomass to 

filler material. Biosorption will also be affected by the retention time, generally improving for 

longer contact times. Pre-treating the biomass made a significant difference in biosorption by 

improving it considerably, as more binding sites had been made available. 

In future studies, a more in-depth investigation could be carried out. One of the most interesting 

variables to investigate would be the pH of the solution containing the metal and the impact 

that would have on biosorption, eventually finding an optimal pH. This could be easily done 

by simply adjusting the pH before immersing the biomass. Different temperatures could also 

be investigated by simply adjusting the water bath to a desired level. A better and more 

consistent way of containing the biomass and filler material should be devised, as the shape 

and how well packed the container it is might affect how well biosorption takes place. Another 

interesting factor to investigate might be the particle size of the biomass itself, perhaps by 

investigating if a smaller size, thus increased surface area would lead to a better biosorption. 

Finally, the most critical of changes would be to test biosorption on undiluted stormwater, to 

verify whether the result of this study would prove to be effective and viable if higher heavy 

metal concentrations were present. 
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