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ABSTRACT 

Excess nitrate in waterways due to stormwater runoff can lead to algal blooms and eutrophication. It also makes 

the water toxic for humans and wildlife. Several methods are currently being employed to reduce the amount of 

nitrate entering these water bodies by capturing the runoff and therefore the excess nitrate. Some of these methods 

include swales, permeable pavements, infiltration basins and many more, but they all focus primarily either on flow 

management or the water quality aspect and therefore have one or the other limitations. Wetlands have been 

identified as natural systems that can help manage the stormwater runoff volume as well as remove pollutants from 

the runoff. This research focuses on understanding the impacts of wetlands (coastal lagoons, marshes, swamps etc) 

on nitrate concentrations in the water through a combination of literature review, field sampling, and laboratory 

analysis. 

 

In this study, stormwater samples were collected from various locations to investigate the impact of land use and 

season on the nitrate levels in stormwater runoff. The effects of wetlands on NO3
- concentrations were also 

explored. The results of this research clearly show that land use and seasonal changes have major effects on the 

nitrate levels in stormwater runoff. They also show that wetlands can significantly reduce the nitrate concentration 

in water and thus algal blooms. However, they are not properly acknowledged for their important role in the 

maintaining the water quality in receiving waters and the countless additional benefits, such as flood mitigation, 

habitat for various threatened species, water for non-potable reuse, and reducing the urban heat island effect. 

Overall, this research further emphasises the need to better understand the importance of wetlands in sustainable 

water management.  

  

INTRODUCTION 

As the global population grows, issues surrounding water quantity and water quality are becoming more important 

than ever due to growing water demands and limited fresh water supply (Cook et al., 2010). In a natural hydrological 

cycle, a significant portion of rainwater infiltrates into the ground. A large sum of it is also lost back into the 

atmosphere due to evapotranspiration (Figure 1). The infiltered water recharges the groundwater table which 



provides baseflow for the nearby water bodies (rivers, lakes, wetlands, etc.). As the water moves through the soil, 

it is filtered and cleaned before entering the water bodies (Brodie et al., 2011). This process enables water bodies 

to self-purify (assimilate the pollution by dilution) and maintain healthy levels of chemicals, like nitrogen and 

phosphorus. If the rain continues, the soil becomes saturated, and the remaining water becomes runoff and makes 

its way towards water bodies.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Conceptual water balance diagrams for pre-developed (left) and urban (right) land-parcels. The size of 

each arrow is indicative of the magnitude of each flux (Burns et al, 2013). 

 

In recent years, urbanisation has resulted in a decline of permeable surfaces. This is due to large built-up areas 

(including roads, buildings, and pavements) made of impervious materials such as concrete, tar, etc. Therefore, 

after it rains in cities, most of the water runs off these surfaces and makes its way to lakes and rivers (Figure 1), 

picking up all the sediments and other pollutants in its path (Vaillancourt et al. 2019). This highly polluted runoff 

is generally transferred through stormwater drains directly to the waterways to avoid flooding and therefore brings 

large concentrations of toxic chemicals, like nitrate, phosphate, pesticides, and heavy metals, into nearby 

waterways. Urbanisation also affects the natural water cycle through reduced groundwater recharge, less baseflow 

and infiltration, higher volumes of stormwater runoff leading to flooding, and more polluted runoff (Aryal et al. 

2016; Vaillancourt et al. 2019). Most rivers around the world now receive more pollution than their assimilation 

capacity, which is known as urban stream syndrome (Fletcher et al, 2013).  

Increased levels of nutrients such as nitrogen and phosphorus in water bodies have become one of the leading water 

problems around the globe. While a small amount of these chemicals is required to sustain life in freshwater bodies, 



nitrate and phosphate levels above 0.25mg/L and 0.05mg/L respectively can start to cause adverse effects to flora 

and fauna (ANZECC & ARMCANZ, 2000). Excessive amounts of these chemicals can lead to algal blooms; one 

of the most common types is blue-green algae. This type of algae appears as painted green marks on the edges of 

water bodies and as green clumps throughout the water. Blue-green algae can make the water dirty and murky, 

often giving it a greenish colour and strong earthy odour. These algal blooms create a blanket on top of the water, 

thereby preventing oxygen exchange from the atmosphere and developing hypoxic conditions in the water body 

(Vitousek et al., 1997). This process is called eutrophication (Brodie et al, 2011). As a result, the plants and animals 

below the blanket of algae have little to no oxygen supply and this can ultimately lead to their death.  

 

A recent example of this was observed between December 2018 and January 2019 when millions of fishes in the 

Murray River were killed due to excess nitrogen and algal blooms. The large fish death events covered a 40 

kilometre stretch of the Murray River, downstream of the Menindee Lakes (Vertassy et, 2019). In addition, the 

algal blooms make the water toxic for human and animal consumption as well. In February 2020, a red (high) alert 

was issued by Water NSW and Parks Victoria on the Murray River, warning people to avoid direct contact with 

the water due to toxins from the blue-green algae (Parks Victoria, 2020). The warning stated that ‘Contact with the 

water may also pose a threat to livestock, and pets. People were advised not to drink or bathe in the untreated water 

while the red alert was in place. A similar alert was issued in January 2021 by Lower Murray Water in Victoria as 

well as Water NSW (Lower Murray Water 2021; WaterNSW, 2021). The warning was set in place for a 50km 

stretch along the Murray River.  

 

After a certain period, the algae start to decay and releases carbon dioxide, a greenhouse gas, and a major contributor 

to climate change. Weather is one of the major factors affecting nitrogen and phosphorus concentrations as well as 

algal blooms. During the wetter winter months, there is more rain and therefore more polluted runoff enters water 

bodies. This means that there is a high amount of nitrogen and phosphorus in the water during these months. It is 

important to note that rainfall patterns remain consistent in some parts of the world, so this is not always the case. 

For example, Melbourne’s rainfall patterns are uniform throughout the year, so there is no vast difference in water 

pollution between the months. However, in countries like India, where most of the rainfall occurs during a short 

period of 3-4 months, the nitrate concentration following the monsoon season is at its peak. As the weather starts 

to heat up, the nitrate and phosphate left behind from the winter months combined with high temperatures create 

the perfect recipe for algal blooms. As a result, we see more eutrophication during the summer month in those 

regions (David et al, 2011).  

 

Each year, the Australia government spends nearly $1 billion (AUD) on managing lake and river health. The 

methods currently employed largely focus on preventing eutrophication by reducing the amount of nitrogen and 



phosphorus entering the water bodies as treatment is generally more expensive and harder to achieve. Recently, 

there has been a lot of research on exploring effective and cheaper methods to reduce nitrogen and phosphorus 

levels before it reaches the lakes and rivers. Some of the current methods to minimise nitrogen entering waterways 

include rainwater tanks, biofilters, permeable pavements, swales, infiltration basins, sedimentary basins, and 

wetlands. However, most of them either reduce the peak flows to avoid flooding or provide the water quality benefit 

by removing suspended solids. Wetlands are natural or constructed systems that provide multiple benefits by 

reducing the peak flows as well as removing suspended solids and chemicals from the stormwater.  

 

History suggests that wetlands have made a significant contribution to the sustainable management of the water 

cycle in terms of flow and quality. The Melbourne Water Report (2017) states that wetlands have been used since 

before the 1830s by Aboriginal Australians. Water bodies were a large part of Indigenous people’s lives, serving 

as boundaries and even meeting places. The whole of Melbourne, extending from Mordialloc in the north to 

Frankston in the south was a large wetland system called the ‘Carrum Carrum Swamp’. It provided Aboriginal 

people with a constant supply of fresh food and clean water. When British settlers came to Melbourne, they removed 

most of the wetlands, except the ones around Albert Park Lake. They used the lakes and rivers as a dumping ground 

for their waste. This caused a lot of waterborne diseases and major damage to the environment. As the population 

grew, this continued and by the 1960s, there were growing concerns about the “dying Yarra''. The two major sources 

of contamination were identified as wastewater and stormwater runoff from cities and farms.  

 

As a result, the introduction of the Environmental Protection Act in the 1970s required wastewater to be properly 

treated before it was disposed into water bodies. In 1971, the Ramsar Convention on Wetlands, an international 

agreement to conserve all remaining wetlands, was also signed in a small town in Iran, called Ramsar (Ramsar 

Convention 1971). According to the official Ramsar Convention handbook, their mission is “the conservation and 

wise use of all wetlands through local, regional and national actions and international cooperation, as a contribution 

towards achieving sustainable development throughout the world”. By 2016, 169 nations had signed the treaty, and 

over 2,000 wetlands were added to the ‘Ramsar List of Wetlands of International Importance’. As a result of all the 

national and global efforts to protect wetlands, water quality started to improve significantly and so did flora and 

fauna health (Simpson and Newsome, 2017).  

 

KNOWLEDGE GAP AND RESEARCH QUESTIONS 

While the actions listed above signal a positive step, further work is needed to restore the highly manipulated natural 

hydrological cycle. As the population continues to grow, more nitrogen and phosphorus finds their way into water 

bodies. We must invest in research to better understand the function of wetlands as an alternative sustainable water 

management method. Though wetlands provide multiple benefits, there is still a significant lack of understanding 



of the variability in the quality of stormwater runoff as well as the functioning of wetlands under diverse land uses 

and climate conditions.  

 

Therefore, this research aims to enhance this understanding by analysing the stormwater samples from diverse land 

use areas, as well as the impact of wetlands in different regions on nitrogen concentration in downstream lakes 

before and after the rain events. The scientific questions of this research are: 

1. How do land use and weather affect nitrogen levels in waterways?  

2. Can wetlands naturally remove nitrogen from stormwater?  

 

Scope of the research: While both nitrate and phosphate are required for algal blooms to occur, the project is 

looking at the effects of high nitrate concentrations in water and how wetlands can influence nitrate levels. The 

limited scope was due to constrains on time and available resources as the research was conducted as a high school 

project by the corresponding author.   

SCIENTIFIC HYPOTHESIS 

H1: Based on the literature review, our hypothesis for question 2 is that water samples collected from farming areas 

or green spaces will contain more nitrogen in comparison to street runoff from highly urbanised areas because of 

the fertilisers used in farms to maximise plant/crop growth. We expect that nitrogen levels will be higher after it 

rains as the water runoff can transport the nitrogen towards the water bodies. We hypothesise that nitrate levels in 

stormwater runoff will gradually reduce after a few rain events, as most of the pollutants will be transported by the 

first flush.  

 

H2: Our hypothesis for question 3 is that the wetlands can significantly reduce nitrogen levels. The plants within a 

wetland need nitrogen to survive and since they do not have any additional sources, like fertilisers, to meet the 

required levels, these plants will be forced to draw nitrogen from the polluted stormwater runoff, therefore 

improving the water quality and reducing eutrophication.  

 

METHODOLOGY 

As part of this research, a combination of literature review, fieldwork, and laboratory work has been used. The 

following sections present the methodology we adopted for sample collection, testing and analysis in the field as 

well as in the laboratory to answer Questions 1 and 2. 

a) Sample Collection: 

17 water samples from different regions in Victoria were collected to account for the differences between 

nitrogen levels when different factors were involved (location and weather patterns) 

 



b) Sample Testing: 

As part of the research, two methods of testing were used. Samples were first tested for pH and nitrate level 

in the field by using API test strips. Then they were further analysed by a spectrophotometer in the 

laboratory. 

 

Method 1: Nitrate and pH test by test strips 

- From each site, water samples were collected in pre-cleaned bottles. The bottles were rinsed thrice with a 

small amount of the sample before the actual sample collection. 

- Each bottle was then labelled with a sample number and its location was recorded. 

- The samples were tested for pH and nitrate concentrations using the API test strips (as recommended on 

the instruction label). 

- Once the test was completed, the sample bottles were stored in a small esky for temperature regulation 

during transportation to the lab.  

 

Method 2: Nitrate testing using a spectrophotometer 

The American Public Health Associations (APHA) Standard Method for Nitrate Testing (4500-NO3) in Water 

and Wastewater (APHA 1995) was used to measure the nitrate concentrations. The tests were conducted in the 

Chemical Engineering Laboratory at the University of Melbourne.  

 

Sample preparation:  

- Firstly, the samples were filtered using a syringe filter to remove any suspended particles.  

- Next, 50mL of each sample was transferred into standard glass flasks.  

- 1mL of hydrochloric acid was added to each flask using a micropipette . The acid was added to ensure 

there was no interference from hydroxide or carbonates.  

Spectrophotometer measurements: 

- The first step was to turn the power on for the spectrophotometer and set the wavelength between 200 to 

300 nanometers (nm). 

- Standard solutions of known nitrate concentration (0,10,20,30,40,50 mg/L) were prepared to make a 

calibration curve. 50 ml of each standard solution was placed in a standard glass flask and 1 mL of 

hydrochloric acid was added to each flask using a micropipette. 

- 1.0 ml of blank solution (0mg/L nitrate) was transferred into a quartz cuvette, which was then wiped and 

placed into the spectrophotometer. 

- The absorbance reading was set to zero for this sample. 



- After that, the absorbance readings for all the standard solutions were recorded at two wavelengths; 220nm 

and 275nm (Nitrate and organic matter are both absorbed at 220 nm and only  organic matter absorbs at 

275 nm. So, a difference in absorbance at 275nm and 220nm will provide the absorbance due to nitrate) 

- The absorbance values from standard solutions were used to make a calibration curve. 

- The absorbance values for all the samples were also recorded to calculate the nitrate concentration using 

the calibration curve. 

c) Accuracy and Validity: 

Several measures were implemented to ensure the accuracy of the results throughout the experiments. 

When collecting the samples, the bottles were rinsed with the respective sample thrice before collecting 

the sample to avoid cross-contamination. During the sample storage and transport, the bottles were stored 

in an esky to control temperature and each sample was tested within 48 hours of collection. All the water 

samples were tested for nitrate using two methods, the API test strips and spectrophotometer to ensure 

accuracy. When testing with the spectrophotometer, each sample was tested twice, and an average 

absorbance value was obtained to ensure the accuracy and reproducibility. The samples were also 

measured at two wavelengths to ensure there was no interference in the results with organic matter.  

 

RESULTS 

Table 1 presents the pH levels and nitrate levels measured on-site for each sample as well as within the laboratory. 

pH levels are often linked to nitrate levels as eutrophication 3 can lead to increased pH levels. 

 

DISCUSSION AND ANALYSIS OF THE RESULTS 

Impact of land use on nitrate level in surface runoff:  The results, presented in Table 1 and Figure 2, show the 

highest level of nitrates in samples 6 and 7 as they are both collected near gardens where nitrate rich fertiliser is 

heavily used. This observation supports our hypothesis (H1) that the water collected from areas near large parks 

and greenery will also contain high nitrate levels as fertilisers are often used to maximise plant growth. Samples 

collected from urban areas and build up areas also contained high levels of nitrate, for example sample 10 contains 

almost 4 times more nitrate than sample 2 as it was collected from a heavily populated/urbanised location.  

 

 

 

 

 

 
 

 

 



 

 

Table 1: Nitrate concentration in collected samples as measured by API strips and Spectrophotometer 
 

Sample 

No 

Sample name pH NO3 level 

by API 

strips (mg/L) 

NO3 level by 

spectrophotometer 

(mg/L) 

1 Mackenzie Falls, Grampian (wo/wetland) 7.5 0-5 0.35 

2 Street runoff, Ballarat (wo/wetland) 7.5 5-10 2.40 

3 Lake in Ballarat, Ballarat (w/wetland) 7.5 0-5 0.56 

4 Blue Lotus Garden, Yarra Junction (w/lilypads) 7.0 0-5 0.19 

5 Little Yarra River, Yarra Junction (wo/wetland) 7.0 5-10 1.89 

6 Runoff from Vegetable Garden, North 
Melbourne (wo/wetland) 

6.5 20 16.39 

7 Runoff from Rooftop Gardens, North 
Melbourne (wo/wetland) 

7.5 20 13.42 

8 Street runoff, North Melbourne (wo/wetland) 7.0 10-20 6.10 

9 Rainwater, North Melbourne (wo/wetland) 6.5 0-5 0.11 

10 Street runoff, Albert Park (wo/wetland) 7.5 10-20 7.85 

11 Albert Park Wetland, Albert Park (w/wetland 
after  the first rain event) 

8.0 0-5 0.41 

12 Albert Park Lake, Albert Park (w/ wetland 
after the first rain event) 

8.5 0-5 0.49 

13 Street runoff, Albert Part (wo/wetland, a few weeks 
after the first rain) 

8.5 10-20 5.51 

14 Albert Park Lake, Albert Part (wo/wetland, a 
few weeks after the first rain) 

8.5-9 0-5 0.36 

15 Street runoff, Whittlesea (wo/wetland) 7.5 5 1.18 

16 Street runoff, Lynbrook (wo/wetland) 7.0 5 1.45 

17 Lynbrook wetland 7.5 0-5 0.08 

 



 

Figure 2: Impact of land use on nitrate level in surface runoff. 

 

Impact of season on nitrate levels: The samples collected immediately after the first rain event (sample no 8 and 

10) contained higher levels of nitrate as the runoff from rain helps to move the nitrate from the catchment to 

waterways. Street runoff samples collected a few weeks after the first rain event showed lower levels of nitrate, as 

observed in sample no 13 due to the first flush effect. The results from Albert Park street runoff and wetland are 

presented in Figure 3. Overall, the results show that our scientific hypothesis for question 1 are valid. 

 

 

Figure 3: Impact of season on nitrate levels. 
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Impact of wetland on nitrate levels: The results from the experiments above indicate that wetlands cause a 

significant decline in nitrate levels in water (Figure 4). A decline in nitrate level was observed at all the sampled 

wetlands when compared with the street runoff, for example, a comparison of samples 2 and 3, shows that the 

Ballarat street runoff sample (no. 2) has a higher amount of nitrate than that of sample 3, which was collected from 

a nearby lake that had a wetland. Because these samples were collected at the same date and time with the same 

surrounding land uses and weather conditions, it can be concluded that the difference in nitrate levels is due to the 

presence of a wetland.  The same thing can be observed when observing samples 10, 11 and 12. Similar to sample 

2, the sample 10 is also a street runoff sample, collected along Lakeside Drive in Albert Park. Samples 11 and 12 

were collected from the Albert Park wetland and the Lake downstream of the wetlands. Sample 10 contains a nitrate 

concentration of around 8mg/L while the samples collected near a wetland have an average nitrate concentration 

of 0.45mg/L. These samples were also collected on the same day at the same time time. Therefore, the significant 

decline in nitrate levels can be accredited to the presence of wetlands. These results support the scientific hypothesis 

H2 for question 2. 

 

 

Figure 4: Impact of wetland on nitrate levels 

 

By further analysing the results, it became increasingly obvious that the presences of wetlands have a direct link 

with lower NO3 levels. In fact, the mere presence of any plant can contribute to the reduction in nitrate 

concentrations. In the case of sample 4, there was no wetland nearby, but because the collection site had several 

lily pads and other plants, the nitrate levels were some of the lowest amongst all the samples collected. This proves 

that the overall presence of any kind of plant or wetland in waterways can help in decreasing nitrate levels in water.  
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LIMITATIONS OF THE EXPERIMENT 

This project provides some significant insights into understanding the variability in nitrate levels based on land use 

and season as well as the role of wetlands in reducing nitrate levels in contaminated stormwater. But there are some 

limitations in the study: 

- As this is a high school summer project, the time and resources available were limited and this led to a 

limited scope in terms of number of samples and the number of replicates taken  

- Does not account for seasonal changes and weather patterns due to a short time frame (approximately three 

months)  

- Does not accommodate for high spatial variability as samples were only collected from around 8 sites (again 

due to a lack of time and resources) 

- More samples should be collected from the same location during and after rainfall to fully understand how 

nitrate levels vary in the first flush vs the following runoff.  

- Access to equipment due to the COVID-19 pandemic meant that phosphate levels could not be measured  

 

ADDITIONAL BENEFITS OF WETLANDS 

Though the experiments were focused on understanding the role of wetlands in nitrate level reduction in 

stormwater, wetlands provide a multitude of other benefits including: 

i. Removes other toxic chemicals from the water (like phosphorus) 

ii. Ensures better flood management and flood storage (Mulder et al, 2021; Qin et al, 2013) 

iii. Provides habitat and food for fish and other wildlife - biodiversity benefit (Knight, 1997) 

iv. Reduces the urban heat island effect (Santamouris, M. 2014; Sun et al, 2012; Thomas et al, 2011) 

v. Opportunities for recreation, education, and research (Bergstrom et al, 1990) 

vi. Provides aesthetic value (Fitzgerald et al, 2018) 

 

CONCLUSIONS 

Excess nitrate in water bodies leads to eutrophication and algal blooms, restricting oxygen exchange between the 

water and atmosphere while also making the water toxic for humans and other animals. Nitrate can enter waterways 

from stormwater runoff, treated wastewater disposal and vehicular pollution. Variables that affect nitrate levels 

entering in water bodies via stormwater runoff include surrounding land use and weather. Highly urbanised areas 

and green spaces contribute to higher nitrate levels (from pollution and excessive usage of fertilisers). Additionally, 

nitrate levels in the water often peak after rainfall, as runoff helps transport the nitrogen from the catchment to 

waterways.  

 



The results from a combination of experiments indicate that wetlands can lead to a decline in nitrate levels in 

waterways. This is because the flora in wetlands require nitrate to survive, so they absorb all of the excess NO3 in 

the water. As a result, algal blooms cannot occur as they also require nitrate, which is no longer available. As well 

as mitigating the impacts of eutrophication, wetlands also ensure that the water does not become toxic to animals 

and humans due to high nitrate concentrations.  

 

Overall, wetlands significantly improve the water quality in multiple ways while ensuring better flood management, 

promoting biodiversity, and reducing the urban heat island effect amongst other benefits. This research emphasises 

the need to better understand the importance of wetlands in sustainable water management. 
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