
Tracing Eutrophying chemicals in waterways 

 

Abstract.  
We look at the health of the river systems around Hobart and compare sites from a source (Mt Wellington) 
through farmland and suburbs to discharge in the Derwent River. We targeted eutrophying compounds 
based on nitrogen and phosphorous as they reflect animal waste products and fertilisers.  

Sources with low flow rates showed slightly elevated levels of eutrophying chemicals and these together 
with electrical conductivity increased in concentration downstream. However, upstream increases in the 
Vincent rivulet required further investigation we discovered leachate seepage rich in ammonia from an old 
landfill site was flowing into the rivulet.  pH was generally lower at the source, in the leachate and in 
rainwater and increased downstream. We found that the leachate naturally biodegraded to nitrite and 
nitrate. We suggest that the leachate could be used to irrigate trees grown on top of the landfill site.  
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Introduction.  
Waterways are a key necessity for survival and their health is affected by human activity. We look at the 
health of the river systems around Hobart city (population of 240, 000) where water is sourced from 
natural bushland on the 1271 m-high Mount Wellington and flows down to the Derwent River. Hobart has 
a mild oceanic climate with an average of 614 mm rainfall/year, but this increases to up to 1500 mm 
rainfall/year on Mount Wellington.  

We compare sites from the natural bushland source through farmland and suburbs to its discharge in the 
Derwent River. We targeted eutrophying chemicals nitrogen and phosphorous as they reflect animal waste 
products and fertilisers. Eutrophication in waterways is characterised by excessive plant and algal growth 
due to the increased availability of nutrients (Chislock et al., 2013).  

Initial water testing was undertaken during an 8-day period between July 19-26, which during and 
preceding had been a low rainfall period of 13.2 mm over 40 days. Further monitoring was undertaken 
after rainfall of 48.8 mm over 2 days (sampling between August 5-8), 23.8 mm over 3 days (August 17-19), 
and 20.8 mm over 3 days (August 26). 

 

Hypotheses: 

• Potential contamination in waterways can be identified by pH and electrical 
conductivity measurements 

• In natural settings, high levels of ammonia or phosphate indicate contamination by 
fertilisers or animal and plant waste. 
 

Predictions:  

• Contamination increases progressively downstream as the watercourse flows through farmland and 
cities. 

• Presence of high levels of ammonia reflects fresh contamination where as nitrite and nitrate 
indicate biological breakdown of ammonia.  

• pH of watercourses reflects its source and substrate 

• Contamination decreases upstream after rainfall, and will initially decrease downstream due to 
flushing by stormwater runoff 

• Contamination will increase downstream once surface runoff is reduced 

Aims: 
1. To distinguish between natural eutrophying chemicals in city waterways from those 

due to urbanisation 

2. To locate sources of eutrophication in watercourses around Hobart.  

3. To find simple methods to monitor watercourses. 

4. To determine potential ways to remediate ammonia-rich landfill leachate. 
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Background: 
Nitrogen compounds 

Nitrogen is an essential nutrient that is required by all plants and animals for the formation of amino acids. 
78% of the atmosphere is nitrogen and the conversion of nitrogen by  fixation, ammonification, 
nitrification, and denitrification is largely carried out by micro-organisms (wikipedia/Nitrogen_cycle, 2020). 

 Nitrogen cycle (Wikipedia, 2020) 

Ammonia is a colourless gas with a pungent smell, the odour threshold is about 1.5mg/L. It is a 
common nitrogenous waste particularly among aquatic organisms and it contributes significantly to the 
nutritional needs of terrestrial organisms. It also is an important indicator of pollution as it is an 
intermediate product in the breakdown of nitrogen-containing organic compounds. Ammonia dissolves 
rapidly in water to form free ammonia and the ammonium cation. Once in water Ammonia causes 
corrosion in copper pipes and fittings. It also provides food source for microorganisms like bacteria and 
algae often with an increase in nitrite concentration. Ammonia is used commercially in animal products 
and is used in the manufacture of plastic, fibres and explosives (Wikipedia 2020; NHRMC NRMMC 2011). 
Ammonia has been reported toxic to freshwater organisms at concentrations ranging from 0.53 to 22.8 
mg/L (Oram 2014-2020). Ammonia toxicity varies by temperature and pH of the water (Petcentral 2020). 
Solubility of ammonia is greatest at 0oC and decreases with increasing temperature (engineeringtoolbox 
2008).  

  

Solubility of ammonia (engineeringtoolbox 2008), ammonia/ammonium equilibrium (seneye) 

https://en.wikipedia.org/wiki/Nitrogen_fixation
https://en.wikipedia.org/wiki/Ammonification
https://en.wikipedia.org/wiki/Nitrification
https://en.wikipedia.org/wiki/Denitrification
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Furthermore, total ammonia in aqueous solution is an equilibrium between two pH dependent species; the 
more toxic un-ionized ammonia (NH3), and the ionized form, ammonium NH4+ (Hamza 2010-2020). The 
concentration ammonia increases rapidly around pH 8 and is the dominant species after pH 9.26.  

Effluent limits for ammonia (NH3) from wastewater treatment plants is around 3.8 mg/l monthly average 
(City of Idaho Falls Wastewater Treatment Plant fact sheet, 2012). Ammonia is converted by nitrifying 
bacteria to toxic nitrite (NO2-), and nitrate (NO3-) at an optimum pH of 7-8 and denitrifying bacteria convert 
it back into atmospheric nitrogen (N2). Aquatic life can tolerate higher levels of nitrate than ammonia and 
nitrite and plants also take up nitrates (ncbi.nlm.nih.gov, petcentral 2020). Most ammonia produced is 
used in fertilizer (chemicalsafetyfacts.org). Animal manures contain nitrogen as well as potassium and 
phosphorus. 

Ammonia concentrations in water samples was determined using the salicylate test. This is a phenate 
colorimetric method which is used to determine the total free ammonia and ammonium iron measured as 
ammonia (NH3). 

 

Nitrate (NO3−) naturally occurs from the oxidation of organic wastes such as droppings, by the action of 
nitrogen-fixing bacteria in soils, or from lightning strikes through air. Nitrates are also manufactured for 
use in explosives and inorganic ferilisers (2020 wikipedia/Nitrate). 

The toxicity of nitrate to humans is thought to be solely due to its reduction to nitrite. Nitrate is rapidly 
increasing in some waters (particularly groundwater) from intensive farming and sewage effluent. Based 
on health considerations, the guideline value of 50 mg-NO3/L (as nitrate) has been set to protect bottle-
fed infants under 3 months of age, the most sensitive group (NHRMC NRMMC 2011).  

 

Nitrite (NO2-) is very short lived as ion and is rapidly oxidised to nitrate (wikipedia/nitrogen 2020). 
Based on health considerations, the concentration of nitrite in drinking water should not exceed 3 mg/L. 
The major biological effect of nitrite in humans is its involvement in the oxidation of normal haemoglobin 
to methaemoglobin, which is unable to transport oxygen to the tissues. This condition is called 
methaemoglobinaemia. Young infants are more susceptible to methaemoglobin formation than older 
children and adults. Other susceptible groups include pregnant women and people with a deficiency of 
glucose-6-phosphate dehydrogenase or methaemoglobin reductase. The guideline level for nitrite of 3 mg 
NO2/L is based on a relative potency for nitrite and nitrate with respect to methaemoglobin formation 
(NHRMC NRMMC 2011). 

 

Other characteristics 

Phosphorous is highly reactive and so is never found as a free element on Earth. It has a concentration 
in the Earth's crust of about one gram per kilogram (compare copper at about 0.06 grams). In minerals, 
phosphorus generally occurs as phosphate (wikipedia/Phosphorus 2020). 

Phosphorus is an essential nutrient for plants as it acts as a biochemical catalyst and aids in the capturing 
and converting the sun's energy into ATP and is a vital component of DNA and RNA (Griffth 2020). 

https://answers.seneye.com/@api/deki/files/261/=NH3-NH4_equlibrium.PNG
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjtzdbSxd3rAhUu7HMBHfUcC8AQFjADegQIARAB&url=https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpmc%2Farticles%2FPMC106468%2F&usg=AOvVaw1NdhmUIiYtx9M1eNVDLupw
http://www.chemicalsafetyfacts.org/
https://en.wikipedia.org/wiki/Reactivity_(chemistry)
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Total dissolved solids (TDS) is a measure of the dissolved combined content of all inorganic and 
organic substances suspended in a liquid. Total dissolved solids comprise: sodium, potassium, calcium, 
magnesium, chloride, sulphate, bicarbonate, carbonate, silica, organic matter, fluoride, iron, manganese, 
nitrate, nitrite and phosphates (Wikipedia/Total_dissolved_solids 2020). 

No specific health guideline value is provided for total dissolved solids (TDS), as there are no health effects 
directly attributable to TDS. However, for good palatability total dissolved solids in drinking water should 
not exceed 600 mg/L (NHRMC NRMMC 2011). 

pH is a measure of the hydrogen ion concentration of water. It is measured on a logarithmic scale from 0 
to 14. If water contains an equal amount of hydrogen ions (H+) and hydroxide ions (OH-), it is neutral (pH 
7.0). An increase in the amount of hydrogen ions makes water acidic (low pH), whereas, increasing the 
amount of hydroxide ions will cause water to become more alkaline (high pH). The pH of water determines 
the solubility, and biological availability (chewy editorial 2020). 

pH strongly influences the toxicity of ammonia in water. As the pH rises, the concentration (toxicity) of the 
ammonia increases. When the pH is above 9, most of the ammonium in the water is converted into toxic 
ammonia (NH3), which can cause gill and kidney damage, impaired growth, and decreased resistance to 
disease in fish (chewy editorial 2020). 

One of the major objectives in controlling pH in drinking water is to minimise corrosion and encrustation in 
pipes and fittings. When pH is below 6.5 or above 11, the water may corrode plumbing fittings and pipes, 
decrease the efficiency of chlorination and cause scale and taste problems (NHRMC NRMMC 2011). 

Drinking water guideline values (mg/L) Effect on Aquatic life 

 Health Aesthetic Comments  

Ammonia 
(as NH3) 

* 0.5 May indicate sewage and/or 
microbial activity.  

Levels > 0.5 mg/L are toxic to 
fish.  

pH * pH  

6.5-8.5 

Extreme pH values (<4 and >11) 
may adversely affect health. 
 

Fish thrive best in the pH level 
of their natural environment. pH 
levels that are to low or high will 
burn the fish’s skin.  

Total 
dissolved 
solids 

Not 
necessary 

600 Based on taste: 
<600 mg/L good quality. 
600-900 mg/L fair quality. 
900-1200 mg/L poor quality. 
>1200 mg/L unacceptable. 

Doesn’t propose a problem to 
fish unless the unless there is a 
change. 

Nitrate 50  <50 mg/L to protect bottle-fed 
infants <3 months from 
methaemoglobinaemia. Adults 
and older children can drink 
water with <100 mg/L nitrate. 

Nitate levels are preferably 
0ppm but a fish can tolerate up 
to 40 ppm. Fish can only survive 
a change of Nitrate of 5mg/L per 
hour.  

Nitrite 3  Rapidly oxidised to nitrate. Nitrite prevents oxygen 
transport in blood in fish. 
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*= Insufficient data to set guideline value based on health considerations. 

Table of guidelines of characteristics tested in this study for drinking water and aquatic life (from 
NHMRC, NRMMC 2011 and chewy. 2020) 

 

Methods: 
Field testing waterways: 

• First, we selected rivers that fed from Mt Wellington and flowed either through farmland and urban 
areas. We chose the Sandy Bay, Hobart and Vincent’s Rivulets, Dunn’s Creek and Browns River. 
Where possible their tributaries were also sampled. 

• Sampling points were chosen that were spaced downstream and accessible. Samples were initially 
tested for 8 days after a dry period. Sites that showed significant levels of contaminants were then 
retested after rainfall. 

• We sampled the water at each site using clean plastic containers rinsed out in the sample water. 
Photographs and observations were also taken. The secchi dish was used for deep still water (VD). 

• Field test were pH, Total Dissolved Solids (TDS in ppm), Electrical Conductivity (EC in µs/cm) and 
Temperature (oC). 

 
Sourcing eutrophying chemicals: 

• We collected fresh dropping samples from 11 different animals: Chicken, Native Water Birds, 
Wombat, Possum, Wallaby, Pademelon, Sheep, Horse and Cow and 2 fertilisers (Blood and bone and 
Compost).  

• 15g of each sample was mixed with 125 ml of distilled water. Further dilutions were necessary for 
Phosphate in Rabbit, Sheep, Blood and bone and Compost. The chicken mix was diluted for 
Ammonia. The Phosphate dilutions were 1:100 and the Ammonia were 1:200. 

• The dropping samples (and blood n bone, and compost) were mashed and added to sand and coir to 
make a seed-raising mix. 

• Seeds of wheat, mung, and alphalpha were sown in the mix, watered with H2 river sample and 
allowed to grow. 

 
 

Leachate: 

• We used pH, EC, colour, smell, and presence of algae and plant roots to trace contamination 
upstream in the Vincent Rivulet. Contamination was confirmed by testing for Ammonia, Nitrite and 
Nitrate. The source of contamination is apparently leachate seeping out from rubble of an infilled 
valley. 
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• We photographed the site and sent the location to EPA who confirmed that it was an old landfill 

site (the Mount Nelson Landfill).  

• Where practical, tributaries and dams were sampled before and after the landfill site and 
tributaries of the Vincent Rivulet that were not within the landfill site.  

• We sampled the leachate (V1.1) and leachate-fed dam (VD) and a site downstream (V1.5) after 3 
periods of rainfall. 

• Samples of VD were also collected for remediation studies. 

 
 

Chemical testing: 

• Waterways samples, dropping samples and leachate were analysed using API testing kits 
(fishworldaquarium 2020). We tested for Ammonia (NH4/NH3), Nitrate (NO3-), Phosphate (PO43-) 
and Nitrite (NO2-) based on colorimetrically. Some samples were also tested for iron (Fe). See 
appendix for detailed methods. Safety sheets are listed at fishworldaquarium (2020).  

• If the result showed a maximum value, the sample was diluted and retested. Typical dilution factors 
were 10x, 5x and 100x. 

• Samples around the landfill site were also collected and analysed with an ICP-MS by Ashley 
Townsend at UTAS for heavy metals following the method outlined in Townsend (2000). 

 

Bioremediation: 

• For phytoremediation, we used the leachate-fed dam sample (VD) (and H2 river sample as a 
control) to wet Alfalfa, Wheat, Mung and mixed sprouts (Alfalfa, Radish and Broccoli) seeds to see if 
they were able to sprout.  

• Sample VD (and sample H2 as a control) was fed to native tussock grass and swordsedge to see if 
they would survive. 

• For bacterial remediation, we varied conditions (volume of bacteria added, aeration, addition of 
carbon) to samples of VD (and ammonia added to H2 samples as a control) to identify which 
conditions were successful in converting ammonia through nitrite to nitrate.  

 

 

Results:  
Water sample chemistry 
Table of water chemistry results from field testing and chemical analysis (see appendix). 
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Table of droppings and other chemistry results from field testing and chemical analysis. 

Animal droppings     Max 8 Max 5 
Max 
160 Max 10 

Type pH TDS EC Temp Ammonia Nitrite Nitrate Phosphate 

  ppm  µs/cm  oC mg/L mg/L mg/L mg/L 
Horse (not fresh) 7.34 121 243 16.4 0 0 5 0.5 
water birds 6.86 1794 3589 16.1 600 0 0 200 
wombat 7.82 547 1084 16.5 5 0 0 10 
rabbit 7.76 326 653 13.2 0 0 0 100 
sheep 7.46 326 653 13.3 0 0 0 25 
chicken 7.16 3779 7558 13.7 800 0 0 1 
possum 6.66 506 1013 14 0-0.25 0 0 1 
wallaby 6.86 434 871 14 0 0 0 0 
cow 8 722 1444 18.4 0 0 0 1 
*blood n bone 7.96 225 456 15.2 4 0 0 10 
*compost 8.06 360 721 13.5 0 0 0 25 

         
rain water 5.96-6.06 15 30 14.6     
distilled water 5.96-6.26 3 6 17.8     
tap water 8.78 33 66 14.7     
bush surface runoff 7.74 85 171 14.3     
Nubena sewage 
outlet 8.07 33 66 16.7 0 0 0 5 
Cloudy ammonia 9.94 33 66 14.7 diluted 10000x   

*=water samples from a plant growing experiment which used a component of these types in the seed-
raising mix. Seeds germination in these mediums was very poor. 

 

 

Field and chemistry results 

In general, the sources of watercourses where low flow rates were low (isolated puddles) water chemistry 
showed slightly elevated levels of ammonia (0.25 mg/L; H1, D2). Water samples sourced from orange 
puddles around Ridgeway (V0.3) showed presence of iron (0.25 mg/L) and higher EC (600 µs/cm) and TDS 
concentrations. pH was generally lower at the source, in the leachate and in rainwater (<7.5), and 
increased downstream (>8).  

Samples collected after rain initially had lower pH and similar or slightly lower EC. After several periods of 
rain (c samples) EC dropped more substantially. 

Samples of leachate had then highest levels of EC (up to 1500 µs/cm) and the highest levels of ammonia (50 
mg/L). EC was slightly lower in EC after rain.  

 
• Vincents rivulet: Electrical conductivity in the Vincents rivulet was low at the source but down-

stream where the rivulet was intercepted by the leachate from the old landfill, the EC and ammonia 
spiked. From then on, the Vincents rivulet had elevated levels of EC (>1000 µs/cm) and ammonia ( 
>4.0 mg/L). Samples of the Vincents rivulet downstream of the leachate, decreased after rain but 
increased again and with higher flow-rates during a subsequent dry period (V1.5e, V4e). 
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• Hobart rivulet: The Hobart rivulet had substantial water flow by H2. As it passed through the city 

(from H5 onwards) the electric conductivity levels started to get higher and ammonia was 
significant (0.25 mg/L) from site H6 onwards. Chemistry varied in sample locations (nitrate was 
present at H5 and phosphate after rain at H6c) but did not persist downstream. High EC at H8 
(>4000 µs/cm) was due to mixing with the estuarine waters of the Derwent River. 

• Sandy bay rivulet: The Sandy Bay rivulet showed significant levels in ammonia from S4, which 
persisted after rain, except were rain was more prolonged (S5c). During dry periods nitrate levels 
increased downstream and phosphate was present close to the mouth of the Derwent River, where 
water birds were present. 

• Browns river: The Browns river is a larger river system. The main tributary fed from Silver Springs 
on Mt Wellington has substantial water flow. pH generally remained lower than the lesser flowing 
rivulets. Ammonia was present after merging with the Dunns Creek. Ammonia increased to 0.5 
mg/L and nitrate was present after merging with the Vincents rivulet.  

• Dunns creek: Samples of the Dunns creek were close to source and showed low EC and low pH. 
However, D2 had elevated levels (0.25 mg/L) of ammonia. 

 

 

 

 

Maps showing sample locations and chemistry characteristics. 



Z Allen and R Allen TSTS 2020 9 

 

 



Z Allen and R Allen TSTS 2020 10 

 



Z Allen and R Allen TSTS 2020 11 



Z Allen and R Allen TSTS 2020 12 

 



Z Allen and R Allen TSTS 2020 13 

 

H1 H6

H7

H8

S1 S3

S4 S5

Hobart and Sandy Bay Rivulets from source
to progressively downstream
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b8

V1.2 leachate & V1.3
Vincents R. intersection

V1.1 leachate VD leachate fed dam

V0.3 Iron in Vincents
Rivulet at Ridgeway

B5 pristene Browns R.
upstream of Vincents R.

V1.5 Vincents Rivulet
dowstream from V1.1

V4 Firthside

B8 Browns R.
Firthside fed from
Vincents Rivulet

Mt Nelson landfill leachate, Vincents Rivulet & Browns River
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Field tests of Hobart and Sandy B R cf. Vincents R

pH generally increases downstream
(connected points)
but decreases after rainfall
(isolated points)

Electrical conductivity generally
increases downstream
(connected points)
but decreases after rainfall
(isolated points)

In the Vincents Rivulet, pH i
ncreases due after leachate
but decreases after mixing with
other watercourses

rain fal l

downstream

rainfall

rain fa ll

leachate
dam

leachate

Browns R

rainfall

leachate

Browns R

In the Vincents Rivulet, electrical
conductivity increases from leachate
and progressively decreases after
rainfall and downstream
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See appendix for ICPMS data  

 

 

Potential sources of N compounds and phosphate
in watercourses

800 Seedlings were able to be
raised in manure samples
mixed with sand and coir but
were unable to grow in blood
and bone and compost which
had high phosphate.

50
percolated water
through sample

Five samples (V1.3 before the leachate, V1.1, VD, V1.2 leachate and V1.5 downstream) from the Vincents
Rivulet were selected for ICP-MS analysis to establish whether there were harmful heavy metal concentrations
in the leachate. Overall, the water samples only showed natural levels of alkali/alkaline earth elements like
Na, Ca, and K.  13 of the 30 elements tests were elevated.

ICP-MS results of leachate

percentage higher in leachate cf V1.5 percen tage h igher in leachate cf V1.5

Pb, U, Na, Mg, Ca

>32000

1000-2000

200-1000

100-200

Sn, Sb, Al

Ba, Fe, K, As

Ga
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Remediation by bacteria 

 

The leachate samples (V1.1, VDc, VDd) consistently decreased in ammonia over time, regardless of adding 
bacteria, aerating the sample or adding carbon. However, less ammonia remained after adding 10x 
additional bacteria and aerating with bacteria and carbon. 

In comparison, the ammonia levels in the ammonia samples diluted with H2 were only reduced after 
aerating with bacteria or bacteria and carbon or adding 50x bacteria.  

 

 

 

 

Seedling growth in various manures
Remediation

Plant and seed growth in leachate

Seeds germinated and seedlings
grew well in plants with manure
samples but not in blood n bone
and composit when the
phosphate levels were high.

H2 water Seedlings growing in leachate water

Leachate water

Seeds germinated and seedlings
grew well in soil watered with
leachate.
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Ammonia bioremediation experiment      

collection analysis    Max 8 Max 5 
Max 
160 

date Date Name pH EC Ammonia Nitrite Nitrate 
leachate samples    µs/cm mg/L mg/L mg/L 
19-26/8 3-Sep VDc/d control 8.46 1051 10 2.5 80 

 16-Sep VDc/d control 8.7 680 0.25 0 80 
        

19-26/8 3-Sep VDc/d, bacteria, aerated 8.16 1123 20 2.5 80 
 16-Sep VDc/d, bacteria, aerated 8.46 835 0.25 0.25 40 
        

19-26/8 5-Sep VDc/d aerated, carbon, bacteria 8.16 1123 20 2.5 80 
 17-Sep VDc/d aerated, carbon, bacteria 7.7 708 0 0.25 100 
        

19-26/8 3-Sep VDc/d 10xbacteria 8.16 1075 20 2.5 80 
 17-Sep VDc/d 10xbacteria 8.7 1835 0 0 5 
        

29-Jul 5-Aug V1.1 6.86 1507 50 0 0 
  3-Sep V1.1 repeat   0.5 5 20 

 16-Sep V1.1 repeat 8.7 811 0.25 0 0 
        

19-Aug 3-Sep VDc 7.19 884 6 0 5 
  3-Sep VDc (sample from bottom)     8    
  4-Sep VDc diluted 3x   8  20-40 
  4-Sep VDc diluted 10x   2   
  17-Sep VDc (growing algae)   0   
        

26-Aug 3-Sep VDd 8.29 1070 >8 0 80-160 
 17-Sep VDd   20-30 0 80 
        

H2 and cloudy ammonia samples diluted to 20mg/L      
26-Aug 3-Sep H2 7.85 48 0 0 0 

        
 3-Sep NH3 control 8.66   20 0 0 

 3-Sep NH3 control 20 mg/L 8.96 209 20 0 0 
 16-Sep NH3 control 20 mg/L 7.9 226             20             0             0 

        
 3-Sep NH3 10xb bacteria 7.16 710 20 0 0 

 17-Sep NH3 10xbacteria 7.7 901 20   
        
 3-Sep NH3 2xbacteria 8.16 299 20 0 0 

 17-Sep NH3 2xbacteria 8.1 358 20   
        
 3-Sep NH3 20mg/Laerated bacteria 7.26 104 20 0   
 16-Sep NH3 20mg/Laerated bacteria 7.9 288 30 20 80 

        
 5-Sep NH3 50xbacteria 8.56 1979 20 0 0 

 17-Sep NH3 50xbacteria 7.3 2153 5 2 40 
        

  NH3 carbon, aerated bacteria  234 20 0 0 
 17-Sep NH3 carbon, aerated bacteria 6.2 289 10 0 100 
        

 3-Sep NH3 aerated 7.26 188 20 0 0 
 15-Sep NH3 aerated 7.8 200 30 0 0 
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Discussion: 
This project started with Aim 1: To distinguish between natural eutrophying chemicals in city waterways 
from those due to urbanisation. We expected that contamination would increase progressively 
downstream as the watercourse flows through farmland and cities where various fertilisers and animal 
droppings would be washed into the watercourse. We hypothesised that high levels of ammonia or 
phosphate indicate contamination by fertilisers or animal and plant waste. The Hobart and Sandy Bay 
Rivulet appeared to follow these ideas. However, the Vincent rivulet was an anomaly.  

We found higher than expected levels of ammonia, nitrate and nitrite as we went upstream in the Vincent 
Rivulet. There was evidence of eutrophication in the rivulet shown by a brown colouration, and presence 
of tree roots. As we investigated further, we were able to eliminate that source tributaries at Mt Nelson 
college and Ridgeway were not adding significant eutrophying chemicals. Instead, we traced leachate 
seeping from an old fill below disused land below Ham Common at Tolmans Hill. This was identified as an 
old landfill site.  

The Mount Nelson Landfill was developed in the mid-1960’s and functioning as a landfill by the end of the 
decade. The southern section associated was operational as an extension of the landfill by 1975. The use of 
both sections as landfills had ceased by the early 1980’s. The site appears to have been used for some form 
of storage in 1995, and the change in appearance to the current surface pattern occurs immediately after 
that time, indicating additional development during the following year. 

Our bioremediation studies confirm that the presence of nitrite and nitrate indicates biological breakdown 
of ammonia and that the presence of high levels of ammonia reflects fresh contamination 

We found that the pH of watercourses reflects its source and substrate. When dominated by rainwater and 
stormwater-runoff, the pH was lower. Whereas water flowing over soil, vegetation and dolerite rock, the 
pH was higher. Levels of eutrophying chemicals were often reduced at the source after rainfall were water 
flow substantially increased. However, levels of eutrophying chemicals did return even while flowage rates 
were higher than during dry periods. 

We found that we were able to identify contamination by a combination of field testing pH, EC (hypothesis 
1) but visual observations also played a contributing factor.  

We found that naturally occurring bacteria were efficient at breaking down ammonia in the landfill 
leachate into nitrite and nitrate over a period of 2 weeks. However, the dam below the landfill is of 
insufficient size to capture all the leachate especially during rain periods, and leachate is spilling into the 
Vincents rivulet and contaminating it.  

We found that seeds were able to germinate in the leachate sample, and plants were able to grow. ICPMS 
results show that the heavy metal abundances are low in the leachate. 

 

Recommendations for the Mt Nelson landfill leachate 

We suggest further studies to understand how the leachate at the old Mt Nelson landfill site is being 
recharged, flow rates and the changes in chemistry over time. Geophysics can be used to map the 
leachate. Appropriate methods to consider are: 
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1. Frequency domain EM (EM31) – this gives quick spatial coverage but has limited depth of 

investigation of ~6m. This depth is at the shallow end of where the leachate is seeping out. 
2. Electrical resistivity tomography. Images deeper ~40m. 
3. Self potential. This is relatively easy to do but time consuming. 

 

Monitoring bore holes could be put in place (perhaps 3) once the subsurface leachate pathways are 
understood. At least one bore hole could be positioned on the landfill site a few metres north of the 
current seepage site. Leachate samples could be extracted from the boreholes for chemical analysis, 
particularly ammonia. 

Remediation option 1: reduce the runoff soaking into the site and therefore reducing the leachate 
produced. This could be achieved by putting in a sealed drain to divert creeks feeding into the site and by 
capping the lower site with clay or using phytoremediation cap of a dense layer of vegetation. But as 
Hobart has quite long dry periods, the clay could crack and it would be hard to sustain a thick vegetation 
cover. The current soil cover looks grainy, porous and nutrient poor. 

Option 2: the lower landfill site is currently unused, and the leachate could be used to irrigate trees on the 
site. Perhaps Christmas trees could be planted or a nursery of native plants. In this case, the leachate could 
drain into the dam and be pumped out. The eutrophying chemicals in the leachate would be beneficial to 
plant growth. 

Our estimates suggest that the area available for planting is around 11000 m2. Christmas trees need to be 
planted about 2.5 m apart, and need 5-8 years to grow (Fogle, 2020), which suggests a maximum of 7000 
trees not taking into account access tracks. 
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Option 3: create additional dams leading to the Vincents rivulet to capture the leachate and allow it to 
convert to nitrate. However, nitrate is still a eutrophying chemical and the Vincents rivulet would still be 
affected unless the water was subjected to denitrification. Denitrification under anoxic conditions (such as 
in a bioreactor tank) can be used to convert the nitrate to nitrogen without forming greenhouse gases 
(Sheela and Khasim Beeb 2014, Cooke 2020). 

 

Conclusions:  
• pH and Electical conductivity (EC) can be used in the field to identify potential contaminants. pH 

and EC increase downstream but decrease with rainfall and runoff. pH and EC increase with 
ammonia contamination. 

• Hobart, Sandy Bay and Browns watercourses become more contaminated downstream and where 
flow rates are low. 

• Vincents rivulet became more contaminated upstream and field testing, aquatic health and 
exploration found the source to be leachate from an old landfill. 

• Potential sources of ammonia include landfill leachate, animal droppings and fertilisers. 
• Ammonia remediation in waterways can be achieved by dilution, phyto- and bacterial- remediation. 
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Appendix chemical test methods 

Ammonia (NH4/NH3): 

• 1. Fill a clean test tube with 5 ml of water to be tested (to the line on the tube).  
• 2. Add 8 drops from Ammonia Test Solution Bottle #1, holding the dropper bottle upside down in 

a   completely vertical position to assure uniform drops.  
• 3. Add 8 drops from Ammonia Test Solution Bottle #2, holding the dropper bottle upside down in 

a   completely vertical position to assure uniform drops.  
• 4. Cap the test tube & shake vigorously for 5 seconds.  
• 5. Wait 5 minutes for the colour to develop.  
• 6. Read the test results by comparing the colour of the solution to the appropriate Ammonia Colour 

Card (choose either Freshwater or Saltwater. For ponds, use the freshwater colour card). The tube 
should be viewed in a well-lit area against the white area of the card. The closest match indicates 
the ppm (mg/L) of ammonia in the water sample. Rinse the test tube with clean water after use. 

 

Nitrate (NO3-): 

• 1.  Fill a clean test tube with 5 ml of water to be tested (to the line on the tube). 
• 2.  Add 10 drops of Nitrate test solution holding dropper bottle upside down in a completely 

vertical position to assure uniformity drops. 
• 3. Cap the test tube and invert several times to mix solution. 
• 4.  Vigorously shake the nitrite test solution #2 for at least 30 seconds. This step is extremely 

important to ensure accuracy of test results. 
• 5.  Now add 10 drops of Nitrate test solution #2 holding dropper bottle upside down in a 

completely vertical position to assure uniformity drops. 
• 6.  Cap the test tube and shake vigorously for at least 1 seconds. This step is extremely important to 

ensure accuracy of test results. 
• 7.  Wait 5 minutes for the colour to develop. 
• 8.  Read the test results by comparing the colour of the solution to the appropriate Nitrate Colour 

Card (choose either Freshwater or Saltwater. For ponds, use the freshwater colour card). The tube 
should be viewed in a well-lit area against the white area of the card. The closest match indicates 
the ppm (mg/L) of ammonia in the water sample. Rinse the test tube with clean water after use. 

 
Phosphate (PO43-): 

• 1.  Fill a clean test tube with 5 ml of water to be tested (to the line on the tube). 
• 2.  holding the bottle vertically, add 6 drops from Phosphate Test Solution #1. Cap the test tube and 

shake vigorously for 5 seconds. 
• 3.  Now holding the bottle vertically, add 6 drops from Phosphate Test Solution #2. Note Test 

Solution #1 is a very viscous solution and may need increased pressure to release drops. 
• 4.  Cap and shake vigorously for 5 seconds. 
• 5. Wait 3 minutes for the colour to develop. 
• 6. Read the test results by comparing the colour of the solution to the appropriate Phosphate 

Colour Card (choose either Freshwater or Saltwater. For ponds, use the freshwater colour card). 
The tube should be viewed in a well-lit area against the white area of the card. The closest match 
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indicates the ppm (mg/L) of ammonia in the water sample. Rinse the test tube with clean water 
after use. 

 

Nitrite (NO2-): 

• 1.  Fill a clean test tube with 5 ml of water to be tested (to the line on the tube).  
• 2.  Add 5 drops of Nitrite test solution holding dropper bottle upside down in a completely vertical 

position to assure uniformity drops. 
• 3.  Cap the test tube and shake for 5 seconds. 
• 4.  Wait 5 minutes for the colour to develop. 
• 5. Read the test results by comparing the colour of the solution to the Nitrite Colour Card. The tube 

should be viewed in a well-lit area against the white area of the card. The closest match indicates 
the ppm (mg/L) of nitrite in the water sample. Rinse the test tube with clean water after use. 

 

Iron (Fe): 

• 1.  Fill the test tube up to the 5ml mark. 
• 2. Holding the reagent vertically add 5 drops to the test tube. 
• 3.  Replace the cap on the test tube and Swirl to mix reagents. 
• 4.  Replace lid on regent immediately. 

 



Hobart Watercourse results July-Sept 2020        

      Max 8 Max 5 
Max 
160 Max 10 Max 2  

collection HOBART Rivulet TDS EC Temp Ammonia Nitrite Nitrate Phosphate Iron Observations 
date Site pH ppm  µs/cm  oC mg/l mg/l mg/l mg/l mg/l  

19-Jul H1 7.34 19 38 8.7 0.25 0 0 0  Mt Wellington slightly flowing pond 
19-Jul H2 7.85 24 48 10.4 0 0 0 0  Strickland Ave, gushing river, sample for plant exp 
20-Jul H3 7.7 26 52 7.3      Strickland Ave, flowing, collected in pond 
20-Jul H4 7.7 41 82 7.2 0 0 0 0  Cascades, just above stormwater, slightly cloudy 
21-Jul H5 7.94 62 124 7.1 0 0 1 0  South Hobart Primary School, after tip 
8-Aug H5B 8.16 57 115 10.2       
21-Jul H6 7.94 71 143 7.6 <0.25 0 0 0  Molle St, before city tunnel, flowing, collected where still, clear 
5-Aug H6B 7.66 73 146 9.3 0.25 0 0 0  Lots of water, brown, less than S5b 

17-Aug H6C 6.86 39 79 13.2 0.25 0 0 2  Fast running, moderately brown 
21-Jul H7 8.42 94 188 11.7 0.25 0 0 0  City culvert at Royal Hobart Hospital, flowing 
21-Jul H8 8.09 2309 4619 9.8 0.25 0 <0.5 0  Derwent entrance, water birds, esturine 

            

 

SANDY BAY 
Rivulet              

19-Jul S1 6.56 57 115 7.7 0 0 0 0  Mt Wellington little pond 
20-Jul S2 6.86 48 97 10.7      Pipe below Huon road, cloudy water, no water in creek 
21-Jul S3 8.06 120 241 10.2 0 0 0 0  Waterworks, clear flowing, white bubbles, collected in pond 
21-Jul S4 8.3 189 379 11.1 0.5 0 0.25 0  Parliament gardens, collected in pond, clear flowing 
21-Jul S5 8.42 235 470 10.7 0.25 0 5 0.25  Concrete culvert 
5-Aug S5b 7.9 120 241 10.3 0.25 0 0 0  Quite a lot of water, moderately brown 

17-Aug S5c 7.26 81 162 13.7 0 0 0 0  Very fast running, lots of water, moderately brown 

            

 

 
 
 
 
 
                    



VINCENTS Rivulet 
source 

29-Jul V0.1 7.1 76 152 9.8 0 0 0 0 0 Tolmans Hill, dam before landfill 
2-Aug V0.2 7.9 301 602 10.8      Tolmans Hill fire trail to Ridgeway, Trickling creek, sample in pond 
2-Aug V0.3 7.42 303 606 10.1 0 0 0 0 0.25 Just below V0.2, orange pool 
3-Aug V0.4 7.58 188 377 7.5 0 0 0 0  Little rock pools, not flowing, clear, bit of silt on rocks 
26-Jul V1 6.41 132 267 8.8 0 0 0 0  Below Hobart College, little stream, not flowing, lots of ponds 

14-Sep VL  66 141 13.7 0 0 0   runoff from Ham Common and ponding on top of landfill  
15-Sep V1.6 8.3 243 487 13.6 0 0 0   Southern outlet, not flowing, just dammed water  
28-Jul V1.3 8.06 296 593 11.3 0.25 0 1 0  Ridgeway firetrail, just before leachate, trickling clear stream 
30-Jul V1.3b 7.58 321 642 10.4       

 Landfill leachate and associated samples       
29-Jul V1.1 6.86 753 1507 11.8 50 0 0 0 0 leachate seeping from landfill, brown 

  V1.1 repeat chemistry on 3 Sept  0.5 5 20 0   
26-Aug V1.1d1 6.86 728 1457 13.1      turbid brown mixed sample 
26-Aug V1.1d2 7.3 537 1075 12.8 >8      

4-Aug VD 7.98 576 1153 9.5      Leachate-fed dam 
19-Aug VDc 7.19 442 884 11.2 >8 0 5 0  secchi disc clarity 32.2cm 
26-Aug VDd 8.29 535 1070 11.5 >8 0 80-160 0.25   
26-Aug VDdup 6.86 506 1013 11.2      upper dam 
19-Aug V1.2 7.19 442 884 11.2      from pipe below dam 

 VINCENTS Rivulet downstream        
28-Jul V1.4 8.54 488 976 12.4 6 0 0.25 0  Steep, just before S outlet bridge, fed from leachate and Ridgeway 
26-Jul V1.5 8.42 446 893 8.8 25 0.25 5 0.25  Proctors Rd, little muddy. 

29-Aug V1.5c 7.96 158 316 12.2 4 0 0.25 0   
15-Sep V1.5e  381 742 12.8 10 0 0.25    
24-Jul V2 8.54 433 867 9 25 0 10 0.25  Pangarinda cat boarding, running stream, roots on one side, clear 
29-Jul V3 8.06 374 149 10 0 0 0 0  The Lea, gentle stream, 2 m-wide, up to 40 cm deep, silt at bottom 

15-Aug V3e 8.7 351 703 12.8 0-0.25 0 80    
24-Jul V4 8.06 121 242 10.2 0 0 5 0  Green slow moving 5 m wide creek, rubbish 
7-Aug V4b 8.06 112 225 9 0 0 5 0   

14-Sep V4e 8.6 344 689 15 0-0.25 0 80   Relatively dry period 

    



Leachate associated samples collected for ICPMS (snow storm just starting) 
4-Aug VD 7.98 576 1153 9.5        
4-Aug  V1.2 7.58 328 656 9.7        
4-Aug V1.2l 7.08 373 747 11.7       
4-Aug V1.5 7.26 632 1265 9.5        

            

 

 
 
DUNNS Creek              

19-Jul D1 5.76 72 145 7.3 0 0 0 0  Mt Wellington pond 
26-Jul D2 7.34 57 134 8.4 0.25 0 0 0  Ferntree, little flowing stream 5 cm3 

            
 BROWNS River              

19-Jul B1 7.34 27 54 7.2 0 0 0 0  Mt Wellington, Silver falls, from pool fed from falls. 
26-Jul B5 7.9 42 84 7.6 0 0 0 0  Summerleas Road, flowing clear stream with deep pool. 
24-Jul B7 7.82 49 98 9.2 0.25 0 0 0  Firthside, Substantial river, clear 
7-Aug B7b 7.36 51 103 9 0 0 0 0   

24-Jul B8 7.94 62 124 8.7 0.5 0 0.25 0  
Firthside after Vinvents, 4 m-wide brown creek, native hens, a bit 
stinky 

7-Aug B8b 7.76 62 124 11.2 0 0 0 0    

            
           
            

            
            
            
            

 



10/08/2020 Analysis of waters samples from Tolmans Hill    
Analysis performed by Ashley Townsend (CSL) using Element 2 HR-ICP-MS.     
Samples were analysed following dilution 10x, with Indium (as internal std, at 100 ppb) and nitric acid (1%) added. 
Measured concentrations in analysed diluted samples as ppb.  In origially supplied samples as ppm.  

            

   
Dilution 
Factor: 10 10 10 10 10    

 QC1 Rinse1  V1_3 VD V1_1 V1_5 V1_2  Rinse2 QC2 

Isotope 
Concentration 

AVG 
Concentration 

AVG  
Concentration 

AVG 
Concentration 

AVG 
Concentration 

AVG 
Concentration 

AVG 
Concentration 

AVG  
Concentration 

AVG 
Concentration 

AVG 
Rb85(LR) 103.95 0.05  6.70 6.24 4.74 5.01 6.11  0.01 100.34 
Sr88(LR) 105.37 0.02  2.49 2.64 2.29 2.73 2.80  0.01 101.96 
Mo95(LR) 102.71 0.04  0.24 0.28 0.29 0.35 0.51  0.00 102.80 
Cd111(LR) 104.73 0.01  0.15 0.20 0.14 0.23 0.19  0.00 104.82 
Sn118(LR) 100.02 0.05  0.02 0.07 0.06 0.04 0.05  0.01 101.43 
Sb121(LR) 98.45 0.03  0.01 0.87 0.02 0.01 0.02  0.00 100.07 
Cs133(LR) 102.82 0.03  0.10 0.09 0.08 0.08 0.08  0.00 100.62 
Ba137(LR) 104.47 0.15  0.69 3.17 3.99 9.46 1.00  0.11 103.70 
Tl205(LR) 93.25 0.05  0.11 0.09 0.06 0.06 0.07  0.01 100.50 
Pb208(LR) 91.03 0.02  1.91 1.76 0.58 0.68 0.66  0.01 101.15 
U238(LR) 89.89 0.01  0.01 0.02 0.01 0.01 0.01  0.00 98.80 

            
Na23(MR) 109.11 3.77  6629.56 8480.01 6220.01 7271.47 8094.54  7.26 105.90 
Mg24(MR) 104.64 0.41  2762.51 4908.48 4939.74 3628.54 4220.84  0.49 102.31 
Al27(MR) 104.67 0.76  1.46 2.55 3.37 4.47 2.91  0.45 100.51 
P31(MR) 103.62 0.10  0.41 0.31 0.45 0.98 1.24  0.15 100.81 
S32(MR) 108.87 6.33  3632.32 4313.66 2921.14 3028.96 2589.49  5.96 106.52 

Ca42(MR) 105.51 2.52  6029.40 9097.90 6929.30 7503.88 7147.96  3.25 98.10 
Ti47(MR) 102.15 0.03  0.02 0.05 0.05 0.00 0.00  0.06 99.93 
V51(MR) 102.87 0.02  0.01 0.00 0.01 0.01 0.00  0.01 99.93 
Cr52(MR) 101.53 0.02  0.01 0.00 0.00 0.01 0.01  0.01 99.41 
Mn55(MR) 103.62 0.03  46.98 45.33 22.05 30.19 15.61  0.02 99.40 
Fe56(MR) 101.11 0.23  0.40 2.36 1.50 3.06 0.53  0.14 99.97 
Co59(MR) 103.40 0.02  0.49 0.26 0.11 0.17 0.11  0.00 100.22 
Ni60(MR) 102.32 0.07  0.46 0.35 0.34 0.31 0.40  0.01 99.97 
Cu63(MR) 107.14 0.06  0.19 0.12 0.11 0.19 0.23  0.04 101.15 
Zn66(MR) 103.76 0.08  3.00 1.49 0.78 1.07 0.71  0.03 100.67 

            
K39(HR) 107.81 1.47  93.61 2505.55 2598.41 1471.11 2059.86  1.44 102.80 

Ga69(HR) 103.27 0.01  0.00 0.00 0.01 0.03 0.02  0.00 100.56 
As75(HR) 102.25 0.00  0.01 0.04 0.07 0.15 0.11  0.04 102.18 
Se82(HR) 104.32 0.42  0.43 0.45 0.21 0.00 0.00  0.18 109.11 

 

 



 Ref values as ppb   Blank subtracted and dilution facor adjusted data (ppm) 
          

 
Dilution factor 
adjusted Ref Values  V1_3 VD V1_1 V1_5 V1_2 

Rb85(LR) 1.2546 1.19   0.06676 0.062156 0.047225 0.049882 0.060934 
Sr88(LR) 121.5832 125.03   0.024799 0.02634 0.022799 0.027243 0.027883 
Mo95(LR) 44.0076 45.24   0.002288 0.002707 0.002817 0.003454 0.005057 
Cd111(LR) 4.0068 3.96   0.001424 0.002 0.001394 0.002221 0.001873 
Sn118(LR) 0.1742    0.000058 0.000583 0.000475 0.000222 0.000384 
Sb121(LR) 5.1232 5.1   0.000031 0.008624 0.000198 0.000087 0.000113 
Cs133(LR) 0.065    0.000903 0.000779 0.000668 0.000674 0.000683 
Ba137(LR) 150.064 150.6   0.005711 0.030523 0.038728 0.09344 0.008795 
Tl205(LR) 1.7364 1.61   0.001049 0.000806 0.000468 0.000527 0.000616 
Pb208(LR) 12.2576 12   0.018981 0.017521 0.005698 0.006719 0.006516 
U238(LR) 23.6688 25.15   0.000065 0.00015 0.00007 0.000111 0.000071 

          
Na23(MR) 2966.025 3112   66.25687 84.76135 62.16137 72.67594 80.90658 
Mg24(MR) 1000.059 1050   27.62138 49.08104 49.39363 36.28165 42.20467 
Al27(MR) 57.5204 52.6   0.007634 0.018494 0.026683 0.037756 0.0221 
P31(MR) 4.0496    0.002856 0.001809 0.003219 0.008523 0.011155 
S32(MR) 1566.248    36.26949 43.08293 29.15769 30.23592 25.84119 
Ca42(MR) 5172.097 5570   60.28268 90.96768 69.28169 75.02748 71.46832 
Ti47(MR) 0.2046    -0.00037 -2.8E-05 -5.4E-05 -0.00052 -0.00052 
V51(MR) 14.4514 14.93   0.000016 -6.4E-05 -2.8E-05 -7E-06 -4.7E-05 
Cr52(MR) 37.8836 40.22   0.000016 -3.2E-05 -2.5E-05 -1.2E-05 -1.2E-05 
Mn55(MR) 38.3194 40.07   0.469605 0.453104 0.22037 0.301743 0.155894 
Fe56(MR) 37.672 36.5   0.002561 0.022174 0.013644 0.029221 0.003942 
Co59(MR) 19.005 20.08   0.004868 0.002537 0.001076 0.00166 0.001042 
Ni60(MR) 24.2022 25.12   0.004148 0.002977 0.002915 0.002563 0.003486 
Cu63(MR) 82.2424 85.07   0.001204 0.000536 0.00039 0.001236 0.001618 
Zn66(MR) 54.7014 55.2   0.02951 0.014351 0.007305 0.010203 0.006602 

          
K39(HR) 565.321 575   0.924182 25.04359 25.97217 14.69918 20.58669 
Ga69(HR) 0.0134    1E-06 0.000003 0.00005 0.000325 0.000226 
As75(HR) 8.0062 8.01   0.000076 0.00037 0.000617 0.001404 0.001061 
Se82(HR) 18.4172 19.97   0.004264 0.004547 0.002138 0 0 
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	Describe the disposal procedures of any hazardous chemicals or potentially hazardous biological agents that you will use: As instructed by testing kits: dispose into sink with lots of water.
	List the sources of safety information you used including websites books or laboratory safety guidelines: https://www.fishworldaquarium.com.au/wp-content/uploads/2020/04/API-Ammonia-Test-Kit-Solution-1-Safety-Data-Sheet.pdfhttps://www.fishworldaquarium.com.au/wp-content/uploads/2020/04/API-Ammonia-Test-Kit-Solution-2-Safety-Data-Sheet.pdfhttps://www.fishworldaquarium.com.au/wp-content/uploads/2020/04/API-Nitrite-Test-Kit-Safety-Data-Sheet.pdfhttps://www.fishworldaquarium.com.au/wp-content/uploads/2020/04/API-Nitrate-Test-Kit-Solution-1-Safety-Data-Sheet.pdfhttps://www.fishworldaquarium.com.au/wp-content/uploads/2020/04/API-Nitrate-Test-Kit-Solution-2-Safety-Data-Sheet.pdfhttps://www.fishworldaquarium.com.au/wp-content/uploads/2020/04/API-Phosphate-Test-Kit-Solution-1-Safety-Data-Sheet.pdfhttps://www.fishworldaquarium.com.au/wp-content/uploads/2020/04/API-Phosphate-Test-Kit-Solution-2-Safety-Data-Sheet.pdfhttps://www.fishlore.com/aquariumfishforum/threads/cycle-products-found-ingredients.88753/#:~:text=Nutrafin%20Cycle%20has%20listed%20their%20ingredients%20as%20follows%3A,that%20will%20assist%20you%20in%20cycling%20your%20aquarium.
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