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Disclaimer: 

 

While reasonable efforts have been made to ensure that the contents of this document and the 

associated maps are factually correct, the authors, Griffith University and Seqwater, does not 

accept any responsibility for the accuracy or completeness of the contents, and shall not be 

liable for any loss or damage that may be occasioned directly or indirectly through the use 

of, or reliance on, the contents of this report or the associated maps.   
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1. Executive Summary 

Nitrogen is a key nutrient stimulating algal blooms in Seqwater reservoirs throughout 

southeast Queensland (Muhid and Burford 2012, Muhid et al. 2013, Burford et al. 2014). 

Previous collaborative work has shown that management strategies, such as re-planting 

riverbanks, are likely to have limited capacity to reduce nitrogen (N) loads in Southeast 

Queensland rivers (e.g. Olley et al. 2015), therefore other mechanisms are needed to remove 

or retain N. One mechanism is to use the internal processes within the river channel to 

remove nitrogen, including the use of denitrification. This process involves bacterial 

conversion of nitrate (a key N source from catchments) being converted to N gas which is 

exchanged with the atmosphere. Previous studies in constructed wetlands have shown that 

denitrification can be efficient at nitrogen removal if an environment is created which is 

suitable for the denitrifiers (Lee et al. 2009). Therefore, this study examined the role of 

in-channel denitrification for N removal in the Upper Brisbane River, and assessed whether 

there is scope to enhance these processes during low flow conditions. A series of experiments 

were conducted between December 2015 and August 2016. Denitrification was measured in 

sediments with and without aquatic plants (macrophytes) at six sites covering a range of 

sediment textures (71-98% sand/gravel, grain size >20 µm, and 0.1-2.0% clay, <2 µm). 

Denitrification was quantified using intact sediment cores via the isotope pairing technique 

which provides a more accurate estimate of in situ denitrification than previous methods used 

in southeast Queensland rivers (Udy et al. 2006). 

The key findings of this study were: 

1. Denitrification rates were typically higher in sediments of macrophyte beds 

(mean ± standard error, 0.49 ± 0.2 mmol N m-2 h-1) compared to bare sediments 

(0.19 ± 0.09 mmol N m-2 h-1) (higher at 4 out 6 sites sampled). Overall, denitrification 

was significantly more efficient at removing water column dissolved inorganic 

nitrogen in sediments vegetated with macrophytes (13.7 ± 5.78%) compared with bare 

sediments (3.1 ± 1.74%). 

2. Overall, denitrification rates ranged from below detection limits to 2.7 mmol N m-2 h-1 

(0-70% denitrification efficiency). Denitrification rates at the upper end of this range 

were comparable with other systems, while rates measured at half the study sites were 

low compared to other systems, suggesting there is scope to improve N removal in the 

Upper Brisbane River. 
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3. Based on denitrification efficiencies estimated in this study and gauging station flow 

data, up to 0.025 kg N m-2 d-1 (9.1 kg N m-2 yr-1) could potentially be removed from 

the water column at the Gregors Crossing site under 100% cover by macrophytes, 

compared to only 0.008 kg N m-2 d-1 if no macrophytes were present. 

4. The build-up of organic carbon in sediments associated with macrophytes may have 

contributed to the enhanced denitrification rates observed in this study. Total organic 

carbon concentrations were higher in macrophyte sediments compared with bare 

sediments at four out of six sites. High denitrification rates were also associated with 

higher sediment total nitrogen and a higher proportion of clay (grain size <2 µm). 

However, further investigation is required to clarify these relationships 

5. Management of the Upper Brisbane River to increase macrophyte cover is likely to 

enhance N removal via denitrification under low flow conditions. Potential 

management options could include fencing off river banks to prevent stock access, 

therefore reducing macrophyte loss through cattle trampling and reducing losses of 

suspended sediments that smother plants. Other methods which reduce flow velocities 

during high-flow events would also prevent macrophyte loss through scouring. 

Re-establishing lost macrophytes post flooding may also be achieved through active 

planting. Planting a mixture of macrophytes species would increase resilience to 

variable flow conditions and invasion by exotic species. 
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3. Background 

Nitrogen (N) pollution is a growing problem in aquatic ecosystems (Burgin and Hamilton 

2007), with excess nutrients causing environmental problems such as low oxygen conditions, 

algal blooms and fish kills in rivers and coastal regions (Smith 2003). Nitrogen is a key 

nutrient responsible for algal blooms in southeast Queensland reservoirs (e.g. Burford et al. 

2014). In the face of deteriorating catchment conditions throughout southeast Queensland, N 

loads to reservoirs will increase into the future (Bunn et al. 2007). Management strategies 

such as re-planting riverbanks have been limited in their effectiveness in reducing N loads, 

particularly in regions with monsoonal rain patterns (e.g. Olley et al. 2015), therefore other 

mechanisms are needed to remove or retain N. 

Rivers can remove up to 75% of N during transport to marine ecosystems (Howarth et al. 

1996), largely by microbial conversion of N, as nitrate, to a gaseous form in river sediments 

(known as denitrification) (Seitzinger 2008). Processes such as sedimentation and 

incorporation into plant biomass can retain N in the short term (e.g. weeks to months, 

Svendsen and Kronvang 1993), but denitrification is the only significant pathway by which 

inorganic N is permanently removed from rivers (Birgand et al. 2007). The most important 

factors that control the magnitude of denitrification in rivers are: 1. organic matter; 2. low 

oxygen zones in sediments; 3. high nitrate concentration in the water column; and 4. high 

exchange rates between the water column and sediment (Birgand et al. 2007). The presence 

of aquatic plants (macrophytes) enriches sediments with organic carbon (C) and has been 

associated with increased denitrification (Christensen and Sørensen 1988, Risgaard-Petersen 

and Jensen 1997). However, there is limited knowledge of the extent of denitrification 

associated with macrophytes in subtropical rivers. This fundamental knowledge is important 

for modelling N losses from catchments. Additionally, understanding the environmental 

conditions that control these processes is important to guide river restoration to enhance N 

removal. 

This study examined the role of in-channel denitrification for N removal in the Upper 

Brisbane River, and whether there is scope to enhance these processes during low flow 

conditions, for example, measures to enhance macrophyte cover may increase N removal 

through denitrification. 
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4. Project aim 

The aim of this collaborative project between Griffith University and Seqwater is to 

understand the role of in-channel denitrification for N removal in the Upper Brisbane River, 

and whether there is scope to enhance these processes in channel during low flow conditions. 

This project has been conducted over two workplan years, i.e. 2015-16 and 2016-17 and 

therefore data from the two years was combined. 

 

5. Objectives 

2015-16 workplan 

 Measure denitrification rates and plant N uptake rates in a degraded and revegetated 

reach of the Upper Brisbane River under a range of flow regimes 

 Compare the rates of these processes with water quality, vegetation and geomorphic 

characteristics to determine the key attributes of the reaches that determine the 

effectiveness of these processes  

 Project work in 2015-16 focused on denitrification, including multiple field sampling 

events aligned with laboratory incubation experiments and work to refine the 

experimental methodology and data analysis.  

 

2016-17 workplan 

 Additional field data collection and laboratory incubations for measuring 

denitrification in the Upper Brisbane will be completed and documented, analysis and 

additional interpretation of data completed.  

 Report on the denitrification work will be finalised and any publications from this 

work prepared. 
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6. Deliverables  

2015-16 workplan 

 Selection of sites and methods for field data collection (D1, delivered), field data 

collection for denitrification rates (D5, delivered) and analysis comparing rates of 

processes with water quality, vegetation and geomorphic characteristics (D6, 

delivered). 

 Report comparing rates of denitrification processes with water quality, vegetation and 

geomorphic characteristics (D8, delivered). 

 

2016-17 workplan 

 Field and laboratory studies on denitrification in Upper Brisbane River completed 

(M1, completed). 

 Final report on the role of in-channel denitrification for N removal in the Upper 

Brisbane River (D2). 
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7. Approach 

Denitrification rates in the wetted streambed of six sites in the Upper Brisbane River 

Catchment were measured under low flow conditions, between December 2015 and August 

2016 (Figure 1). In order to assess the effect of in-stream conditions (streambed substrate and 

presence of vegetation), sites were selected to include a range of sediments textures (varying 

proportion of fine and coarse grain sizes), with each site having areas with and without 

established beds of aquatic plants (macrophytes) (Figure 2). To measure denitrification rates, 

intact sediment cores from streambed ± macrophytes were collected from each site and 

incubated with a 15N-nitrogen stable isotope tracer in the laboratory under simulated field 

conditions. Sediment and water quality parameters were measured for each habitat type at 

each site to investigate the conditions potentially driving variation in denitrification rates. 

 

Figure 1: Location of the six sampling sites in the Upper Brisbane River Catchment. Five 

sites are on the main stem of the Brisbane River: Crossing One (26°45'45.51"S, 

152°14'28.72"E); Gregors Crossing (26°59'14.12"S, 152°23'53.95"E); Scrub Creek Road 

(27° 2'26.86"S, 152°24'14.55"E), Barneys Rocks Crossing (27° 3'27.87"S, 152°26'32.80"E); 

O’Sheas Crossing (27° 8'15.38"S, 152°30'38.72"E); and the sixth site is on Ivory Creek 

(27° 0'40.85"S, 152°19'55.77"E), a tributary of the Brisbane River. 
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Figure 2: Schematic of study design and parameters measured at each of the six field 

sampling sites. 

 

Description of study sites and sampling dates 

The six study sites were situated in the Upper Brisbane River Catchment, five on the main 

stem of the Brisbane River between Lake Wivenhoe and Avoca Vale and one on Ivory Creek, 

a perennial tributary flowing through Ashvale Station (Figure 1, Figure 3). Bare sediment and 

sediment with macrophytes were sampled on two occasions at Ivory Creek, at all other sites 

each habitat was sampled on one occasion (Table 1). Water depths in sampling locations 

ranged from 0.2-0.8 m (Table 1). At Ivory Creek, macrophytes were emergent rushes and 

grasses, while at all other sites macrophytes were mixed assemblages of submerged and 

floating species (Table 1). The macrophyte assemblages at all Brisbane River sites were 

dominated by the native submerged species Ceratophyllum demersum (Figure A. 1). Free 

floating Azolla sp. was present at most sites and Potamogeton sp. was present at Crossing 

One (Figure A. 1). 
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Figure 3: The six sites where denitrification was measured in sediments with and without 

macrophytes; (a) Ivory Creek, (b) Crossing One, (c) Gregors Crossing, (d) Scrub Creek 

Road, (e) Barneys Rocks Crossing and (f) O’Sheas Crossing. 
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Table 1: Description of areas where denitrification was measured at six sites in the Upper 

Brisbane Catchment, substrate texture (% by weight of particles classified as fine sand-

gravel and clay), depth, sampling date and mean river discharge at the Gregors Creek 

gauging station (Upper Brisbane River) on the day of sampling. Ivory Creek is a tributary of 

the Upper Brisbane River and discharge for this site was measured using a flow meter. 

Site name 
Habitat 

type 
Macrophyte type 

Substrate texture 
Depth 

(m) 

River 

discharge 

(ML day-1) 

Sampling 

date (% wt fine sand–

gravel, >20µm) 

(% wt clay, 

<2µm) 

Ivory 

Creek 

Bare   86.5 0.71 0.25 
0.07 & 

0.07 

3/12/2015,

7/03/2016 

Macro 
Emergent 

grasses/rushes 
93.2 0.38 0.25 

0.06 & 

0.07 

8/02/2016,

7/03/2016 

Crossing 

One 

Bare  98.3 0.11 0.40 
6.0 

20/06/2016 

Macro Submerged/floating 71.8 1.97 0.60 20/06/2016 

Gregors 

Crossing 

Bare   75.2 1.66 0.80 
7.3 

19/07/2016 

Macro Submerged/floating 76.9 1.35 0.60 19/07/2016 

Scrub 

Creek 

Road 

Bare   90.5 0.64 0.30 
7.3 

19/07/2016 

Macro Submerged/floating 88.0 0.79 0.30 19/07/2016 

Barneys 

Rocks 

Crossing 

Bare   98.0 0.13 0.25 
1.5 

22/08/2016 

Macro Submerged/floating 94.2 0.35 0.45 22/08/2016 

O'Sheas 

Crossing 

Bare   92.0 0.59 0.50 
1.5 

22/08/2016 

Macros Submerged/floating  84.4 1.10 0.50 22/08/2016 

 

Denitrification measurements 

Rates of denitrification in the sediment were measured in a series of laboratory experiments 

using the isotope pairing technique (IPT) (Nielsen 1992). The isotope pairing technique 

provides a more direct estimate of denitrification than previous methods used in southeast 

Queensland (Udy et al. 2006). This method is typically applied to reservoir and estuary 

sediments, but only more recently applied to rivers. In the IPT method, 15N-nitrate is added to 

water overlying sediments at a saturating concentration and the rate of 15N-N2 gas production 

is measured to calculate the denitrification rate. 

On each sampling occasion, intact sediment cores were collected by hand from each habitat 

(macrophyte beds and bare sediment) at each site, with the exception of Ivory Creek, where 

each habitat was sampled once on separate occasions. Perspex cores (4.8 cm internal 

diameter x 30 cm long) were filled with approximately 8 cm depth of sediment and 18 cm 

depth of overlying water from each site, and capped at the bottom with a rubber bung (Figure 

4). Batches of 4-5 cores were collected from 2-3 replicate locations within each habitat at 
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each site. Stems and leaves of emergent grasses and rushes were present in cores collected 

from macrophyte sediments at Ivory Creek (Figure 4a). The stems were left intact so as not to 

disturb the sediment, but the tips were trimmed so the cores could be sealed. Cores collected 

at other sites contained small detached fragments of submerged and floating macrophytes 

(Figure 4b). The submerged species present at these sites were only loosely rooted to the 

sediment and most stems broke off during sampling. Cores were transported to the laboratory 

and equilibrated overnight in a tub of river water (collected from each site) to stabilise 

sediment gradients and microbial N cycling processes (Figure 4c,d).  

Denitrification measurements were undertaken the following day. Experiments commenced 

with the addition of 15N-nitrate to a concentration of 60 µmol L-1 in the overlying water of 

each core. Cores were then sealed with a stirrer bar suspended ~ 5 cm above the sediment to 

simulate river water movement and assist 15N percolation into the sediment. This was driven 

by an external rotating magnet rotating at 60-70 rpm (Figure 4). Cores were incubated under 

lights (~ 500 umol m-2 s-1) at 24°C to simulate light availability in the shallow Upper 

Brisbane River. The water in each core was stirred for 20 min and subsamples taken to 

calculate the 15N enrichment. After 20 min, one core from each batch was sacrificed as a time 

zero measurement. The remaining cores were sealed for continued incubation. One core from 

each batch was sacrificed after approximately 0, 3, 6 and 9 h (or 0, 2.5, 5, 7.5 and 10 h when 

5 cores were collected) to measure 15N-N2 gas concentrations in a “time-series”. To end the 

incubation, 1 ml of 50% w/v zinc chloride was gently mixed with the sediment and overlying 

water to halt bacterial activity. Triplicate water samples from each core were collected using 

a syringe and placed in a 12.5-ml Exetainer vial (Labco, High Wycombe, UK) to which 

250 µL of 50% w/v zinc chloride had been added. The headspace gas in these vials was 

analysed for 15N by continuous-flow mass spectrometry, as 28N2-, 
29N2- and 30N2-gas. 

Denitrification rates were calculated according to the isotope pairing calculations (Nielsen 

1992). The detection limit for denitrification rate was 1 umol N m-2 h-1.  

A small amount of 15N-nitrate may have been taken up by plants present in cores, however 

15N-nitrate was available in excess for denitrification and any depletion would not affect the 

calculation of denitrification rates using the IPT equations. In initial experiments a subset of 

cores were also incubated in the dark as diurnal variations in oxygen consumption/production 

and penetration may occur in sediments covered with biofilms and may influence 

denitrification (Pind et al. 1997). There were no significant differences between 

denitrification rates in light and dark conditions, therefore further experiments were 
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conducted only in the light, which allowed for greater replication at more sites. 

Denitrification rates reported are for day-time conditions (mmol N m-2 hr-1) and can only be 

tentatively scaled to daily rates. 

 

 

Figure 4: Examples of intact sediment cores collected from macrophyte sediments at Barneys 

Rocks Crossing (a, detached pieces of submerged macrophytes) and Ivory Creek (b, intact 

emergent macrophytes) and the incubation set-up (c and d) used in the respective 

denitrification experiments for each site (note: some cores have already been removed for 

sampling in these photos). 
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Measurement of background conditions and potential drivers of denitrification 

Physicochemical parameters (temperature, conductivity, dissolved oxygen, pH and turbidity) 

and dissolved nutrient concentrations were measured in each habitat type at each site in the 

river (with the exception of Gregors Crossing and Ivory Creek, where the closeness of the 

habitats meant that only one set of samples was needed). The temperature, conductivity, 

dissolved oxygen, pH and turbidity of the surface water at each site were measured in the 

field using a Hydrolab logger, between 10:00 and 14:00 h on the day of sediment collection. 

Triplicate surface water samples were collected with buckets to measure nutrient 

concentrations. Samples for dissolved inorganic nitrogen (DIN, as NOx-N and NH4
+-N), 

soluble reactive phosphorus (SRP, PO4
--P) and total dissolved nitrogen (TDN) and 

phosphorus (TDP) analysis were filtered through 0.45 µm membrane filters in situ. Water 

quality samples were stored frozen prior to analysis by Continuous Segmented Flow 

Analyzer (AA3 HR AutoAnalyzer, Seal Analytical, USA).  

Sediment samples (top intact 2 cm) from each site were collected, dried (60°C for 48 hrs) and 

finely ground (<2mm) for analysis of total nitrogen (TN) and phosphorus (TP) by Kjeldahl 

digestion and total organic carbon (TOC) by Dumas combustion at the Chemistry Centre at 

DSITI. Sediment nutrient concentrations are reported as percent composition by weight of 

dry sediment. Sediment samples (0-8 cm depth) were also collected for particle size analysis 

at the Chemistry Centre at DSITI. The proportion of sediment by weight consisting of grains 

larger than 6 mm and 2 mm was determined by sieve, while the proportions by volume of the 

<2 mm fraction as coarse sand (200-2000 µm), fine sand (20-200 µm), silt (2-20 µm) and 

clay (<2 µm) were determined by laser diffraction.  

The river discharge at Ivory Creek was calculated by measuring the mean velocity (at 2/5 of 

the river depth at three locations) with a hand held propeller-driven flow meter and 

multiplying this by the cross-sectional area of flowing water. Denitrification efficiency was 

calculated as a percentage by dividing the rate of N removal by denitrification (mg N m-2 h-1) 

by the potential NOx-N input (mg N m-2 h-1, as NOx-N is the principle substrate for 

denitrification). The NOx-N input was estimated for each habitat at each site (with and 

without macrophytes) by multiplying the measured NOx-N concentration (as mg N m-3) by 

the volume of water passing over 1 m2 of streambed per hour (m3 m-2 hr-1, based on the 

average water column velocity and depth of each habitat). This is a coarse estimate of 

http://www.sealanalytical.com/Products/AA3HRAutoAnalyzer/tabid/59/language/en-US/Default.aspx
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potential N input to sediment that does not take into account the rate at which water column 

nitrate diffuses into sediment or nitrate inputs from groundwater upwelling. 

 

Statistical methods 

The overall effect of habitat type (with or without macrophytes) on denitrification rate, water 

quality and sediment characteristics were assessed using liner mixed effects models. Habitat 

type was a fixed-effect factor and site was a random-effect factor. The relationships between 

sediment nutrients and sediment texture were explored using simple linear regression and 

Pearson's correlation coefficient. A principle component analysis (PCA) was used to explore 

the relationship between water quality, water depth, sediment quality, sediment texture and 

denitrification rates. Data were first log transformed as required to meet the assumptions of 

normality, then the PCA was conducted using the Euclidian distance function on standardised 

data. Statistics were performed in R version 3.0.1 using the lme4 package (R Development 

Core Team, 2010, Vienna, Austria, http://www.r-project.org/). 
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8. Results and Discussion  

Background water physicochemical conditions and nutrient concentrations 

Physicochemical parameters and nutrient concentrations varied between the six sites 

sampled, but little between habitat areas within sites (Table 2). Water temperatures were 

higher in Ivory Creek (25.4-27.1°C) than Brisbane River sites (17.2-20.8°C), likely due to the 

shallow water in this tributary (~0.25 m deep). Conductivity was also lower at Ivory Creek 

(0.58-0.64 ms cm-1) and O’Sheas Crossing (0.49 ms cm-1) compared with other Brisbane 

River sites (0.88-1.02 ms cm-1). Turbidity was higher at sites from Gregors Crossing down to 

Barneys Rocks Crossing (20-40 NTU) compared with other sites upstream and downstream 

(2-9 NTU). Nitrate + nitrite (NOx) and TDN varied significantly between sites 

(F(5,24) = 6.87, p < 0.001 and  F(5,24) = 86.1, p < 0.001, respectively), generally increasing 

further downstream, for example NOx-N ranged 28-32 µg L-1 at Barneys Rocks Crossing and 

O’Sheas Crossing compared with 1.6-8.5 µg L-1 at upstream sites (Table 2, Figure 5). 

Ammonium-N was more variable, but was significantly higher at Barney’s Rocks Crossing 

compared to other main stem Brisbane River sites (F(5,24) = 21.7, p < 0.001). Phosphate and 

TDP were significantly higher at Ivory Creek and Scrub Creek Road compared with other 

sites (F(5,24) = 149.3, p < 0.001 and  F(5,24) = 57.5, p < 0.001, respectively). 

 

Figure 5: Mean background concentrations (±SD) (µg L-1) of dissolved nitrate + nitrite 

(NOx-N), ammonium (NH4
+-N) and total dissolved nitrogen (TDN) at each site at the time of 

the experiments.  
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Table 2: Background water physicochemistry (temperature (Temp), conductivity (Cond), pH, dissolved oxygen (DO), turbidity (Turb)) and 

nutrient concentrations (dissolved nitrate + nitrite (NOx-N), ammonium (NH4
+-N), soluble reactive phosphorus (PO4

--P), total dissolved nitrogen 

(TDN) and phosphorus (TDP)) measured at each site. Nutrient concentrations were analysed in triplicate and values are mean and standard 

deviation.  

Site 

name 

Habitat 

type 

Sampling 

date 
Temp 
(°C) 

Cond 
(mS cm-1) 

DO 
(mg L-1) 

pH 
Turb 
(NTU) 

NH4
+-N 

(µg L-1) 
NOx-N 
(µg L-1) 

PO4
3--P 

(µg L-1) 
TDN 

(µg L-1) 
TDP 

(µg L-1) 

Ivory 

Creek 

Bare 3/12/2015 25.8 0.58 8.8 8.6 8.2 13.3 (2.0) 8.5 (1.2) 32.7 (1.2) 79.2 (2.9) 8.3 (0.8) 

Bare 7/03/2016 27.1 0.62 9.2 7.5 4.2 64.2 (39.8) 1.6 (0.4) 38.1 (1.3) 90.5 (2.3) 8.9 (1.2) 

Macro 8/02/2016 25.4 0.64 8.5 7.4 4.8 17.1 (0.2) 6.6 (0.5) 28.4 (1.1) 88 (3.0) 6.4 (1.0) 

Macro 7/03/2016 27.1 0.62 9.2 7.5 4.2 64.2 (39.8) 1.6 (0.4) 38.1 (1.3) 90.5 (2.3) 8.9 (1.2) 

Crossing 

One 

Bare 20/06/2016 19.2 0.88 9.4 8.7 6.1 19.6 (0.8) 6.3 (1.0) 10.5 (0.1) 134 (8.8) 2.2 (0.5) 

Macro 20/06/2016 18.2 0.88 7.9 7.7 8.7 21.1 (1.1) 7.3 (1.2) 10.7 (0.3) 145 (9.5) 2.1 (0.5) 

Gregors 

Crossing 

Bare 19/07/2016 
17.2 1.02 10.3 7.2 25.0 15.3 (1.0) 1.9 (1.4) 8.5 (0.3) 118 (11.0) <0.1 

Macro 19/07/2016 

Scrub 

Creek 

Road 

Bare 19/07/2016 20.8 0.86 12.3 9.4 22.8 15.4 (1.1) 3.6 (0.8) 27.6 (1.6) 158 (15.4) 19.3 (1.4) 

Macro 19/07/2016 20.6 0.86 10.7 8.4 20.8 14.6 (0.6) 4.8 (0.3) 28.6 (3.2) 163 (5.6) 22.6 (3.3) 

Barneys 

Rocks 

Crossing 

Bare 22/08/2016 17.5 0.96 4.8 7.1 20.8 62.5 (10.8) 28.4 (4.7) 20.4 (0.8) 176 (5.2) 16.1 (1.7) 

Macro 22/08/2016 17.8 0.98 6.0 7.3 40.6 34.3 (7.5) 31.9 (12.5) 16.3 (0.9) 171 (9.7) 11.9 (2.2) 

O'Sheas 

Crossing 

Bare 22/08/2016 19.6 0.49 10.4 8.3 2.9 18.0 (2.5) 23.5 (15.8) 6.6 (0.2) 300.5 (27.5) 9.5 (1.2) 

Macro 22/08/2016 19.8 0.49 11.1 9.1 2.3 15.7 (1.6) 31.4 (10.0) 6.5 (0.3) 322.8 (12.5) 13.5 (0.5) 
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Sediment nutrient characteristics 

Sediment organic carbon (TOC) and nitrogen (TN) content varied significantly between sites 

(F(5,6) = 7.64, p < 0.05 and F(5,6) = 5.86, p < 0.05, respectively). Sediment TOC (2.01-

2.26%) and TN (0.2-0.26%) were higher at Gregors Crossing compared to other sites (<0.05-

1.40% and <0.01-0.16% for TOC and TN respectively, Table 3). Sediment TOC significantly 

increased as the proportion of clay and silt increased (F(1,10) = 8.25, R2 = 0.45, p < 0.05 and 

F(1,10) = 11.7, R2 = 0.53, p < 0.01, respectively). Conversely, sediments with a higher 

proportion of coarse sand had significantly lower TOC (F(1,10) = 6.03, R2 = 0.37, p < 0.05). 

Sediment TOC and TN were significantly positively correlated (r(10) = 0.99, p < 0.001), thus 

similar relationships exist between TN and sediment texture. 

Total organic carbon was higher in sediments with macrophytes compared with bare 

sediments at four of the six sites, however habitat type did not significantly affect TOC in 

models comparing all sites. Macrophytes typically contribute available carbon to sediment by 

reducing flow velocity and increasing water residence time leading to greater retention of 

water column particulate organic matter (Horvath 2004, Schoelynck et al. 2017). 

Decomposition of old macrophyte roots, shoots and leaves trapped within the bed may further 

retain organic matter. Sediment TP and the C:N ratio did not vary significantly according to 

site, habitat (with or without macrophytes) or sediment texture (Table 3). 
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Table 3: Sediment total organic carbon (TOC), total nitrogen (TN), total phosphorus (TP) (%), molar carbon to nitrogen ratio (C:N) and 

distribution of sediment into different grain size fractions (coarse gravel, fine gravel, coarse sand, fine sand, silt and clay) in each habitat at each 

site. Sediment nutrients from Ivory Creek and Crossing One were analysed in triplicate and values are mean and standard deviation. 

Site 

name 

Habitat 

type 

Sediment nutrients Sediment texture  

TOC 

(%) 

TN 

(%) 

TP 

(%) 
C:N ratio 

% weight of whole sample % volume of <2mm fraction  

Coarse 

gravel 
(>6mm) 

Fine 

gravel 
(2-6mm) 

Sand, 

silt, clay 
(>2mm) 

Clay 
(<2µm) 

Silt 
(2-20µm) 

Fine sand 
(20-200µm) 

Coarse sand 
(200-2000µm) 

Ivory 

Creek 

Bare <0.050 <0.01 <0.01  7.40 0 92.6 0.77 13.8 37.6 47.8 

Macro 0.34 (0.05) 0.04 (0.01) 0.01 (0) 8.74 (1.87) 0 1.98 98.0 0.39 6.58 15.1 78.0 

Crossing 

One 

Bare 0.24 (0.07) 0.03 (0.01) 0.04 (0) 9.61 (0.95) 80.0 5.0 15.0 0.73 10.3 25.9 63.1 

Macro 1.40 (0.21) 0.16 (0.03) 0.04 (0.003) 8.98 (0.69) 0 14.5 85.5 2.30 30.6 53.3 13.8 

Gregors 

Crossing 

Bare 2.01 0.20 0.05 10.1 0 6.64 93.4 1.78 24.8 47.3 26.1 

Macro 2.19 0.26 0.05 8.4 8.0 13.0 79.0 1.71 27.5 46.8 24.1 

Scrub 

Creek 

Road 

Bare 0.43 0.05 0.02 8.6 13.7 32.9 53.3 1.20 16.5 41.9 40.3 

Macro 0.36 0.04 0.02 9 0 11.1 88.9 0.89 12.6 35.2 51.3 

Barneys 

Rocks 

Crossing 

Bare 0.28 0.05 0.03 5.6 65.3 7.20 27.5 0.47 6.57 11.4 81.5 

Macro 0.35 0.03 0.03 11.6 0 1.34 98.7 0.35 5.44 15.1 80.0 

O'Sheas 

Crossing 

Bare 0.31 0.04 0.03 7.8 53.1 4.62 42.2 1.40 17.5 54.1 27.0 

Macro 0.66 0.08 0.03 8.3 46.3 2.97 50.7 2.16 28.7 47.5 21.7 
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Denitrification rates, efficiency and relationships with water and sediment quality 

The denitrification rates measured during the study ranged from below detection limits to 

2.7 mmol N m-2 hr-1 (equivalent to 38 mg N m-2 hr-1, Figure 6). These rates are comparable to 

those measured in other rivers in southeast Queensland and internationally. Previous studies 

in rivers report denitrification rates of 0.020  mmol N m-2 hr-1 (Nielsen 1992) and 

0-0.75 mmol N m-2 hr-1 (Pind et al. 1997) using the isotope pairing technique. Udy et al. 

(2006) measured potential denitrification rates at 43 sites in southeast Queensland rivers, with 

rates ranging from 0.004-0.95 mmol N m-2 hr-1. Denitrification rates were higher than 0.95 

mmol N m-2 hr-1 at several sites in the present study. Udy et al. (2006) used the acetylene 

block technique to measure potential denitrification, this is a more conservative method 

which may explain this discrepancy.  

Denitrification rates in our study were significantly higher in sediments with macrophytes 

(mean ± standard error, 0.49 ± 0.2 mmol N m-2 h-1) compared with bare sediments 

(0.19 ± 0.09 mmol N m-2 h-1) (t(1,26)=1.72, p < 0.05, Figure 6). Mean denitrification rates 

were higher in macrophyte sediments at four out of the six sites: Ivory Creek; Crossing One; 

Gregors Crossing; and Scrub Creek Road (Figure 6, Table 4). Denitrification rates were 

below detection limits in bare sediments at Ivory Creek (Figure 6). The highly variable 

denitrification rates observed in the Upper Brisbane River are consistent with the findings of 

other studies and the idea that localised “hotspots” of suitable conditions for denitrification 

occur in aquatic environments (McClain et al. 2003).  
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Figure 6 Mean (±SD) denitrification rates (mmol N m-2 hr-1) in sediments with and without 

(Bare) macrophytes at six sites in the Upper Brisbane River. 

 

Denitrification efficiency ranged from below detection limits to 70% at the study sites (as 

estimated from nitrate-N input, Table 4). This is an indication of the potential effectiveness of 

denitrification as a means of reducing downstream nitrate transport. Therefore, the maximum 

value of 70% means that this percentage of the nitrate-N in the water column was potentially 

removed as N gas. Denitrification efficiency was significantly higher in macrophyte 

sediments (mean ± standard error, 13.7 ± 5.78 %) compared with bare sediments 

(3.1 ± 1.74%) (t(1,26)=0.71, p < 0.05). Denitrification removed more water column N at 

Gregors Crossing (bare and macrophyte sediments) and in sediment vegetated with 

macrophytes at Ivory Creek and Scrub Creek Road (13.7-42.6%) compared with sediments 

tested at other sites (<0.01-4.35%).  

Flow data from a gauging station at the Gregors Crossing site was used to calculate potential 

scaled-up N removal. The mean discharge rate at Gregors Crossing was 3.4 ML day-1 in July 

2016 (low flow conditions) on the day the denitrification rate was measured (data obtained 

from www.water-monitoring.information.qld.gov.au) which, when combined with the nitrate 

concentration, equates to a nitrate load of 0.06  kg N m-2 d-1. At this site, a three-fold increase 

in mean denitrification efficiency was measured in sediments with macrophytes compared to 

http://www.water-monitoring.information.qld.gov.au/


Final Report - Research Project 11: Understanding and enhancing denitrification in source catchments 

 

23 

bare sediments (Table 4). Based on the estimated denitrification efficiencies, if the sediment 

at this site had 100% cover by macrophytes, 0.025 kg N m-2 d-1 could potentially be removed 

from the water column (this equates to 9.1 kg N m-2 yr-1). In contrast, under 50% sediment 

coverage by macrophytes, 0.016 kg N m-2 day-1 could potentially be removed, while for 0% 

coverage (bare sediment) removal was only 0.008 kg N m-2 day-1.  

 

Table 4 Mean denitrification rate, estimated nitrate input and denitrification efficiency for 

sediment with (Macro) and without (Bare) macrophytes at sites in the Upper Brisbane River. 

Site name 
Habitat 

type 

Denitrification 

rate  
(mmol N m-2 hr-1) 

DIN input  

(mg N m-2 hr-1) 

Denitrification 

efficiency  

(%) 

Ivory 

Creek 

Bare <0.001 67.9 (10.5) <0.01 

Macro 0.15 (0.07) 14.8 (4.34) 14.5 (6.17) 

Crossing 

One 

Bare 0.002 (0.001) 91.0 (14.7) 0.02 (0.02) 

Macro 0.32 (0.21) 157 (26.8) 2.86 (1.88) 

Gregors 

Crossing 

Bare 0.42 (0.28) 54.4 (41.3) 13.7 (8.24) 

Macro 1.65 (1.09) 40.8 (31.0) 42.6 (22.9) 

Scrub 

Creek 

Road 

Bare 0.11 (0.07) 38.7 (9.03) 4.00 (1.94) 

Macro 0.98 (0.89) 51.4 (3.59) 27.3 (19.5) 

Barneys 

Rocks 

Crossing 

Bare 0.8 (0.73) 256 (42.1) 4.35 (3.24) 

Macro 0.11 (0.02) 516 (203) 0.42 (0.05) 

O'Sheas 

Crossing 

Bare 0.04 (0.004) 423 (285) 0.10 (0.08) 

Macros 0.03 (0.03) 565 (179) 0.11 (0.01) 

 

Multivariate analysis of the water quality, sediment nutrient, texture, and site data likely to 

impact denitrification (dissolved oxygen, water column NOx and NH4
+, TDN, sediment TP, 

TN, TOC and C:N ratio, proportion of sediment as clay, coarse sand or gravel, and water 

depth) was undertaken. Highest denitrification rates were associated with: 1. sediments high 

in TOC, TN and clay content (Figure 7, Gregors Crossing and Scrub Creek Road); 2. deeper 

water (Figure 7, Gregors Crossing); and 3. lower water column dissolved oxygen (DO) 

concentrations (Figure 7, Barneys Rocks Crossing). Sites themselves were not a factor 

driving denitrification rates.  
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Figure 7: PCA ordination of water quality (dissolved oxygen (DO), water column nitrate + 

nitrite (NOx), ammonium (NH4
+) and total dissolved nitrogen (TDN)), sediment nutrients 

(sediment total phosphorus (Sed TP), nitrogen (Sed TN), organic carbon (Sed TOC) and 

carbon to nitrogen ratio (Sed C:N)), sediment texture (proportion by volume of clay (<2µm) 

and coarse sand (<200-2000µm), and proportion by weight coarse gravel (<6mm)) and 

depth associated with each denitrification measurement. Circles represent mean data 

associated with each habitat type at each site, the size of each circle corresponds to the 

magnitude of the mean denitrification rate measured at that site. The first two axes account 

for 39% and 23% of the data variation respectively. 

 

Our study confirms previous studies which found elevated denitrification in sediments of 

macrophyte beds, compared to bare sediments, and concluded that increased available carbon 

from trapped particulate organic matter and decaying plant material in these sediments 

enhanced denitrification (Faafeng and Roseth 1993, Risgaard-Petersen and Jensen 1997, 

Forshay and Dodson 2011). Others found that dissolved organic carbon exudates from 

macrophyte roots can stimulate denitrification (Christensen and Sørensen 1986). High nitrate 
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concentrations in stream water have been associated with increased denitrification, in part 

due to a greater abundance and diversity of denitrifying bacteria in sediments (Pina-Ochoa 

and Álvarez-Cobelas 2006). However, nitrate concentrations were relatively low at all sites, 

so it is unlikely to be driving denitrification rates in the Upper Brisbane River. Nitrate 

concentrations were higher at downstream sites in this study where denitrification rates were 

low. Lower water column nitrate concentrations at upstream sites are potentially the result of 

high denitrification rates, but could also be due to high N uptake by macrophytes and/or 

biofilms, or dilution by inputs of low-nitrate groundwater. 

 

Potential management options to enhance denitrification 

The finding that higher rates of denitrification occurred in sediments vegetated with 

macrophytes in the Upper Brisbane River under low flow conditions suggests that promoting 

higher macrophyte coverage is likely to enhance N removal. In addition to increased N 

removal, macrophytes can also provide a temporary store of N through uptake from the water 

column. Macrophytes in southeast Queensland may remove 0.7-3.2 mg N m-2 d-1, based on 

available data from mesocosm experiments (Cabomba and Hydrilla sp.) (Lu et al. 2017) 

combined with estimated macrophyte biomass per unit area. These macrophyte N removal 

rates are coarse estimates but are comparable to the lower end of denitrification rates 

measured in the present study and suggest that additional water column N may be removed 

from the water column by plant uptake. Potential management options to enhance sediment 

macrophytes cover include: 

 Fencing off river banks to prevent stock trampling of macrophytes to promote 

regeneration (Morris and Reich 2013). Restricting cattle accesses may also reduce 

inputs of suspended sediments (i.e. through bank collapse) that smother plants. 

 Measures to maintain or increase channel complexity (e.g. limiting gravel extraction 

or promoting riparian re-vegetation to protect hydrogeomorphic features).  

 Another study found that macrophyte cover, abundance and diversity were 

enhanced in the river reaches that underwent morphological restoration (e.g. 

creating new channels, wood addition, reconnection to backwaters) due to the 

presence of more natural and diverse substrates as well as a greater variability 

of current and depth patterns (Lorenz et al. 2012). 
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 Channel complexity may slow flows during high flow events, and reduce 

macrophyte loss due to scouring under high flow velocities (Madsen et al. 

2001). 

 Re-establishing lost macrophytes post-flooding may also be achieved through active 

planting. For example transplanting propagules and saplings or installing pre-planted 

trays or coir mats/rolls, which anchor macrophytes and protect roots (Smart et al. 

1998, Basílico et al. 2016). Re-establishing native macrophytes may also prevent 

colonisation by invasive species (Smart et al. 1998, Larned et al. 2006). Planting a 

mixture of macrophytes species is likely to increase resilience to variable flow 

conditions. 

 

9.  Future work 

Given the high spatial variability of denitrification, future studies should increase replication 

for rate measurements within each habitat (>6 per habitat at each site) to better understand the 

extent of variability and more accurately estimate system-wide denitrification. Future work 

could employ the “end-point” IPT technique. This requires fewer cores per rate measurement 

than “time-series” IPT (used in the present study) but is only possible once the time-period 

over which denitrification occurs at a linear rate is known. Future of use of “end-point” IPT 

would be feasible in the Upper Brisbane River as the linear period of denitrification 

(0-10 hours) was defined in this project. Therefore it would be possible to measure 

denitrification at approximately 3 times the number of replicate locations as “time-series” 

IPT, with the same number of cores and associated costs of isotope analysis costs.  

Future work should also increase replication of sediment measurements within sites and pair 

these with individual rate measurements in order to clarify the relationship between 

macrophytes and sediment carbon availability. Detailed measurements of sediment nitrate 

inputs are also required to more accurately estimate denitrification efficiency. This would 

involve quantifying the rates of water column nitrate diffusion into sediment and groundwater 

nitrate recharge to surface sediments. 
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10. Conclusions 

Denitrification was significantly more efficient at removing water column N in sediments 

vegetated with macrophytes compared with bare sediments, suggesting that mechanisms to 

promote macrophyte coverage in the Upper Brisbane River are likely to enhance N removal 

under low flow conditions.  
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Appendix One 

 

 

Figure A. 1: Examples of macrophyte species present at sampling sites: (a) Ceratophyllum 

demersum was present at all Upper Brisbane River sampling sites; (b) free floating Azolla sp. 

was present at most sites and Potamogeton sp. was present at Crossing One (pictured): (c) 

emergent grasses and rushes at the Ivory Creek site. 


