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Key Points 
• A small sewerage treatment plant (STP) discharge increased downstream concentrations of salinity, nitrate 

and water temperature.  
• Macroinvertebrate communities were adversely affected by the STP discharge with lower SIGNAL scores and 

taxonomic richness downstream of the waste outfall. 
• The NSW environmental regulation for this STP discharge, termed an Environmental Protection License (EPL), 

permits the discharge of highly elevated nutrient levels but has no discharge limits on salinity or water 
temperature. 

 

Abstract 
The purpose of this study was to assess the water quality of a small STP at North Richmond (NR), NSW and investigate 
the impact of the treated effluent being released into a local creek, Redbank Creek. Salinity levels increased significantly 
from 560 µS/cm upstream to 704 µS/cm downstream of the STP. There was a significant increase in nitrate 
concentrations from 960 µg/L upstream to 1900 µg/L downstream. Water temperature was more than 1° C higher 
downstream of the STP. Higher mean SIGNAL scores of the macroinvertebrates were found upstream compared to 
downstream. A NSW EPL license (license number 190) for North Richmond STP (NR STP) does not include any discharge 
limits for salinity but does permit the discharge of highly elevated phosphorous and nitrogen concentrations in the 
wastewater. The license specifies 90th percentile concentration limits of 5mg/L (P) and 15mg/L (N). This is surprising as 
chronic eutrophication levels contribute to regular problematic blue-green algal blooms in the Hawkesbury River.   
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Introduction 
One of the major environmental issues associated with modern urban development is disposal of large volumes of 
sewage waste. Reticulated sewerage systems are commonplace in urban areas and offer a vital service to treat and 
dispose of sewage waste in a manner that protects public health and causes minimal environmental impacts. The 
standard of performance of STPs and the environmental attributes of the receiving environment, together determine the 
nature and extent of any environmental impact.  

The research conducted for this paper examined a small to medium sized STP on the fast-growing outer margins of 
Sydney where the receiving waterways have suffered decades of pollution and in particular, eutrophication. This 
research sought to determine whether the disposal of STP wastewater modified any aspects of the receiving water 
quality or ecological health according to freshwater macroinvertebrates. We also evaluated whether key pollutants in 
the STP discharge were reflected in the environmental regulations (in NSW termed ‘Environmental Protection License’), 
for the STP. This is administered by the NSW EPA under the Protection of the Environment Operations Act (1997) NSW. 
This is the key legislation in NSW for the control and management of water pollution. 

North Richmond STP  
Sample and data collection was carried out from 22nd May to 1st August 2013, in the North Richmond area 
(approximately 65 km west of Sydney). The study was based on Redbank Creek, and a minor tributary of Redbank Creek. 
Redbank Creek is a small lowland waterway that flows through a rural and partly urban catchment into the Hawkesbury-
Nepean River. All waterways were flowing and flow conditions were typical of dry weather during the study.  

The NR STP, according to its owners Sydney Water (2013), discharges an average of 0.9 ML per day into Redbank Creek. 
North Richmond’s population in 2011 was 4,601 (North Richmond Demographic n.d.).  Average peak flow times range 
from 8 am to 10 am and from 7 pm to 9 pm daily (Sydney Water Corporation 2013). The EPA License 190 is the license 
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given to the NR STP to discharge water into Redbank creek where regular chemical tests take place inside the treatment 
plant and at the discharge point. The NR STP has a three stage treatment process principally based on a ‘Pasveer Ditch’ 
design.  

Water sample collection 
Triplicate surface water samples were collected over a five minute period from each site in 250ml sterile bottles (see 
Map 1).  In the laboratory turbidity, pH, electrical conductivity, phosphate and nitrate tests were conducted. 
Temperature and dissolved oxygen scores were taken on site at each location. After the fluctuation of the scores 
equilibrated, one reading was taken from each sample bottle, to obtain an average score for each site.  

Macroinvertebrate sampling 
A rapid biological assessment was carried out to sample macroinvertebrates. Using a hand-net with a 500 micron mesh, 
scoops were obtained from the surface and benthic regions of the creek. Organic and inorganic materials were 
transferred into a tray where macroinvertebrates were placed into a sampling jar containing 70% ethanol. With the aid 
of a microscope the identification of the macroinvertebrates was recorded (Birmingham et al. (2005), Hawking (1995), 
Hawking and Smith (1997) and Streamwatch (n.d.)).  

From the chemical and macroinvertebrate data that were collected, analysis of variance, SIGNAL 2 and taxonomic 
richness was tabulated and grouped into three groups: ‘Before Discharge’, ‘Dry Creek (STP waste)’ and ‘After Discharge’.  

Results 
Upstream of the STP discharge was moderately degraded with salinity (electrical conductivity) of 560 µS/cm. The STP 
discharge had salinity levels more than twice the ANZECC guideline for aquatic ecosystems and the highest of any 
sampling site in the study (mean 741.9 µS/cm). All other sites also were above the trigger value for the ecosystem 
ANZECC guidelines (2000) (Figure 1a, and Table 1). Phosphate and nitrate levels were also higher than the ANZECC 
(2000) trigger values before the STP discharge (Figure 1b, c, and Table 1). Highly enriched concentrations of nitrate 
spiked at the STP discharge site, being four times higher (2.36 mg/L), than the ANZECC (2000) guideline. The STP effluent 
(Table 1) had mildly enriched phosphate concentrations (0.22 mg/L). There were chemical effects immediately 
downstream of the discharge site as well as 2km down the creek where higher salinity, phosphate levels and very high 
nitrogen levels were recorded.  

The STP waste had the highest water quality of any samples sites for turbidity and DO levels in the study (Table 1). The 
STP waste compared to the other test sites had the lowest turbidity levels with a mean of <5 NTU. The STP discharge was 
the only site to fall within the lower limit of the DO percentage saturation level (95%) suggested by the ANZECC (2000). 
Water temperature was also warmest in the STP inflow to Redbank Creek, with a mean temperature of 13.8°C more than 
2.5 °C higher than the sampling site on Redbank Creek immediately upstream of the STP (Figure 1d, Table 1).  

 

Map 1. Source: Modified from Google Maps (2013). Sample site locations for this study.  

 
Chircop, N & Wright, I, A.  (2014). Water quality and ecological impacts of treated sewage effluent on a peri-urban stream, in Vietz, G; Rutherfurd, I.D, 
and Hughes, R. (editors), Proceedings of the 7th Australian Stream Management Conference. Townsville, Queensland, Pages 363-368. 364 



7ASM Full Paper 

Water quality and macroinvertebrate impact of sewage 

   

Figure 1a. Mean Salinity measured as electrical conductivity (μS/cm) (+/- Standard Error) for three sampling sites on 
Redbank Creek. 
 

 

Figure 1b. Mean Phosphate in mg/L (+/- Standard Error) for three sampling sites on Redbank Creek. 
 
 

 

Figure 1c. Mean Nitrate in mg/L (+/- Standard Error) for three sampling sites on Redbank Creek. 
 

 
Chircop, N & Wright, I, A.  (2014). Water quality and ecological impacts of treated sewage effluent on a peri-urban stream, in Vietz, G; Rutherfurd, I.D, 
and Hughes, R. (editors), Proceedings of the 7th Australian Stream Management Conference. Townsville, Queensland, Pages 363-368. 365 



7ASM Full Paper 

Water quality and macroinvertebrate impact of sewage 

 
Figure 1d. Mean Water temperature in ° Celsius (+/- Standard Error) for three sampling sites on Redbank Creek. 

Macroinvertebrates  
Macroinvertebrate results indicate that the streams ecological condition deteriorated downstream of the STP discharge 
compared to upstream. The SIGNAL 2 biotic index score dropped from a mean of 4.2 upstream to 2.2 downstream (Table 
1). The biotic index (taxonomic richness) also revealed a similar trend and also confirmed that the invertebrate 
community was impaired downstream compared to upstream of the STP (Table 1). One of the most sensitive 
invertebrate groups in the Sydney and Blue Mountains area is the mayfly family Leptophlebiidae. This macroinvertebrate 
was only detected at two sites above the STP discharge. 

Discussion 
Although there are hundreds of STPs that dispose of wastewater to local streams and rivers in Australia there are 
surprisingly very few water quality and stream ecology studies published that document the impact of STP waste 
discharges on water quality and stream ecology. One of the most detailed Australian studies published was the landmark 
study led by Hillary Jolly (Jolly & Chapman, 1966) on the impact of Lithgow and its sewerage discharge on Farmers Creek 
(the western Blue Mountains, NSW). In contrast to the current study, Jolly & Chapman (1966) reported phosphate 
concentration rising from undetectable levels above the Lithgow township to 1.88 mg/L below the STP. That study 
recorded lower nitrate levels with nitrate (0.06 mg/L upstream to 0.416 mg/L below the STP). A study of the (now 
decommissioned) Wentworth Falls STP (Wright, 1994) reported much higher nutrient levels due to treated sewage. 
Mean concentrations of Total Phosphorus in Blue Mountain Creek rose from 0.005 mg/L (upstream of the STP) to 3.2 
mg/L downstream.  

The performance of the NR STP and in particular, the impact of its waste water discharges on Redbank Creek, is 
regulated by an Environmental Protection Licence (EPL #190).  EPL 190 includes limits for two of the pollutants included 
in this study, nitrogen and phosphorus. The STP is legally permitted to discharge much higher levels of nitrogen and 
phosphorus than was detected in this study.  Although the STP discharged effluent with a mean nitrate concentration of 
2.36 mg/L (approximately 400 % higher than the ANZECC guideline for ecosystem protection) the EPL 190 discharge 
licence permitted much higher TN concentrations (of 10 mg/L for 50th percentile) to be discharged.  
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Table 1. Water quality summary statistics (range and mean) and Analysis of Variance (ANOVA) and t-test results for 
water samples collected at upstream of the STP, STP waste and downstream of the STP. The ANOVA and t-test (F-
values and t-values and associated probability ‘p’) results are given for differences according to sampling site 
upstream, downstream, or STP waste inflow.  
  

  Upstream of STP STP waste (Tributary) Downstream of STP 
Source of 
variation 

F-value (degrees 
of freedom) (p) Range Mean Range Mean Range Mean 

pH (pH units) 
F (2,105)=0.75; 
p=0.47 6.13 - 8.51 7.03 6.55 - 7.67 7.15 6.55 - 7.53 7.06 

Electrical 
Conductivity 
(µS/cm) 

F (2,105)=37.1; 
p<0.0001 

430 - 833 560 656 -794 742 484 - 788 685.08 

Turbidity 
F (2,105)=5.0; 
p=0.0085 4.33 – 57.4 12.6 1.7 - 11.2 4.5 5 - 49.5 14.3 

Dissolved 
oxygen (% 
saturation) 

F (2,33)=4.75; 
p=0.015 

56.3 – 94.2 76.8 86.1 - 108 95.02 53.4 - 111.9 80.49 

Nitrate (µg/l) 
F (2,105)=41.9; 
p<0.0001 0 - 2.8 0.96 1.3 - 3.5 2.36 0.5 - 3.4 1.67 

Phosphate (µg/l) 
F (2,105)=0.45, 
p=0.64 0.02-1.4 0.18 0.09 - 0.49 0.22 0.01 - 0.98 0.17 

Temperature 
(°C) 

F (2,33)=8.6, 
p=0.001 9.5 - 13.7 11.4 11.7 - 15.3 13.8 9.8 - 14 11.95 

Macro Richness t=2.65; p=0.01 3-6 4.20 - - 1-5 2.20 

SIGNAL 2 t=2.19; p=0.03 2.25-6.75 4.23 - - 2.0-5.5 2.66 

 

A review of long-term water quality data for the Hawkesbury-Nepean River revealed that the Hawkesbury River in the 
North Richmond area had a mean oxidised nitrogen concentrations of 0.32 mg/L (Pinto, Maheshwari and Ollerton 2013). 
Rising to the highest in the river, (Hawkesbury River about 15 km further downstream at Wilberforce) which had mean 
NOx concentration of 1.15 mg/L (Pinto, Maheshwari and Ollerton 2013). 

The NR STP contributed wastewater to Redbank Creek with a mean nitrate concentration of 2.36 mg/L. Redbank Creek 
may contribute a small but direct percentage of flow and nutrient built up (and thus total load)  to the Hawkesbury River. 
Blue-green algae blooms and chronic eutrophication is a major water pollution problem contributed by a cumulative 
addition of innumerable point sources and human activities (Saunders and White, 1993).  

The North Richmond township is typical of many small semi-rural townships on the edge of large cities. Its population is 
steeply rising and the catchment of Redbank Creek is currently undergoing conversion of rural land to housing 
development. The licence regulating the STP offers a powerful opportunity to respond to urban growth with higher 
levels of sewage treatment and improved levels of effluent performance. The currently very high TP and TN levels 
provide the STP owners (Sydney Water) with little incentive to improve STP performance, even though the ANZECC 
guidelines for TN and TP (0.5 mg/L and 0.05 mg/L respectively) are much lower than Licence 190.  

Conclusion 
These results indicate that the discharge of waste water from the STP could be considered as water pollution (as defined 
in the Protection of the Environment Operations Act, 1997 (NSW)). The regulation of the discharges from the STP 
currently fails to impose any discharge limits on wastewater salinity or on water temperature. The nutrient levels 
currently permitted under EPL 190 allow the STP to contribute to eutrophication of the Hawkesbury River and fail to 
provide any incentive for the STP owners to improve the quality of the STP treatment processes. This area of regulation 
requires further examination.  
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