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ABSTRACT

Emerging contaminants, including pharmaceuticals and personal care products (PPCPs), are 
an increasing concern for our environment.  Because of PPCPs completely unknown 
environmental impact and its increasing spread in the environment.
The concentrations of PPCPs in significant waterways can be challenging to detect and their 
impacts are still rel a tiv e ly unknown. This provides a challe nge for the water industry in their 
management of PPCPs in the water treatment process. This paper describes developing 
research  in  Victoria, Australia, to detect emerging contaminants in the waterways downstream 
of two moderately large wastewater treatmen t plants in regional Victoria. The waterways' 
streamflow and essential water quality characteristics were first analysed using available 
static water quality monitoring station data to provide baseline conditions for the research. 
Additional data was then  collected at 14 field locations across during 2019 and 2020 alongside 
samples for total phosphorus and total nitrogen analysis as well as samples for analysis of 
PPCP concentrations. These water quality parameters in conjunction with quantification of 
phar maceutical compounds present in the case study waterways will allow for a comparative 
analysis. 
This paper describes the critical early work to help navigate and address this complex problem 
and discusses planned future data gathering for results that wil l likely inform environmental 
protection standards, regulatory processes, and future treatment plant improvements.

Keywords: Emerging contaminants, PPCPs, water treatment, water quality, surface water 
health, Victorian surface water.



INTRODUCTION

Water  quality is a critical global issue that both effects the human health and that of ecosystems  ( Boretti 
& Rosa 2019) . Because water is an essential part of life for living organisms . ( Sharma & Bhattacharya 
2016) .Waste pharmaceuticals and personal care products (PPCPs) have been identified as a problem 
affecting various ecosystem compo nents, such as surface waters and living organisms ( Simon et al. 
2021) . It has been characterised that PPCPs are found in varying quantites in surface waters (µ g – ng/L 
levels), presenting a potentially significant negative impact on the environmental health of t he system 
as a whole(Scott et al. 2014; Ebele et al. 2017). 

These PPCP pollutants are classified as emerging contaminants that threaten human health, the 
environment, and animals ( Gomes et al. 2020) . Wastewater treatment plants (WWTPs) influx various 
pollutants, including pharmaceutical contaminants transferred through wastewater networks  
 ( Venkatesan & Halden 2014) . The PPCP component of sewage transported to WWTPs is a direct result 
from human consumption and elimination (Gorovits et al. 2020).

Water security in Australia is a concern due to the increase in daily consumption of water and relatively 
high r ates of population growth  ( Ridoutt et al. 2019) . Surface waters in parts of Australia suffer from 
high concentrations of pollutants, including emerging contaminants such as PPCPs ( Ali et al. 2018; 
Fleming et al. 2021) .Recent research in South Australia using diatoms to assess water quality in its 
streams highlights a more stringent set of standards is needed to keep our river systems healthy  ( Tibby 
et al. 2020) . Challenges to water quality are the result of factors that include climate change  ( Scanes et 
al. 2020)  ; the difficulty of removal of emerging contaminants  ( Cardenas et al. 2016) ; sewerage leakage 
and pollution caused by urbanization  ( Bonneau et al. 2020) ,and the obstacles related to sanitation 
networks, and in the places of water accumulation in Melbourne, Australia ( RossRakesh et al. 2015) . It 
is clear that these ongoing challenges need to be balanced with a need to keep our vital surface water 
system secure for both environmental and human needs.

PPCPs are classified as emerging pollutants, and their  impact on the environment is not entirely 
understood ( Birch et al. 2015)  .WWTPs are usually not designed to effectively remove PPCPs from 
water  ( Watkinson et al. 2009) ,yet they may discharge PPCPs at a range where toxicological, teratogenic, 
or behaviorial changes may be an issue  ( Watkinson et al . 2009; Gao et al. 2016) . In the state of Victoria, 
Australia, more than 185 multi-purpose treatment plants, most of which are located near water bodies, 
discharge a large percentage of this inadequately treated water into aquatic environments  ( Allinson et 
al. 2010).

Many waterways in Victoria are exposed to pollutants from different sou rces ( McKenzie-Smith 1994) . 
Therefore, it is necessary to assess general water quality (pH, Dissolved Oxygen, Temperature, and 
Turbidity) in addition to investigating PPCPs ( Yang et al. 2013) . To this end, water sample s and field 
measurements were collected at four different times across 16 locations in two water systems known to 
have treated waste water discharge in western Victoria. These water quality data measurements, in 
addition to data available through static mo nitoring stations (Water Measurement Information System, 
2021) ,will be key in characterisation of the PPCP problem in Australian river systems. Herein we 
describe pleminary findings of baseline surface water quality data and a sampling regime for PPCP ana 
lysis.

METHODOLOGY

Case Study Location

The yarowee-barwon river and burrembeet creek/lake systems in south-wester victoria are ideal case 
study locations (Figure 1). The yarowee-barwon river system is a typical Australian river system located 
south of Bal larat city and reaches the ocean south of Geelong City at Barwon Heads. It contains a large 
urban stormwater contribution from Ballarat city as well as a treated waste water effulent discharge. 
The Yarrowee River (alongside the Moorabool River) acts as a m ajor tribritory to the Barwon River. 
As such the system provides a well monitored stream with a potential environmental point source of 
PPCPs from the treated waste water discharge. 

The Burrambeet creek and lake system is a smaller creek to the north of B allarat city. The creek contains 
a wastewater discharge near i t ’ s source as a major contributor to the creek. The creek terminates at Lake 



Burrambeet which acts as an Evaporation Basin (REF). 

Figure 1 outlines the case study location as well each as sampl ing location. Locations were selected 
based on four categories i) Upstream of WWTP (Site 6), ii) Downstream of WWTP (Sites 1-4, 8-10, 12, 
15, 16), iii) WWTP effulent samples, and iv) major tributaries to the river system (Sites 11, 14). 
Comparison of PPCP  levels at these locations will provide an overview of PPCP contribution to the 
river system from urban water runoff (Category i), WWTP effulent (Category ii) and rural areas 
(Category iv).

In addition, to the sample sites additional data for the period of  2019 -2020 were collected through the 
Water Measurement Information System (WMIS), with monitoring sites along the Lake Burrumbeet, 
Yarrowee River, Barwon River, and Moorabool River.

The data were collected from 16 sites from 5 November 2019 to2 December 2 020 by HORIBA (water 
quality monitor), and the second data accessed by the WMIS system from 2019. (figure 1).

Figure 1: Map outlining the sample locations, Waste water treatment plants and WIMS
monitoring stations along both the Yarrowee River and Burrambeet Creeks. (Inset: Location on

Australian map).

Sampling and Data Collection

Data used for this study were collected from three primary sources: i) the Victorian government Water 
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Measurement Syste m (WIMS) ( https://data.water.vic.gov.au/), ii) field measurements collected using 
a HORIBA Multi-parameter Water Quality Checker and iii) Grab samples for PPCP analysis by High 
performance Liquid Chromatogra phy Tandem Mass Spectrometry and Total Phosphorus and Total 
Nitrogen Analysis. HORIBA measurements and grab sampling were completed at the same time. These 
data sets (i) and (ii) were analyzed to identify surface water quality and validate grab samples as  typical 
for the river system. Data and samples were collected from the case study sites (Figure 1) in November 
2019 and August 2020, grab sampling was also completed in February 2020 and December 2020. 

Water Measurement Information System (WMIS).

The WIM S data is freely accessible on the official website ( https://data.water.vic.gov.au/). Data were 
exported in 2020 as an Microsoft Excel spreadsheet for 2019 water quality data (Jan 2019-december 
2019). Param eters exported include : pH, turbidity, dissolved oxygen (DO), and temperature. The data 
were then organised and analysed to calculate the average monthly values from the data and statsical 
variances. The yearly mean and standard deviation of sample were also calculated. 

HORIBA Field Measurement Analysis

HORIBA Multi-parameter Water Quality Checker was used in each sampling site to measure 11 
parameters includeing Temperature, pH, DO, and Turbidity, when taking water samples from each 
sampling site. Data  was collected as close as reasonably possible to grab sample location with sufficient 
depth for the probe ensuring no sediment was disturbed. The data was then transferred to a Microsoft 
Excel spreadsheet. 

PPCP Analysis

500 mL grab samples were pH adjust ed to pH 3-4 using 100 mM EDTA. 100 mL aliquots were 
concentrated through Phenomanex Strata-C18 solid phase extraction cartridges and eluted using 2.5 mL 
methanol and 2.5 mL acetonitrile. The resulting solution was then concentrated to dryness under a 
stre am of nitrogen gas before reconstitution in 1 mL of milliQ water containing 10 ng/L deuterated 
internal standards (Carbamazipine-d 10 , tramadol- 13 C, d 3 , and Venlafaxine-d 6 ). This solution was passed 
through a 0.45 µm filter and analysed by HPLC-MS/MS. 

Samp les were analysed using a Shimadzu LC-8030 HPLC-MS/MS using a Phenomanex Kinetix C18 
column at 45 °C under gradient elution conditions: 3% Acetonitrile in MilliQ water (with 0.1% formic 
Acid) to 76% Acetonitrile in MilliQ water (with 0.1% formic Acid) over  7.5 mins and flushed with 
100% Acetonitrile for 5 mins before requilibration using 3% Acetonitrile in MilliQ water (with 0.1% 
formic Acid) for 5 mins. Compound detection was through MS/MS in multiple reaction monitoring 
mode and future quantification through isotope dilution. 

Statistics

Measurements were analysed for statistical significance using a one-way ANOVA with where a p-value 
of less than 0.05 was considered the cut off to reject the null hypothesis.

RESULTS AND DISCUSSION

Measurements using the  HORIBA water quality checker were taken at sample sites 1-15 during 
November 2019 and December 2020. During these same time periods grab samples were also taken for 
later analysis my HPLC-MS/MS for PPCPs concentration. These HORIBA field measurements were  
compared with the average WIMS data for the entire 2019 year. This was a convenient way to validate 
the grab samples as being typical for the river system. 

Temperature was noted as a maximum of 21 °C for both the 2019 and 2020 sampling event but with 
low s of 15 °C in 2019 and 6 °C in 2020. These temperatures aregenerally within the normal range seen 
in the 2019 WIMS data where a manimum water temperature of 26 °C and a minimum of 8 °C was 
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recorded. The low of 6 °C is outside of this range and generally unseasonable. 

Using the 2019 WIMS data the average pH of the Barwon River was 7.7 while Lake Burrambeet tended 
towards a more basic pH of 8.9. The HORBIA measurements provided similar results with the pH of 
the burrambeet system being above 8. The pH of the  Yarrowee-Barwon river system is shown in figure 
2 and a general trend of most pH readings being between  7 – 9, however the majority of readings are 
outside of a standard deviation from the mean of the WIMS data. In addition, there are several 
concerning outliers above pH 9, however these are potentially localised issues. 

Figure 2: Barwon River pH data collected by HORIBA method in 2019 and 2020 compared the
the mean plus/minus the standard deviations of the 2019 WIMS Data for the barwon river.

Dissolved  oxygen is consistent in i t ’ s levels across the locations on the date of a given sampling event 
(See Figure 3, e.g. 2019). However, it is noted that there is a stastical difference (p>0.005, one-way 
ANOVA) between 2019 and 2020 sampling events. Interesting ly, there was also a stastical difference 
between the 2019 sampling event and the WIMS but not between the WIMS data and the 2020 sampling 
event. This may indicate that the 2019 sampling even was an unusual short time period for the river in 
regards to dissolved oxygen content. 



Figure 3: Barwon River dissolved oxygen data collected by HORIBA method in 2019 and 2020
compared the the mean plus/minus the standard deviations of the 2019 WIMS Data for the

Barwon River.

The turbidity readings for both the  WIMS Data for Lake Burrambeet and the Barwon River were very 
different. Lake Burrambeet is a turbid lake and is visually extremely turbid. However, Burrambeet creek 
is a visually clearer system and the data closely resembles the Yarrowee/Barwon river (Figu re 4). There 
was no statistical difference (p > 0.05) between the Burrambeet creek and Yarrowee/Barwon River. 
Apart from two outliers at site 10 and 12 all measurements were low turbidity systems. Generally these 
river and creek data matched the 2019 WIMS  data and was within 1 standard deviation of the mean for 
the year. 

Figure 4: The turbidity data collected by HORIBA method in 2019 and 2020 compared the the
mean plus/minus the standard deviations of the 2019 WIMS Data for the barwon river.

These wat er quality parameters indicate surface water health and according to the relationships between 
our measured data and the WIMS data our measured data is generally within a similar range. However, 
there is some major differences and these differences will be  interesting to compare to the PPCP and 
total phosphorus and nitrogen levels when the experimentation is completed. These differences may be 
due to the locations of our sampling sites vs the locatrions of the WIMS monitoring stations, as our 
monitoring was  poisitionted at different intervals and as such we may expect different results. 
Expansion of this water quality analysis to a month by month analysis of WIMS data may indicate a 
greater similarity to our field data. 

Early analysis of our surface water s ampling has revealed the presence of key pharmaceuticals in the 
water. Samples were concentrated and cleaned up using solid phase extraction to isolate the organic 
fraction of the water and to concentrate the samples by a factor of 100. HPLC-MS/MS analysis  has 
revealed the presence of Carbamazepine (anti-convulsant), Venlafaxine (anti-depressant), and 
Tramadol (Opioid pain relief) in the waters of both the Burrumbeet System and Yarrowee-Barwon 
River System. The detectable range of these pharmaceuticals on t he instruments is between 500 ng/L 
and 0.5 ng/L and we will report on the absolute values in due course. 

CONCLUSION

The current study indicates the need to further evaluate the current situation in the study waterways. To 



provide both more data about wat er quality and to specifically comment on the role of pharmaceuticals 
and their concentrations. The grab sampling technique is generally well supported by validation through 
comparison of WIMS and field analysis of temperature, pH, DO, and turbidity. A fut ure communication 
will provide details of our findings of PPCP concentrations. 
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