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Executive Summary
Kananook Creek in Frankston has been the subject of consistent complaints regarding poor water
quality and the unsightly accumulation of fine black sediment. Resident complaints have centred
on excessive accumulation of dark-shaded sediment, associated with reports of unpleasant odours
and perceived pollution. CAPIM, in collaboration with Bio2Lab Pty. Ltd., was contracted by
Melbourne Water to investigate the sources of sediment entering the creek and their potential
impact on water quality and ecological health.
This investigation aimed to:
1. Locate reaches within the creek with accumulations of dark-shaded sediment associated
with resident concerns about amenity of the creek.
2. Measure sediment quality through a combination of chemical and biological methods.
3. Determine stormwater quality by assessing suspended particles within subterranean
drains for contaminant levels and particle volumes
Sediment lightness was used as an indicator of sediment colour to assist in sourcing the unsightly
fine black sediment. Lightness varied in the upper reaches, but in the middle to lower reaches, the
sediment was found to be consistently dark. Sediment particle size was also variable in the upper
reaches, while the sediments in the middle to lower reaches were predominantly fine. Together,
these trends in shade and particle size suggest fine dark sediment is originating from the middle
and lower reaches, with another potential source at Wadsley’s drain further up in the catchment.
The Kananook Creek catchment has substantial areas of potential acid sulphate ate soils (PASS),
which in estuarine environments can produce a foul-smelling black mud known as monosulfidic
black ooze. Neither possibility can be ruled out at this stage and estimating the relative
contribution from each source will require further investigation.
Water quality varied throughout the creek, particularly in the lower reaches. The upper reaches
were in reasonably good condition when compared to the State Environmental Protection Policy
for Waters of Dandenong Valley, except for site 5 which did not meet guideline values for pH or
turbidity. The middle reaches had several peaks and troughs in temperature, turbidity, pH and
dissolved oxygen associated with the location of drain outfalls.
Sediment quality in the creek was assessed in more detail at a subset of 8 sites, where
contaminant concentrations and sediment toxicity were determined. Sediments were
contaminated by heavy metals, hydrocarbons and synthetic pyrethroid insecticides. When creek
sediment was assessed against EPA hazardous waste disposal guidelines, all eight sediments
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exceeded prescribed waste guidelines (category C). This would incur an EPA levy of at least $70 per
metric tonne for disposal of dredged sediment. Sediment from upper and lower reaches had
different pollutant profiles, suggesting they probably originate from different sources.
Contaminated sediments were acutely toxic, inhibiting amphipod survival at Boggy Creek and in
the lower reaches of Kananook Creek. Sediments from the lower reaches also impaired amphipod
growth, indicating that the components responsible for toxicity may vary between upper and
lower reaches. Locations with high toxicity also had high concentrations of either insecticides,
heavy metals, or hydrocarbons, suggesting these toxicants are likely to cause significant ecological
impairment to aquatic biota. In the middle and lower reaches, urban stormwater drains were
implicated as a source of contaminated sediment associated with toxic effects on aquatic fauna.
To measure stormwater quality, suspended particle samplers were deployed at 8 major drains in
the middle and lower catchment over 3 weeks. These samplers collect suspended particles from
stormwater flows, providing an estimate of heavy metal and hydrocarbon concentrations. Drains
entering the creek in the middle reaches had moderate to high particle volumes which were also
contaminated with moderate to high concentrations of heavy metals and hydrocarbons. These
results suggest that stormwater discharges are likely to be contaminating creek sediments within
the vicinity of these drains.
In summary, the fine dark-shaded sediment observed in the mid to lower reaches was consistent
with reports of black material by residents. This sediment was contaminated with heavy metals,
hydrocarbons and synthetic pyrethroid insecticides, although the dark sediment from the lower
reaches was not necessarily the most toxic. Contaminant concentrations were high enough to
cause adverse ecological and economic outcomes, including toxicity to benthic biota and greatly
increased waterway maintenance costs. Although locating sediment sources in the catchment was
outside the scope of the present study, the evidence suggests the urban area around Frankston is
a significant source of contaminated sediment to lower Kananook creek.
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Key recommendations
These recommendations for priority actions are intended to address the causes of the most serious
impacts on the creek. Solutions are only recommended where the evidence for a primary cause is
clear. Where the evidence is weak or equivocal, further research is recommended to identify the
primary cause.
•

To locate pollution hot-spots in the lower catchment, a stormwater pollution tracing
program in conjunction with local government and EPA Victoria is recommended. This will
reduce inputs of toxicants to the creek via urban runoff, decreasing costs associated with
creek maintenance and improving the health of the creek.

•

Work with councils and community groups to initiate education and awareness programs for
residents and businesses around steps they can take to reduce contamination of creek
sediments.
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•

To guide waterway investment priorities along Kananook Creek, annual sediment quality and
ecotoxicological assessments are recommended.

•

Investigate the importance of monosulfidic black ooze in reducing creek amenity

•

Review the impact of flood diversions through the Riviera outlet on the build-up of sediment
in the lower reaches of the creek.

•

To educate the local community about the complexities of managing both flood risks and
sediment accumulation in the creek, development of a conceptual model to inform a
communication strategy is recommended
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Introduction
Kananook Creek is a relatively small tidal waterway approximately 45km south-east of Melbourne
CBD. Prior to European settlement Kananook Creek drained part of the 4,400 ha Carrum Swamp,
which was fed by Dandenong and Eumemmerring Creeks. The catchment has been highly modified
over the past century. Most of the original flow was diverted to the Patterson River in the 1870s, and
in the 1930s a high-water diversion outlet (Riviera Outlet) was added at Seaford to reduce flooding.
In 1984, the Patterson’s Lake pump station was built to pump clean sea water into Eel Race Drain
and Kananook Creek. Up to 164 ML/day is pumped from the station comprising around 94% of the
total flow, with this extra flow thought to be one of the primary reasons for increased water clarity
and oxygen levels within the creek (Kananook Creek Ministerial Advisory Committee, 2016).
Together with Seaford Wetlands and Eel Race Creek, it is now one of the few remnants of the
original swamp system and continues to provide important ecological, social and cultural values to
local communities (Thompson Berrill Landscape Design, 2009).
Increased urbanisation in the surrounding catchment has resulted in increased stormwater runoff to
Kananook Creek (Kananook Creek Ministerial Advisory Committee, 2016). In times of low flows,
Kananook Creek is fed from Boggy Creek together with run-off from the Eastern Treatment Plant and
surrounds; however, the bulk of flows is provided by the Patterson Lakes Pump Station at Eel Race
Drain. During times of heavy rainfall, numerous council and Melbourne Water stormwater drains
discharge directly into Kananook Creek, which can increase the risk of flooding within the creek
corridor. This is compounded by the local topography of the region, with many areas of Frankston,
Seaford and Carrum located below sea level. The risk of flooding during high tide or storm events
provided the impetus to construct the Riviera diversion at Seaford. This functions as an overflow
relief, diverting flood waters directly to Port Phillip Bay and avoiding flooding in the lower reaches
(Frankston Council and Melbourne Water, 2011).
Sediment accumulation in Kananook Creek is a growing cause of concern in the local community.
Catchment managers have received increasing complaints of excessive quantities of black sludge and
other material in the lower reaches, extending from Seaford Road to below Nepean Hwy. Sediment
accumulation impacts not only the recreational functions of the creek, but can also stress local biota.
Heavy metals, pesticides, and oils can enter receiving environments via stormwater (Marshall et al.,
2016; Sharley et al., 2017). Sediments are major sinks for hydrophobic toxicants such as heavy
metals, hydrocarbons, pesticides and other organic chemicals that deposit and attach to sediments
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particles (Sharley et al., 2016). Toxicants can persist in sediments and become a long-term source of
contamination in waterways and are likely to be toxic to aquatic life (Kellar et al., 2014). Therefore,
monitoring sediment quality is a cost-effective strategy for assessing waterways that are under
pressure from diffuse and point source pollution. This information can then be used to prioritise
pollution reduction programs in the catchment (Marshall et al., 2012).
Frankston City Council currently carries out monthly dredging of sediment at the mouth of Kananook
creek to maintain a 1 m navigable depth below chart datum, while Melbourne Water regularly
removes sediment built up in drain outlets to reduce flood risks. In 2013, the State Government
allocated $2.5 million for desilting of Kananook Creek downstream of Wells St to improve
recreational use of the creek. Identifying the major factors contributing to poor sediment quality will
provide catchment managers and stakeholders (Kananook Creek Ministerial Advisory Committee,
2016) with information necessary to make informed decisions on addressing instream impacts of
sedimentation. This work will also build upon a previous investigation of sediment sources and
impacts in Kananook Creek (Pat Condina and Associates, 2010).

Objective and Scope of Study
The objectives of this project were to:
1) Identify the reaches of Kananook Creek impacted by accumulation of dark sediment potentially
affecting the aesthetics and ecological quality of the creek
2) Determine contaminant levels in the sediments along the creek and assess subsequent:
a. Ecological implications
b. Economic implications
3) Determine stormwater quality by assessing suspended particles within subterranean drains for
a. Contaminant levels
b. Estimated particle volumes
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Methods
Creek Amenity and Sediment Properties
To identify reaches potentially receiving high inputs of dark sediment, sediment was collected at 25
sites from Boggy Creek and Eel Race Creek down to the outlet to Port Phillip Bay (Figure 1; Table 1).
Sites were selected at approximately equal distances along Kananook Creek, and where practical
were situated immediately below major drains or tributaries. To assess water quality along the
creek, water temperature (°C), electrical conductivity (µS/cm), pH, dissolved oxygen (% saturation)
and turbidity (NTU) were measured in-situ using a TPS 90FLT water quality meter. To assess the
physical properties of sediments, approximately 50 g of surficial sediment was collected using a
stainless-steel scoop, with any unusual aesthetic properties such as shade or odour noted. Sediment
particle size was determined by laser diffraction for sand, silt and clay (<2 mm) and by wet sieving
for gravel (>2 mm). Sediment shade was measured by analysis of digital images taken of dried
sediment samples. Colour analysis used the LAB colour space, where LAB is a device-independent
colour model based on compressed coordinates along three axes: lightness (L) and two-colour axes
(a and b). Images were captured using a Nikon D610 camera with a Sigma 24-70 F2.8 lens under
standardised lighting conditions. Adobe Photoshop (CC - 19.1.1) was used to convert images to LAB
colour space to allow comparison across photos. Images were classified by mean pixel colour
components at five random subsamples of each photo, using a method modified from (Yam and
Papadakis, 2004) specifically developed for this project. To quantify the relationship between
sediment particle size and shade, percent clay/silt was compared with lightness (L) by linear
regression. All statistical analysis was conducted using R 3.4.3 (https://www.r-project.org/).
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Figure 1 Site locations within Kananook Creek for collection of sediment samples during this study.

Sediment Chemistry
At eight sites along the creek (Figure 1), sediment chemistry was investigated in more detail.
Sediments were collected by gently scraping the surface layer of depositional sediment with a clean
spade. Concentrations of common urban pollutants (Heavy metals (As, Cd, Cu, Cr, Ni, Pb, Zn), Total
Petroleum Hydrocarbons (TPH), organic carbon and synthetic pyrethroid insecticides) were
determined. Heavy metals, oils as TPH, and organic carbon were determined by ALS (Australian
Laboratory Services, 4 Westall Rd., Springvale VIC 3171), while synthetic pyrethroids were
determined by NMI (National Measurement Institute, 105 Delhi Road, North Ryde, NSW 2113).

Sediment Toxicity
Toxicity tests were conducted on the same sediment used to assess chemistry (Figure 1). Toxicity
was determined by 21-day amphipod bioassay conducted by the University of Melbourne’s Centre
for Aquatic Pollution Identification and Management (CAPIM). This test exposes juvenile amphipods
Austrochiltonia subtenuis to sediment for 21 days under controlled conditions, measuring their
survival and growth relative to a control sediment. It is based on American and Canadian guidelines
(US EPA, 2000 and Environment Canada, 2013) that have been adapted to meet the requirements of
Australian species.
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Table 1 Table 2 Site information and type of analysis performed
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Drain Passive Sampling
To identify drains contributing disproportionately large amounts of contaminated particulates to the
creek, the quality and volume of suspended sediment was assessed using multiphase samplers
(MPS). Major drains servicing the urban catchment of lower Kananook Creek (Figure 1) were
selected to represent as much of the lower catchment as possible, based on size of pipe, access and
catchment size. Samplers were deployed in drains weekly, over three consecutive weeks, to collect
suspended particles from the stormwater drainage system. After each week, the samplers were
removed, the volume of collected suspended particles measured, and a sample sent to Australian
Laboratory Services for chemical analysis.
To simplify the interpretation of the passive sampling results, pollutant-specific categories have been
determined based on concentrations detected in the sampler relative to background concentrations;
low, medium, high, very high and extreme risk (Table 2).
Table 3 Multi-Phase Sampler pollutant level categories
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Results and Discussion
Creek Amenity and Sediment Properties
Resident concerns have raised the issue of dark-coloured sludge adversely affecting the amenity of
the creek. The transect survey of sediment appearance and physical properties found sediments of
low lightness (darker in colour) were concentrated in two areas: sites 9-13 in reach one, and sites 1824 in reaches 3-6 (Figures 2 and 3). Darker sediments at sites 18-20 were associated with
stormwater drainage outfalls in the middle-lower reaches of Kananook Creek, and with Wadsley’s
Drain at sites 9-13.

Figure 2. Median sediment lightness along Kananook Creek. Red points represent mean lightness of each
subsample, boxes represent median and interquartile range of lightness. Sites are ordered from upstream to
downstream. Refer to Fig 3 for site locations.
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Figure 3. Mean sediment lightness along Kananook Creek
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Sediments from Boggy Creek were primarily sandy, with clay/silt content not increasing in sediments
until the Eel Race Creek (Figure 4). High sand loads in Boggy Creek were also identified in an earlier
study, although the wetland system (Boggy Creek Stormwater Wetland) at the confluence of Boggy
Creek and Eel Race Creek was thought to trap most of this coarse sediment before it entered
Kananook Creek (Pat Condina and Associates, 2010). This could explain why the sand content
decreased after site 4, with sediments remaining relatively fine from here down to the creek’s
mouth. The exceptions were one site along Eel Race Creek (Site 8) and just downstream of the
pumping station (Site 15), probably due to the input of marine water from the pump station outfall.

Figure 4. Particle size classes along Kananook Creek. Sites are ordered from upstream to downstream. Bars
represent relative proportion of sediment in each size class by volume.

Comparison of particle size and colourmetric analysis results indicated that darker sediments were
associated with finer particles (Figure 5). Sediment particle size analysis indicated substantial
accumulation of fine material along the creek, with a sharp decline in finer material between the
pumping station and Riviera outlet (sites 15 & 16, Figure 4). These results indicate stormwater drains
are probably important sources of fine dark deposited sediments to the lower Kananook Creek,
while the bulk of darker sediment associated with Wadsley’s drain is likely to either remain trapped
in local emergent vegetation (Pat Condina and Associates, 2010), or exit the system via the Riviera
outlet at Seaford during high flow events. They contradict the idea that sediment accumulation in
the creek is due to the sandy catchment and increased urbanisation, as postulated by the Kananook
Creek Ministerial Advisory Committee, (2016).
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Figure 5. Association between clay/silt proportion (y axis) and lightness (x axis). Higher L values correspond
with lighter shades. Red dashed line represents linear fit.

A large proportion of the Kananook creek catchment has the potential to form acid sulphate soils
(ASS) (Figure A2), which have been linked with the formation of monosulfidic black ooze (MBO).
Monosulfidic black ooze is a very fine, nutrient-rich sediment enriched in iron monosulfides. It is
formed by the consumption of organic matter by sulphate-reducing bacteria, producing hydrogen
sulphide which then precipitates as iron monosulfides (Bush et al., 2004). MBO is comparatively
benign if conditions remain anoxic; however, if oxygen concentrations rise, ferrous iron is oxidized to
ferric iron, leading to the production of acid and rapid consumption of oxygen and causing rapid and
severe impacts on water quality. The initial oxygenation may result from any event that causes
resuspension of buried sediments, such as flooding or dredging. While direct measurement of MBO
was beyond the scope of this study, orange coloration was repeatedly observed on MPS samplers at
sites K10, K11 and K12. This observation is consistent with the ferric oxide commonly associated
with oxidising MBO, which in this case would be occurring in the drains before they enter the creek.
It is possible the foul-smelling black sludge observed by the local community on the creek banks is at
least partly due to the presence of MBO. The impact of MBO in relation to historically accumulated
sediment in Kananook Creek is potentially quite significant, and should be a priority for further
investigation
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While high flows are required to transport sediments efficiently to the mouth of the creek and into
the bay, the risk of flooding to local areas led to the construction of the Riviera Outlet in the 1930s,
and a substantial upgrade in 2010. This ensures that during flood events in Kananook Creek, most of
the flow is diverted directly to the bay north of Seaford, to avoid flooding properties lower down
(Frankston Council and Melbourne Water, 2011). This has created a conflict between flood
management and removal of sediments: sediment removal requires high flows, but flood
management seeks to avoid them. Colorimetric analysis indicated sediments just downstream of the
Riviera Outlet were lighter than sediments further downstream (Figure 2 and 3). This suggests darker
finer sediments from upstream may be removed through the Riviera Outlet during high flow events.
A review of sediment accumulation dynamics is recommended, with the potential to trial changes in
flow regime downstream of the Riviera outlet to enhance sediment transport to the bay.

Water quality
Water quality transect results confirmed that for most of Kananook Creek, dissolved oxygen (DO)
(Figure 6a) and turbidity levels (Figure 6b) remain within acceptable ranges (Victorian Government,
1988), with more variable results in the upper reaches around the confluence of Boggy Creek,
Wadsley’s Drain and Eel Race Creek. Electrical conductivity levels at Sites 1-8 were mostly low
(freshwater), moderate at sites 9-17, with tidal influence occurring at sites 18-25. The only exception
was at site 15 where EC levels reached those that resembled marine waters due to discharges from
the Patterson Lakes pumping station (Figure 6c). Temperature tended to vary throughout the creek,
although it was obvious that the slow-moving water in Boggy creek was warmer, while waters from
the Bay and the pumping station were cooler (Figure 6d). Dissolved oxygen also varied throughout
the creek, although fell below water quality guidelines only at sites 11, 13 and 14 (Victorian
Government, 1988). Turbidity was low throughout the creek, with levels only exceeding water
quality guidelines at sites 5, 8 and 14 (Victorian Government, 1988) (Figure 7). The spike at sites 5
could be attributed to the mixing zone downstream of the confluence of Boggy Creek and Eel Race
Creek extension, while the smaller spike at Site 14 was probably due to it being in the mixing zone of
the pumping station where high suspended sediments would be expected. Turbidity fell at site 15
despite its location within the mixing zone, probably due to which can be attributed to the salty
water inputs from the pumping station. Salty water changes water chemistry which can lead to rapid
precipitation and enhanced sedimentation, thus reducing suspended sediments and turbidity.
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The pH fluctuated throughout the creek with values ranging from 6.73 at Site 3 to 9.3, with sites 5,
14, 17 and 18 at Site 18 all marginally above water quality guidelines (Victorian Government, 1988)
(Figure 6e). Despite widespread probable acid sulphate soils in the catchment, no sites had pH below
water quality guidelines (Figure 6e). This suggests that run-off from the catchment is not having a
major impact on water acidity. As this result is based on a single transect it should be treated
cautiously, and further research would be required to confirm this.

Sediment collection from Kananook Creek
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Figure 6 a) dissolved oxygen, b) turbidity, c) electrical conductivity, d) temperature and e) pH recorded from
the water column at each of the transect sampling sites (Figure 1). Red lines indicate water quality
thresholds for both dissolved oxygen and turbidity while the colour range indicates the pH upper and lower
thresholds for pH (Victorian Government, 1988)
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Sediment Chemistry
Sediment quality was assessed in more detail at a subset of 8 sites, where contaminant
concentrations and sediment toxicity were determined (Figure 7). Sediment concentrations of heavy
metals were elevated at several sites along the creek (Figure 8) when compared to Australian
sediment quality guidelines (Simpson et al., 2013). Site K1 at the top of Eel Race Creek had lead
concentrations above the SQG, and Site K2 on Boggy Creek had zinc and nickel concentrations also
exceeding the SQG High (Figure 8). Site K6 below Bardia Ave had lead and arsenic above the SQG,
and extremely high zinc concentrations. Sediment quality monitoring data collected between 2010
and 2017 shows heavy metals have been gradually increasing in the lower reaches. This contrasts
with the lower Dandenong Creek where metal levels in sediment have remained much lower (Sharp
and Sharley, 2017).
Hydrocarbons exceeded the SQG (Simpson et al., 2013) throughout the creek but were highest at
sites K2 and K6. Pyrethroid insecticides were detected throughout the creek, with bifenthrin found
at all sites (Figures 9 and 10). Bifenthrin concentrations at Sites K-2, K-6, K-7 and K-8 were likely to be
toxic to aquatic macroinvertebrates once corrected for organic carbon concentrations (Figure 9)
(Jeppe et al., 2017). Site K-2 was the only site where multiple insecticides was found, with bifenthrin,
permethrin and cypermethrin detected.
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Figure 7 Map of locations along the creek where sediment was collected to assess contaminants and
toxicity.

Sediment Toxicity
Amphipod survival was significantly affected by sediment (Anova, F= 31.23, p<0.001), with
significantly reduced survival at Sites 2 (Tukey HSD P < 0.001), 6 (Tukey HSD P < 0.001) and 8 (Tukey
HSD P < 0.01) (Figure 11). There was a significant effect of site sediment on growth (Anova, F=72.24,
p<0.001), with lower growth of amphipods exposed to sediment from sites 1 (Tukey HSD P < 0.01), 5
(Tukey HSD P < 0.001), 7 (Tukey HSD P < 0.001) and 8 (Tukey HSD P < 0.01) (Figure 12).
The lowest survival was observed at K-6, where high levels of pyrethroids, metals and petroleum
hydrocarbons also occurred. Survival was almost as low at K-2 where very high levels of pyrethroid
insecticides were present. Although pyrethroids were not as high at K-8, the lower organic carbon in
the sediment would likely increase the toxicity of insecticides in sediment collected at that site.
Sediment quality and toxicity results indicate that benthic fauna within Kananook Creek are probably
adversely affected by the accumulation of toxicants within the sediment. It is likely those toxicants
are originating from the large urban catchments drained by the subterranean stormwater network in
the middle to lower reaches of the creek. This is consistent with previous work demonstrating urban
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stormwater can be a major source of pollution associated with significant ecological impact on
receiving environments, (Marshall et al., 2016; Sharley et al., 2017; Sharp et al., 2016).

Economic implications
Elevated heavy metal and TPH concentrations found in sediments along Kananook Creek are likely to
increase the on-going costs associated with managing sediment accumulation in the creek. In 2013,
South East Water in partnership with the Victorian government initiated the Kananook Creek desilting project. This objective of this project was to improve recreational small recreational boat
usage by increasing water depth, while also improving the health and aesthetics of the creek. Over
2600 cubic metres of sediment was removed during the $2.5 million de-silting program. In addition,
Frankston Council has also implemented a regular dredging program at the mouth of creek to
maintain access to the Council’s boat ramp and Kananook Creek from port Phillip Bay at a cost of
$30,000 per month. The on-going costs of this regular and other intermittent dredging operations by
Melbourne Water for the purposes of flood management is affected by numerous factors such as
sediment load and contamination levels (Kananook Creek Ministerial Advisory Committee, 2016).
Soil disposal guidelines (EPA, 2009), can quickly escalate desilting costs when sediments exceed
disposal thresholds (e.g. $70 per cubic metre –category C waste). Results from this study show that
all eight sediments exceeded prescribed waste guidelines (category C) (Table 3), making it likely that
sediment disposal costs would be subject to EPA levies. Given dredging and desilting programs are
likely to form part of long-term creek management strategies for the creek, and concentrations of
pollutants in sediment are increasing (Sharp and Sharley, 2017), reducing sediment contamination
levels to below the prescribed waste threshold is recommended.
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Figure 8 Heavy metal and total petroleum hydrocarbon (TPH) concentrations (mg/kg) in sediment collected
along Kananook Creek. Bars represent concentrations in whole sediment samples collected on 4th October
2017. Red lines indicate contaminant concentrations exceeding the EPA hazardous waste category C. Dashed
purple lines indicate the sediment quality guideline above which there is a high probability of adverse
ecological effects.
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Stormwater pollution tracking programs that can locate major sources of contamination within local
catchments are a cost-effective option for reducing toxicants to the creek over the longer term.
Working with local authorities, pollution tracking programs that use innovative monitoring
technologies and strategies have been found to be effective tracking down major polluters or
pollution sources (Sharley and Marshall, n.d.). This information, once passed onto local government
compliance teams or EPA Victoria’s environmental protection teams, can be used to initiate further
investigations to reduce or remove pollution sources (Marshall et al., 2012), reducing contaminant
concentrations in creek sediments to below prescribed waste thresholds in the longer term. This
could substantially reduce the costs of sediment management programs in the future and is
recommended as a priority action, particularly given the likelihood of increasing contamination in
the future. Education and awareness programs have been found to be effective at reducing pollution
to stormwater. Raising awareness of stormwater pollution educates the local community on the
potential for business practices and everyday activities pollute local waterways. Catchment pollution
profiling (Figure 15) helps locate the sources of pollutants being discharged into local waterways via
the stormwater system. Integration of catchment profiling into education programs provides a
powerful tool to reduce pollution, not only by raising community awareness but also by assessing
the effectiveness of on-ground actions.
Complimentary to the pollution reduction programs within the catchment, it is also important to
monitor Kananook Creek through annual sediment quality and ecotoxicological assessments. This
would provide Melbourne Water and other management agencies with critical information towards
a waterway investment prioritisation model (MWH, 2016) to integrate stakeholder waterway
investment for improved waterway health and amenity. Regular sediment quality assessments have
already provided key insights into long-term contaminant trends (Sharp and Sharley, 2017).
Continuing and extending the scope of this work to include ecotoxicology should be a high priority.
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Sediment being dredged from the mouth of Kananook Creek

Figure 9 Synthetic pyrethroid concentrations (mg/kg) normalised to 1% organic carbon in sediment collected
along Kananook Creek. Red line indicates bifenthrin concentration previously associated with 50% mortality
in A. subtenuis. See figure 14 for sampling locations
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Figure 10 Synthetic pyrethroid concentrations (mg/kg) in sediment collected along Kananook Creek. See
figure 14 for sampling locations
Table 4 EPA Victoria soil hazard categorisation guideline clean-fill exceedances for sediment collected along
Kananook Creek. For guideline values and further details, see (EPA, 2009).

Site

EPA disposal guideline

Contaminant(s) exceeding

clean-fill exceedance

clean-fill concentrations

K-1

yes

Lead, TPH, Zinc

K-2

Yes

Copper, Nickel, TPH, Zinc

K-3

Yes

Zinc

K-4

Yes

TPH, Zinc

K-5

Yes

Arsenic, TPH, Zinc

K-6

Yes

Arsenic, Copper, Lead, TPH, Zinc

K-7

Yes

Arsenic, Copper, TPH, Zinc

K-8

Yes

Arsenic, Copper, TPH, Zinc
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Figure 11 Survival (%) (mean ± standard error) of the amphipod Austrochiltonia subtenuis
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Figure 12 Growth (mm) (mean ± standard error) of the amphipod Austrochiltonia subtenuis

Drain passive sampling
Particulate volume estimation
Suspended particle sampling in the 8 major drains (Figure 13) along Kananook Creek showed that
the volume of particulates collected varied not only between sites, but also between sampling
events (Figure 14). Although variability was high, samplers in the middle reaches of the catchment
(from K-10 to K-13, Figure 14) collected greater volumes of particulates, with site K-10 yielding on
average more than three times the volume of particulates than at K-16. Despite this variability, the
higher volumes from subterranean drains above the middle reaches suggest run-off from these
catchments may be a significant source of fine particulates, supporting previous studies (Pat Condina
and Associates, 2010). It is widely accepted that stormwater has the potential to convey large
particulate loads to receiving environments (Sharley et al., 2012).
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Figure 13 Map of locations where multiphase samplers (MPS) were deployed in the subterranean drainage
system

Figure 14 Estimated sediment volume from the eight drains monitored using multiphase passive samplers
over the investigation period. Bars represent mean sediment volume (ml), error bars represent standard
error of the mean from the three sampling events
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Particle bound toxicants in stormwater drains
Toxicants detected by the multiphase samplers showed consistent variation between sites,
indicating that each drain was associated with a unique pollution profile (Figure 15). Arsenic and
cadmium levels were particularly high at Site K-12 relative to background levels, while copper, lead,
nickel, chromium and zinc levels were consistently elevated above background levels at site K-13. At
all sites, silver levels were relatively low. Petroleum hydrocarbons were particularly high at Site K-10,
although given the limited number of results for this contaminant at other sites, results should be
interpreted cautiously. In general, the passive sampling results indicate that drains in the middle
reaches from K-10 to K-14, pollutants are at levels of concern levels that are of concern, and that
may represent significant sources of pollutants to Kananook Creek.
Sedimentation of Kananook Creek is an on-going community concern, especially the decrease in
aesthetic appeal. Preliminary findings suggest drains 10-13 are potentially important sources of
sediments to the creek. To reduce pipe blockages, Melbourne Water continually monitors sediment
build-up in drains and when required instigates desilting programs. De-silting of Bardia Drain (K-9)
and Weatherston Drain (K10) was recently carried out at a cost of over $1.1M. Given the relatively
high levels of lead and other pollutants detected in suspended particles (Figure 15), it is possible, a
proportion of the costs associated with the desilting program was due to the disposal of
contaminated sediment from the drain. The results indicate that it is highly probable toxicants
discharging through stormwater drains is contributing to contamination found in creek sediments
(next section), with significant ecological impacts and economic ramifications for the on-going
management of Kananook Creek. While it was beyond the scope of this project to analyse the
influence of local land use on pollutant levels detected in the stormwater drains, recent research has
shown that catchments with as little as 10% industrial area are likely to generate heavy metal and
hydrocarbon levels which pose a risk to aquatic life and increase sediment disposal costs (Sharley et
al., 2017) .
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Figure 15 Pollutant level detected in the multiphase samplers deployed in subterranean drains over the
three-week sampling period. Bars represent mean pollutant level relative to background, error bars
represent standard error of three results.
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Summary
Kananook Creek in Frankston has been the subject of consistent community concerns around poor
water quality and the unsightly accumulation of fine black sediment mainly due to the ongoing
accumulation of sediment in the creek. This has also had an impact on the recreational use of the
creek; especially the ability to manoeuvre boats up and down the creek which has resulted in South
East Water undertaking a $2.5M de-silting project in the lower reaches of Kananook Creek. This
study aimed to investigate reaches with accumulations of black sediment, determine sediment and
stormwater quality and identify drains carrying high particulate volumes.
Fine dark-shaded sediment observed in the mid to lower reaches was consistent with reports of
black material by residents. This sediment tended to be contaminated with heavy metals,
hydrocarbons and synthetic pyrethroid insecticides, although the dark sediment from the lower
reaches was not necessarily the most toxic. Contaminant concentrations were high enough to
cause adverse ecological and economic outcomes, including toxicity to benthic biota and greatly
increased waterway management costs. Although determination of sediment sources was outside
the scope of the present study, the evidence suggests that urban catchments associated with
drains K-10, K-11 and K13 are a significant source of contaminated particulates to lower Kananook
creek.

Recommendations
Recommendations for priority actions are intended to address the causes of the most serious
impacts on the creek. Solutions are only recommended where the evidence for a primary cause is
clear. Where the evidence is weak or equivocal, the recommended approach is for further research
to determine the primary cause.
•

To locate pollution hot-spots in the lower catchment, a stormwater pollution tracing
program in conjunction with local government and EPA Victoria is recommended. This will
reduce inputs of toxicants to the creek via urban runoff, decreasing costs associated with
creek maintenance and improving the health of the creek. Catchment pollution profiling is
recommended for:
o

heavy metals and hydrocarbon sources in drains K-10, K-11 and K13.

o

synthetic pyrethroid sources upstream of site K-1 in Eel Race Creek, K-2 in Boggy
Creek, and K-7 and 8 in Kananook Creek

•

Work with councils and community groups to initiate education and awareness programs for
residents and businesses around steps they can take to reduce contamination of creek
sediments.

26 | P a g e

•

To guide waterway investment priorities along Kananook Creek, annual sediment quality and
ecotoxicological assessments are recommended.

•

Investigate the importance of monosulfidic black ooze in reducing creek amenity.

•

Review the impact of flood diversions through the Riviera outlet on the build-up of sediment
in the lower reaches of the creek. Consider a pilot program on how to enhance sediment
transport to the bay through changes in flow regime.

•

To educate the local community about the complexities of managing both flood risks and
sediment accumulation in the creek, development of a conceptual model to inform a
communication strategy is recommended.
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Appendix A
Photos of selected sediments collected from Kananook Creek

Figure A 1 . Images of sediments from transect along Kananook creek used for colour
analysis. Each image was subsampled randomly at five locations, and the colour
composition determined in LAB colour space. See methods for details
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Figure A 2 Extent of prospective acid-sulphate soils in Kananook creek catchment
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Appendix B – detailed methods
Sediment quality analysis
Sediment concentrations of metals were determined by ICPAES following acid digestion (APHA
3120), total mercury by FIM-AAS following acid digestion (APHA 3112), organic matter by
dichromate oxidation (AS1289.4.1.1 – 1997) and oils as total petroleum hydrocarbons (TPH) by GCFID (USEPA SW 846 - 8015A). Synthetic pyrethroid insecticides in sediment were determined by NMI
(National Measurement Institute, 105 Delhi Rd, Riverside Corporate Park, North Ryde NSW 2113)
using GC-ECD (USEPA 42148201).

Sediment toxicity
Sediment ecotoxicology assay on Austrochiltonia subtenuis
Toxicity tests on Austrochiltonia subtenuis was performed to assess the toxicity of sediment
collected in Kananook Creek in spring 2017. In spring, filtered (<63 μm) sediment was collected at
uncontaminated sites to be used as control sediment (Bittern Reservoir, Victoria).
This test is based on American and Canadian guidelines (US EPA, 2000 and Environment Canada,
2013) that have been adapted to meet the requirements of Australian species. Test organisms
originated from CAPIM in-house cultures. Breeding conditions are based on respective guidelines
and are briefly described in Appendix Table 1.
The assay was run as static-renewal tests, with the test water renewed with artificial water once per
week (see Appendix Table 1). Water was aerated to maintain dissolved oxygen levels above 60%
saturation. Each test was conducted using 4 replicates (with the control treatment doubled).
The toxicity test with the amphipod A. subtenuis lasted two weeks and was based on methods
described in the above-mentioned guidelines which has been adapted to meet the needs of
Australian species. The conditions of the tests are summarised in Appendix 1. In brief, due to the
high salinity of Kananook Creek, sediment was set up one week prior to the beginning of the test,
with a water change one day prior to amphipod addition to remove excess salts from the test.
Juvenile amphipods (pass 297 µm and retain on 212 µm sieves) were added to each experimental
replicate. A replicate consisted of a 250-mL beaker containing 50 g (wet weight) of sieved sediment
and 200 mL artificial water. Water was renewed once a week during the experiment and amphipods
were fed three times per week. The endpoints considered were survival and growth. If there was
less than 50% survival of the amphipods at a site, growth was not measured an included in further
analyses. After the 2-week exposure, amphipods were removed from each replicate by sieving the
water and sediment through a 250 μm sieve.
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Electrical conductivity (EC), pH, dissolved oxygen (DO), and ammonia (NH3+) concentrations were
measured at each water renewal and at the end of the test using a TPS Water Quality meter.

Data Analysis
Sediment ecotoxicity assays were performed with the software SPSS (IBM SPSS Statistics 21).
Parametric tests were applied (one-way ANOVA with post hoc Tukey HSD test) to determine
significant differences between sites and the control. All data was checked for normality and
homogeneity of variances and transformations were applied to normalize distributions where
necessary. The level of significance for all statistical tests was P < 0.05.
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Longitudinal sediment collection
Particle size analysis
A summary of the number of sites sampled, analytical limits of reporting, units of measurement, the
analytical methods reference and analytical laboratories are shown in Error: Reference source not
found. For detailed sample collection and analytical methods refer to Appendix B and C.

Table B 1 Parameters, number of samples analysed. See Appendix A for Limits of Reporting (LOR), Quality
Assurance and Detailed Methodologies.
Contaminant Group

No.

LOR

Units

Matrix

Reference

Samples
Particle size

25 sites

Analytical
Laboratory

0.1

%

Whole

fraction

sediment

ISO (2009

CAPIM

Quality Assurance and Control
Laboratory Quality Control
All quality assurance and control parameters for particle size analysis were achieved, with duplicate
precision, accuracy measured against standards and blanks conforming to quality control limits.
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Detailed Analytical Methods
Particle size was measured for whole samples to compare relative differences in distribution of
sediment particles. Grain size was measured for each site by laser diffraction particle size analyser
(Beckman Coulter LS1332) using the Fraunhofer Theory. Samples were agitated and homogenised
prior to analysis using a sonication bath. Samples were then sieved to less than 2.0 mm. Sonication
was used for 60 seconds prior to and during the analysis (60 seconds) to disseminate any bound fine
particles. Laser particle size analysis generated 92 points with sediment fractions clay (0.04 – 2 µm),
silt (2 – 62.9 µm), and sand (63 - 2,0000 µm). Sediments larger than 2.0mm were determined
gravimetrically for each fraction after wet sieving (<0.063, 0.063 – 2.0 and >2.0 mm) and oven drying
at 103˚C for 12 hours (AS 1289.3.6.1-2009). Where particles >2mm were recorded, the total sample
volumes were adjusted and scaled to 100% for including gravel content.
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