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Summary 
The Claisebrook Main Drain receives drainage water from a network of drains with a 

catchment of approximately 14 km2 [Swan Catchment Council (SCC) 2007].  It 

receives stormwater from several suburbs from Dianella south to the Perth Central 

Business District before discharging into the Swan Estuary at Claisebrook Cove. 

 

Previous studies conducted on behalf of the Swan River Trust (SRT) by the Water 

Science Branch of the Department of Water (DOW) of the Swan Estuary in the 

vicinity of the Claisebrook Main Drain Diversion outlet (Nice 2009, Nice & Fisher 

2011) showed that the estuarine sediments contained a variety of contaminants, the 

concentrations of which in some cases exceeded the Interim Sediment Quality 

Guideline trigger values (ISQG-Low) for the protection of aquatic ecosystems 

(ANZECC & ARMCANZ 2000).  These are summarised as follows: 

 the polycyclic aromatic hydrocarbon (PAH) benz[a]anthracene 

 the organochlorine pesticides p,p’-DDE and dieldrin, and  

 the metals zinc, lead and copper 

 zinc also exceeded the ISQG-High, indicating a high probability of adversely 

affecting ecosystem health.  

These studies concluded that although historic land uses in Claisebrook, including 

the East Perth Gasworks and coal-fired power station, were likely to be the major 

contributors to the contamination of the estuarine sediments, water-borne 

contaminants from the main drain, groundwater discharges and local stormwater 

drainage from the urban landscape could not be discounted.  This study was 

therefore conducted to assess the water quality of the Claisebrook Main Drain and 

the local drainage network in the vicinity of Claisebrook. 

 

The quality of one particular groundwater discharge, the Mardalup Park Groundwater 

Interception Drain was also assessed.  This drain was designed to intercept 

groundwater up gradient from the contaminated site at Mardalup Park, the site of the 

former gasworks, and divert it to the Swan Estuary.  The intent in creating this 

preferential groundwater flow around the contaminated site in conjunction with 
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capping the site with an impermeable barrier was to negate groundwater recharge 

and minimise the hydraulic gradient and the flow of potentially contaminated 

groundwater from Mardalup Park to the estuary.  The discharges from this drain are 

therefore a potential source of contaminants from the former gasworks site to the 

Swan Estuary and so were also investigated here. 

 

The study proceeded as follows: 

 The quality of water in the Claisebrook main drainage system and the local 

drainage network around Claisebrook Cove was assessed by collecting 

conventional grab samples of water from 16 sites and analysing to determine 

the metallic and organic contaminants as well as nutrients (nitrogen and 

phosphorus in various forms). 

 Four of these sites were positioned in the flow path of the Claisebrook Main 

Drain below Hyde Park while the other sites were chosen to represent the 

various sub-catchments of the local drainage network and the Groundwater 

Interception Drain. 

 Passive sampling devices were also installed at three of the main drain sites, 

namely Hyde Park Lake and outlets of the Claisebrook Main Drain and 

Claisebrook Diversion Drain to the Swan Estuary.  These devices were 

deployed for approximately one month (August to September 2011) during 

which time they accumulated dissolved organic contaminants present in the 

water.  The intent of using these devices was to determine time-integrated 

concentrations of these contaminants which are more representative of the 

concentrations in the water over the longer term, and are more sensitive than 

grab sampling. 

 Passive sampling devices were also deployed at a fourth site, in the Swan 

Estuary near the outlet of the Mardalup Park Groundwater Interception Drain.  

Key findings of this study were: 

 The grab sampling showed that the concentrations of organic contaminants 

were generally compliant with the ANZECC and ARMCANZ (2000) marine 

ecosystem protection trigger guidelines, however trigger values were 

exceeded as follows: 
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o the herbicide simazine (once at one site in the drainage network) 

o the PAHs benzo[a]pyrene and fluoranthene (once at the Groundwater 

Interception Drain) 

o the OC pesticides dieldrin (multiple occurrences at seven sites), and 

the o,p’- and p,p’- isomers of DDT (once each at one site in the 

Claisebrook main drainage system). 

 The herbicide metribuzin exceeded the NHMRC (2008) and ANZECC and 

ARMCANZ (2000) recreational guideline values. 

 Dieldrin was the contaminant most widespread throughout the main drainage 

system and local catchment, present at all sites except Hyde Park Lake 

(CB08).  The presence of dieldrin in the local drainage network means that 

there is an additional local source contributing to contamination of the estuary 

at Claisebrook as well as the Main Drain. 

 Metal contaminants were detected in grab samples of water from all sites 

throughout the local drainage network and the Claisebrook main drainage 

system.  Aluminium, copper, iron and zinc are ubiquitous throughout the study 

sites, present in concentrations exceeding the ANZECC and ARMCANZ 

(2000) high reliability marine trigger values in some instances by more than 

one order of magnitude with the concentration of metals strongly correlated to 

that of total suspended solids in the drainage water. 

 The concentrations of total nitrogen, total phosphorus, total oxidised nitrogen, 

ammonia and filterable (soluble) reactive phosphate in grab samples of water 

exceeded the ANZECC and ARMCANZ (2000) trigger values for southern 

Western Australian estuaries on almost every occasion, in some instances by 

more than one order of magnitude. 

 Water from the Mardalup Park Groundwater Interception Drain contained the 

highest concentrations of PAHs, total petroleum hydrocarbons (TPH) and 

ammonia (exceeding the trigger value by approximately 35-fold) measured at 

any site.  These are all indicative of contamination of the drainage water by 

coal tar, ammonia and other by-products from the gasification of coal and are 

therefore strongly linked to the historical land use of the site as the East Perth 

Gasworks.  The contamination of the drainage water suggests that while the 
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interception drain may be diverting uncontaminated groundwater from up-

gradient of Mardalup Park around the site, it is also delivering some 

contaminated water to the estuary and therefore does not appear to be 

performing as designed.  It is also possible that the interception drain is 

performing as designed but that the groundwater up-gradient of the 

interception drain contains these contaminants, however, no evidence is 

presented here to support this assertion. 

 The results from the chemical analyses of the passive sampling devices 

indicate that the water discharged from the Claisebrook Main Drain are 

unlikely to cause significant contamination of the Swan Estuary by any of the 

organic contaminants determined. These contaminants included a selection of 

polychlorinated biphenyls (PCBs), PAHs, herbicides and organochlorine (OC) 

pesticides.  Although some of these contaminants were detected at extremely 

low concentrations: 

o none exceeded either the ANZECC and ARMCANZ (2000) trigger 

values for marine ecosystem protection or the guidelines for 

recreational water quality (ANZECC and ARMCANZ 2000; NHMRC 

2008) and in most cases were several orders of magnitude below these 

guidelines. 

o the concentrations were comparable to those measured at Melville 

Water, a site with no apparent point-source contamination. 

 The limits of reporting of the contaminants from conventional grab sampling of 

water were in most cases one or more orders of magnitude higher than the 

passive samplers, resulting in fewer detections.  

 

With the few exceptions summarised above, most of the contaminants measured in 

the water in the Claisebrook main drainage system are also present in the local 

stormwater catchment drainage.  It is therefore not possible to unequivocally attribute 

sources of the contaminants discharged to the Swan Estuary as set out in the 

objectives of this investigation.  Instead, the commonality of the contaminants 

indicates that the Claisebrook Main Drain discharges water-borne contaminants to 

the Swan Estuary that are typical of urbanised catchments.  
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1 Introduction 

1.1 Background 

The Non-Nutrient Contaminants Program (NNCP) was initiated in 2006 by the Swan 

River Trust in partnership with the Department of Water.  The intent of this program 

was to better understand the extent of contamination of the Swan Canning estuary by 

contaminants other than nutrients by targeting areas of the estuary adjacent to 

discharge points from the arterial drainage system of metropolitan Perth or adjacent 

to contaminated terrestrial sites including historic landfill sites.  The first phase of the 

NNCP, conducted over the three years 2006–2008, consisted of four investigations 

focused on the collection and analysis of estuarine sediment (Nice 2009), drainage 

water and associated sediment from the drainage network (Nice et al. 2009; 

Foulsham et al. 2009) and groundwater (Evans 2009). 

 

A baseline study of contaminants in the sediments of the Swan and Canning 

estuaries (Nice 2009) identified the Swan Estuary in the vicinity of the discharges 

from the Claisebrook Main Drain as a high priority site for further investigation based 

on the concentrations and number of contaminants that exceeded the ANZECC and 

ARMCANZ (2000) Interim Sediment Quality Guidelines (ISQGs).  These 

contaminants included the metals zinc, lead and copper, as well as the OC pesticides 

p,p’-DDE and dieldrin.  A follow up investigation (Nice & Fisher 2012) showed that 

sediments from several sites in the Swan Estuary in the vicinity of Claisebrook were 

toxic to various aquatic species and this was most likely due to combinations of these 

contaminants as well as PAHs contained in the sediments.  At at least one site in this 

follow up study: 

 the OC pesticides trans-chlordane, dieldrin and p,p’-DDT all exceeded the 

ISQG-Low, and  

 twelve of the 16 PAHs designated as priority pollutants by the US EPA 

exceeded the ISQG-Low.  Four of these also exceeded the ISQG-High 

namely, acenaphthylene, pyrene, benz[a]anthracene and benzo[a]pyrene.  
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It is not clear from these previous studies what the actual sources of these 

contaminants to Claisebrook Cove and the Swan Estuary in the vicinity of the cove 

are, but potential sources include:  

 residues of un-remediated or partially remediated sediment from the 

neighbouring historic contaminated sites of the former East Perth Gasworks 

and the former East Perth Power Station 

 water-borne and sediment-bound contaminants escaping from the cell at 

Mardalup Park in which contaminated soil from the former gasworks site was 

contained during and after remediation of the site 

 contaminated groundwater from the Groundwater Interception Drain which 

diverts groundwater around the containment cell for the contaminated site and 

discharging to Claisebrook Cove and the estuary at Mardalup Park 

 contaminated leachate from the former landfill site at the Burswood Peninsula 

 drainage water from Claisebrook Main Drain discharging into Claisebrook 

Cove and the Swan Estuary, and 

 contaminants in the local stormwater catchment that discharges to the 

Claisebrook Main Drain or Claisebrook Cove or directly to the Swan Estuary. 

 

The focus of this study is to investigate the drainage water from the Claisebrook Main 

Drain, the local stormwater catchment and the Mardalup Park GID as sources of 

contaminants. 

1.2 Claisebrook Main Drain 

The Claisebrook Main Drain receives drainage water from a network of drains with a 

catchment of approximately 14 km2 [Swan Catchment Council (SCC) 2007].  It 

receives stormwater from several suburbs from Dianella to the north (see Figure 1, 

CB01) to the Perth Central Business District to the south.  Several sections of the 

drain are not enclosed, for example the compensation basins at Dog Swamp 

(location shown on Figure 1, CB02 & CB03), Smith’s Lake (Figure 1, CB04 & CB05) 

and Hyde Park Lakes (Figure 1, CB07, CB08 & CB09) so the drain is also fed by 

groundwater.  Contaminants in water and sediments from these and other sites along 

the Claisebrook Main Drain have been determined previously [i.e. historical sampling 
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sites, SCC 2007; South East Regional Centre for Urban Landcare (SERCUL) 2008], 

with Hyde Park Lake and the two outlets of the drain into the Swan Estuary at 

Claisebrook Cove (Claisebrook Diversion Drain and Claisebrook Main Drain) 

containing amongst the highest concentrations of metals and organic contaminants 

of the sites investigated. 

 

The Claisebrook Main Drain ultimately discharges to the Swan Estuary in the vicinity 

of Claisebrook Cove.  As shown in Figures 2 and 3, the drain splits into three streams 

at CB11 approximately 500 m upstream of the discharge.  One stream, the 

Claisebrook Diversion Drain (shown in blue), is diverted away from the cove and 

discharges into the estuary just downstream at CB12.  A second stream (shown in 

green) is pumped from the waters of the Claisebrook Main Drain, nominally treated 

using ultraviolet light then discharged to a lake at the western end of Claisebrook 

Cove (the Ornamental Lake).  Water from this stream is used to irrigate the public 

open space around Claisebrook Cove and is also pumped from the lake further 

upstream to provide an artificial stream flowing through public open space back to 

the lake.  A weir at the eastern end (near CB13) maintains the water level in the 

Ornamental Lake, overflow from which discharges into the western end of 

Claisebrook Cove.  In periods of extremely high flow where the capacity of the 

diversion drain is exceeded, excess drainage water also discharges directly into the 

western end of the cove at CB11, creating a third stream.  There are therefore three 

potential discharge points for the drainage water to Claisebrook Cove and the Swan 

Estuary namely: the Claisebrook Diversion drain outlet; the weir at the Ornamental 

Lake and the high flow discharge to the cove (CB11).  In this report these will be 

referred to here as Claisebrook Diversion Drain (CB 12), the Ornamental Lake 

(CB13) and Claisebrook Main Drain (CB11), respectively. 

1.3 Claisebrook Catchment Drainage 

Stormwater from the Claisebrook urban catchment also discharges into the Swan 

Estuary via the Claisebrook main drainage system (e.g. CBDR11) or directly into 

Claisebrook Cove (e.g. at CBDR15) or the Swan Estuary (e.g. GID01).  This local 

drainage network is shown in Figure 2 (blue lines).  Unlike the Claisebrook Main 
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Drain, these drains are nominally fully enclosed and so the drainage water should not 

include groundwater and should only flow during rain events.  Contaminants 

determined in these waters should therefore be representative of those present in 

surface water runoff from the local catchment.  

1.4 The current study 

Objectives 

The objective of this study is to determine the concentrations of contaminants in 

water sampled at various points in the Claisebrook Main Drain close to the bottom of 

the catchment and from the local drainage network in Claisebrook.  Differences in the 

contaminants identified and their concentrations at the various sampling points might 

provide insight into their likely sources into the drainage network, and ultimately the 

Swan Estuary.  This information may be used by the Swan River Trust to assess the 

contribution of the Claisebrook Main Drain to the contamination of the estuary in the 

vicinity of Claisebrook and if necessary to make recommendations for management 

of the drain. 
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Figure 1  Location of sampling sites in the Claisebrook Main Drain catchment. 
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Figure 2  Location of sites at which grab samples of water were collected from the Claisebrook main drainage system (red lines) 

and the Claisebrook stormwater drainage network (blue) and other historical sampling sites CB10 (SCC 2007; 

SERCUL 2008) and NIL (SRT 2011). The locations at which passive sampling devices were deployed are also shown. 
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Figure 3  The Claisebrook Main Drain (red line), Claisebrook Diversion Drain (blue line) and the Ornamental Lake (green line) 

components of the Claisebrook main drainage system. 

Claisebrook Diversion 
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Claisebrook Cove 
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2 Methods 

2.1 The approach 

Here we focus the monitoring effort on water collected from 16 sites in the lower 

catchment below and including Hyde Park Lake including the local catchment in the 

vicinity of Claisebrook Cove which also drains into and discharges from the 

Claisebrook Main Drain or the Claisebrook Diversion Drain.  The location of each site 

is shown in Figures 1 and 2.  Conventional grab samples of water from each of the 

sites in the lower catchment were collected and analysed for determination of the 

following classes of contaminants as well as in situ physical characteristics of the 

water: 

i. polycyclic aromatic hydrocarbons (PAHs) 

ii. polychlorinated biphenyls (PCBs) 

iii. organochlorine (OC) pesticides 

iv. organophosphorus (OP) pesticides 

v. selected herbicides 

vi. metals 

vii. nutrients (nitrogen and phosphorus), total suspended solids and total organic 

carbon 

 

This suite of variables and analytes is based on and is as similar as practicable to 

those described in SCC 2007, SERCUL 2008 and Nice et al. 2009.  Because the 

Claisebrook Main Drain flows perennially, sites located in the main drain were 

sampled on at least two occasions.  Those in the local catchment were sampled 

opportunistically during or soon after rainfall events, and so were sampled either 

once or twice. 

 

In addition to the traditional grab sampling, passive sampling devices that 

accumulate lipophilic (having an affinity for lipids) organic contaminants from the 

water were also used.  These devices were deployed at four of the sampling sites for 

approximately four weeks during the period from August to October 2011.  Analysis 

of these devices at the end of the period of deployment yielded the amount of organic 
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contaminants [contaminant classes (i) to (v) above] accumulated by the adsorbent 

phases and an estimate of the volume of water from which these contaminants have 

accumulated.  From this information, together with the established calibration 

constants for each compound, the concentrations averaged over the period of 

deployment (i.e. a time-integrated concentration) were calculated. 

 

Because passive sampling devices accumulate contaminants from a large volume of 

water (typically hundreds of litres), they enhance the sensitivity of the chemical 

analysis relative to grab samples by several orders of magnitude in some instances.  

Although this technology has not been widely used, devices identical to these have 

previously been successfully used in a similar way in the drainage network to the 

Swan Canning estuary (Foulsham et al. 2009), the Brisbane River (Shaw et al. 2004) 

and Sydney Harbour (Mueller et al. 2011).  Identical passive sampling devices were 

also deployed at various sites throughout the Swan Canning estuary in a study 

running concurrently to this one (Fisher 2013). 

2.2 Rationale for selection of sites 

Claisebrook local stormwater drainage sites  

The nine sites located in the local stormwater drainage system are identified in 

Table 1 and Figure 2 by the prefix CBDR (with the exception of CBDR17 and 

CBDR13 as discussed below).  The location of each of these sites was chosen 

according to the following criteria: 

 the flow of water was not affected by the tidal influence of the estuary 

 the site was in close proximity to the end of sub-catchments and provides a 

good representation of the drainage water from that catchment  

 in combination, all sites give good spatial coverage of  the drainage network 

around Claisebrook, and 

 the site was safely accessible. 
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Table 1  Location of sites selected for the collection of grab samples in Claisebrook 

main drainage system and the local catchment in the vicinity of 

Claisebrook. 

Site 
Name 

Location / Description of site 
GPS Coordinates 

Easting Northing 

CB08 
 

In eastern-most lake at Hyde Park near inlet  0392612 6465826 

CB09 
In eastern-most lake at Hyde Park at outlet to Claisebrook 
Main Drain 

0392594 6465759 

CB11 
Inspection hatch access to Claisebrook Main Drain 
immediately upstream of Claisebrook Diversion Drain and 
supply for Ornamental lake 

0393929 6464306 

CB12 
In the Swan Estuary at the outlet of Claisebrook Diversion 
Drain  

0393436 6464275 

CB13 

In the Ornamental Lake immediately upstream from the 
weir controlling overflow to the estuary.  Fed by water 
from the Claisebrook Main Drain and unaffected by the 
influence of the Swan Estuary 

0393854 6464273 

GID01 
In the Swan Estuary approximately 10 m from the outlet 
from the Mardalup Park  Groundwater Interception Drain 

0394302 6464708 

CBDR07 
Junction pit access to stormwater drains local to southern 
side of Claisebrook Cove immediately upstream from 
discharge to the Claisebrook Diversion Drain 

0394029 6464275 

CBDR08 

Manhole access to stormwater drains local to south east 
of Claisebrook Cove just upstream of junction of local 
stormwater network to Claisebrook Diversion Drain 
approximately 20 m from the outlet to the estuary  

0394345 6464277 

CBDR09 
Manhole access to stormwater drains local to north east of 
Claisebrook Cove 

0394168 6464359 

CBDR11 
Junction pit access to stormwater drains local to the  
south west of Claisebrook Cove immediately upstream 
from the discharge to Claisebrook Diversion Drain 

0393761 6464207 

CBDR13 
Outlet of drain discharging to the Swan Estuary upstream 
of Claisebrook Cove.  The source of the drainage water is 
unknown 

0394283 6464741 

CBDR14 
Manhole access to stormwater drains local to north of the 
Ornamental Lake immediately upstream from the 
discharge to the Claisebrook Diversion Drain 

0393850 6464340 

CBDR15 
Junction pit access to stormwater drains local to the  
south west of Claisebrook Cove immediately upstream 
from discharge to Claisebrook Diversion Drain 

0393975 6464334 

CBDR16 
Manhole access to stormwater drains on southern side of 
Claisebrook cove immediately upstream from the 
discharge to Claisebrook Diversion Drain 

0394061 6464203 

CBDR17 
Manhole access to the Claisebrook Diversion Drain 
approximately 30 m upstream from discharge to estuary 

0394324 6464305 

CBDR18 
Manhole access to local stormwater drainage to north 
west of Claisebrook Cove adjacent to the railway 
marshalling yard 

0393504 6464540 
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Claisebrook main drainage system  

Five sites in the Claisebrook main drainage system (designated the prefix CB), were 

identical to those previously reported in SCC 2007 and SERCUL 2008 to allow a 

direct comparison with results from these previous studies.  A sixth site, CBDR017 

was also sampled on one occasion.  The locations and rationale for each of these 

are also summarised in Tables 1 and 2 and the location shown in Figure 2.  

Other sites 

Groundwater Interception Drain (GID01) 

Mardalup Park is the site of the former East Perth Gasworks at which the soil was 

contaminated with residues from coal tar, a by-product of the gasification of coal, 

including PAHs (Nice & Fisher 2011).  As the name suggests, the Mardalup Park 

Groundwater Interception Drain was designed to intercept groundwater up-gradient 

from the contaminated site at Mardalup Park and divert it to the Swan Estuary.  The 

intent in creating this preferential groundwater flow around the contaminated site in 

conjunction with capping the site with an impermeable barrier (i.e. clay layer) to 

negate groundwater recharge was to minimise the hydraulic gradient and the flow of 

potentially contaminated groundwater from Mardalup Park to the estuary.  A separate 

investigation to determine the ecotoxicity of estuarine sediments in the vicinity of this 

drain was undertaken by Nice (2013) and so here the outflow from the interception 

drain at GID01 was sampled and analysed to determine which contaminants, if any, 

were discharging into the Swan Estuary to support the sediment investigations of 

ecotoxicity.  It should be noted that the passive sampling devices were deployed 

approximately four months after the sediments were collected for the ecotoxicity 

study (March 2011) due to the limited availability of the devices. 

CBDR13 (Unknown source) 

This site is located at the outlet of a drain discharging into the estuary approximately 

100 m upstream from GID01.  The source of this water is unknown, however it was 

observed to be flowing independently of rainfall over the course of the monitoring 

program, and is therefore unlikely to be dependant purely on stormwater.  The drain 

outlet is not inundated by the estuary except during extremely high tides. 
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Table 2  Rationale for the selection of sites for the deployment of passive sampling devices in the waters of the Claisebrook 

main drainage system and the Swan Estuary in the vicinity of Claisebrook. 

Site Name Rationale for site selection 
Approx. 

water 
depth (m) 

GPS coordinates   
(±5 m) 

Deployment period 

   Easting Northing Deployed Retrieved 

CB08 
Hyde Park 
Lake 

 Located in the eastern-most lake at Hyde Park between the 
inlet and outlet to Claisebrook Main Drain as permitted by the 
depth of water  

 The lake is the last open section of the Claisebrook Main Drain 
upstream from the East Perth industrial area 

1 0392612 6465826 2 Sep 2011 11 Oct 2011 

CB12 
Claisebrook 
Diversion 
Drain 

 Located in the Swan Estuary at the outlet of the Claisebrook 
Diversion Drain 

 At the end of the catchment although in the estuary 

 The catchment includes the East Perth Industrial area  

 Identified as a Priority 1 site (Nice 2009) for further investigation 
based on sediment contaminants including PAHs and OC 
pesticides  

 Toxic effects of sediments on native fauna observed (Nice & 
Fisher 2011; Nice 2013) 

2 0393436 6464275 5 Aug 2011 7 Sep 2011 

CB13 
Ornamental 
Lake  

 Located in the Ornamental Lake immediately upstream from the 
overflow to the estuary and fed by water from the Claisebrook 
Main Drain  

 As for the Claisebrook Diversion Drain outlet but not affected by 
estuarine water 

0.8 0393854 6464273 5 Aug 2011 7 Sep 2011 

GID01 
Mardalup Park 
Groundwater 
Interception 
Drain 

 Located in the Swan Estuary ~10 m from the outlet of the 
Groundwater Interception Drain at Mardalup Park as permitted 
by the depth of water.  Note that the grab samples were taken 
from as close as possible to the outlet of the drain itself 

 Drain intercepts groundwater from up gradient of Mardalup 
Park, the site of the former East Perth Gasworks and is likely to 
contain PAHs and soluble organics from coal tar (ENV 2009) 

 The drain is a focus of companion NNCP studies (Nice & Fisher 
2011; Nice 2013; Fisher 2013) 

1.5 0394302 6464708 
5 Aug 2011 

15 Aug 2011 
(SPMDs) 

7 Sep 2011 
14 Sep 2011 

(SPMDs) 
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Passive sampling devices 

The location of these devices was limited to sites with sufficient depth of water to 

allow the devices to remain inundated throughout the entire period of deployment.  In 

addition, the devices were not deployed in locations where they were likely to 

obstruct the flow of water in the drain, act as anchor for debris, or be damaged or lost 

in high flow events.  These criteria precluded all of the above-mentioned local 

stormwater drainage sites and site CB11 in the Claisebrook Main Drain.  As 

summarised in Table 2, the devices were therefore located at three of the sites in the 

flow path of Claisebrook Main Drain: Hyde Park Lake, the Claisebrook Ornamental 

Lake, and in the Swan Estuary at the outlet of the Claisebrook Diversion Drain.  

 

Passive sampling devices were also deployed at a fourth site: in the estuary near to 

the grab sampling site at the outlet of the Mardalup Park Groundwater Interception 

Drain (GID01).  Due to the fluctuations of water level throughout the period of 

deployment and the low gradient of the bank at this location, the devices were 

installed approximately 10 m off shore from GID01 to ensure the devices were 

continually inundated.  For simplicity, the locations at which the devices were 

installed and at which the grab sample was retrieved from the drain are both referred 

to as GID01.  

2.3 Surface water sampling and analysis  

Grab samples 

The collection of grab samples was completed between 2 September and 21 October 

2011.  In total 16 sites were sampled on at least one occasion as shown in Table 3.  

The samples were analysed by the National Measurement Institute using methods 

accredited by the National Association of Testing Authorities (NATA) to determine the 

organic compounds and six Aroclor (PCB) mixtures listed in Table 4 and the 

inorganic species (metals and the nutrients) and total organic carbon shown in 

Table 5.  On 30 August 2011, an additional grab sample was collected at the location 

of three of the passive sampling sites (CB12, CB13 and the estuary near GID01) for 

determination of the organic contaminants only.  As discussed above, the passive 
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sampling device at GID01 was located in the estuary approximately 10 m away from 

the Groundwater Interception Drain.  The grab sample collected 30 August 2011 was 

therefore from the estuary rather than the drain itself and is denoted as such in 

Table 3. 

 

Table 3   Dates on which grab samples of water were collected from16 sites on the 

Claisebrook main drainage system, the local stormwater drainage network 

in the vicinity of Claisebrook.  Sites at which passive sampling devices 

were deployed are denoted with an asterisk. 

Site 
Date Sampled 

30 Aug 2011 

(Organics only) 

2 Sep 2011 27/28 Sept 2011 18/21 Oct 2011 

M
a
in

 D
ra

in
 

CB08*     

CB09     

CB11     

CB12*     

CB13*     

L
o
c
a
l 
C

la
is

e
b
ro

o
k
 C

a
tc

h
m

e
n
t 

GID01 (estuary)    

CBDR07     

CBDR08     
CBDR09     

CBDR11     

CBDR13     

CBDR14     

CBDR15     

CBDR16     

CBDR17     

CBDR18     

 

In situ measurements of water temperature, pH, salinity and dissolved oxygen were 

made at all sites on each occasion that grab samples were collected.   

Passive sampling 

The passive sampling devices were provided by the National Centre for 

Environmental Toxicology (ENTOX).  Six devices were deployed at each of four sites 

for a one-month period in August and September 2011 from which the accumulation 

and time-integrated concentrations of selected organic contaminants present in the 

water were determined.   
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Table 4  Organic analytes determined in grab samples of water collected from 16 

sites in the Claisebrook main drainage system and local drainage network.  

The limit of reporting (LOR) is expressed in nanograms (ng, 10-9 g) per 

litre.  Analytes common to the passive sampling techniques are shown in 

bold.  

 Analyte LOR  Analyte LOR 

P
o

ly
c

y
c
li

c
 a

ro
m

a
ti

c
 h

y
d

ro
c
a
rb

o
n

s
 (

P
A

H
s
) 

Naphthalene 10 

O
rg

a
n

o
p

h
o

s
p

a
h

te
 (

O
P

) 
p

e
s
ti

c
id

e
s

 

Dichlorvos 

 

10 

Acenaphthylene 10 Demeton-S-methyl 10 

Acenaphthene 10 Diazinon 10 

Fluorene 10 Dimethoate 10 

Phenanthrene 10 Chlorpyrifos 10 

Anthracene 10 Chlorpyrifos methyl 10 

Fluoranthene 10 Malathion 10 

Pyrene 10 Fenthion 10 

Benz[a]anthracene 10 Ethion 10 

Chrysene 10 Fenitrothion 10 

Benzo[b]and[k]fluoranthene 20 Chlorfenvinphos (E) 10 

Benzo[a]pyrene 10 Chlorfenvinphos (Z) 10 

Indeno[1,2,3-cd]pyrene 10 Parathion (ethyl) 10 

Dibenz[ah]anthracene 10 Parathion methyl 10 

Benzo[ghi]perylene 10 Pirimiphos methyl 10 

O
rg

a
n

o
c
h

lo
ri

n
e

 (
O

C
) 

p
e
s
ti

c
id

e
s

 

HCB 1 Pirimiphos ethyl 10 

Heptachlor 1 Azinphos methyl 10 

Heptachlor epoxide 1 Azinphos ethyl 10 

Aldrin 1 

T
ri

a
z
in

e
 

h
e
rb

ic
id

e
s

 Atrazine 
 

100 

gamma-BHC (Lindane) 1 Hexazinone 100 

alpha-BHC 1 Simazine 100 

beta-BHC 1 Metribuzin 100 

delta-BHC 1 Prometryn 100 

trans-Chlordane 1 

P
C

B
 m

ix
tu

re
s

 Aroclor 1016 
 

10 

cis-Chlordane 1 Aroclor 1221 10 

Oxychlordane 1 Aroclor 1232 10 

Dieldrin 1 Aroclor 1242 10 

p,p’-DDE 1 Aroclor 1248 10 

p,p’-DDD 1 Aroclor 1254 10 

p,p’-DDT 1 

P
e
tr

o
le

u
m

 

H
y
d

ro
c
a

rb
o

n
s

 

Benzene 1000 

Endrin 1 Toluene 1000 

Endrin aldehyde 1 Ethylbenzene 1000 

Endrin ketone 1 Xylene isomers 2000 

alpha-Endosulfan 1 TPH (C6-C9) 25 000 

beta-Endosulfan 1 TPH (C10-14) 25 000 

Endosulfan sulfate 1 TPH (C15-C28) 100 000 

Methoxychlor 1 TPH (C29-C36) 100 000 
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Table 5  Inorganic analytes and total organic carbon determined in grab samples of 

water collected from 16 sites in the Claisebrook main drainage system and 

local drainage network in the vicinity of Claisebrook.  The limit of reporting 

(LOR) is expressed in micrograms (µg, 10-6 g) per litre.  

 Analyte LOR  Analyte LOR 

M
e
ta

ls
 (

fi
lt

e
re

d
 a

n
d

 u
n

fi
lt

e
re

d
) 

Aluminium 5 

N
u

tr
ie

n
ts

 

Total nitrogen 25 

Arsenic 1 Ammonia as Nitrogen 10 

Cadmium 0.1 Total oxidised nitrogen 10 

Chromium 1 Total Kjeldahl Nitrogen 25 

Cobalt 1 Total phosphorus 5 

Copper 1 Free reactive phosphorus 5 

Iron 5 

O
th

e
rs

 

Total organic carbon (as NPOC) 1000 

Lead 1 Total suspended solids 1000 

Manganese 1 Hardness (as CaCO3) 5000 

Mercury 0.1    

Molybdenum 1    

Nickel 1    

Selenium 1    

Zinc 1    

 

Two of these sites, the outlet to the Claisebrook Diversion Drain (CB12) and the 

Mardalup Park Groundwater Interception Drain (GID01), were located in the Swan 

Estuary.  The other two sites, the Ornamental Lake (CB13) and the Hyde Park lake 

were unaffected by estuarine water. 

 

The six samplers consisted of duplicates of three different devices, namely: 

 Semipermeable membrane devices (SPMDs), suitable for accumulation of 

non-polar organic pollutants (OC pesticides, PCBs and PAHs).  Each SPMD 

consisted of two identical adsorbent strips of low density polyethylene tubing 

containing 1 mL of triolein (1,2,3-tri[cis-9-octadecenoyl] glycerol) spiked with 

performance reference compounds.  The volume of water sampled by the 

devices was estimated from the extent of desorption of these reference 

compounds from the adsorbent strips.  At each site, both duplicate devices 

(i.e. two pairs of strips), were contained in a single stainless steel cage. 
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 Empore Discs® (EDs), suitable for monitoring polar organic compounds such 

as herbicides and antifoulants.  Each disk was contained in a Teflon block 

with the surface of the disk exposed to the water. 

 Plaster Flow Monitors (PFMs), constructed from dental plaster cast into a 

plastic housing to measure the magnitude of the surrounding water flow at the 

deployment site from which the sampling rate of the EDs may be determined. 

The intent of using duplicate devices was to ensure results could still be obtained 

should one or more of the devices was lost or damaged during the deployment 

period and not as a quality assurance measure. 

 

During the time of deployment the depth of water at the two estuarine sites varied 

between approximately 0.5 to 1.5 m due to tidal fluctuation.  The water depth at the 

two sites unaffected by the estuary remained at approximately 0.5 m throughout the 

duration of the deployment.  The devices were arranged in either of two 

configurations so that they always remained inundated within the top 0.5 m of the 

water column but did not directly contact the sediment surface.  Because the two 

sites in the lakes were unaffected by tidal fluctuation, the devices were suspended 

between an anchor and submerged flotation buoys so that they remained a fixed 

distance of approximately 20–50 cm from the bottom of the lake as shown in the 

configuration to the left in Figure 4.  The marker buoy was used to locate and retrieve 

the samplers.  At the estuarine sites, the devices were suspended from a free floating 

buoy and so remained at a fixed distance of 20–50 cm from the water surface.  The 

details of the deployment dates are shown in Table 2. 

 

The passive sampling locations were also visited at approximately weekly intervals, 

at which time the devices were checked for damage and any bio-fouling removed.  

On the first visit, the SPMDs had been removed (presumed stolen) from GID01, near 

the outlet of the Groundwater Interception Drain.  The SPMDs were therefore 

replaced on 15 August 2011.  The EDs and PFMs remained intact and so were 

retrieved on 7 September 2011, while the replacement SPMDs were retrieved on 14 

September 2011.  All devices at the Claisebrook Ornamental Lake (CB13) and the 
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outlet from the Claisebrook Diversion Drain (CB12) were retrieved on 7 September 

2011.  Upon retrieval, the sampling devices were refrigerated and sent to ENTOX 

where the adsorbent phases and the plaster blocks were removed.  One of the 

duplicates of each adsorbent was extracted with an organic solvent and analysed to 

determine the time-integrated concentrations of selected organic contaminants 

present in the water in which they had resided.  The other duplicate was retained and 

stored in a refrigerator for further analysis if required. 

 

 

Figure 4  Typical configurations of the passive sampling devices deployed in the 

Claisebrook main drainage system and the Swan Estuary.  The 

configuration shown on the left was used at sites unaffected by tide while 

that on the left was used at tidally affected sites.  
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Flotation Buoys
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EDs
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SPMDs 

A flow chart summarising the manipulation and treatment of the triolein strips is 

shown in Figure 5.  For the SPMDs, one duplicate consisted of two triolein strips, the 

extracts of which were combined to increase the surface area and therefore the 

sensitivity of the analysis.  The extracts were cleaned up using gel permeation 

chromatography then analysed using gas chromatography mass spectrometry (GC-

MS) to determine the PAHs, pesticides and other organic contaminants shown in 

Tables 6 and 7. 

 

The compounds shown in Table 6 and denoted SPMD are those for which the 

characteristics of their accumulation from water by the SPMDs have been calibrated, 

enabling the abundances of each to be converted to an estimated concentration in 

water.  The 152 analytes shown in Table 7 are those for which calibration data was 

unavailable, so although the abundance (mass) accumulated by the SPMD of each 

of these could be determined from the GC-MS analysis, the estimated water 

concentration could not be accurately calculated.  Of the compounds listed in 

Table 7, only bifenthrin, galaxolide, pendimethalin, trifluralin and tolanide were 

detected in extracts from the SPMDs.  Although calibration data specific to each of 

these five compounds does not exist, the concentration of each was estimated using 

known calibration data for compounds with similar partitioning characteristics 

between the water and the triolein adsorbent strips.  These surrogate compounds 

were o,p’-DDD (for bifenthrin and galaxolide), trans-chlordane (for pendimethalin and 

trifluralin) and hexachlorobenzene (for tonalide).  The five analytes estimated in this 

way are therefore shown in bold text in Tables 6 and 7.  

 

The extract was subsequently cleaned up using silica gel and analysed using high 

resolution GC-MS to determine the 29 PCB congeners also shown in Table 6.  For all 

locations except GID01, the remaining two adsorbent strips were stored refrigerated 

for future analysis. 
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Figure 5 Flow chart showing the analysis of SPMD passive sampling devices 
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Table 6  Analytes determined from passive sampling devices deployed in the Swan 

Estuary and the Claisebrook main drainage system.  Calibration data exists 

for all but those compounds shown in bold.  The PCB congener number 

refers to the nomenclature system of Ballshmitter and Zell (1980).  Notes: 

1— herbicide, 2—insecticide; 3—OP pesticide; 4— synthetic fragrance.  

 Analyte Device  Analyte Device  Analyte Device 

P
o

ly
c

y
c
li

c
 a

ro
m

a
ti

c
 h

y
d

ro
c
a
rb

o
n

s
 (

P
A

H
s
) 

Naphthalene SPMD 

T
ri

a
z
in

e
 

h
e
rb

ic
id

e
s

 

Atrazine 
 

ED 

O
th

e
r 

O
rg

a
n

ic
s

 

Ametryn
1
 ED 

Acenaphthylene SPMD Desethylatrazine ED Diuron
1
 ED 

Acenaphthene SPMD desisoprpylatrazine ED Imadicloprid
2
 ED 

Fluorene SPMD Hexazinone ED Metolachlor
2
 ED 

Phenanthrene SPMD Simazine ED Terbuthiuron
1
 ED 

Anthracene SPMD Prometryn ED Terbutryn
2
 ED 

Fluoranthene SPMD 

P
C

B
 c

o
n

g
e
n

e
rs

 

PCB 18 SPMD Chlorpyrifos  
3
 SPMD 

Pyrene SPMD PCB 28+31 SPMD Diazinon 
3
 SPMD 

Benz[a]anthracene SPMD PCB 44 SPMD Bifenthrin
2
 SPMD 

Chrysene SPMD PCB 52 SPMD Pendimethalin
1
 SPMD 

Benzo[b]and[k]fluoranth
ene 

SPMD PCB 66 SPMD Trifluralin
1
 SPMD 

Benzo[a]pyrene SPMD PCB 77 SPMD Galaxolide
4
 SPMD 

Benzo[e]pyrene SPMD PCB 81 SPMD Tonalide
4
 SPMD 

Perylene SPMD PCB 87 SPMD   

Indeno[1,2,3-cd]pyrene SPMD PCB 101 SPMD   

Dibenz[ah]anthracene SPMD PCB 105 SPMD    

Benzo[ghi]perylene SPMD PCB 110 SPMD    

O
rg

a
n

o
c
h

lo
ri

n
e

 (
O

C
) 

p
e
s
ti

c
id

e
s

 

(α-BHC, α-HCH)  SPMD PCB 114 SPMD    

cis-Chlordane  SPMD PCB 118 SPMD    

trans-Chlordane SPMD PCB 123 SPMD    

o,p'-DDD  SPMD PCB 126 SPMD    

p,p'-DDD  SPMD PCB 138 SPMD    

o,p'-DDE  SPMD PCB 141 SPMD    

p,p'-DDE  SPMD PCB 149 SPMD    

o,p'-DDT  SPMD PCB 151 SPMD    

p,p'-DDT  SPMD PCB 153 SPMD    

Dieldrin  SPMD PCB 156 + 157 SPMD    

Endrin  SPMD PCB 167 SPMD    

Heptachlor Epoxide SPMD PCB 169 SPMD    

Hexachlorobenzene 
(HCB) 

SPMD PCB 170 SPMD    

Lindane (δ-HCH)  SPMD PCB 180 SPMD    

p,p'-Methoxychlor  SPMD PCB 183 SPMD    

cis-Nonachlor  SPMD PCB 189 SPMD    

trans-Nonachlor  SPMD      

Oxychlordane SPMD      
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 Table 7  Analytes targeted for identification (but not quantification) in extracts from 

SPMD passive sampling devices deployed in the Swan Estuary and the 

Claisebrook main drainage system.  Analytes shown in bold text were 

identified in the SPMD extracts (see also Table 3). 

N-BUTYLTOLUENESULFONAMIDE CYPERMETHRIN isomers HALOXYFOP METHYL PIRIMICARB 

1H-BENZOTRIAZOLE DEET HALOXYFOP, 2-ETHOXYETHYL PIRIMIPHOS METHYL 

1-HYDROXY-2,3-EPOXYCHLORDENE DELTAMETHRIN isomers HCH-b PROCYMIDONE 

1-METHYL-1H-BENZOTRIAZOLE DEMETON-S-METHYL HCH-d  PROFENOPHOS 

2,6-DI-t-BUTYL-p-CRESOL  DESETHYLATRAZINE HEPTACHLOR PROMETRYN 

2,6-di-t-BUTYLPHENOL DESISOPROPYLATRAZINE HEXAZINONE PROPAGITE 

3,4-DICHLOROANILINE DICHLORVOS IPRODIONE PROPANIL 

4-CHLORO-3,5-DIMETHYLPHENOL  DICLOFOP METHYL ISOPHENOPHOS PROPAZINE 

5-METHYL-1H-BENZOTRIAZOLE DICOFOL o,p (breakdown) MALATHION PROPICONAZOL isomer 

ACEPHATE DICOFOL p,p METALAXYL PROPOXUR 

ALDRIN DICOFOL p,p’ (breakdown) METHAMIDOPHOS PROTHIOPHOS 

AMETRYN DIMETHOATE METHIDATHION PYRAZAPHOS 

AMITRAZ DIMETHOMORPH E,Z 
isomers 

METHOMYL ROTENONE 

ATRAZINE DIOXATHION METHOPRENE SIMAZINE 

AZINPHOS ETHYL DISULFOTON METOLACHLOR SULPROFOS 

AZINPHOS METHYL DIURON (breakdown)  METRIBUZIN TCEP 

BENALAXYL ENDOSULFAN alpha MEVINPHOS Z+E isomers TCPP isomers 

BENDIOCARB ENDOSULFAN beta  MOCLOBEMIDE TDCPP isomers 

BIFENTHRIN ENDOSULFAN ETHER MOLINATE TEBUCONAZOLE 

BIORESMETHRIN ENDOSULFAN LACTONE MONOCROTOPHOS TEBUTHIURON 

BISPHENOL A ENDOSULFAN SULPHATE MUSK KETONE TEMEPHOS 

BITERTANOL isomers ENDRIN ALDEHYDE  MUSK XYLENE TEP 

BROMACIL ETHION N-BUTYL BENZENE 
SULFONAMIDE 

TERBUPHOS 

BROMOPHOS ETHYL ETHOPROP NICOTINE TERBUTHYLAZINE 

CADUSAPHOS ETRIMIPHOS OMETHOATE TERBUTRYN 

CAPTAN FAMPHUR OXADIAZON TETRACHLORVINPHOS 

CARBARYL FENAMIPHOS OXYDEMETON METHYL TETRADIFON 

CARBOPHENOTHION FENCHLORPHOS OXYFLUORFEN TETRAMETHRIN isomers 

CHLORDENE FENITROTHION PARATHION ETHYL THIABENDAZOLE 

CHLORDENE EPOXIDE FENTHION ETHYL PARATHION METHYL TONALIDE 

CHLORDENE, 1-HYDROXY FENTHION METHYL PENDIMETHALIN TRANSFLUTHRIN 

CHLORFENVINPHOS E+Z isomers FENVALERATE isomers PERMETHRIN isomers TRIADIMEFON 

CHLOROTHALONIL FIPRONIL PHENOTHRIN isomers TRIADIMENOL isomers 

CHLORPYRIFOS ME FLUAZIFOP BUTYL PHORATE TRIALLATE 

CHLORPYRIFOS OXON FLUOMETURON PHOSMET TRICLOSAN 

COUMAPHOS FLUVALINATE isomers PHOSPHAMIDON TRICLOSAN METHYL 
ETHER 

CYFLUTHRIN isomers FURALAXYL PHOSPHATE TRI-n-BUTYL TRIFLURALIN 

CYHALOTHRIN isomers GALAXOLIDE PIPERONYL BUTOXIDE VINCLOZALIN 
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EDs 

The extract from one of the duplicate EDs from each site was analysed using liquid 

chromatography tandem mass spectrometry (LC-MS/MS) to determine the herbicides 

listed in Table 6.  The extract from the other duplicate ED was stored refrigerated. 

 

PFMs 

The average weight loss from both of the PFMs, due to the dissolution of the plaster, 

was used to estimate the volume of water from which the contaminants were 

accumulated.  This estimate was used in conjunction with the analysis of the EDs to 

calculate the estimated concentrations of the herbicides in water. 
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3 Results and Discussion 

3.1 In situ measurements 

The temperature, pH, salinity and dissolved oxygen of drainage water at 16 sites in 

the Claisebrook Main Drain, the local Claisebrook drainage network and other sites in 

the vicinity of Claisebrook are shown in Table 8.  These were measured at 0.5 m 

below the water surface level on each occasion on which a grab sample was 

collected from that site.  The first of the sampling events on 2 September 2011 

coincided with the period of deployment of the passive sampling devices in the 

vicinity of Claisebrook (CB12, CB13 and GID01). 

Salinity 

The measured salinity of the water gave an indication of whether sites in or close to 

the estuary were influenced by the estuarine water.  With the exception of the outlet 

of the Mardalup Park Groundwater Interception Drain (GID01), the salinity of the 

water at all sites on all occasions was less than 5 parts per thousand (ppt) and may 

therefore be classified as fresh according to the categories specified in the Healthy 

River Action Program (HRAP; SRT 2011).  In this separate sampling program 

performed by the Department of Water, the salinity of the estuary measured weekly 

in the top 0.5 m of the water column at the nearby Nile St sampling site (NIL, Figure 

2) ranged from 3.51 ppt on 5 September 2011 to 5.43 ppt on 26 September 2011 to 

10.68 ppt on 17 October 2011 over the duration of the drainage water sampling 

program.  The brackish water (5.38 ppt) at the outlet of the Mardalup Park 

Groundwater Interception Drain (GID01) on 27 September 2011 was therefore 

probably due to the influence of the estuarine water at this site relative to the low flow 

of drainage water from the interception drain itself.  This was also apparent on 

2 September 2011 where the salinity at GID01 was 3.3 ppt.  On each of the three 

sampling events in this study, the salinity at the other site which estuarine influence 

may be expected, the outlet of the Claisebrook Diversion Drain to the estuary 

(CB12), was approximately 0.2–0.25 ppt and similar to that of the fresh drainage 

water upstream at the Claisebrook Main Drain (CB11) and the Ornamental Lake 

(CB13), indicating that the sample was predominantly water from the main drainage 

system with little influence from the estuary. 
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Table 8 In situ physico-chemical measurements of water collected on three occasions from September to October 2011 at 16 

sites in the Claisebrook main drainage system and local drainage network in the vicinity of Claisebrook. 

 

In-situ water physico- chemical variables 

Date 2 September 2011 27/28 September 2011 18/21 October 2011 

Site Temp. 

(ºC) 

pH Salinity 

(ppt) 

DO 

(%sat) 

Temp. 

(ºC) 

pH Salinity 

(ppt) 

DO 

(%sat) 

Temp. 

(ºC) 

pH Salinity 

(ppt) 

DO 

(%sat) 

CB08 16.93 7.32 0.05 83.1 18.14 7.25 0.05 51.1 19.93 7.62 0.06 84 

CB09 17.85 6.94 0.05 39.2 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

CB11 18.44 6.82 0.19 88.6 19.14 7.15 0.32 78.8 20.05 6.94 0.22 79.8 

CB12 18.87 6.89 0.25 88.9 19.00 7.29 0.23 87.2 20.36 7.06 0.22 77 

CB13 19.11 7.63 0.37 90.5 19.20 7.43 0.34 103 20.25 7.73 0.27 63.4 

GID01 18.67 6.83 3.3 67.3 18.30 7.06 5.38 81.8 19.95 6.86 0.63 29.9 

CBDR07 19.67 7.47 0.3 88.9 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

CBDR08 n.d. n.d. n.d. n.d. 19.26 6.73 1.03 30.3 21.00 6.88 4.42 34.8 

CBDR09 n.d. n.d. n.d. n.d. 16.99 7.84 0.20 52.5 20.30 7.39 0.97 42.6 

CBDR11 n.d. n.d. n.d. n.d. 18.61 7 0.37 12.8 20.05 6.92 0.33 9.1 

CBDR13 18.70 7.25 0.21 99.3 19.44 7.61 0.31 91.4 20.36 7.35 0.23 91.7 

CBDR14 n.d. n.d. n.d. n.d. 19.18 7.78 0.34 96.3 20.65 7.95 0.34 84.3 

CBDR15 n.d. n.d. n.d. n.d. 17.17 7.35 0.44 52.0 20.49 7.2 0.81 33.1 

CBDR16 n.d. n.d. n.d. n.d. 20.12 7.12 0.43 48.0 20.79 7.22 0.48 69.5 

CBDR17 n.d. n.d. n.d. n.d. 19.75 7.16 0.36 80.7 n.d. n.d. n.d. n.d. 

CBDR18 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 20.86 7.31 0.31 69.5 
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CBDR08 is located at a junction of the local drainage network with the Claisebrook 

Main Drain just before discharge into the estuary.  On both occasions that it was 

measured, the salinity at CBDR08 was greater than that measured in the water at 

any of the sites in the main drainage system.  The higher than expected salinities of 

1.03 ppt and 4.42 ppt indicate that the water at CBDR08 is likely to be affected by 

estuarine water pushed back up the drain at high tide, even though the water was 

flowing at the sampling point at the time of sampling.  While not on the diversion 

drain this sampling location may therefore receive a mixture of water from the local 

stormwater catchment, the main drain and the estuarine water depending on the 

relative flows and tidal fluctuation.  

 

Although the salinity of the water sampled was almost exclusively fresh at all sites at 

the time of sampling according to the HRAP categorisation, drainage water from all 

sites eventually flowed into an estuarine environment which experiences marine 

influence for most of the year (SRT 2011).  Comparison with the ANZECC and 

ARMCANZ (2000) trigger values for the protection of estuarine ecosystem health 

was therefore considered more appropriate than with freshwater trigger values. 

 

It should also be noted that the salinity and water temperature both affect the 

accumulation of the target organic compounds by the passive sampling devices, 

especially the partitioning between the water and the triolein strips in the SPMDs.  

The rate of dissolution of the PFMs is also affected.  The temperature and salinity 

measurements were therefore incorporated into the calibration equation for each 

compound, which was in turn used in the calculation of the concentrations of organic 

compounds accumulated by the SPMD and ED passive sampling devices.   

 

pH 

With the exception of a few measurements, the pH at all sites was generally below 

the lower limit of the pH range of 7.5 to 8.5 specified for estuaries in both the Aquatic 

ecosystems guidelines (ANZECC and ARMCANZ 2000) and  the Guidelines for 

Managing Risks in Recreational Water (NHMRC 2008).  All sites complied with The 
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Guidelines for recreational water quality and aesthetics (ANZECC and ARMCANZ 

2000) which specify a range from 5.0 to 9.0.  In summary: 

 the lowest pH measured at any site was 6.73 at CBDR08 on 28 September 

2011 

 the pH ranged from 6.82 to 7.73 in the Claisebrook Main Drain (at CB11) and 

at the two outlets of the main drainage system to the estuary (CB12 and 

CB13), and  

 the pH at GID01 and CBDR13, at the two outlets of local drains to the estuary 

ranged from 6.83 to 7.61. 

None of these observations implicated the drainage water as a potential source of 

acidity to the estuary.  

Dissolved oxygen 

The dissolved oxygen concentrations were also broadly non-compliant with the 

trigger values for protection of the health of slightly disturbed estuarine ecosystems 

(90–110 % saturation).  The key observations were: 

 at the two outlets of the Claisebrook main drainage system to the estuary and 

at CB11, the DO %sat ranged from 63.4% to 103% 

 the DO %sat at CBDR13 was compliant with the guideline values on each 

occasion, and 

 The DO %sat at GID01 was always below the guideline values and the 

measured concentration at the other outlets to the estuary.  It was also the site 

at which the lowest DO %sat was measured (29.9 %). 

 

In summary, there is likely to be some localised depletion of dissolved oxygen at the 

outlets of the drains to the estuary, the extent of which is limited by the volume of 

discharged drainage water.  This was not investigated further here, however, the 

dissolved oxygen in the upper 0.5 m of the water column measured at Nile St during 

the weekly HRAP monitoring program described previously (SRT 2011) ranged from 

76% on 5 September 2011 to 95% on 26 September 2011 to 93% on 17 October 

2011 indicating that the depletion of dissolved oxygen in the estuarine waters by the 

discharged drainage at CB12 was localised and did not extend the 380 m to this site. 
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3.2 Organic contaminants—grab samples 

Application of guideline values 

Protection of aquatic ecosystems 

As discussed above (Section 3.1, salinity) the Swan Estuary was the receiving 

environment of the potential contaminants and therefore the aquatic ecosystem 

designated for protection.  The ANZECC and ARMCANZ Guidelines (see Fig 3.1.3, p 

3.1-9 therein) show Estuarine as a subgroup of the Marine ecosystem type in the 

classification of ecosystem type for the application of guidelines for physical and 

chemical stressors.  Moreover, the trigger value range for salinity for south-Western 

Australian lowland rivers is 120–300 µS/cm (approximately 0.06–0.14 ppt salinity) 

which is significantly lower than the salinity measured at the HRAP estuarine site NIL 

over the course of this study (3.51–5.43 ppt).  So although the salinity was variable 

between fresh (< 5 ppt) and brackish (5– < 25 ppt) over the period of sampling 

according to the HRAP categorisation (SRT 2011), comparison with the ANZECC 

and ARMCANZ (2000) trigger values for the protection of marine ecosystem health 

was considered appropriate as these sites are all located in an estuarine 

environment which experiences marine influence for much of the year.  More 

specifically, the values recommended as the trigger values for slightly-moderately 

disturbed systems for marine waters were applied here unless specified otherwise.  

From this point forward in this document, these are referred to as ANZECC and 

ARMCANZ (2000) trigger values for the protection of marine ecosystems or marine 

trigger values unless specified otherwise. 

Protection for Recreational Use 

Similarly to the approach for in situ measurements, the concentration of organic 

contaminants were also compared against the ANZECC and ARMCANZ (2000) and 

NHMRC (2008) guidelines for recreational use, where available. 

 

Of the 74 targeted organic analytes (where groups of compounds and co-eluting 

isomers are considered a single analyte, e.g. the Aroclor mixtures, and xylene 

isomers) shown in Table 4, 31 were detected in concentrations exceeding the limit of 

reporting at any of the sites.  These occurrences are shown in Tables 9 to 13 where 
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the concentrations are shown in nanograms (ng, 10-9g) per litre.  Of these, the OC 

pesticide dieldrin (Table 9) was the most widespread and most frequently occurring, 

detected on at least one occasion at all sites except CB09 (Hyde Park Outlet).  

Samples from GID01 (the Mardalup Park Groundwater Interception Drain) contained 

the greatest number of organic contaminant analytes (23) of which the PAHs and 

petroleum hydrocarbons predominated.  Note that the results from the grab sample 

from the estuary near the outlet to the Groundwater Interception Drain collected 30 

August 2011 will not be discussed here, but rather compared to the concentrations 

measured by the passive sampling devices in the estuary near GID01 in Section 3.3. 

 

None of the OC pesticides or triazine herbicides were detected at CB09, while 

neither PAHs nor petroleum hydrocarbons were detected at the local drainage 

network sampling sites CBDR07, CBDR13, CBDR15 or CBDR18. 

OC pesticides 

The concentration of dieldrin (Table 9) exceeded the ANZECC and ARMCANZ 

(2000) trigger value for protection of slightly–moderately disturbed marine 

ecosystems at least once at six of the sites namely CBDR09, CBDR11, CBDR15, 

CBDR13, CBDR14 and GID01.  None of these sampling sites are situated on the 

Claisebrook main drainage system itself, however water from both CBDR11 and 

CBDR15 discharges into the main drain and may make some contribution to the 

concentration measured at CB13 (Ornamental Lake).  Concentrations were greatest 

at GID01, where the trigger value was exceeded by approximately six and nine-fold 

on two occasions (27 September 2011 and 18 October 2011).  On the other occasion 

(2 September 2011) the concentration failed to exceed the limit of reporting. 
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Table 9  Concentrations (ng/L) of OC pesticides detected in grab samples of water from 16 sites in the Claisebrook main 

drainage system and local drainage network in the vicinity of Claisebrook collected in August 2011.  See also Table 4 

for the entire list of the target analytes: those not shown failed to exceed the limit of reporting.  The ANZECC and 

ARMCANZ (2000) trigger values for the protection of slightly–moderately disturbed marine ecosystems are shown for 

comparison and instances where these were exceeded are shown in orange.  Low reliability trigger values are 

denoted (L).  Grey cells indicate that no sample was collected from the site on that date. 

Site Concentration in water (ng/L) 

 
Heptachlor epoxide Dieldrin p,p’-DDE p,p’-DDT Endrin ketone 

 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 

CB08    5.7 3.1  2.1         

CB09                

CB11   2.5  3.5  6.1   4.7   3.1    

CB12    6.5  5.6          

CB13     2.9 5.2          

GID01     62 94          

CBDR07    4.7  5.8          

CBDR08     7.0 8.4          

CBDR09     13 8.3          

CBDR11     23 30          

CBDR13    9.1 14 8.4          

CBDR14     24 16          

CBDR15  3.5   8.3 16          

CBDR16     7.9 7.6          

CBDR17     4.9           

CBDR18      9.6         1.5 

Marine Trigger 
Value   10

(L)
 0.5

(L)
 0.4

(L)
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Four other OC pesticides were detected during the sampling campaign, namely 

heptachlor epoxide, p,p’-DDE, p,p’-DDT and endrin ketone.  It should be noted that 

the detection limit of 1 ng/L for both p,p’-DDT and p,p’-DDE exceeded the low 

reliability trigger values for protection of marine ecosystems of 0.4 ng/L and 0.5 ng/L 

respectively.  It is therefore possible that for all instances where non-detections 

occurred, these contaminants were present at concentrations of up to approximately 

twice this marine trigger value.  Heptachlor epoxide, p,p’-DDE and p,p’-DDT were 

detected once in samples from CB11(Claisebrook Main Drain), with both p,p’-DDE 

and p,p’-DDT exceeding the low reliability trigger value for marine ecosystems by 

approximately one order of magnitude.  CB11 was the only site at which p,p’-DDT 

was detected.  Interestingly, these pesticides were not detected in samples collected 

on the same occasion from the two outlets of the main drainage system at CB12 or 

CB13, both of which are downstream from CB11 on the main drainage line.  This 

perhaps is indicative of the low concentration measured at CB11 relative to the limit 

of reporting and the sometimes variable nature of water grab sampling for organic 

contaminants.  In addition to the detections at CB11, heptachlor epoxide was only 

detected once at any other sampling site (CBDR15) and similarly p,p’-DDE was also 

only detected at CB08.  The measured concentration at this site exceeded the 

marine low reliability trigger value by approximately four-fold.  Endrin ketone was 

reported only at CBDR18 on the one occasion on which it was sampled.  There is no 

ANZECC and ARMCANZ (2000) trigger value for this contaminant. 

Other pesticides and herbicides 

Of the other herbicides and pesticides determined, only the triazine herbicides 

simazine, atrazine and metribuzin (Table 10) were reported: none of the 

organophosphate pesticides exceeded the limits of reporting (10 ng/L). 

 

Simazine was detected at least once at six sites, CB08, CB11, CB12, CB13, 

CBDR08 and CBDR13.  With the exception of CBDR13 and CBDR08, all of these 

sites are located on the main drain and the measured concentrations (110–

2000 ng/L) were all below the low reliability marine trigger value (3200 ng/L).  The 

concentration measured at CBDR13 (6100 ng/L), which discharges directly into the 
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estuary (and not into the Claisebrook Main Drain) was approximately twice the trigger 

value.  The concentration at CBDR08 (110 ng/L) was barely above the limit of 

reporting (100 ng/L).  As discussed above, CBDR08 is located at a junction of a local 

drain with the Claisebrook Diversion Drain just before the discharge into the estuary.  

While not actually located on the on the main drainage system, is likely to affected by 

both estuarine water and water from the main drain (see Section 3.1, salinity).  On 

the one occasion on which simazine was reported, the salinity of the water sampled 

from CBDR08 (4.42 ppt) indicated that the sample is more likely to be representative 

of a mixture of the main drain and estuarine waters (10.68 ppt on 17 October 2011) 

than the local catchment drainage water.  Further, the absence of simazine from all 

other drains in the local Claisebrook catchment indicates that the simazine detected 

in the waters of the Claisebrook Main Drain was most likely introduced from higher 

up in the catchment. 

 

Atrazine was detected on only one occasion; CBDR08 at 200 ng/L, twice the limit of 

reporting but two orders of magnitude below the marine trigger value.  Metribuzin 

was detected at five sites: twice each at CB11 and CB12, on three occasions at 

CB13, and once each at CBDR14 and CBDR17.  Although there is no marine 

protection trigger value for this herbicide, the highest concentration measured at all 

sites, (at CB12, 6600 ng/L) exceeded the ANZECC and ARMCANZ (2000) and 

NHMRC (2008) guideline for recreational use (5000 ng/L).  With the exception of 

CBDR14, all of these sites are located on the main drainage flow indicating that the 

main source of metribuzin to the main drainage system is likely to be higher up in the 

catchment.  There may also be some input from the local drainage network to the 

north of Claisebrook Cove on which CBDR14 is located. 

PCBs  

Of the six common Aroclor mixtures targeted here, only Aroclor 1254 was detected 

and on only one occasion: at CBDR13, the drain which discharges to the Swan 

Estuary to the north of the Groundwater Interception Drain.  The concentration of 

Arochlor 1254 (28 ng/L) exceeded the moderate reliability marine trigger value for 

this mixture of 10 ng/L (the same as the limit of reporting). 
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Table 10  Concentrations (ng/L) of herbicides and PCBs detected in grab samples of water from 16 sites in the Claisebrook main 

drainage system and local drainage network in the vicinity of Claisebrook collected August to October 2011.  See also 

Table 4 for the entire list of the target analytes: those not shown failed to exceed the limit of reporting.  The ANZECC 

and ARMCANZ (2000) trigger values for the protection of slightly–moderately disturbed marine ecosystems are shown 

for comparison and instances where these were exceeded are shown in orange.  Low or moderate reliability trigger 

values are denoted (L) or (M) respectively.  Grey cells indicate that no sample was collected from the site on that date.  

The value highlighted in blue exceeded the ANZECC and ARMCANZ (2000) recreational value(R). 

Site Concentration in water (ng/L) 

 Simazine Atrazine Metribuzin PCBs (Aroclor 1254) 

 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 30 Aug 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 

CB08 
  

210 
          

CB09 
             

CB11 110 
 

1000 
    

1700 100 
    

CB12 
  

2000 
   

6600 1800 
     

CB13 
  

1200 
   

2400 280 120 
    

GID01 
             

CBDR07 
             

CBDR08 
  

110 
 

200 
        

CBDR09 
             

CBDR11 
             

CBDR13   6100         28  

CBDR14 
        

170 
    

CBDR15 
             

CBDR16 
             

CBDR17 
        

210 
    

CBDR18 
             

Marine Trigger 
Value  

3200
(L)

 13 000
(M)

 5000
(R)

 10
(M)
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PAHs 

The 16 PAHs determined in this investigation are those designated as priority 

pollutants by the US EPA.  As shown in Table 11, the Mardalup Park Groundwater 

Interception Drain contained the highest total concentration and greatest variety of 

PAHs on each sampling occasion with each of the PAHs reported on at least one 

occasion.  Marine trigger values exist for only five of the 16 PAHs.  Of these trigger 

values, only fluoranthene (1400 ng/L) and benzo[a]pyrene (200 ng/L) were exceeded 

by the measured concentrations of 1500 ng/L and 860 ng/L, respectively.  Both of 

these exceedances occurred during the sampling event on 18 October 2011 at the 

Groundwater Interception Drain (GID01). 

 

The lower molecular weight PAHs, that is the bicyclic and tricyclic PAHs 

naphthalene, acenaphthene, acenaphthylene, phenanthrene and anthracene were 

detected on all three occasions at GID01 as were some of the tetracyclic PAHs 

(fluoranthene, pyrene and benz[a]anthracene).  The occurrence of these PAHs in the 

drainage water at the Groundwater Interception Drain  might be explained as follows: 

i. Mardalup Park is the site of a former gasworks with a history of contamination 

of the soil at this site by PAHs (ENV 2009). 

ii. The relatively high water solubility of lower molecular weight PAHs compared 

with the higher molecular weight (pentacyclic and hexacyclic) PAHs (Mackay 

et al. 1992) may have resulted in local contamination of groundwater. 

iii. Although the function of the drain is to intercept the regional groundwater flow 

and divert it around the site to prevent the migration of contaminants to the 

Swan Estuary, the drain has previously been reported to be contaminated with 

PAHs (ENV 2009).  

 

Chrysene was detected on the first (2 September 2011) and third sampling events, 

while the higher molecular weight PAHs (benzo[b]fluoranthene through 

benzo[ghi]perylene) were detected only on the third sampling event.  Further, the 

concentrations of lower molecular weight PAHs, especially naphthalene, 

acenaphthylene, acenaphthene and phenanthrene, were lower in this sample than in 
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the previous two samples collected on 2 and 27 September 2011.  As shown in Table 

14, this sample (18 October 2011) also contained much higher concentrations of 

suspended solids (160 mg/L) than the two previous samples (4 mg/L and 2 mg/L 

respectively).  Iron floc was also observed in this sample with the high suspended 

solids.  Considering the very low solubility of the higher molecular weight PAHs, e.g. 

benzo[a]pyrene (approximately 4 µg/L, Mackay et al. 1992), relative to naphthalene 

(approximately 30 mg/L, Mackay et al., 1992) and their affinity to bind to particulates, 

it is very likely that the high concentrations of higher molecular weight PAHs 

measured in the sample from GID01 collected on 18 October 2011 were bound to the 

suspended particulates rather than dissolved in the water.  

 

Naphthalene was the most commonly detected PAH, reported at seven sites other 

than GID01 on at least one occasion.  These included each of the sites on the Main 

Drain (CB08, CB11, CB12, CB13, and CBDR17) and only two of the local drainage 

network sites CBDR08 and CBDR16.  Pyrene was detected at five sites other than 

GID01, namely CB11 (Claisebrook Main Drain), CBDR08, CBDR09, CBDR14 and 

CBDR16 at or very close to the limit of reporting.  From the sum of the PAH 

concentrations, it is apparent that of the main drainage system sites, CB12 and CB08 

contained the highest concentrations of PAHs on a single sampling occasion.  Across 

all sampling events, both contained low concentrations of fluoranthene, pyrene, 

benzanthracene, chrysene, benzo[b]fluoranthene and benzo[k]fluoranthene and 

benzo[ghi]perylene at least once, while indeno[1,2,3-cd]pyrene and fluoranthene 

were also detected in CB08.  Very low concentrations of PAHs were also found 

sporadically at other sampling sites; however PAHs were not reported on any 

occasion at four sites: CBDR07, CBDR13, CBDR15, and CBDR18, all of which are 

located on the local catchment drains. 

 

In summary, aside from GID01, where there is a probable localised source of 

contaminants, PAHs are neither widespread nor present at concentrations 

approaching ANZECC and ARMCANZ (2000) trigger values for the protection of 

marine ecosystem health. 



Contaminants in the waters of Claisebrook Main Drain 

 

 

 

36 

Table 11  Concentrations (ng/L) of PAHs detected in grab samples of water from 16 sites in the Claisebrook main drainage 

system and local drainage network in the vicinity of Claisebrook collected August to October 2011.  See also Table 4 

for the entire list of the target analytes: those not shown failed to exceed the limit of reporting.  The ANZECC and 

ARMCANZ (2000) trigger values for 95% and 99% species protection for marine ecosystems are shown for 

comparison.  Low or moderate reliability trigger values are denoted (L) or (M) respectively with those recommended 

for slightly–moderately disturbed systems shown in bold text.  Instances where these were exceeded are shown in 

orange.  Grey cells indicate that no sample was collected from the site on that date. 

Site Concentration in water (ng/L) 

 Naphthalene Acenaphthylene Acenaphthene Fluorene Phenanthrene 

 30 Aug 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 

CB08  10            30   

CB09                 

CB11  30 40 110             

CB12 10 50 40 240           10  

CB13   10 30             

GID01  8600 5400 10 1100 960 990 2000 1200 280 620 420  690 460 190 

CBDR07                 

CBDR08   20              

CBDR09                 

CBDR11                10 

CBDR13                 

CBDR14                 

CBDR15                 

CBDR16   10 10             

CBDR17   40              

CBDR18                 

Marine Trigger 
Value (95% / 99%) 

70 000
(M)

 / 50 000    2000
(L)

 / 600 
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Table 11 (cont.). 

 

 

 

Site Concentration in water (ng/L) 

 Anthracene Fluoranthene Pyrene Benz[a]anthracene Chrysene 

 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 

CB08    70   60 10  20   20   

CB09    20   20         

CB11         10       

CB12     30   30   10   10  

CB13                

GID01 290 210 340 300 220 1500 220 160 940 20 10 990 10  620 

CBDR07                

CBDR08      30   30   10    

CBDR09         10       

CBDR11      10   10       

CBDR13                

CBDR14         10       

CBDR15                

CBDR16                

CBDR17                

CBDR18                

Marine Trigger 
Value (95% / 99%) 

400
(L)

 / 10 1400
(L)

 / 1000    
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Table 11 (cont.)  

 

Site Concentration in water (ng/L) 

 Benzo[b],[k]fluoranthene Benzo[a]pyrene Indeno[1,2,3-cd]pyrene Dibenz[a,h]anthracene Benzo[ghi]perylene 

 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 

CB08 30   20   20      40   

CB09                

CB11                

CB12  20   10         20  

CB13                

GID01   910   860   480   140   460 

CBDR07                

CBDR08      10         10 

CBDR09                

CBDR11                

CBDR13                

CBDR14                

CBDR15                

CBDR16                

CBDR17                

CBDR18                

Marine Trigger 
Value (95% / 99%) 

 200
(L)

 / 100    
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Petroleum hydrocarbons 

Table 12 shows that TPH were present in concentrations greater than the limit of 

reporting for only two sites:  the Groundwater Interception Drain (GID01) and the 

outlet of the Claisebrook Diversion Drain (CB12).  The concentration of TPH with 10 

to 14 carbon atoms per molecule (i.e. C10-C14) at CB12 on 18 October 2011 

(32 000 ng/L) coincides with the relatively high concentration of naphthalene 

(240 ng/L) measured in the same sample.  Although naphthalene (10 carbon atoms 

per molecule) lies within this TPH range, the difference between the naphthalene and 

TPH C10-C14 concentrations suggests that several other semi-volatile hydrocarbons 

other than PAHs contributed to the TPH.  A similar conclusion may be drawn from 

the disparity between the concentrations of the lower molecular weight PAHs 

naphthalene; acenaphthene and acenaphthylene (both 12 carbons atoms per 

molecule); phenanthrene and anthracene (both 14 carbon atoms per molecule) and 

the TPH C10-C14 measured in the sample collected from GID01 on 27 September 

2011. 

 

The higher molecular weight TPH ranges were only detected in the sample from the 

Groundwater Interception Drain on the 18 October 2011.  This is also consistent with 

the high concentration of higher weight molecular PAHs.  As discussed above, the 

high concentration of suspended solids most likely contributed particulate-bound 

PAHs and other petroleum hydrocarbons to this sample.  The compounds 

contributing to the TPH in this sample are therefore not just restricted to the more 

water soluble semi-volatile hydrocarbons, but are likely to contain a complex mixture 

of non-volatile components, perhaps residues of coal tar (and/or coal) from the 

former gasworks which operated at the site. 

 

As shown in Table 13, the volatile petroleum hydrocarbons benzene and the 

m-xylene and p-xylene isomers were only detected in three samples and at 

concentrations just above the limits of reporting.  These samples were all collected 

on 2 September 2011 from the Groundwater Interception Drain (GID01) which 

contained benzene and the Ornamental Lake (CB11) and Claisebrook Main Drain 
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(CB12) both of which contained the xylene isomers.  In each sample the 

concentrations were several orders of magnitude below the marine trigger values.  

Benzene (6 carbon atoms per molecule) and the xylene isomers (8 carbon atoms per 

molecule) are components of the BTEX mixture, commonly occurring in gasoline.  

These are several orders of magnitude more soluble than lower molecular weight 

PAHs: for example the solubility of benzene is approximately 1800 mg/L compared 

with 30 mg/L for naphthalene (Mackay et al. 1992), and therefore perhaps may be 

expected in run-off from roads.  However, the other components of BTEX, 

ethylbenzene and toluene, were not detected in any sample. 

Comparison of organic contaminants with previous studies 

Claisebrook main drainage system samples 

Five of the sites investigated here, CB08, CB09, CB11, CB12 and CB13 are common 

to or in close proximity to those from a previous study of contaminants in the waters 

of the Claisebrook Main Drain (SCC 2007) where PAHs and TPH (including BTEX) 

were determined in water samples on six sampling occasions between July and 

December 2007.  As in the current investigation, the PAHs were mostly below 

laboratory limits of reporting in all samples.  However, following heavy rainfall in 

August 2007, 15 of the 16 PAHs (all except acenaphthene) were detected in 

Claisebrook Main Drain at CB11 and at the outlet of the Claisebrook Diversion Drain 

at CB12.  Naphthalene was present in the highest concentration (0.72 µg/L at CB 

12), similar to the maximum concentration measured at that site in the present study 

(0.24 µg/L).  However, in the August 2007, the higher molecular weight PAHs were 

also present in relatively high concentrations (e.g. pyrene at 0.54 µg/L and 

benzo[ghi]perylene at 0.13 µg/L), both of which failed to exceed the limits of reporting 

in the sample from the 2011 sampling.  It would be convenient to explain this by the 

relatively high concentrations of suspended solids in the 2007 sample (74 mg/L) 

compared with the 2011 sample (4 mg/L, Table 14) to which the PAHs might be 

adsorbed, however there were no higher molecular weight PAHs reported in the 

water collected from either CB11 or CB12 on 18 Oct 2011, both of which have the 

same source water but for which the suspended solids were much higher in CB11 

(33 mg/L) than CB12 (4 mg/L). 
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Table 12  Concentrations (ng/L) of Total PAHs and TPH detected in grab samples of water from 16 sites in the Claisebrook main 

drainage system and local drainage network in the vicinity of Claisebrook collected August to October 2011.  See also 

Table 4 for the entire list of the target analytes: those not shown failed to exceed the limit of reporting.  Grey cells 

indicate that no sample was collected from the site on that date.  NB ANZECC and ARMCANZ (2000) trigger values 

for the protection of aquatic ecosystem health are not specified for these analytes. 

 

Site Concentration in water (ng/L) 

 Sum PAHs TPH(C10-C14) TPH(C15-C28) TPH(C29-C36) TPH(C6-C36) 

 30 Aug 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 

CB08  320               

CB09                 

CB11                 

CB12 10  180 240   32 000          

CB13                 

GID01  14 000 9000 8800  58 000 47 000   360 000   540 000   950 000 

CBDR07                 

CBDR08                 

CBDR09                 

CBDR11                 

CBDR13                 

CBDR14                 

CBDR15                 

CBDR16                 

CBDR17                 

CBDR18                 
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Table 13  Concentrations (ng/L) of monoaromatic hydrocarbons detected in grab 

samples of water from 16 sites in the Claisebrook main drainage system 

and local drainage network in the vicinity of Claisebrook collected August 

to October 2011.  See also Table 4 for the entire list of the target analytes: 

those not shown failed to exceed the limit of reporting.  The ANZECC and 

ARMCANZ (2000) trigger values for 95% and 99% species protection in 

marine ecosystems are shown for comparison with the trigger value for 

slightly–moderately disturbed systems shown in bold.  Grey cells indicate 

that no sample was collected from the site on that date. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The TPH concentration (3400 µg/L) only exceeded the limit of reporting once in the 

2007 sampling (October 2007) at Hyde Park Lake coinciding with relatively high 

concentration of suspended solids (47 mg/L).  TPH were not detected above the LOR 

(250 µg/L) on either occasion in the 2011 sampling where the suspended solids 

concentration was also relatively low (2 to 9 mg/L).  In 2007, BTEX components were 

detected only at Claisebrook Main Drain (CB11) and at the diversion drain outlet 

Site Concentration in water (ng/L) 

 Benzene Xylenes 

 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 

CB08       

CB09       

CB11    2000   

CB12    2500   

CB13       

GID01 1100      

CBDR07       

CBDR08       

CBDR09       

CBDR11       

CBDR13       

CBDR14       

CBDR15       

CBDR16       

CBDR17       

CBDR18       

Marine trigger 
value (95% / 99%) 

700 000 / 500 000
(L)

 75 000
(L)

 - 350 000
(L)
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(CB12) ranging in concentration from 7 µg/L to 47 µg/L with the xylenes and toluene 

predominant.  In the 2011 sampling, BTEX was also reported only at CB11 and CB12 

at 2 µg/L and 2.5 µg/L respectively, with only the xylenes detected. 

 

In summary, few organic contaminants were detected in either the 2007 or 2011 grab 

sampling campaign so comparison is difficult.  The higher concentrations of PAHs 

and TPH observed in the 2007 samples were most likely directly related to the 

particulate material in the samples. 

 

Table 14  Concentrations (mg/L) of total organic carbon (TOC) and total suspended 

solids (TSS) in grab samples of water from 16 sites in the Claisebrook 

main drainage system and local drainage network in the vicinity of 

Claisebrook collected September to October 2011.  Grey cells indicate 

that no sample was collected from the site on that date.  NB ANZECC and 

ARMCANZ (2000) trigger values for the protection of aquatic ecosystem 

health are not specified for these analytes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Site Concentration in water (mg/L) 

 TOC TSS 

 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 

CB08 8 8 14 19 9 2 

CB09 8   10   

CB11 5 6 12 7 4 33 

CB12 5 5 9 5 11 4 

CB13 5 5 13 <1 2 10 

GID01 7 5 8 4 2 165 

CBDR07 5  4 <1  <1 

CBDR08  7 9  10 7 

CBDR09  3 5  2 4 

CBDR11  3 4  2 10 

CBDR13 2 5 5 <1 3 1 

CBDR14  4 4  <1 <1 

CBDR15  2 4  <1 2 

CBDR16  6 7  <1 <1 

CBDR17  5   2  

CBDR18   5   <1 
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Mardalup Park Groundwater Interception Drain 

The concentration of PAHs has previously been determined in water samples 

collected from the Groundwater Interception Drain at Mardalup Park (ENV 2009).  

Several PAHs were detected at least once in the interception drain from four samples 

collected between June 2008 and March 2009 as shown in Table 15.  The identified 

PAHs and their concentrations compare closely with those determined from the first 

two sampling occasions from the present study on 2 September and 27 September 

2011 (from Table 11 and also shown in Table 15).  The high molecular weight PAHs 

detected in the third sampling event on 18 October 2011 (also shown in Table 15) 

were not detected in the 2008 / 2009 sampling. 

Table 15:  Concentrations of PAHs (ng/L) measured in water from the Mardalup Park 

Groundwater Interception Drain from the current investigation on three 

occasions in 2011 and from a previous sampling program where the 

drainage water was sampled on four occasions (ENV 2009). 

PAH Concentration (ng/L) 

 ENV 2009 Current Study 

 30 June 2008 

–23 Mar 2009 

2 Sep 2011 27 Sep 2011 18 Oct 2011 

Naphthalene 3400–11 000 8600 5400 10 

Acenaphthylene 1700–3500 1100 960 990 

Acenaphthene 3600–6700 2000 1200 280 

Fluorene 1000–2000 620 420 < 10 

Phenanthrene < 100–1700 690 460 190 

Anthracene < 100–300 290 210 340 

Fluoranthene < 100–300 300 220 1500 

Pyrene <100–300 

 

220 160 940 

Benz[a]anthracene < 100 20 10 990 

Chrysene < 100 10 <10 620 

Benzo[b}+[k]fluoranthene < 200 < 10 < 10 910 

Benzo[a]pyrene < 100 < 10 < 10 860 

Indeno[1,2,3-cd] pyrene < 100 < 10 < 10 480 

Dibenz[ah]anthracene < 100 < 10 < 10 140 

Benzo[ghi]perylene < 100 < 10 < 10 460 

Total PAHs 11 000–22 000 14 000 9000 8800 
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Unfortunately, total suspended solids were not determined by ENV (2009) in the 

2008 / 2009 samples, so no conclusions can be drawn regarding how these affect 

the concentration of higher molecular weight PAHs in the sample. 

3.3 Organic contaminants—passive sampling devices 

Passive sampling is inherently different to traditional grab sampling in that the 

concentrations of contaminants are averaged across the duration of the deployment 

of the devices.  Because the duration of sampling (1 month) is much longer than for 

grab sampling (instantaneous) and the volume of water sampled using the passive 

sampler (typically hundreds of litres) is therefore much larger than the grab sample 

(approximately 1L), the probability of capturing contaminants using passive sampling 

is much greater.  Conversely, there is a possibility that a short duration pulse of a 

high concentration of a contaminant in the water may be captured coincidentally in a 

grab sample, while the concentration of this pulse would be averaged over the month 

of the deployment and therefore be reported as lower by passive sampling 

techniques. 

 

Although the ANZECC and ARMCANZ (2000) Guidelines and NHMRC (2008) 

guidelines were designed for comparison against conventional grab samples, 

comparison against the concentrations measured using passive sampling is valid 

according to the Australian Guidelines for Water Quality Monitoring and Reporting 

(ANZECC and ARMCANZ 2000b).  Passive sampling devices are especially useful 

when considering chronic rather than acute toxicity as the risk to both human health 

(recreational guidelines) and aquatic receptors (aquatic ecosystem protection trigger 

values). 

 

Similar to the grab samples in the previous section, the concentrations of organic 

contaminants detected in the passive sampling devices were therefore compared 

against the ANZECC and ARMCANZ (2000) and NHMRC (2008) guidelines for 

recreational use, where available.  In addition, the much lower limits of reporting 

afforded by the passive sampling technique compared with the grab sampling 
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allowed meaningful comparison against the ANZECC and ARMCANZ (2000) trigger 

values for protection of marine ecosystems, so these comparisons were also made.  

PCBs 

Twenty nine of the possible 209 PCB congeners were determined from analysis of 

the SPMDs at each of the four sites, the estimated concentrations of which are 

shown in Table 16.  These 29 PCBs included the 12 congeners that are referred to 

as being dioxin-like and toxic due to their structural similarity to the dioxin 2,3,7,8-

TCDD and their toxicity for which mammalian toxicity equivalency factors have been 

derived (Van den Berg et al. 2006).  The remaining 17 congeners are representative 

of those commonly found in the environment as constituents of various Aroclor 

mixtures.  Note that congener 118 (2,3,4,4,5-pentachlorobiphenyl) is considered both 

toxic and commonly found in the environment.  The concentrations of PCB 

congeners in the water at all sites were extremely low: note that these are expressed 

as picograms (pg, 10-12 g) per litre in Table 16.  PCBs were detected at all sites 

except Hyde Park Lake (CB08), however, of the commonly found PCBs, only 

congeners 101 (2.5 pg/L–8.9 pg/L), 110 (2.7 pg/L–13 pg/L), 153 (1.8 pg/L–12 pg/L), 

and 138 (1.6 pg/L–8 pg/L) exceeded the limit of reporting of 0.3 pg/L.  PCB 105 was 

the only toxic congener detected, occurring only at the Claisebrook Diversion Drain 

outlet (CB12) at 4.7 pg/L. 

 

Of the 29 congeners targeted by the passive sampling devices, an ecosystem 

protection low reliability trigger value (ANZECC and ARMCANZ 2000) has been 

assigned only to PCB 101 (200 000 pg/L).  The highest measured concentration of 

this congener was 8.9 pg/L at the Claisebrook Ornamental Lake (CB13), four orders 

of magnitude below this trigger value.  There are no ANZECC and ARMCANZ (2000) 

or NHMRC (2008) recreational guideline values for any of the congeners determined 

here.  Low reliability trigger values have also been derived for various PCB mixtures 

(2000 pg/L for Capacitor 21; 9000–1,000,000 pg/L for various Aroclor mixtures).  A 

recreational guideline also exists for total PCBs (100 000 pg/L).  If in calculating the 

total PCB concentration we sum only the concentrations of those congeners detected 

in the water at each site as shown in Table 16, the highest total PCB concentration 

measured (30 pg/L at CB12 and CB13) is two orders of magnitude below the most 
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conservative of the ecosystem health trigger values and four orders of magnitude 

below the recreational guideline.  Further, if we assume that all of the 205 congeners 

either not determined in this study or below the reporting limit were present in the 

water at the reporting limit, the sum of the PCB concentrations would still be more 

than one order of magnitude less than the most conservative of the trigger values 

and four orders of magnitude less than the recreational guideline value. 

 

The concentration ranges of PCBs measured at seven other sites in the Swan 

Canning estuary from a companion NNCP investigation by the Department of Water 

(Fisher 2013) are also shown in Table 16.  Comparison of these with results from the 

SPMDs deployed in the vicinity of Claisebrook shows that only PCB 153 at the outfall 

of the Claisebrook Diversion Drain (CB12, 12 pg/L) exceeds the upper level of this 

range (8.6 pg/L).  The concentration at Melville Water (PASSMEL), one of the sites 

from this companion investigation is also shown.  This site was considered to be 

representative of the Swan Canning estuary where there were no obvious point 

sources of contamination and with contaminant concentrations representative of 

background levels for the estuary.  Contaminants in sediments from this site were 

also considered as representative of background concentrations for ecotoxicological 

testing of sediments from Claisebrook Cove and the Swan Estuary in the vicinity of 

Claisebrook (Nice & Fisher 2011; Nice 2013).  In general, the PCB concentrations at 

the Claisebrook main drainage outlets are similar to those at Melville Water, except 

for the occurrence of PCB 105 at the outlet of Claisebrook Diversion Drain (CB12). 

 

PAHs  

Concentrations of 18 PAHs in water estimated using SPMD passive sampling 

devices are shown in Table 17: note that the concentrations are expressed as pg/L.  

These include the 16 PAHs designated as priority pollutants by the US EPA also 

determined in the grab samples (see Table 4).  With the exception of naphthalene 

and dibenz[a,h]anthracene, all of the PAHs were reported at one or more sites. 
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Table 16  Estimated concentrations of 29 PCB congeners in water (pg/L) at four sites in the Claisebrook main drainage system 

and local Claisebrook drainage network from SPMD passive sampling devices compared with concentrations 

measured in the Swan Canning estuary (Fisher 2013) and ANZECC and ARMCANZ (2000) trigger values.  Values in 

parentheses are from a duplicate SPMD deployed at PASSMEL.  The congener number refers to the nomenclature 

system of Ballschmitter and Zell (1980).  Positive detections are shown in bold.  Notes: 1—Low reliability trigger value 

2—Total PCB concentration includes only those congeners detected; 3—Recreational guideline; 4—Aroclor mixture; 

5—PCB 118 is both a common and a toxic congener. 

 Congener Concentration in water (pg/L) 
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PCB 18 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 28+31 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 44 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 52 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 66 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 87 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 101 <0.3 8.9 5.2 2.5 5.3 (4.9) <0.3–11.5 2 x 10
6(1)

 

PCB 110 <0.3 12.6 8.2 2.7 4.1 (5.4) <0.3  

PCB 138 <0.3 8.0 <0.3 1.6 2.6 (4.1) 2.6–10.7  

PCB 141 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 149 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 151 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 153 <0.3 <0.3 12 1.8 2.9 (4.9) 2.3–9.7  

PCB 170 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3 
 

PCB 180 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 183 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  
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Table 16(cont.)  

 

 
 Congener

1 Concentration in water (pg/L) 
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PCB 77 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 81 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 105 <0.3 <0.3 4.7 <0.3 <0.3 (<0.3) <0.3–7.9  

PCB 114 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 118 
5
 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 123 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 126 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 156 + 157 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 167 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 169 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

PCB 189 <0.3 <0.3 <0.3 <0.3 <0.3 (<0.3) <0.3  

 

Total PCBs
(2)

 <3 29.6 30 8.6 15 (19.3) 11.4–57.6 10 000
(3) 

2 x 10
3 
–1 x 10

6
 
(4)
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Table 17  Estimated concentrations of PAHs in water (pg/L) at four sites in the Claisebrook main drainage system and local 

Claisebrook drainage network from SPMD passive sampling devices compared with concentrations measured in the 

Swan Canning estuary (Fisher 2013) and ANZECC and ARMCANZ (2000) trigger values for the protection of marine 

ecosystems.  Positive detections above LORs are shown in bold text.  Values in parentheses from duplicate device at 

Melville Water.  Notes: 1—US EPA priority pollutant; low or moderate reliability trigger values are denoted (L) or (M) 

respectively with those recommended for slightly–moderately disturbed systems shown in bold text. 

Compound Concentration in water (pg/L) 
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(9
5

%
 /

 9
9

%
) 

Naphthalene
1
 < 9000 < 13000 < 11000 < 12000 < 8000 (<11000) < 8100–< 13000 7x10

7(M)
/ 5x10

7
 

Acenaphthylene
1
 220 570 < 180 730 400 (390) < 180–780  

Acenaphthene
1
 < 120 1800 < 140 590 < 140 (< 140) < 120–< 170  

Fluorene
1
 420 540 < 95 450 250 (< 92) < 76–320  

Phenanthrene
1
 7500 1700 900 2000 1600 (1500) 740–2800 2x10

6(L)
/ 6x10

5
 

Anthracene
1
 600 810 220 670 560 (370) < 56–610 4x10

5(L)
/ 1x10

4
 

Fluoranthene
1
 1500 710 680 1000 410 (350) 61–1200 1.4x10

6(L)
/ 1x10

6
 

Pyrene
1
 n.d. n.d. n.d. n.d. n.d. n.d.  

Benz[a]anthracene
1
 52 81 45 24 8.4 (6.2) < 2.1–36  

Chrysene
1
 360 230 350 95 56 (42) < 4.6–190  

Benzo[b]fluoranthene
1
 63 43 53 37 23 (16) < 10–49  

Benzo[k]fluoranthene
1
 16 110 18 29 20 (5.0) 4.9–33  

Benzo[e]pyrene 70 80 85 16 9.8 (10) 9.8–50  

Benzo[a]pyrene 
1
 28 23 26 4.9 4.8 (2.7) 2.7–13.7 2x10

5(L)
 / 1x10

5
 

Perylene 7.9 18 9.5 5.5 < 3.5 (< 3.5) < 3.5–12  

Indeno[1,2,3-cd]pyrene
1
 12 16 11.4 2.8 2.7 (5.3) 2.7–< 7.5  

Dibenz[a,h]anthracene
1
 < 3.5 < 5.7 < 5.1 < 3.0 < 3.9 (< 4.2) < 3.0–< 9.5  

Benzo[ghi]perylene
1
 180 150 180 26 52 (33) 29–94  

ΣPAHs 11000 6900 2600 
 

5700 
 

3400 (2800) 
 

1100–4700  
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Naphthalene was detected in each of the SPMDs, however it was also detected at 

high concentrations in the procedural blank (equivalent to approximately 10 000 pg/L) 

relative to other PAHs.  The limit of reporting for naphthalene, i.e. the concentration 

found in the procedural blank,  is therefore four orders of magnitude higher than 

dibenz[a,h]anthracene which was not detected in any of the SPMDs nor the 

procedural blank.  Pyrene was not determined (n.d.) in any of the devices due to high 

abundances of octadecanoic acid, a degradation product of the SPMD, interfering 

with the analysis. 

 

Although present in higher concentrations than the PCBs, the concentrations of the 

PAHs were extremely low in each occurrence (2.8–7500 pg/L) when compared with 

marine ecosystem protection trigger values.  These trigger values exist for only five 

of the PAHs: naphthalene, phenanthrene, anthracene, fluoranthene and 

benz[a]pyrene.  Of these, the concentration of anthracene in the estuary near the 

Mardalup Park Groundwater Interception Drain (1400 pg/L) was the closest to the 

trigger value for protection of 95% of marine species (400 000 pg/L) and 99% of 

species (10 000 pg/L, the trigger value for slightly–moderately disturbed marine 

ecosystems) albeit at two orders and one order of magnitude lower concentrations, 

respectively.  Recreational guideline values exist for benzo[a]pyrene only: 10 000 

pg/L (ANZECC & ARMCANZ 2000) and 100 000 pg/L (NHMRC 2008).  The highest 

concentration determined using the SPMDs at any site was 28 pg/L measured at 

Hyde Park Lake (CB08), three orders of magnitude below the more conservative of 

these guideline values. 

 

In general, PAH concentrations at the outlet of the Claisebrook Diversion Drain and 

the estuary near the Mardalup Park Groundwater Interception Drain were greater 

than or at the upper end of the concentration range measured by the SPMD at the 

estuarine sites.  The lake at Hyde Park contained the highest concentration 

(approximately 11 000 pg/L) of total PAHs, about twice the highest concentration 

measured in the Swan Canning estuary and three times that measured at the 

background site at Melville Water (3400 pg/L).  This was largely due to the 

contribution of phenanthrene (7500 pg/L), which was about three times the maximum 
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concentration measured in the estuary.  Fluoranthene was also present in much 

higher concentrations (1500 pg/L) in the Hyde Park Lake than at any of the estuarine 

sites (61–530 pg/L) or the other three sites investigated in this study (710–

1000 pg/L). 

 

Acenaphthene was detected at both the Ornamental Lake (CB13) and the estuary 

adjacent to the Groundwater Interception Drain (GID01) at concentrations well above 

the limit of reporting.  This PAH was not detected at the Hyde Park Lake (CB08) or 

the outlet to Claisebrook Diversion Drain at CB12 suggesting that there are one or 

more sources of acenaphthene to the Ornamental Lake and Groundwater 

Interception Drain in the local catchment.  Acenaphthylene and fluorene were also 

both detected in the Ornamental Lake at CB13 but absent from the outlet of the 

Claisebrook Diversion Drain (CB12), suggesting a local source of these PAHs to the 

Ornamental Lake. 

 

While the concentrations of the lower molecular weight PAHs naphthalene through 

fluoranthene in the Claisebrook Diversion Drain samples were comparable with those 

from the outlet of the Groundwater Interception Drain at GID01, the concentrations of 

the higher molecular weight PAHs (benz[a]anthracene through benzo[ghi]perylene) 

were higher in the Claisebrook main drainage system samples.  Given the estuarine 

influence at the location of the passive sampling device at GID01, it is likely that the 

PAHs were diluted by estuarine water between their source and the SPMD resulting 

in a preferential loss of the lower molecular weight PAHs.  There is evidence for this 

from the sampling program conducted by ENV in 2009 at Mardalup Park discussed 

above.  During this program, a site in the Swan Estuary (Swan1) situated 

approximately 10 m offshore from the Groundwater Interception Drain was also 

sampled on the same day (30 June 2008) as the interception drain to determine the 

PAHs.  None of the PAHs exceeded the laboratory limit of reporting (100 ng/L) at the 

estuarine site which was very close to the position at which the passive sampling 

devices were deployed in the current study while naphthalene (11 000 ng/L), 

acenaphthylene (2800 ng/L), acenaphthene (5900 ng/L), fluorene (1500 ng/L) and 

phenanthrene (1100 ng/L) were all detected in the interception drain. 
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Herbicides, insecticides, algaecides and synthetic fragrances 

Concentrations of a selection of 12 polar herbicides, insecticides and algaecides in 

water estimated using ED passive sampling devices are shown in Table 18.  Note 

that these concentrations are expressed in nanograms (ng, 10-9 g) per litre.  

Concentrations of a further 24 compounds including OP pesticides, OC pesticides, 

dinitroaniline pesticides, herbicides and synthetic fragrances estimated using SPMD 

passive sampling devices are shown in Table 19.  Note that these concentrations are 

expressed in picograms (pg, 10-12 g) per litre.  Fourteen of the 36 compounds were 

positively identified in the water, however these were present in extremely low 

concentrations when compared with the various guideline values presented in Tables 

18 and 19. 

 

Twenty-one of the 22 compounds for which ANZECC and ARMCANZ (2000) marine 

ecosystem trigger values exist were either present in concentrations at least one 

order of magnitude below these guidelines or did not exceed the limit of reporting 

which was also at least one order of magnitude below the guidelines.  The exception, 

diazinon, did not exceed the limits of reporting (23 000 pg/L – 26 000 pg/L), however 

these limits were greater than the trigger value (10 000 pg/L).  Further, the 14 

compounds for which ANZECC and ARMCANZ (2000) recreational guideline values 

exist either failed to exceed the limit of reporting or were present in concentrations at 

least two orders of magnitude below these guidelines.  The 18 compounds for which 

NHMRC (2008) recreational guideline values exist, including diazinon, were similarly 

present or below the limits of reporting in concentrations at least three orders of 

magnitude below these guidelines. 
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Table 18  Estimated concentrations (ng/L) of polar herbicides (H), insecticides (I) and algaecides (A) in water at four sites in the 

Claisebrook main drainage system and local drainage network in the vicinity of Claisebrook obtained from ED passive 

sampling devices compared with concentrations measured in the Swan Canning estuary (Fisher 2013) and guideline 

values (ANZECC and ARMCANZ 2000; NHMRC 2008).  Positive detections are shown in bold.  Marine trigger values 

are for protection of slightly–moderately disturbed systems.  Moderate or low reliability trigger values are denoted (M) 

and (L) respectively. 

 

Compound Concentration in water (ng/L) 
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Ametryn (H) 0.18 0.25 0.11 0.18 0.20 0.20–2.5   5x10
5
 

Atrazine (H) 1.0 2.7 30 63 22 3.7–76 1.3x10
4(M)

  4x10
5
 

Atrazine desethyl (H) 0.23 1.4 5.9 11 0.90 0.081–15 1.3x10
4(M)

   

Desisopropyl Atrazine (H) 2.4 2.8 5.5 8.2 < 0.29 < 0.29–11 1.3x10
4(M)

   

Diuron (H, A) 17 68 70 64 58 58–270 1800
(L)

 4x10
4
 3x10

5
 

Hexazinone (H) 9.0 15 4.4 1.5 0.91 0.91–2.0 7.5x10
4(L)

 6x10
5
 3x10

6
 

Imadicloprid (I) 4.1 4.8 2.1 1.0 0.70 0.67–13    

Metolachlor (I) 0.12 0.090 6.2 14 5.1 1.8–16  8x10
5
 3x10

6
 

Prometryn (H) < 1.1 < 0.85 < 0.53 < 0.41 < 0.27 0.053–< 0.60    

Simazine (H) 18 15 30 49 12 1.8–130 3200
(L)

  2x10
5
 

Tebuthiuron (H) < 0.10 < 0.077 < 0.050 < 0.040 < 0.030 <0.033–0.21 2200
(L)

   

Terbutryn (I) < 0.82 0.35 0.2 0.10 0.20 0.12–1.4   3x10
6
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Table 19  Estimated concentrations (pg/L) of OC pesticides1, OP pesticides 2, synthetic pyrethroid insecticides3, synthetic 

fragrances4 and dinitroaniline herbicides 5 in water at four sites in the Claisebrook main drainage system and local 

Claisebrook drainage network from SPMD passive sampling devices compared with concentrations measured in the 

Swan Canning estuary (Fisher 2013) and ANZECC & ARMCANZ (2000) trigger values for the protection of slightly–

moderately disturbed marine ecosystems.  Low reliability trigger values are denoted (L).  Positive detections above 

LORs are shown in bold.  Values in parentheses are from a duplicate SPMD deployed in Melville Water. 

 

Compound Concentration in water (pg/L) 
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(α-BHC, α-HCH)
 1
 < 1200 < 1300 < 1300 < 1200 < 1300(< 1300) < 1200–< 1500    

Bifenthrin 
3
 < 170 < 290 < 220 < 120 < 160 (< 170) 51–< 550    

cis-Chlordane 
1
 < 58 < 46 < 56 < 60 < 64 (< 60) < 53–<130 1000

(L)
 6 x 10

6
 1 x 10

7
 

trans-Chlordane
1
 < 60 < 49 < 58 < 62 < 66 (< 62) < 55–210 1000

(L)
 6 x 10

6
 1 x 10

7
 

Chlorpyrifos 
 2
 < 150 < 150 < 160 < 150 < 160 (<160) < 160–510 9000 2 x10

6
 1 x 10

8
 

o,p'-DDD 
1
 < 34 < 57 < 44 < 24 < 32 - 34 < 32–< 110    

p,p'-DDD 
1
 < 31 < 24 < 29 < 33 < 35 (< 32) < 22–< 96    

o,p'-DDE 
1
 < 44 < 35 < 43 < 47 < 49 (< 46) < 34–< 99 500

(L)
   

p,p'-DDE 
1
 < 16 < 27 < 21 < 11 < 15 (< 16) < 15–< 53 500

(L)
   

o,p'-DDT 
1
 < 44 < 36 < 43 < 46 < 48 (< 46) < 30–< 50 400

(L)
 3 x 10

6
 2 x 10

8
 

p,p'-DDT 
1
 < 61 < 52 < 59 < 58 < 65 (< 63) < 47–< 68 400

(L)
 3 x 10

6
 2 x 10

8
 

Diazinon 
2
  < 24000 < 25000 < 26000 < 23000 

< 26000  
(< 25000) 

< 23000– 
< 28000 

10 000
(L)

 1 x 10
7
 3 x 10

7
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Table 19 (cont.)  

 

 

Compound Concentration in water (pg/L) 
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Dieldrin 
1
 < 800 2400 2700 2300 1100 (1300)

6
 < 850–2200 10 000 1 x 10

6
  

Endrin 
1
 < 250 < 250 < 260 < 240 < 270 (<260) < 240–< 290 4000 1 x 10

6
  

Galaxolide 
4
 120 470 310 29 <160 (< 170) 49–250    

Heptachlor Epoxide
1
 < 320 < 320 < 330 < 300 < 330 (< 330) < 300–< 370   3 x 10

6
 

Hexachlorobenzene
1
 < 33 < 25 < 31 < 35 < 36 (< 34) < 30–< 100 50 000

(L)
   

Lindane (δ-HCH) 
1
 < 1800 < 1800 < 1900 < 1700 < 1900 (< 1800) < 1700–< 2100 7000

(L)
 1 x 10

7
 2 x 10

8
 

p,p'-Methoxychlor 
1
 < 260 < 260 < 270 < 250 < 280 (< 270) < 250–< 300 4000

(L)
  3 x 10

9
 

cis-Nonachlor 
1
 < 190 < 310 < 240 < 130 < 180 (< 190) < 180–< 610    

trans-Nonachlor 
1
 < 40 < 67 < 52 < 28 < 38 (< 40) < 38–< 130    

Oxychlordane
1
 < 44 < 33 < 41 < 47 < 49 (< 46) < 40–< 150    

Pendimethalin 
5
 < 300 < 240 < 290 < 310 < 330 (< 310) < 270–840  6 x 10

8
 3 x 10

9
 

Tonalide 
 4
 < 160 67 63 < 180 < 180 (< 170) 21–< 510    

Trifluralin 
5
 < 300 < 240 < 290 42 50 (47)

6
 47–< 590 2.6 x 10

6(L)
 5 x 10

8
 5 x 10

8
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Most of the compounds targeted for adsorption by the EDs were detected at most of 

the sites.  These compounds are more polar than those accumulated by the SPMDs 

and therefore more water soluble so their presence in the water at higher 

concentrations (ng/L versus pg/L) is unsurprising.  In summary: 

 Only the herbicides prometryn and terbuthiuron were not detected in the ED 

sampling devices at any site. 

 Of the 12 polar compounds shown in Table 18, the triazine herbicides atrazine 

(and its degradation intermediates desethylatrazine and desisopropylatrazine) 

and simazine and the herbicides hexazinone, metalochlor and diuron were 

present in the highest concentrations.  Diuron also has algaecidal properties 

and has been used as the active ingredient in antifouling paints for boat hulls 

(Reitsema 2009).  All of these fall within the concentration range measured by 

EDs at the Swan Canning estuary sites except hexazinone at the three sites 

on the Claisebrook Main Drain [Hyde Park Lake (CB08), the Ornamental Lake 

CB13 and the diversion drain outlet CB12). 

 The estuarine site adjacent to the Groundwater Interception Drain contained 

the highest concentration of atrazine, desethylatrazine, deisopropylatrazine, 

simazine and metalochlor, all at the upper end of the concentration range 

measured in the estuary (Fisher 2013). 

 

Only four of the less polar compounds accumulated by the SPMDs shown in Table 

19 were reported: 

 Galaxolide, a synthetic fragrance commonly used in cosmetics, was the most 

widespread being detected at all four sites.  

 Tonalide, also a synthetic fragrance was detected at the two Claisebrook Main 

Drain sites: at the outlet of the Claisebrook Diversion Drain (CB12) and in the 

Ornamental Lake (CB13). 

 The concentrations of galaxolide at CB12 and CB13 were higher than those 

measured elsewhere in the estuary, while tonalide was not detected 

elsewhere. 
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 The herbicide trifluaralin was detected only at GID01 (42 pg/L) at 

approximately the same concentration as at Melville Water (47 pg/L–50 pg/L) 

and two orders of magnitude below the marine trigger value.  

 Dieldrin was the only OC pesticide detected, occurring at three of the sites 

(i.e. all except Hyde Park Lake) and ranging in concentration from 2300 pg/L 

to 2700 pg/L.  Although below the marine protection trigger value 

(10 000 pg/L), the concentrations at all three sites were greater than those 

measured elsewhere in the Swan Canning estuary (< 850–2200 pg/L) and 

approximately twice that measured at the background site in Melville Water 

(1100–1300 pg/L). 

Comparison of grab sampling with passive sampling 

Comparison of the results from the passive sampling and grab sampling programs is 

possible, but is not straight-forward.  The target organic analytes for the grab 

samples of water were not identical to those for the passive sampling program.  This 

was a deliberate decision based on the following considerations: 

 comparability and consistency with previous studies and current investigations 

of organic contaminants in drainage water (Nice 2009; Fisher 2013; SCC 

2007; SERCUL 2008) 

 the cost of the analysis: the compounds shown in Table 4 form a standard 

suite of analytes for the laboratory which is considerably less expensive to 

determine than the passive sampling analyte suites shown in Tables 6 and 7 

 the passive sampling analyte suites include only those for which calibration 

information has been determined or can be accurately estimated for the 

passive sampling devices: this information is lacking for several of the grab 

sampling analytes and so these were not determined. 

Further, only three of the sites, namely Hyde Park Lake (CB08), Claisebrook 

Diversion Drain outlet (CB12) and the Claisebrook Ornamental Lake (CB13), were 

common to both the grab sampling and passive sampling programs.  Although 

passive sampling devices were nominally deployed at GID01, these were placed in 

the estuary approximately 10 m off shore adjacent to the outlet of the groundwater 



  Contaminants in the waters of Claisebrook Main Drain 

 

 

 

  59 

interception drain, while the grab samples collected at GID01 were collected from as 

close as possible to the outlet from the drain. 

 

A comparison of the results from the two techniques is shown in Table 20 which 

summarises the concentrations of compounds detected by both sampling techniques.  

The results from the grab samples are only from those which were collected during 

the deployment of the passive sampling devices: on 30 August 2011 and 

2 September 2011 for CB12 and CB13 and 2 September 2011 and 27 September 

2011 for CB08.  For the majority of the analytes, passive sampling techniques were 

more sensitive to detecting the organic contaminants in water than the grab 

sampling, with analytes detected at several orders of magnitude lower than the limit 

of reporting for the grab sampling.  For example, atrazine was detected at 1.0 ng/L at 

CB08, while the limit of reporting for grab samples was 100 ng/L.  Anomalously, 

however, there were some instances where the analyte concentration measured in 

the grab samples was considerably greater than that from the passive sampling 

devices.  These were mostly confined to the PAHs: for example naphthalene was 

detected in both of the grab samples at the Main Diversion Drain outlet (CB12, 10 

ng/L and 50 ng/L) but was not detected from analysis of the SPMD, where the 

reporting limits were similar (approximately 10 ng /L).  At Hyde Park Lake (CB08) 

several other PAHs were detected in one of the two grab samples in much greater 

concentration than in the passive sampler: see for example benzo[a]pyrene 

determined at 20 ng/L (grab) and 0.028 ng/L (SPMD). 

 

The concentration of the OC pesticides dieldrin and p,p’-DDE determined using 

SPMDs and the triazine herbicides atrazine and simazine using EDs are in closer 

agreement with the results from the grab samples.  For example, dieldrin was 

measured at 2.4 ng/L in the Ornamental Lake (CB13) from the passive sampling 

devices, close to the middle of the range measured in the grab samples (< 1.0–

2.9 ng/L).  However, at Hyde Park Lake (CB08) dieldrin does not exceed the 

reporting limit (< 0.80 ng/L) of the passive sampling technique but is reported at 3.1–

5.7 ng/L in the two grab samples. 
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Table 20  Concentrations (ng/L) of organic compounds detected in grab samples (G) and passive sampling (P) of water at three 

sites in the Claisebrook main drainage system and one at the Mardalup Park Groundwater Interception Drain in 

August to October 2011.  Positive detections above LORs are shown in bold. 

Compound Concentration in water (pg/L) 

 CB08 
Hyde Park Lake 

CB13 
 Claisebrook Ornamental 

Lake 

CB12 
Claisebrook Diversion 

Drain 

GID01 

Groundwater Interception Drain 

 P G P G P G P G(Estuary) G(Drain) 

Naphthalene < 9.0 <10 - 10 < 13 <10-10 < 11 10 - 50 < 12 310 8600 

Acenaphthylene 0.22 <10 0.570 <10 < 0.18 <10 0.73 40 1100 

Acenaphthene < 0.120 <10 1.800 <10 < 0.14 <10 0.59 60 2000 

Fluorene 0.42 <10 0.540 <10 < 0.095 <10 0.45 20 620 

Phenanthrene 7.5 <10 - 30 1.700 <10 0.90 <10  2.0 20 690 

Anthracene 0.60 <10 0.810 <10 0.22 <10 0.67 <10 290 

Fluoranthene 1.5 <10-70 0.710 <10 0.68 <10 1.0 <10 300 

Pyrene n.d. 10-60 n.d. <10 n.d. <10 n.d. <10 220 

Benz[a]anthracene 0.052 <10-20 0.081 <10 0.045 <10 0.024 <10 20 

Chrysene 0.36 <10-20 0.230 <10 0.35 <10 0.095 <10 10 

Benzo[b]fluoranthene 0.063 <10-30 0.043 <10 0.053 <10 0.037 <10 <10 

Benzo[k]fluoranthene 0.016 <10-30 0.110 <10 0.018 <10 0.029 <10 <10 

Benzo[a]pyrene  0.028 <10-20 0.023 <10 0.026 <10 0.0049 <10 <10 

Indeno[1,2,3-cd]pyrene 0.012 <10-20 0.016 <10 0.011 <10 0.0028 <10 <10 

Dibenz[a,h]anthracene < 0.0035 <10 < 0.0057 <10 < 0.0051 <10 < 0.0030 <10 <10 

Benzo[ghi]perylene 0.18 <10-40 0.150 <10 0.18 <10  0.026 <10 <10 

ΣPAHs 11 <160 - 320 6.900 <160 2.6 
 

<160  5.7 
 

450 14 000 

Dieldrin < 0.80 3.1-5.7 2.4 <1.0 - 2.9 2.7 <1.0 – 6.5 2.3 <1.0  < 1.0  

p,p’-DDE < 0.016 <1.0 - 2.1 <0.027 < 1.0 <0.021 < 1.0 <0.011 <1.0 <1.0 

Atrazine 1.0 <100 2.7 <100 30 <100 63 170 <100 

Simazine 18 <100 15 <100 30 <100 49 330 <100 
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One likely explanation for these anomalies is that the grab samples include the 

contaminants that are adsorbed onto particulates in the water as well as dissolved 

contaminants while the SPMDs and EDs accumulate the dissolved contaminants 

almost exclusively.  Solids suspended in the sample might therefore make a 

significant contribution to the concentration of contaminants in the grab sample (see 

also Fisher 2013 for further discussion). 

 

Table 20 also shows the results from grab samples collected at the outlet of the 

Mardalup Park Groundwater Interception Drain in this study on 2 September 2011 

and in the estuary close to the location at which the passive sampling devices were 

deployed on 30 August 2011 (see Fisher 2013).  Even acknowledging that the 

samples were collected two days apart, it is apparent from this comparison that the 

concentrations of PAHs are markedly different across this relatively short distance.  

This observation is similar to that made by ENV (2009) who sampled both the outlet 

of the drain and the estuarine water across a similarly short distance on the same 

day in 2008, discussed earlier in Section 3.3. 

 

The concentrations of PAHs in the drain itself were highly variable over the six-week 

(grab) sampling period as discussed above in Section 3.2.  For example the 

concentrations of naphthalene ranged from 8600 ng/L on 2 September 2011 to 

10 ng/L on 18 October 2011.  On the day the grab sample was collected from the 

estuary near the passive sampling devices at GID01 (30 August 2011), the tide was 

relatively low so the flow to the estuary was likely to be greater than average.  This 

may have coincided with high concentrations of PAHs in the drainage water resulting 

in a spike in concentration in the estuary, detected in the grab sample.  The passive 

sampling technique averages this and other spikes in concentration over the time of 

deployment, resulting in a lower estimated water concentration.  

 

The most plausible explanation is a combination of the above scenarios, with the 

higher concentrations of PAHs in the grab sample due to the suspended particulates 

either occurring naturally due to the flow conditions or disturbed during sampling and 
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the coincidence with a spike in concentration at the time of sampling.  Whatever the 

explanation, it should be re-iterated that these anomalies occurred on very few 

occasions and that the passive sampling devices revealed the presence of many 

contaminants that were well below the limits of reporting of the grab samples.   

3.4 Summary of organic contaminants 

The results from the determination of the organic contaminants may be summarised 

as follows: 

 Dieldrin was the contaminant most widespread in grab samples throughout the 

Claisebrook main drainage system and local catchment, present at all sites 

except the Hyde Park Lake (CB08).  Although the concentrations were 

greatest in the samples collected from the sites that were not located in the 

main drainage system, in some cases exceeding the marine protection trigger 

values, this is most likely due to the low flow in these drains relative to the 

main drain.  The presence of dieldrin in the local drainage network means that 

there is an additional local source contributing to contamination of the estuary 

at Claisebrook as well as the Claisebrook Main Drain. 

 Concentrations of both p,p’-DDT and p,p’-DDE exceeded the marine 

protection trigger value in the grab sample from the Claisebrook Main Drain at 

CB11 but not at either of the locations downstream from this in the main drain 

flow i.e. the outfall from the diversion drain (CB12) or the Ornamental Lake 

(CB13).  These compounds were not detected in the local drainage network 

grab samples. 

 Simazine was detected mostly at sites located on the Claisebrook main 

drainage system, however it was also detected in the water from the outlet of 

the drain with an unknown source at CBDR13. 

 The drain at CBDR13 also contained dieldrin and Aroclor 1254 at 

concentrations exceeding marine trigger values.  This drain discharges directly 

into the Swan Estuary and apparently flows continuously, albeit with a low 

flow. 
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 PCBs were detected only once in grab samples: at CBDR13 where the 

concentration of Aroclor 1254 exceeded the (low reliability) marine trigger 

value.  Extremely low concentrations of selected PCB congeners were 

detected by the passive samplers at all sites at which they were deployed. 

 The Mardalup Park Groundwater Interception Drain contained the highest 

concentrations of PAHs, however marine trigger values were only exceeded 

for fluoranthene and benzo[a]pyrene once each.  The drain also contained the 

highest concentration of dieldrin, exceeding the trigger value by six to nine-

fold.  The flow from this drain into the Swan Estuary was observed during the 

course of the current study to be low and intermittent relative to the main 

drain, with the flow apparently largely determined by the tidal influence from 

the estuarine water.   

 The passive sampling devices enabled the detection of several organic 

contaminants at extremely low concentrations.  None exceeded the marine 

ecosystem protection trigger values or recreational guidelines. 

 The detection of acenaphthene, acenaphthylene and fluorene by the passive 

samplers in both the Claisebrook Ornamental Lake (CB13) and the 

Groundwater Interception Drain (at GID01) and its absence from the main 

drain upstream of the Ornamental Lake (CB11) suggests a local source of 

these PAHs. 

3.5  Metal contaminants 

The 14 metals shown in Table 5 were determined only in grab samples of water as 

the passive sampling devices did not include an adsorbent phase which accumulated 

metals.  The grab samples were collected from each site at the same time as the 

samples for the organic contaminants.  Both unfiltered and filtered samples of water 

were collected and analysed to determine the total and dissolved metals respectively 

shown in Table 21 and 22.  Similarly to the organic contaminants, only instances 

where the measured concentration exceeded the detection limit are shown. 
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Total metals (unfiltered samples) 

Neither cobalt nor mercury was detected at any of the sites on any occasion.  The 

occurrence of the other metals may be summarised as follows: 

 Aluminium, iron and zinc were ubiquitous, detected at all sites on all 

occasions. 

 Copper was detected at every site on almost every occasion. 

 Manganese and molybdenum occurred frequently and were not detected in 

only a few instances. 

 Arsenic was detected in most samples from sites on the Claisebrook Main 

Drain and the Groundwater Interception Drain, but less frequently in the 

Claisebrook local drainage network samples.  

 Lead was detected on each sampling occasion in Hyde Park Lake, and the 

Main Drain sites CB11 and CB12 but only sporadically and at concentrations 

close to the limit of reporting at other sites. 

 Nickel was detected sporadically at concentrations just above the limit of 

reporting and more frequently in the local drainage network sites than the 

Claisebrook main drainage system.  Because the limit of reporting for nickel 

was greater than the marine trigger value, nickel exceeded the trigger value 

on each occasion that it was detected above the LOR and possibly on 

occasions on which it was below the LOR. 

 Selenium was detected on only three occasions and only in the local drainage 

network samples. 

 Chromium was detected sporadically, most frequently in the Claisebrook main 

drainage sites and the outfall of the drain with an unknown source at CBDR13. 

 Cadmium was detected only once at CBDR09. 

The concentrations of total aluminium, copper, lead, manganese and zinc (and 

perhaps nickel) exceeded the ANZECC and ARMCANZ (2000) marine trigger values 

for ecosystem protection, also shown in Table 21.  As discussed previously in 

Section 3.1 (salinity), the Swan Estuary which receives the drainage water is 

dominated by marine influence for much of the year so it is appropriate to apply these 

guidelines in preference to the freshwater trigger values.  It should be noted that 

there is no ANZECC and ARMCANZ (2000) trigger value for total (unspeciated) 
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arsenic: instead trigger values exist for the trivalent [As (III)] and pentavalent [As (V)] 

forms.  Adopting the most conservative assumption that all of the measured 

concentration of unspeciated arsenic is present in the trivalent form, arsenic also 

exceeded the trigger value at Hyde Park Lake (CB08), the Groundwater Interception 

Drain (GID01) and the local drainage sites CBDR08 and CBDR14.  It should also be 

noted that the ANZECC and ARMCANZ (2000) guidelines do not specify a trigger 

value for iron.  In the absence of this and an alternative marine ecosystem trigger 

value, and following the recommendations of ANZECC and ARMCANZ (2000) the 

measured concentrations were instead compared against the Canadian freshwater 

ecosystem protection guideline level of 0.3 mg/L (CCREM 1987) as an interim 

indicative working level.  This comparison reveals that iron exceeded the trigger 

value of 0.3 mg/L in most instances. 

 

As recommended by the ANZECC and ARMCANZ (2000) guidelines, the dissolved 

metals were also determined since the risk to aquatic ecology from the metal 

contaminants which exceed the trigger values in unfiltered samples is better 

indicated by comparison of the trigger values with the dissolved metals as these 

more accurately reflect the bioavailability of the metals.  It should be noted that this 

approach is not applied to samples for analysis of organic contaminants as these 

may be adsorbed to the filtering equipment and / or be lost through evaporation. 

Dissolved metals (filtered water samples) 

The concentrations of metals were lower in filtered samples (see Table 22), resulting 

in less frequent detections of those metals close to the limit of reporting for dissolved 

metals.  The contribution of metals associated with particulates was much greater for 

some metals than others: for example on 18 October 2011 the concentration of total 

lead at CB11 (Claisebrook Main Drain) was approximately nine times that of the 

dissolved concentration while total aluminium was approximately five times dissolved 

aluminium; iron four times; zinc 1.4 times; copper 1.5 times and manganese 

approximately 1.2.  As a result, total lead concentrations exceed the marine trigger 

value more often than for dissolved lead concentrations and to a greater extent than 

for these other metals. 
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Table 21  Concentrations (mg/L) of total metals detected in unfiltered samples of water from 16 sites in the Claisebrook main 

drainage system and local drainage network in the vicinity of Claisebrook collected August 2011.  See also Table 5 for 

the entire list of the target analytes: those not shown failed to exceed the limit of reporting.  The ANZECC and 

ARMCANZ (2000) trigger values for the protection of slightly–moderately disturbed marine ecosystems are shown for 

comparison.  Instances where these were exceeded are shown in orange.  Grey cells indicate that no sample was 

collected from the site on that date.  Notes: H — high reliability value; L— low reliability value; M— moderate reliability 

value; C—Canadian freshwater guideline (CCREM 1987). 

Site Concentration in water (mg/L) 

 Aluminium Arsenic Cadmium Chromium Copper 

 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 

CB08 0.46 0.12 0.15 0.0011 0.0023 0.0018    0.0016   0.013 0.0036 0.0079 

CB09 0.096   0.0019         0.0033   

CB11 0.19 0.14 0.38 0.0015 0.0018 0.0019    0.0011  0.0043 0.0056 0.036 0.012 

CB12 0.13 0.26 0.19 0.0016 0.0017 0.0018     0.0014 0.0012 0.0064 0.0087 0.0096 

CB13 0.04 0.087 0.2 0.0012 0.0013 0.0017      0.0013 0.0022 0.0037 0.015 

GID01 0.05 0.03 0.23 0.0019 0.0027 0.027         0.0062 

CBDR07 0.15  0.082       0.0011   0.0045   0.0042 

CBDR08  0.091 0.22  0.0019 0.0024        0.003 0.0047 

CBDR09  0.04 0.016   0.0014   0.0002     0.0026 0.0014 

CBDR11  0.03 0.34         0.0018  0.0012 0.0075 

CBDR13 0.29 0.55 0.36  0.0012 0.0011     0.0014 0.0013 0.003 0.0036 0.0067 

CBDR14  0.068 0.14  0.002 0.0026        0.0017 0.002 

CBDR15  0.038 0.065  0.002         0.0036 0.003 

CBDR16  0.044 0.034           0.007 0.0055 

CBDR17  0.15   0.0019         0.0037  

CBDR18   0.04   0.0018      0.0019   0.0031 

Trigger Value  0.0005
L
 0.0023(III)

L
 / 0.0045(V)

L
 0.0007

H
 0.01(III)

M
/0.0044(VI)

H
 0.0013

H
 

LOR 0.005 0.001 0.0001 0.001 0.001 
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Table 21 (cont.) 

 
  

Site Concentration in water (mg/L) 

 Iron Lead Manganese Molybdenum Nickel 

 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 

CB08 1.2 2.6 2 0.012 0.0089 0.0085 0.011 0.012 0.012   0.0012 0.0012   

CB09 2   0.0085   0.0095         

CB11 1.6 1.7 2.2 0.0026 0.0012 0.013 0.017 0.023 0.029   0.0012   0.0011 

CB12 1.7 1.8 1.5 0.0014 0.004 0.0032 0.018 0.016 0.023   0.0012    

CB13 0.88 1.1 2.3   0.007 0.021 0.012 0.018 0.0012  0.0017    

GID01 1.9 1.7 38   0.0027 0.073 0.091 0.15 0.002 0.0045 0.0066 0.0017 0.001 0.0015 

CBDR07 0.19  0.1    0.0011  0.0014 0.0014      

CBDR08  3.6 4.8   0.0024  0.11 0.14  0.0021 0.0032  0.0018 0.002 

CBDR09  0.28 0.08  0.0021   0.0052 0.014   0.0025    

CBDR11  0.37 1.1   0.0079  0.015 0.024  0.0011   0.001 0.0014 

CBDR13 0.23 0.41 0.29   0.0031 0.0052 0.0059 0.015 0.0023 0.0049 0.0036  0.0012 0.0014 

CBDR14  0.41 0.42     0.019 0.018  0.0024 0.0021  0.001 0.0012 

CBDR15  0.92 0.058     0.036 0.034  0.0017 0.0025  0.0012  

CBDR16  0.024 0.021        0.0026 0.0025    

CBDR17  1.8      0.021        

CBDR18   0.39      0.0063   0.0037   0.0014 

Trigger Value  0.3
C
 0.0044

H
 0.08

L
 0.023

L
 0.0007

H
 

LOR 0.005 0.001 0.001 0.001 0.001 
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Table 21 (cont.)  

Site Concentration in water (mg/L) 

 Selenium Zinc 

 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 

CB08    0.065 0.016 0.041 

CB09    0.02   

CB11    0.086 0.060 0.14 

CB12    0.079 0.14 0.11 

CB13    0.02 0.046 0.14 

GID01    0.017 0.017 0.077 

CBDR07    0.055  0.11 

CBDR08  0.0028   0.032 0.037 

CBDR09     0.058 0.041 

CBDR11     1.0 0.85 

CBDR13    0.062 0.046 0.062 

CBDR14     0.089 0.062 

CBDR15     0.11 0.032 

CBDR16  0.002   0.014 0.008 

CBDR17  0.0011   0.042  

CBDR18      0.035 

Trigger Value  0.003
L
 0.015

H
 

LOR 0.001 0.001 
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Table 22  Concentrations (mg/L) of dissolved metals detected in filtered samples of water from 16 sites in the Claisebrook main 

drainage system and local drainage network in the vicinity of Claisebrook collected August 2011.  See also Table 5 for 

the entire list of the target analytes: those not shown failed to exceed the limit of reporting.  The ANZECC and 

ARMCANZ (2000) trigger values for the protection of slightly–moderately disturbed marine ecosystems are shown for 

comparison.  Instances where these were exceeded are shown in orange.  Grey cells indicate that no sample was 

collected from the site on that date.  Notes: H — high reliability value; L— low reliability value; M— moderate reliability 

value; C—Canadian freshwater guideline (CCREM 1987). 

 

Site Concentration in water (ng/L) 

 Aluminium Arsenic Cadmium Chromium Copper 

 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 
Sep 

18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 

CB08 0.046 0.076 0.045  0.0024 0.0016       0.0040 0.0032 0.0068 

CB09 0.022   0.0016         0.0030 
  

CB11 0.045 0.041 0.078 0.0014 0.0018 0.0013       0.0038 0.0030 0.0079 

CB12 0.041 0.04 0.046 0.0016 0.0015 0.0015       0.0040 0.0052 0.0075 

CB13 0.015 0.033 0.092 0.0011 0.0013        0.0020 0.0030 0.010 

GID01 0.035 0.036 0.007 0.0011 0.0016 0.0016       
  

0.0011 

CBDR07 0.12  0.047          0.0045 
 

0.0046 

CBDR08  0.012 0.015  0.0015        
 

0.003 0.0010 

CBDR09  0.009 0.016      0.00013
3 

   
 

0.0021 
 

CBDR11   0.012        0.0014 
 

 
 

0.0011 
 

CBDR13 0.062 0.12 0.058  0.001        0.0020 0.0025 0.0057 

CBDR14  0.0051 0.018  0.002 0.0027       
 

0.0019 0.0020 

CBDR15   0.02          
 

0.0025 0.0030 

CBDR16  0.016 0.024          
 

0.007 0.0054 

CBDR17  0.041   0.0017        
 

0.0039 
 

CBDR18   0.024   0.0017       
  

0.0016 

Trigger value 0.0005
L
 0.0023(III)

L
 / 0.0045(V)

L
 0.0007

H
 0.01(III)

M
/0.0044(VI)

H
 0.0013

H
 

LOR 0.005 0.001 0.0001 0.001 0.001 
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Table 22 (cont.) 

 
  

Site Concentration in water (mg/L) 

 Iron Lead Manganese Molybdenum Nickel 

 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 
Sep 

18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 

CB08 0.47 2.1 1.3 0.0025 0.0061 0.0056 0.0032 0.01 0.01   0.0011    

CB09 0.98   0.0047   0.0067         

CB11 0.84 1.1 0.54   0.0014 0.013 0.023 0.023       

CB12 1.3 0.99 0.74   0.0012 0.016 0.016 0.021   0.0011    

CB13 0.35 0.49 0.27   0.0013 0.019 0.011 0.015 0.0012  0.0016    

GID01 0.98 0.96 3.5    0.073 0.095 0.15 0.002 0.003 0.0055 0.0019   

CBDR07 0.13  0.057    0.0012  0.0017 0.0013      

CBDR08  1.4 0.77     0.11 0.11  0.0021 0.0029  0.0017 0.0014 

CBDR09  0.15 0.08  0.0011   0.004 0.012   0.0023    

CBDR11  0.12 0.12     0.015 0.019  0.0012     

CBDR13 0.087 0.12 0.099    0.0039 0.005
7 

0.014 0.0025 0.0045 0.0034  0.0011 0.001 

CBDR14  0.011 0.011     0.017 0.014  0.0024 0.002    

CBDR15  0.04 0.96     0.034 0.031  0.0017 0.0023  0.0011  

CBDR16  0.0083 0.005        0.0028 0.0024    

CBDR17  0.93      0.021        

CBDR18   0.051      0.005   0.0035   0.0015 

Trigger value 0.3
C
 0.0044

H
 0.08

L
 0.023

L
 0.0007

H
 

LOR 0.005 0.001 0.001 0.001 0.001 
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Table 22 (cont.)   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Site Concentration in water (mg/L) 

 Selenium Zinc 

 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 

CB08    0.042 0.016 0.035 

CB09    0.032   

CB11    0.075 0.061 0.10 

CB12    0.077 0.10 0.11 

CB13    0.017 0.039 0.087 

GID01    0.018 0.025 0.016 

CBDR07    0.054  0.11 

CBDR08  0.0029   0.029 0.019 

CBDR09     0.054 0.026 

CBDR11     0.6 0.017 

CBDR13    0.054 0.042 0.05 

CBDR14     0.06 0.052 

CBDR15     0.075 0.032 

CBDR16  0.002   0.02 0.006 

CBDR17     0.039  

CBDR18      0.035 

Trigger Value  0.003
L
 0.015

H
 

LOR 0.001 0.001 
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Comparison with guideline values 

Measured concentrations of molybdenum and selenium (in addition to mercury, 

cadmium, chromium and cobalt which were undetected in unfiltered samples) did not 

exceed the marine trigger values.  The following summarises the other eight  

dissolved metals: 

 The high reliability trigger value for zinc (0.015 mg/L) was exceeded in all but 

one sample.  In general, the concentrations were greater in the main drain 

samples than at other sites, however the highest concentration (0.11 mg/L, 

approximately seven times the trigger value) was measured at CBDR07 and 

at the outlet of the Claisebrook Main Drain Diversion (CB12) on the same 

sampling date. 

 The concentration of aluminium was relatively uniform throughout the main 

drainage system and local drainage network.  The marine trigger value for 

aluminium was exceeded on all but two occasions when it did not exceed the 

limit of reporting.  Because the limit of reporting for aluminium (<0.001 mg/kg) 

was greater than the trigger value (0.0005 mg/kg) this guideline may have also 

been exceeded on these two occasions.  The highest concentration at the 

Ornamental Lake (CB13, 0.092 mg/L) was approximately 18 times the trigger 

value. 

 The concentration of nickel exceeded the limit of reporting and therefore the 

marine trigger value in seven samples, none of which were collected from the 

Claisebrook Main Drain.  As for the unfiltered samples, instances where the 

nickel concentration did not exceed the LOR might also exceed the marine 

trigger value. 

 Copper was similarly distributed fairly uniformly throughout the sampling sites 

and exceeded the trigger value for marine ecosystems on most occasions.  

The highest concentration (0.010 mg/L, approximately eight times the trigger 

value) was measured in the Ornamental Lake at CB13. 

 Iron exceeded the Canadian freshwater trigger value, applied here in the 

absence of a marine guideline, on several occasions but most frequently in the 

samples from the Claisebrook main drainage system.  Similar to the triazine 

herbicides discussed earlier, CB08 contained concentrations more similar to 
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the main drain sites than the local drainage network.  The Groundwater 

Interception Drain contained the highest concentration (3.2 mg/L, 

approximately 11 times the trigger value) on 18 October 2011, coinciding with 

the high concentration of suspended solids and the observed iron floc 

described previously (Section 4.2 Organic contaminants: grab samples, 

PAHs). 

 Lead exceeded the marine trigger value (0.0034 mg/L) only at the two Hyde 

Park Lake sites CB08 (0.061 mg/L) and CB09 (0.047 mg/L), by approximately 

one to two-fold. 

 Arsenic (unspeciated) also exceeded the trigger value for arsenic III (0.0023 

mg/L) at Hyde Park Lake once (0.0024 mg/L) and on one other occasion at 

CBDR14 (0.0027 mg/L).  

 Manganese exceeded the trigger value at the Groundwater Interception Drain 

and CBDR08.  The concentration at CBDR08 (0.11 mg/L) at the junction of the 

diversion drain and the local drainage sub-catchment to the south of 

Claisebrook Cove was approximately five to six times that measured at the 

nearby outlet of the Claisebrook Diversion Drain to the estuary (CB12) and 

directly upstream on the Claisebrook Main Drain at CBDR17 (see Figure 1), 

indicating a possible local source in the catchment. 

 Since zinc was ubiquitous at concentrations greater than the trigger value and 

aluminium and copper exceeded the guideline on almost every occasion, all 

samples from both the Claisebrook main drainage system and the local 

catchment exceed at least one trigger value.  At most sites, all three of these 

metals exceed the trigger value. 

 

Comparison with previous studies 

As discussed previously for the organic contaminants, water samples were also 

collected in 2007 (SCC 2007) from five sampling sites on the Claisebrook main 

drainage system at or in close proximity to the sites CB08, CB09, CB11, CB12 and 

CB13 in the contemporary study.  In addition to the organic analytes, unfiltered water 

samples were collected for the determination of total metal contaminants.  Hyde Park 

Lake (CB09) and the outlet from the Claisebrook Diversion Drain (CB12) were re-
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sampled in 2008 (SERCUL 2008) as was the site CB10 in the Ornamental Lake in 

close proximity to CB13 (see Figure 2) to determine total aluminium, arsenic, 

cadmium, chromium, copper, iron, lead, nickel and zinc, as well as a suite of 

dissolved metals consisting of aluminium, cadmium, chromium, copper, lead and 

zinc. 

 

To make the comparison between these studies and the present study meaningful, 

results from CB08 and CB09 (both in Hyde Park Lake, see Figure 6) were combined 

since both sites were not sampled on each occasion in each year.  Similarly, sites 

CB10 and CB13, both situated in the Ornamental Lake were combined although 

these were not taken from identical locations.  The Claisebrook Main Drain at CB11, 

immediately upstream of the Ornamental Lake, was not sampled in the 2008 

sampling program. 

Total metals 

A comparison of concentrations of the total metals and total suspended solids 

measured at five sites in the Claisebrook Main Drain in 2007, 2008 and 2011 is 

shown in Table 23.  The concentrations shown are the minimum and maximum 

values determined on at least three occasions in each year.  The variability in 

suspended solids makes a quantitative comparison of the total metals concentrations 

between the three sample sets almost meaningless, however the following 

observations are clear from inspection of Table 23. 

 As discussed previously, the concentration of metals is usually highest in 

those samples with the highest concentration of suspended solids.  These 

instances are highlighted in blue text in Table 23: see for example zinc for 

which this relationship exists for all but one combination of site and year. 

 Comparison of the concentrations from all three years at the various sites with 

the ANZECC and ARMCANZ (2000) guidelines reveals a similar pattern for 

each with aluminium, arsenic, copper, iron, lead and zinc exceeding the 

marine trigger values, highlighted in red in Table 23.
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Figure 6  Location of sites at which grab samples of water were collected from the Hyde Park Lake near the inlet (CB08) and 

outlet (CB09) to Claisebrook Main Drain (red lines) and an historical sampling site CB07 (SCC 2007; SERCUL 2008).  

The location at which passive sampling devices were also deployed (CB09) is shown in red. 
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Table 23  A comparison of concentrations (mg/L) of total metals and total suspended solids (TSS) detected in unfiltered grab 

samples of water from five sites in the Claisebrook main drainage system collected in 2007 (Swan Catchment 

Council), 2008 (SERCUL) and 2011 (this study).  Minimum and maximum values are shown from at least three 

sampling events in each year.  Instances where the ANZECC and ARMCANZ (2000) trigger values for the protection 

of slightly–moderately disturbed marine ecosystems were exceeded are highlighted in orange cells.  Instances where 

the maximum concentrations of TSS and metals coincide are shown in blue text. 

 

Site Hyde Park Lake (CB08/CB09) Claisebrook Main Drain (CB11) 
Claisebrook Diversion 

Drain (CB12) 
Ornamental Lake (CB13/CB10) 

Analyte 2007 2008 2011 2007 2011 2007 2008 2011 2007 2008 2011 

Al 0.11–0.18 0.036–0.28 0.096–0.046 0.1–1.4 0.14–0.38 0.11–0.64 0.1–0.28 0.13–0.26 0.02–0.18 0.011–0.028 0.04–0.2 

As < 0.001–0.009 0.001–0.005 0.0011–0.0023 0.002–0.003 
0.0015–
0.0019 

0.002 0.002–0.007 
0.0016–
0.0018 

< 0.001–0.002 
< 0.001–

0.006 
0.0012–
0.0017 

Cd < 0.0001 < 0.0001 < 0.0001 < 0.0001–
0.0005 

< 0.0001 < 0.0001–
0.0002 

< 0.0001 < 0.0001 < 0.0001–
0.0005 

< 0.0001 < 0.0001 

Cr < 0.001–0.002 < 0.001–
0.002 

< 0.0001–0.0016 < 0.001–
0.001 

< 0.001–
0.0043 

< 0.001 < 0.001–
0.002 

< 0.001–
0.0014 

< 0.001 < 0.001 < 0.001–
0.0013 

Co < 0.001  < 0.001 < 0.001–
0.002 

< 0.001 < 0.001  < 0.001 < 0.001  < 0.001 

Cu < 0.001–0.007 0.003–0.012 0.0033–0.013 0.014–0.055– 0.0056–0.036 0.01–0.025 0.006–0.011 0.0064–
0.0096 

0.002–0.004 0.001–0.003 0.0022–0.015 

Fe 0.65–28 1.8–10 1.2–2.6 3.5–7.5 1.6–2.2 2.1–4.0 1.1–1.9 1.5–1.8 0.48–1.5 0.68–4.5 0.88–2.3 

Pb 0.003–0.055 0.008–0.027 0.0085–0.012 < 0.001–
0.043 

0.0026–0.013 < 0.001–
0.013 

< 0.001–
0.005 

0.0014–0.004 < 0.001 <0.001 < 0.001–
0.007 

Hg < 0.0001  < 0.0001 < 0.00001 < 0.0001 < 0.0001  < 0.0001 < 0.0001  < 0.0001 

Mn 0.015–0.026  0.0095–0.012 0.023–0.035 0.017–0.029 0.024–0.031  0.0016–
0.0023 

0.006–0.019  0.012–0.021 

Mo <0.001–0.002  < 0.001–0.0012 0.004–0.006 < 0.001–
0.0012 

< 0.001–
0.032 

 < 0.001–
0.0012 

< 0.001–0.005  < 0.001–
0.0017 

Ni < 0.001–0.001 < 0.001–
0.001 

< 0.001–0.0012 < 0.001–
0.019 

< 0.001–
0.0011 

< 0.001–
0.012 

< 0.001–
0.002 

< 0.001 < 0.001 < 0.001–
0.001 

< 0.001 

Se < 0.001  < 0.001 < 0.001 < 0.001 < 0.001  < 0.001 < 0.001  < 0.001 

Zn 0.016–0.079 0.01–0.047 0.016–0.065 0.017–0.48 0.060–0.14 0.012–0.250 0.024–0.051 0.079–0.14 < 0.005–0.040 0.004–0.009 0.02–0.14 

            

TSS 1–47 <1–29 2–19 5–74 5–33 4–46 3–9 5–11 2–5 1–6 <1–10 
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Dissolved metals 

The concentrations of dissolved metals from the 2008 and 2011 sampling programs 

are shown in Table 24.  These concentrations are less variable within sites than the 

total metals concentrations as a result of removing the confounding suspended solids 

from the samples.  The variability between years is also smaller: there was less than 

a two-fold difference in maximum concentrations at each of the three common sites 

in 2008 and 2011 with the following exceptions: 

 The maximum concentration of aluminium (0.16 mg/L) and lead (0.004 mg/L) 

at the outlet from the diversion (CB12) in 2008 was three to four times that 

measured in 2011 (0.046 mg/L and 0.0012 mg/L, respectively). 

 Conversely, the concentration of aluminium (0.076 mg/L) at Hyde Park Lake 

(CB08) in 2011 was more than twice that measured in 2008 (0.030 mg/L). 

 The concentration of lead at Hyde Park Lake was five to six times higher in 

2011 (0.061 mg/L) than in 2008 (0.011 mg/L). 

 The maximum concentration of copper in the Ornamental Lake was 

approximately three times greater in 2011 (0.010 mg/L) than in 2008 

(0.003 mg/L). 

 Zinc concentrations were almost nine times higher at the Ornamental Lake in 

2011 (0.087 mg/L) than in 2008 (0.01 mg/L) and more than twice as high at 

the outlet of the Claisebrook Main Drain diversion in 2011 (0.11 mg/L) than in 

2008 (0.049 mg/L).  

 

Aluminium, copper, lead and zinc all exceeded the marine trigger values at most 

sites in both 2007 and 2008.  Interestingly, in 2008 the concentration of lead at the 

site in the Ornamental Lake did not exceed the trigger value, however, this trigger 

value was exceeded at the outlet of the Main Drain diversion to the estuary.  Both of 

these sites shares a common source, suggesting that in 2008 there might have been 

an additional source of lead from the local catchment to the south west of 

Claisebrook Cove containing sites CBDR08, CBDR07, and CBDR16 (see Figure 2).  

There is no evidence to support this localised input from the 2011 sampling program, 

where lead was not reported at any of these sites, so it is likely that this spike in the 
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concentration at the Claisebrook Main Drain outlet is indicative of the variability in 

concentrations in grab samples collected from the drain. 

3.6 Nutrient contaminants 

The nutrients nitrogen (N) and phosphorus (P) were also determined in various forms 

in the grab samples of water.  The results, compared with ANZECC and ARMCANZ 

(2000) trigger values for protection of ecological values for southern Western 

Australian estuaries are shown in Table 25.  In summary: 

 The trigger values were exceeded for all of the analytes in almost all samples 

collected. 

 Total nitrogen concentrations were highest at CBDR16 in the local drainage 

network south of Claisebrook Cove, with the maximum concentration 

(5.5 mg/L) approximately eight times the trigger value (0.75 mg/L).  

Concentrations at the main drain sites (CB08, CB11, CB12 and CB13) were at 

least twice the trigger value. 

 Total phosphorus concentrations were highest at the Hyde Park Lake 

sampling site (CB08) with the maximum concentration (0.33 mg/L) exceeding 

the trigger value (0.03 mg/L) by more than an order of magnitude.   

 The highest concentration of ammonia (1.5 mg/L) was measured in the 

Mardalup Park Groundwater Interception Drain (GID01), where the maximum 

concentration exceeded the trigger value (0.04 mg/L) by approximately 35-fold 

and samples from any other site by at least two-fold.  Ammonia is a by-product 

of the gasification of coal, so its presence at relatively high concentrations 

might be a legacy from operations at the historic former East Perth Gasworks.   

 Total oxidised nitrogen concentrations were highest at the local drainage site 

CBDR07, with the maximum concentration (3.4 mg/L) more than 75 times the 

trigger value (0.045 mg/L).  Concentrations in the main drain sites exceeded 

the trigger values by at least an order of magnitude. 

 The highest free (soluble) reactive phosphorus (FRP) concentration 

(0.15 mg/L) was measured at the local drainage network site CBDR18, 

approximately 30 times the trigger value (0.005 mg/L).  Concentrations in the 

main drain samples were approximately 2 to 10 times the trigger value.  
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Table 24  A comparison of concentrations (mg/L) of dissolved metals detected in filtered samples of water from three sites in the 

Claisebrook main drainage system collected in 2008 (SERCUL) and 2011 (this study).  The ANZECC and ARMCANZ 

(2000) trigger values for the protection of slightly–moderately disturbed marine ecosystems are also shown.  Instances 

where the trigger values are exceeded are highlighted in orange. 

 
 
Site Hyde Park lake (CB08 / CB09) Main Drain Outlet CB12 Ornamental Lake (CB13/CB10) Trigger Value 

 2008 2011 2008 2011 2008 2011  

Metal        

Aluminium 0.020 - 0.030 0.022 - 0.076 0.02 – 0.16 0.040 - 0.046 0.01 – 0.06 0.015 - 0.092 0.0005 

Cadmium < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.0007 

Chromium < 0.001 < 0.001 < 0.001 - 0.002 < 0.001 < 0.001 < 0.001 0.0044 (VI) 
0.01 (III) 

Copper 0.001 - 0.006 0.0030 – 0.0068 0.006 - 0.011 0.0040 - 0.0075 0.001 - 0.003 0.002 - 0.010 0.0013 

Lead 0.006 - 0.011 0.047 - 0.061 < 0.001-  0.004 < 0.001 - 0.0012 < 0.001 < 0.001 - 0.0013 0.0044 

Zinc 0.013 - 0.036 0.016 - 0.042 0.023 - 0.049 0.077 - 0.110 0.004 - 0.010 0.017 - 0.087 0.015 
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Table 25  Concentrations (mg/L) of nutrients detected in grab samples of water from 16 sites in the Claisebrook main drainage 

system and local drainage network in the vicinity of Claisebrook collected August 2011.  The ANZECC and ARMCANZ 

(2000) trigger values for the protection of estuarine ecosystems are shown for comparison.  Instances where these 

were exceeded are shown in orange.  Grey cells indicate that no sample was collected from the site on that date. 

 

Site Concentration in water (mg/L) 

 Total N Total P Ammonia as N Total Oxidised N FRP as P 

 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 
Sep 

18 Oct 2 Sep 27 Sep 18 Oct 2 Sep 27 Sep 18 Oct 

CB08 0.82 1.6 0.80 0.12 0.33 0.15 0.064 0.15 0.021 0.058 0.031 0.062 0.021 0.098 0.049 

CB09 0.65   0.15   0.076   0.033   0.039 
  

CB11 1.1 1.6 1.8 0.079 0.049 0.17 0.29 0.50 0.41 0.56 0.5 0.73 0.028 0.026 0.054 

CB12 1.4 1.3 1.6 0.057 0.059 0.099 0.36 0.41 0.36 0.8 0.72 0.77 0.032 0.018 0.042 

CB13 1.5 1.4 1.8 0.022 0.028 0.14 0.39 0.23 0.12 0.83 0.85 0.74 <0.005 0.011 0.021 

GID01 2.1 2.4 2.4 0.016 0.009 0.14 0.85 1.1 1.5 0.95 1.2 0.35 <0.005 <0.005 <0.005 

CBDR07 3.5  3.9 0.035  0.047 <0.010  0.021 3.4  3.0 0.009  0.024 

CBDR08  1.6 1.5  0.12 0.11 
 

0.62 0.5  0.5 0.49 
 

0.005 0.01 

CBDR09  0.48 0.79  0.042 0.033  0.019 0.048  0.22 0.48 
 

0.016 <0.005 

CBDR11  0.66 0.35  0.042 0.08 
 

0.014 0.047  0.46 0.041 
 

0.021 0.031 

CBDR13 2.3 3.8 2.7 0.017 0.020 0.047 0.019 0.015 0.026 2.2 3.6 2.3 <0.005 <0.005 0.013 

CBDR14  2.3 2.4  0.20 0.29  0.1 0.11  1.7 2.0 
 

0.075 0.14 

CBDR15  0.95 0.93  0.048 0.032  0.16 0.17  0.52 0.52 
 

0.007 <0.005 

CBDR16  5.4 5.5  0.036 0.028 
 

0.015 0.02  5.3 5.1 
 

0.019 0.018 

CBDR17  2.0   0.043  
 

0.64 
 

 1.1  
 

0.023 
 

CBDR18   4.2   0.29 
  

0.11   3.8 
  

0.15 

Trigger value 0.75 0.03 0.040 0.045 0.005 

LOR 0.025 0.005 0.010 0.010 0.005 
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4  Conclusions 

4.1 Summary of organic contaminants  

Water grab samples from the various sites were generally compliant with the 

ANZECC and ARMCANZ (2000) marine protection guidelines, with the following 

exceptions: 

 Dieldrin was the contaminant most widespread in grab samples throughout 

the main drain and local catchment, present at all sites except Hyde Park 

Lake (CB08).  The concentrations were greatest in the samples collected from 

the sites that were not located in the main drain, in some cases exceeding the 

marine protection trigger values.  This is most likely due to the low flow and 

associated lesser dilution by stormwater in these drains relative to the main 

drain.  The presence of dieldrin in the local drainage network indicates that 

there is an additional local source contributing to contamination of the estuary 

at Claisebrook in addition to contamination from higher up in the catchment 

via the Claisebrook Main Drain. 

 Concentrations of both p,p’-DDT and p,p’-DDE exceeded the marine 

protection trigger value in the samples from the Claisebrook Main Drain at 

CB11 but not at either of the locations downstream from this in the main drain 

flow (CB12 or CB13).  These compounds were not detected in the local 

drainage network grab samples suggesting that the source of the DDT 

congeners is likely to be from higher in the catchment. 

 The Mardalup Park Groundwater Interception Drain contained the highest 

concentrations of PAHs, with marine trigger values exceeded for fluoranthene 

and benzo[a]pyrene once each.  The drain also contained the highest 

concentration of dieldrin, exceeding the trigger value by six to nine-fold.  

During the course of this study, the flow from this drain into the estuary was 

observed to be low and intermittent, largely determined by the tidal influence 

from the estuarine water. 
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The results from the chemical analyses of passive sampling devices indicate that the 

waters discharged from the Claisebrook Main Drain are unlikely to cause significant 

contamination of the Swan Estuary by any of the organic contaminants determined.  

In summary:  

 Eighty-four organic compounds including PCBs, PAHs, herbicides and 

pesticides were targeted for determination as contaminants in the Claisebrook 

Main Drain using passive sampling devices.  Several of these contaminants 

were detected at extremely low concentrations, however none of these 

contaminants exceeded either the trigger values for marine ecosystem 

protection or the guidelines for recreational water quality (ANZECC and 

ARMCANZ 2000; NHMRC 2008) and in most cases were several orders of 

magnitude below these guidelines.  The estimated concentrations of organic 

contaminants in the water at sites close to drain outfalls and other potential 

sources of contamination were comparable to that at Melville Water, a site 

with no apparent point-source contamination. 

 The detection of acenaphthene, acenaphthylene and fluorene by the passive 

samplers in both the Claisebrook Ornamental Lake (CB13) and the 

Groundwater Interception Drain (at GID01) and its absence from the Main 

Drain (CB11) suggests a local source of this PAH, albeit at very low 

concentrations. 

4.2 Summary of metal contaminants 

Metal contaminants were detected in water from all sites throughout the local 

drainage network and the Claisebrook Main Drain.  Aluminium, copper, iron and zinc 

are ubiquitous throughout the study sites, present in concentrations exceeding the 

high reliability marine trigger values in some instances by more than one order of 

magnitude.  The concentration of metals is strongly correlated to the total suspended 

solids concentration in the drainage water.  

4.3 Summary of nutrient contaminants 

The concentrations of total nitrogen, total phosphorus, total oxidised nitrogen, 

ammonia and filterable (soluble) reactive phosphate in grab samples of water 
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exceeded the ANZECC and ARMCANZ (2000) trigger values for southern Western 

Australian estuaries on almost every occasion, in some instances by more than an 

order of magnitude (see also Section 3.6).  The concentration of ammonia was 

greatest in the Mardalup Park Groundwater Interception Drain (GID01), exceeding 

the trigger value by approximately 35-fold.  This may be a legacy from the historic 

former East Perth Gasworks, where ammonia was formed as a by-product from the 

gasification of coal. 

4.4 General conclusions 

Differentiating between sources and contributions of contaminants 

With a few exceptions summarised below, most of the contaminants measured in the 

drainage water in the Claisebrook Main Drain are also present in the local stormwater 

catchment drainage.  It is therefore not possible to unequivocally attribute sources of 

the contaminants discharged to the Swan Estuary as set out in the objectives of this 

investigation.  Instead, the commonality of the contaminants indicates that the 

Claisebrook Main Drain discharges water-borne contaminants to the Swan Estuary 

that are typical of urbanised catchments.  The interpretation of differences in the 

concentrations of contaminants to estimate the relative contribution from the local 

and upper catchment of the Claisebrook Main Drain sources is confounded by the 

lack of flow data. 

Mardalup Park Groundwater Interception Drain 

Water from the Mardalup Park Groundwater Interception Drain contained the highest 

concentrations of PAHs, TPH and ammonia measured at any site.  These are all 

indicative of contamination of the drainage water by coal tar or other by-products 

from the gasification of coal and are therefore strongly linked to the historic land use 

at the site.  The contamination of the drainage water suggests that while the 

interception drain may be diverting uncontaminated groundwater from up-gradient of 

Mardalup Park around the site, it is also delivering some contaminated water to the 

estuary and therefore is not performing as designed.  It is also possible that the 

interception drain is performing as designed but that the groundwater up-gradient of 

the interception drain contains these contaminants, however, no evidence is 

presented here to support this assertion. 
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Passive sampling devices 

The passive sampling devices provided concentrations of organic contaminants with 

far lower limits of reporting than was available from the conventional grab samples.  

As a result, many of the organic contaminants (for example PAHs) were detected by 

the passive sampling devices but not by the grab sampling program.  Considering the 

variability in the concentrations from the grab sampling program and the nature of the 

passive sampling technique to yield time-integrated concentrations over the 1-month 

period of deployment to remove this variability, these devices provided useful insight 

into the organic contaminants discharged to the estuary.   
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5 Recommendations 

 

1. Future programs to determine organic contaminants in the drainage water and 

the waters of the Swan Estuary should incorporate the use of passive 

sampling devices.  It would be advantageous if these devices were 

reconfigured and miniaturised so they can be installed into an enclosed drain. 

2. The Mardalup Park Groundwater Interception Drain should be further 

investigated to determine the concentrations of organic contaminants 

discharged to the estuary.  A suitable site should be identified up gradient in 

this drain that is not affected by the tidal range of the Swan Estuary at which 

passive sampling devices and flow measurement devices can be installed as 

well as collection of grab samples. 

3. Groundwater up-gradient of the Mardalup Park Groundwater Interception 

Drain should be investigated to determine whether the PAHs and TPH 

measured in the outlet of the drain are from Mardalup Park or from further up-

gradient of this area. 

4. The provenance of the drainage water discharged to the estuary at the site 

CBDR13 to the north of the Groundwater Interception Drain should be 

established, and similar to the Groundwater Interception Drain, a suitable site 

identified up-gradient in this drain to allow grab sampling, passive sampling 

devices and flow measurement devices to be installed. 

5. The suite of analytes for waters from both of these drains should be extended 

to include more water-soluble and potentially toxic components of coal tar 

such as phenol and alkylated homologues of phenol. 
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Appendix A—Map disclaimer and data acknowledgements  
 

The maps in this publication were produced by the Department of Water with the 

intent that they be used as illustrations in this report.  While the Department of Water 

has made all reasonable efforts to ensure the accuracy of this data, it accepts no 

responsibility for any inaccuracies and persons relying on this data do so at their own 

risk. 

The Department of Water acknowledges the following datasets and their custodians 

in the analysis of data and production of the maps: 

Dataset Name 
Custodian 
acronym 

Metadata 
year 

COP_Pipes_MGA50COP_pipes DOW 2010 

Pipes_Dissolve_Int_LGA_dissolve_v2 DOW 2010 

Stormwater Drains DOW 2007 

SwanCoastPlain_Central_2011_15cm_z50.ecw Landgate 2011 

Water Information Network sites DOW 2006 

 

The maps have been produced using the following data and projection information: 

Vertical Datum: AHD (Australian Height Datum) 

Horizontal Datum: GDA 94 (Geocentric Datum of Australia 1994) 

Projection System: Map Grid of Australia (MGA) 1994 Zone 50 
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