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Executive Summary 

In 2012 – 2013, the Smart Water Fund (SWF) contracted CAPIM to undertake research on organic micro-

contaminants in storm water in order to assess potential risk to receiving waters and in irrigation schemes. 

The project is called “Use of novel rapid assessment tools for efficient monitoring of micropollutants in 

urban storm water” (SWF Project Ref. 8OS – 8100), and, in part, the research requires testing of new rapid 

testing tools for storm water quality and assessment of their appropriateness for end uses such as irrigation 

water quality monitoring. This report is the fourth, and final deliverable for the project, and satisfies 

Milestone 4 of the SWF project by providing: 

o An assessment of the types of chemical micro-pollutants (nutrients, metals, herbicides and semi-volatile 

chemicals) in urban storm water. 

o Draft guidelines for sampling and analysis 
 

The project team identified 8 sites receiving storm water from areas with different urban land-use. Sites 

included run off from a shopping mall/residential area, urban residential areas, areas with some industrial 

activities, industrial areas and a rural urban location. Grab water samples were collected in October 2012 

and February 2013 from seven and six of these sites, respectively, and tested for nutrients (nitrogen and 

phosphorus), metals, herbicides and their toxicity to microorganisms and algae. 

There were quite large differences in total nitrogen (TN) concentrations between sampling periods and sites, 

e.g. in February 2013, from below the analytical laboratory limit of reporting (LOR) of 0.1 mg/L (site #206) to 

2.4 mg/L (Site #205). Total phosphorus (TP) concentrations were generally above the LOR (0.01 mg/L) but 

below 0.1 mg/L in October 2012, and above the LOR but below 0.5 mg/L in February 2013; that TP 

concentrations in February 2013 were higher than in October 2012 is interesting given the increased run-off 

after the rainfall immediately before sampling and that in general the concentrations of other monitored 

parameters e.g. SS and TOC measurements, were lower in February 2013. No site recorded a TN or TP 

concentration above the NRMMC, EPHC & NHMRC (2009) recommended maxima of 7.5 mg/L N and 1.3 

mg/L P. 

Of the 16 metals and metalloids screened, two (beryllium and mercury) were not observed in any of the 

water samples, with trace levels of Cd observed in only a single sample, and only trace levels of another 

element of pubic concern, As, observed (< 0.004 mg/L). Of the toxicologically important essential elements, 

copper (Cu) and zinc (Zn) were observed in 100% of samples but, otherwise, there were no clear trends in 

metal concentrations either within or between sites. Typically, Fe concentrations were much higher than 

those reported for other metals, although Fe concentrations were non-detectable in 1 sample (Site #203, 

where the physical layout of the harvesting system along with the rather different physico-chemical 

characteristics of the stored water may have caused precipitation/sedimentation of this element). There are 

no guidelines in Victoria specifically for metals in storm water and how they might threaten water reuse in 

the urban environment. It is possible to use the NRMMC, EPHC & NHMRC (2009) storm water management 

guidelines to assess water quality. For those metals for which there is a trigger value, none recorded a 

residue above the 95th percentile contaminant concentration level. 

Of the 29 herbicides screened in waters, 15 were observed on one or more occasions, including members 

of all three groups of herbicides screened. Chemicals in the triazine herbicide and acid herbicides screens 
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were the most commonly observed chemicals, albeit for the most part at low (<0.5 g/L) concentrations. 

There are no national guidelines for herbicides in storm water. The ANZECC and ARMCANZ (2000) water 

quality guidelines provide only one irrigation water interim trigger value for a herbicide screened in this 

study (for diuron). The maximum diuron concentration observed in this study (0.40 g/L) was an order of 

magnitude lower than the ANZECC and ARMCANZ (2000) interim trigger value for this chemical (2 g/L). 

A large number of semi-volatile organic chemicals were observed in the samples using a GC-MS-database 

testing method. In October 2012, 93 substances from a variety of chemical groups were detected in at least 

one sample. Fewer chemicals were detected in February 2013 (68), although this in some part may be due 

to no sample being tested for Site #206. Overall, the study showed that the GC-MS-database system worked 

well as an investigative tool. However, to provide greater confidence that the storm waters are ‘fit for 

purpose’ as recycled water and likely to have minimal impact on the aquatic or terrestrial environments, 

further hypothesis-based investigative studies should be undertaken over longer time periods with the 

database ‘tuned’ to Victorian conditions (particularly with respect to pesticides registered in Victoria), 

ideally utilising a complementary LC-MS screening method (to account for a wide range of polar, non-

volatile compounds).  

All samples were moderately to strongly toxic towards the photobacterium used, and while there is 

some variability in the data, on the whole samples were slightly more toxic in February 2013 than in 

October 2012. After further fractionation of the samples the data broadly suggests that most of the 

toxic compounds were highly water soluble chemicals. 

Testing of waters during October 2012 and February 2013 using the microalgal bioassay suggested that all 

sites apart from 203 and 205 caused toxicity to microalgae in terms of their growth and/or photosynthetic 

activity equivalent to or greater than that induced by 0.1 mg/L atrazine.  Samples were generally more toxic 

in February 2013 than in October 2012.  Site 207 appeared to have the most toxic water of all sites sampled 

over both months.   

A review of best-practice methods for the collection and analysis of storm water was undertaken and using 

the information obtained, draft guidelines for the monitoring of storm water were prepared for review by 

SWF prior to further review by industry and EPA Victoria. 

 

“What chemical and other parameters should be monitored in harvested storm waters to ensure it is fit for 

its intended use?” In broad terms, the type of monitoring required for assessing contamination of storm 

water will depend on the aims, objectives and management outcomes of any monitoring program. If, for 

instance, the desired outcome is management to minimise potential in stream effects on aquatic organisms 

(such as fish or invertebrates), then chemical monitoring methods using national water quality standards as 

trigger values may suffice (e.g. measurement metals and pesticides), in conjunction with aquatic toxicity 

tests should also be undertaken (since no instrumental method can assess toxicity). If the desired outcome 

is minimising the risk to human health, then microbial numbers have to be measured. If the desired 

outcome is minimizing risk to soil and plant health when harvested storm water is irrigated onto land, then 

chemical testing for salts, nutrients and herbicides in conjunction with some terrestrial toxicology tests 

should suffice. 

“Is it safe to harvest and re-use storm water?” It is not possible for this study to provide a definitive answer 

to that question. The broad aim of this study was to was to advocate appropriate techniques to screen 
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Victorian storm water for micropollutants, not to conduct a detailed human and environmental health risk 

assessment of harvested storm water. In that context, we did not measure microbial numbers and so 

cannot comment on the risk to human health from micro-organisms living in harvested storm water. We 

did observe that the sampled storm water had negative effects on the bacterial and algal toxicity tests in 

the laboratory, and therefore cannot rule out that storm water contaminants may be having some negative 

effects in streams and wetlands in Melbourne (although differentiating toxic effects from the storm water 

from other stressors is beyond the scope of this work). The chemical composition of some of the harvested 

storm water suggests that care must be taken if this water is irrigated onto land - to prevent the negative 

impacts of salts  and herbicides on soils and plants.  

“What recommendations are there for further research to improve the risk management knowledge base 

on reusing harvested storm water?” In broad terms, there is more to storm water that just volume – 

understanding the quality of harvested storm water is as important as flow and volume modeling when 

considering options for harvesting and reusing storm water. And when it comes to water quality, there’s 

more to water quality monitoring than just salt and nutrients – storm water contains many other 

contaminants that may impact on re-use. In that context, one must recognize that this study was 

undertaken during a relatively wet period in Victoria. Moreover, only a limited number of harvesting 

schemes were examined in only two seasons. It is not known how the levels of salts, nutrients, herbicides 

and other parameters will change during drier years, and so a longitudinal survey over several years on a 

larger number of systems is required. 

If one assumes the desired outcome of an investigative program is to identify links between water quality 

and quantity to provide evidence to support harvesting and reuse on land, then CAPIM would recommend 

a project with the following Objectives: 

 To assess the year-on-year variation in Melbourne’s storm water quality and quantity (by undertaking 

a multi-year, multi season survey of at least 12 storm water harvesting systems in conjunction with 

monitoring and modelling of actual and predicted flow/volumes based on catchment characteristics) 

 To assess the potential risk of soil salinization and sodicity where harvested storm water is recycled 

onto land (by using a range of standard water quality techniques to assess storm water salinity and 

nutrient concentrations in conjunction with testing of key soil quality parameters). 

 To assess the potential risk to terrestrial plants of herbicides in storm water (by using a range of high 

quality chemical analytical screens to assess glyphosate, diuron, triazine herbicide, phenoxy and other 

acid herbicides, and sulfonyl urea herbicides in storm water storm water in conjunction with standard 

terrestrial toxicology tests e.g. lettuce germination, turf testing, and soil enzyme activities (as a 

measure of soil health)). 

 To assess the quality, toxicity and barriers to reuse of sediments collected in storm water harvesting 

systems (by using a range of high quality chemical analytical screens in conjunction with aquatic and 

terrestrial toxicity tests). 

 Draft guidelines for the monitoring of priority trace organic chemicals in storm water (based on project 

data and literature review) 

The key innovative feature of a project such as that outlined above would be that it would address the 

technical issues of how connected retention systems (from which some users may extract water for 
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irrigation) are with the waterscape in, through and surrounding their catchments. From a technical 

perspective, such a project’s innovation and significance would lie in the use of a new and novel mixture of 

tools for measuring the quality of water (such as passive sampling and bioanalytical assays, in conjunction 

with standard water quality methods), visualized through multivariate statistical techniques and modelling, 

to obtain a broad view of the connectedness of water resources and urban activity.  

If one assumes the desired outcome of an investigative program is to identify links between stream water 

quality and harvested storm water to support evidence-based changes that minimise potential in stream 

effects on aquatic organisms (such as fish or invertebrates) when the retained water is released to the 

environment, then CAPIM would recommend a project with the following Objectives: 

 To assess the year-on-year variation in Melbourne’s storm water quality and quantity (by undertaking 

a multi-year, multi season survey of at least 12 storm water wetlands in conjunction with monitoring 

and modelling of actual and predicted flow/volumes based on catchment characteristics) 

 To assess the potential risk of eutrophication when harvested storm water is released (by use a range 

of standard water quality techniques to assess storm water nutrient concentrations). 

 To assess the potential risk to aquatic plants of herbicides in storm water (by using a range of high 

quality chemical analytical screens to assess glyphosate, diuron, triazine herbicide, phenoxy and other 

acid herbicides, and sulfonyl urea herbicides in storm water in conjunction with standard aquatic 

toxicology tests for algae and rooted macrophytes e.g. Lemna minor  

 To assess the toxicity of sediments collected in storm water harvesting systems to aquatic organisms 

(by using by using a range of high quality chemical analytical screens in conjunction with tests for 

aquatic invertebrates) 

 Draft guidelines for the monitoring of priority chemicals in storm water (based on project data and 

literature review) 
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1. Introduction 
 
In 2012 – 2013, Smart Water Fund (SWF) contracted the Centre for Aquatic Pollution Identification and 

Management (CAPIM) to undertake research on micro-contaminants in storm water. The project is called 

“Use of novel rapid assessment tools for efficient monitoring of micropollutants in urban storm water” 

(SWF Project Ref. 8OS – 8100), and, in the research requires testing of new rapid testing tools for storm 

water quality and assessment of their appropriateness for end uses such as irrigation water quality 

monitoring. This report is the fourth and final Deliverable/Milestone for project SWF Project 8OS – 8100 

and satisfies Milestone 4 of the SWF project by providing: 

o In Section 2 of this report, a summary of fieldwork activities and toxicity testing undertaken by members 

of CAPIM Emerging Micro-pollutants Program (EMP) and Freshwater Program (FWP) in Q3 of FYR 2012-

13.  

o In Section 3 draft guidelines for the collection and testing of samples of harvested storm water 
 

This Final Report was in part compiled to document the approach taken, the methods used, and the results 

obtained in order to provide a vehicle with which to assess communication opportunities and routes for 

publication of completed research. In part, the material was also compiled as a record of the research, and 

to ensure documentation to appropriate CAPIM and SWF standards.  
 
 
 

1.1 Project Outcome 
 
By January 2014, CAPIM, and SWF, and other water authorities, will have access to information with which 

to assess the potential impact of micro-contaminants (including nutrients, metals, herbicides and a wide 

range of other semi-volatile chemicals) on storm water quality and re-use options. 
 
 
 

1.2 Project Background 
 
Urban parks and gardens are a vital component of local communities; providing social connectivity, health 

benefits, reduction in the urban heat island effect, and open space. Open space itself may play a role as a 

habitat, especially if it contains wet(land) areas. Underpinning these characteristics is the supply of basic 

amenities, such as the provision of reliable, fit for purpose water supplies. One of the most significant 

challenges of this century will be managing significant water related stress brought about by continued 

population growth and by changes in weather patterns. The emerging consensus among government 

agencies, the water industry and researchers is that cities must become ‘water sensitive,’ i.e. the urban 

landscape is managed with regard for flexibility in supply and use to meet all users’ needs, and that regard 

underpins the collection and movement of water, and the use of technologies to integrate multiple water 

sources at a range of scales to support context-specific fit for- purpose uses (Water Sensitive Cities 2011). 
 

Urban municipal storm water may contain a large number of chemicals, some of which, when reused on 

land, may prove directly toxic to organisms living therein, while others may elicit more subtle effects, 

including eliciting cytotoxic or endocrine disrupting effects. Consequently, under some circumstances storm 
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waters are a continuing source of pollution and adverse effects to organisms, directly or indirectly, through 

immediate exposure, food chain transfer, or through changed prey behaviour or diversity. Toxic chemicals 

can compromise the use of storm water as they pose a (real or perceived) health risk to humans, and to 

plants and soil organisms. Managing the effects of such contaminants ultimately requires information on 

effluent toxicity. Toxicity testing provides complementary information to chemical analysis on the sum of 

micropollutants present in storm water (Biran et al. 2010).  
 

Best practice approaches to urban storm water management are rapidly evolving. Consistent with CSIRO 

(1999), the key principles for urban storm water management include integrating storm water treatment 

into the urban landscape and reducing potable water demand by using storm water as a resource through 

capture and reuse for non-potable purposes. This will require protecting water quality while minimising 

development/utilisation costs. There are guidelines in Victoria for the amount of litter, suspended solids, 

total nitrogen and phosphorus in storm water, but none for other chemical pollutants in storm water and 

how they might impact water reuse in the urban environment and threaten the end user of harvested 

water (i.e. parks and gardens). 
 
 
 

1.3 Project Objectives 
 
A myriad of trace substances may exist in storm water. Some contaminants are known to be present in 

Victorian storm water (the “known”), some contaminants are known to be present in storm water 

elsewhere in the world and/or otherwise suspected of being in Victorian storm water (“known unknowns”) 

with other chemical micro-pollutants present but as yet unidentified (the “unknown unknowns”). In that 

context, the broad aim of this project was to advocate appropriate techniques to screen Victorian storm 

water for micropollutants. The specific aims of SWF Project 8OS-8100 were to: 
 

o Use a range of standard water quality techniques to assess nutrient and metals concentrations in storm 

water across Melbourne. 

o Use a range of high quality chemical analytical screens to assess herbicides concentrations in storm 

water across Melbourne. 

o Use a GC-MS-database method to screen for more than 900 semi-volatile organic compounds (through 

collaboration with researchers at the University of Kitakyushu, Japan) 

o Use a rapid bacterial toxicity test and an algal toxicity test to assess the potential impact of storm water 

on primary producers. 

o Produce a set of draft sampling and testing guidelines for collected storm water samples for micro-

contaminants industry consultation. 
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2. Trace organic contaminants in Melbourne’s storm water: A 
summary of project fieldwork 

 
2.1 Research Hypotheses 
 
o That there are no nutrients in the water column of the storm waters investigated at concentrations 

above water quality guideline levels. 

o That there are no metals in the water column of the storm waters investigated at concentrations above 

water quality guideline levels. 

o That there are no herbicides in the water column of the storm waters investigated. 

o That storm waters investigated are not toxic to primary producers (as measured using a rapid bacterial 

toxicity test). 

o That storm waters investigated are not toxic to primary producers (as measured using an algal growth 

and photosynthetic activity test). 
 

 
 

2.2 Site summary 
 

 

Figure 2.1 Approximate locations in Port Philip Bay region of the selected storm water sites 
 
 
The number, and type of sites selected for this pilot survey was limited by the resources available in the 

study for chemical and toxicological analysis of collected samples. In short, after consultation with 

206 
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207 

 205 

208 

210 

209 
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members of the Project Steering Committee and Melbourne Water staff, eight sites were selected (Figure 

2.1). These sites represent a mix of urban land uses from which storm water flows, i.e. predominantly 

housing, mixed urban, and industrial. The sites were (with CAPIM site codes): 

o Site #203. Darling St storm water collection system, East Melbourne (inner urban, newly established 

system; CAPIM investigations at this site began in 2011-12, as part of a study funded by the City of 

Melbourne in this system (providing additional in-kind support to this study)). 

o Site #205. Sanctuary Lakes, Leopold (suburban storm water retention system).  

o Site #206. Edinburgh Gardens (a bioretention system for storm water harvesting and irrigation). 

o Site #207. Afton St Wetlands (a wetland system for storm water harvesting and irrigation). 

o Site #208. Wallan Wetlands (a regional urban (town) catchment). 

o Site #209. Ti-Tree Creek drainage scheme (DS) (suburban storm water retention system). 

o Site #210. Troups Creek retarding basin (RB) wetland (suburban storm water retention system 

from which water reuse to domestic customers by SE Water). 

o Site #211. Mordialloc Industrial Estate (a rain garden system for storm water harvesting and 

irrigation).   

 
 

2.3 Sampling 

On 17 and 18 October 2012, we sampled the storm water at (or as near as possible to) the outlet of 7 of 

the 8 chosen sites across Melbourne. The exception was Site #211, the Mordialloc Industrial Estate rain 

garden, which was not fully operational at the time of sampling, and consequently from which no sample 

was taken. The weather during the October sampling was fine (warm and sunny with ~25 – 40% cloud 

cover), although there had been widespread light (up to ~20 mm) rainfall in the week preceding sampling 

(BOM 2012). This sampling event is called P2(1).  

On 25 and 26 February 2013, we sampled the storm water at (or as near as possible to) the outlet of 5 of 

the 8 chosen sites. The exceptions were Site #203 (sampled 20 February) and Sites #210 and 211, which 

were not sampled. The Edinburgh Gardens system (Site #206) was not sampled as it contained only potable 

(drinking) water. The Mordialloc Industrial Estate rain garden (Site #211) had still not been completed at 

the time sampling was conducted. At the time of writing (January 2014), the monthly weather review for 

Victoria was not available from the Bureau of Meteorology. However, in general, the weather during the 

February 2013 prior to sampling for sites #203 and 205 was fine (warm and sunny, with very little rain in 

the weeks before sampling). However, the weather was wet when sampling sites #207, 208, 209 and 210, 

with widespread (up to ~25 mm) rainfall in the 24 h preceding sampling. This sampling event is called P2(2). 

Sampling involved the collection of spot water samples and in situ water quality measurements. Water 

temperature, pH, and electrical conductivity (EC) were measured on site using a portable water quality 

meter (Cyberscan PC 300, Eutech instruments, Singapore). Spot water samples were collected in acetone 

washed amber glass bottles for measurement of toxicity and herbicides, and in plastic bottles for the 

measurement of nutrients and metals. The plastic and glass sample bottles for nutrients and metals were 

obtained ‘ready to use’ from the commercial laboratory undertaking the analysis. Spot water samples 

bottles were kept on ice during transport to the testing laboratories (DPI Queenscliff Chemistry laboratory 

for toxicity testing; commercial laboratories for measurement of herbicides, metals and nutrients). 
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2.4 Summary of measurement methods 
 
Unfiltered water samples were screened for  nutrients using standard methods, specifically Total Phosphorus 

(TP, as P), Total Nitrogen (TN; as TKN + NOx), Total Kjeldahl Nitrogen (TKN), ammonia-N (NH3-N) plus nitrite 

(NO2-)/nitrate (NO3-). Samples were also tested for 13 metals (total arsenic (As), barium (Ba), beryllium (Be), 

cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), iron (Fe), manganese (Mn), nickel (Ni), lead (Pb), 

vanadium (V), and zinc (Zn)), plus mercury (Hg). Additional inorganic analytes included suspended solids 

(SS), and total organic carbon (TOC)(see Appendix 1). 

Unfiltered water samples were sent to the Department of Primary Industries (DPI) Future Farming Research 

Systems (FFSR) Chemistry laboratory in Macleod for analysis of 31 triazine, phenoxy acetic acid, and 

sulfonylurea herbicides (see Appendix 1). The innovative use of more traditional chemical analytical 

techniques, such as gas chromatography – mass spectrometry (GC-MS) has created a system that can 

screen samples for more than 900 semi-volatile compounds (Kadokami et al. 2005). This GC-MS-database 

method was used to screen for organic pollutants that would not be otherwise possible to measure (see 

Appendix 1). 

Managing the effects of large numbers of contaminants ultimately requires information on effluent toxicity. 

In that context, and so sample toxicity was assessed using the method of Shiraishi et al. (1999) (described in 

English in Appendix 2). In short, this method (from here-on is referred to as the photobacterium (P.B.) 

toxicity test) is based on the production of light per unit time by living luminescent bacteria, which is a 

reflection of the rate at which a complex set of energy-producing reactions is operating. Chemical inhibition 

of any of the enzymes will alter this rate, consequently changing the amount of light produced (see 

Appendix 2).  

Microalgae constitute a major component of the non-target organisms at risk from pesticide impacts, 

notably from herbicides. These primary producers are vulnerable to herbicides disrupting the food web 

from the lowest trophic level (Tlili et al. 2011; Roubeix et al. 2011). Microalgae can also act as effective 

surrogates for higher higher plants (Chung et al 2007), and may therefore be good indicators of the 

potential indirect effects of pesticides. This potential was assessed by an algal toxicity test using a non-

axenic culture of Scenedesmus sp. (see Appendix 2) 

 

2.5 Results and Discussion 

In discussing the reported results, the project’s four testing objectives are considered: 

o Use a range of standard water quality techniques to assess nutrient and metals concentrations in storm 

water across Melbourne. 

o Use a range of high quality chemical analytical screens to assess herbicides concentrations in storm 

water across Melbourne. 

o Use a GC-MS-database method to screen for more than 900 semi-volatile organic compounds (through 

collaboration with researchers at the University of Kitakyushu, Japan) 

o Use a rapid bacterial toxicity test and an algal toxicity test to assess the potential impact of storm water 

on primary producers. 
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Figure 2.2 Summary of storm water pH (left) and electrical conductivity (EC; right) 

In the context of Objective 1, field testing of some standard water quality (physico-chemical) 

measurements, e.g. water temperature, pH, and electrical conductivity, was undertaken at time of 

sampling. Because the sites were sampled only twice, several months apart, it is difficult to make any 

meaningful comparisons between the sampling periods, although in that context unsurprisingly water 

temperatures were higher in the summer (February 2013) than in the Spring (October 2012; Table 

A3.1(a,b)). Most sites were near neutral or mildly alkaline (Figure 2.2). That the sample of water from site 

#203 was above pH 10 in October 2012 was a little unexpected, but it turned out this system is known to 

have high pH, perhaps due to the use of cleaning agents based on sodium hydroxide (caustic soda) 

upstream of the harvesting system and/or influx of local groundwater into the harvesting system (Pers. 

Comm. Simon Sharp, CAPIM). 

Electrical conductivity (EC, as a measured surrogate for salinity) was also variable between sites, ranging 

from a low of around 190 S/cm (Site #208; Feb 2013), to almost 1500 S/cm (site #203; Figure 2.2; Table 

A3.2(a,b)). That the summer samples did not have much higher EC compared to spring samples may have 

been due to the storms in the 24 h prior to sampling. That samples of water from site #203 were above 

1200 S/cm was initially unexpected, but it turned out this system is known to have high salinity 

(conductivity), again perhaps due to the use of cleaning agents based on sodium hydroxide (caustic soda) 

upstream of the harvesting system or the influx of saline groundwater.  

In the context of Objective 1, unsurprisingly, nutrients (nitrogen and phosphorus) were observed in the 

water samples (Figure 2.3). There were quite large differences in total nitrogen (TN) concentrations 

between sampling periods and sites, e.g. in February 2013, from below analytical laboratory limits of 

reporting (LOR; <0.1 mg/L; site #206) to 2.4 mg/L (Site # 205; Tables A3.2(a,b)). Total phosphorus (TP) 

concentrations were generally above the LOR of 0.01 mg/L but below 0.1 mg/L in October 2012, and above 

the LOR but below 0.5 mg/L in February 2013, with noteworthy differences between sampling periods 

(Figure 2.3); that TP concentrations in February 2013 were higher than in October 2012 is interesting given 

the increased run-off after the rainfall immediately before sampling and that in general the concentrations of 

other monitored parameters e.g. SS and TOC measurements, were lower in February 2013.  
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Figure 2.3 Summary of storm water TN (left) and TP concentrations (right) 

Of the 16 metals and metalloids screened, two (beryllium and mercury) were below reporting limits in all of 

the water samples (Tables A3.3(a,b)), with trace levels of Cd observed in only a single sample, and only 

trace levels of another element of public concern, As, observed (typically < 0.004 mg/L). Iron (Fe) was 

observed at all sites except Site #203, where the physical layout of the harvesting system along with the 

rather different physico-chemical characteristics of the stored water may have caused 

precipitation/sedimentation of this element. As might be expected given its prevalence in the environment, 

Fe concentrations were much higher than those reported for other metal (Tables A3.3(a,b)). Of the 

toxicologically important essential elements, Cu and Zn were observed in 100% of samples but, otherwise, 

there were no clear trends in metal concentrations either within or between sites (Figure 2.4).  

 

 

 

Figure 2.4 Summary of storm water Cu (left) and Zn concentrations (right) 

Of the 29 herbicides screened, 15 were observed one or more times in the water samples, including 

members of all three groups of herbicides screened. Chemicals in the triazine herbicide and acid herbicides 

screens were the most commonly observed chemicals (Tables A3.4-6).  

Triazine herbicide residue detections were observed on a regular basis. Simazine is the triazine herbicide 

most often reported in water samples collected in Melbourne (e.g. see Rose et al. 2010), and this chemical 

was observed in every sample, albeit generally at reasonably low concentrations (median concentration 

October 2012, 0.14 g/L; February 2013, 0.11 g/L Table A3.4(a,b); Figure 2.5). Simazine was, however, 

observed at concentrations above 0.5 g/L at one site (Site #205, max 2.0 g/L). Atrazine was reported in 

62% of the water samples, although never at a concentration above 0.015 g/L. Otherwise, there were no 

clear trends in triazine herbicide concentrations either within or between sites. For instance, terbuthylazine 
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was reported in 50% of samples in February 2013 (although not at a concentration above 0.01 g/L) but not 

at all in October 2012. Metolachlor was reported in all but one sample in October 2012, but in only one 

third of the water samples in February 2013, although never at a concentration above 0.05 g/L.  

 

 

 

Figure 2.5 Summary of storm water simazine (left) and atrazine concentrations (right) 

 

Figure 2.6 Summary of storm water diuron concentrations 

Diuron is a broad-spectrum residual herbicide and algaecide used for pre and post-emergent control of 

both broadleaf and grass weeds in agriculture, to control weeds and algae in and around water bodies and 

is a component of marine antifouling paints. In 2002, the Australian Pesticides and Veterinary Medicines 

Authority (APVMA) began a review of diuron on the basis of environmental and human health concerns, 

specifically the potential for diuron to contaminate the environment through runoff, and the possible 

toxicity of some impurities of the active constituent. On 28 November 2011, the APVMA suspended the use 

of diuron in high-risk situations such as use in irrigation channels, drainage ditches, driveways, fence lines 

and other industrial or non-agricultural uses, and spraying of tropical crops during the wet season. Recently, 

Allinson et al. (2011) noted that there was little information on field levels of diuron in Victoria despite its 

high risk status for some aquatic organisms, its potential for endocrine disruption and its widespread use, 

and recommended that this chemical be included in CAPIM’s assessment of waterways. In this context, 

diuron was observed in 100% of samples (Table A3.4(a,b); Figure 2.6), albeit at low concentrations (median 

concentration 0.047 g/L) that appear to be of no immediate threat to fish, invertebrates or algae (Allinson 

et al. 2011). 
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Figure 2.7 Summary of storm water 2,4-D (left) and MCPA (right) concentrations 

There is little information on field levels of acid herbicides in Victoria despite their widespread use, 

primarily because of the specialised sample preparation methods required for this broad group of 

chemicals (Allinson et al. 2011). In this context, eight phenoxy acid / pyridine carboxylic acid herbicides 

were screened in this study (Table A3.5(a,b)). Of these chemicals, 2,4-D, MCPA, and triclopyr were observed 

in every sample, although at low concentrations (median concentration: 2,4-D, 0.018 g/L; MCPA, 0.012 

g/L; triclopyr, 0.009 g/L). For the most part, concentrations were higher in October 2012 samples 

compared to February 2013 samples (e.g. see Figure 2.7), perhaps because of the increased flow through 

the wetlands due to the rain that fell before and during sample collection in February 2013, otherwise, 

there were no clear trends in herbicide concentrations either within or between sites, except for dicamba 

which was observed only in October 2012 samples. 

Allinson et al. (2011) also noted that there was little information on field levels of sulfonylurea herbicides in 

Victoria despite their widespread use, again primarily because of the specialised sample preparation 

methods required for this group of chemicals, and recommended that this group of chemicals be included 

in CAPIM’s assessment of waterways. In this context, six sulfonylurea herbicides were screened in this study 

(Table A3.6(a,b)). Of these chemicals, metsulfuron-methyl was the only one observed in this study, in 33% 

of samples, although at low concentrations (median metsulfuron-methyl concentration, 0.013 g/L).  

The storm water samples were extracted onto disks and sent for chemical analytical testing using a GC-MS-

database test method for over 940 semi-volatile chemicals at the University of Kitakyushu, Japan. For 

convenience, the 942 chemicals are divided into groups based on their probable source (Table 2.1). 

Grouping is, at times, somewhat arbitrary given that many of the wide range of chemicals covered in the 

GC-MS screen have multiple uses and therefore sources. For instance,  benzyl alcohol is both a solvent and 

leaches from tyres, octanol might be considered a solvent or a fragrance, and phenol either an industrial 

chemical or a disinfectant or a natural product. Some of those chemicals, such as the phthalates and 

petroleum hydrocarbons, are ubiquitous in the built environment, including in laboratories, and their 

presence in reagent blank samples means their presence in storm water samples could not reliably be 

assigned to real environmental contamination, and so such chemicals are not reported.  
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Table 2.1 Summary of the semi-volatile chemicals observed using the GC-MS-DB screening method (all sites; data pooled).  

Chemical 
origin 

Category Oct-12 Feb-13 

 Detects a N b mean range Detects a N b mean range 

Agriculture    (g/L)   (g/L) 

Insecticides 3/186 5 0.264 0.007 - 0.638 1/186 2 0.011 0.09 - 0.013 

Herbicides 9/120 17 0.210 0.01 - 1.75 4/120 7 0.127 0.004 – 0.424 

Fungicides 5/117 6 0.025 0.006 - 0.044 0/117 - - - 

Other 3/34 4 0.158 0.009 - 0.518 0/34 - - - 

Business / 
household / 
traffic 

Antioxidants 4/7 20 0.077 0.002 - 0.393 4/7 13 0.078 0.005 – 0.286 

Fire retardants 3/13 15 0.107 0.026 - 0.344 3/13 12 0.203 0.010 – 0.889 

Disinfectants (detergents) and 
phenols and metabolites  

4/9 16 0.048 0.003 - 0.226 4/9 16 0.062 0.003 – 0.212 

Fatty acid methyl esters 3/36 6 0.019 0.004 - 0.038 3/36 9 0.028 0.014 – 0.042 

Fragrances and cosmetics 5/9 29 0.078 0.017 - 0.334 7/9 29 0.087 0.005 – 0.307 

Compounds from tyres 8/11 42 0.187 0.006 - 3.159 10/11 28 0.175 0.003 – 0.977 

Petroleum hydrocarbons -/26 *    -/26 *    

Plant or animal steroids 5/10 25 0.141 0.003 – 0.640 5/10 12 0.228 0.005 – 0.593 

Plasticizers -/13 *    -/13 *    

PPCPs 6/18 32 0.352 0.010 - 4.817 4/18 22 0.140 0.035 – 0.582 

Other 1/30 5 0.044 0.016 - 0.084 0/30 - - - 
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Table 2.1 (continued) 

Chemical 
origin 

Category Oct-12 Feb-13 

 Detects a N b mean range Detects a N b mean range 

Industry Intermediates for dye 
manufacturing 

1/26 1 0.004 - 0/26 - - - 

Intermediates for resins 0/11 - - - 0/11 - - - 

Intermediates for pesticides 0/6 - - - 0/6 - - - 

Intermediates in organic 
synthesis 

5/59 4 0.007 0.003 - 0.015 3/59 5 0.004 0.002 – 0.009 

PAHs 20/47 122 0.002 0.000 - 0.019 16/47 77 0.003 0.000 – 0.012 

PCBs 0/62 - - - 0/62 - - - 

PCNs 0/28 - - - 0/28 - - - 

Solvents 3/17 10 0.011 0.003 - 0.016 3/17 14 0.294 0.008 – 0.869 

Explosives 1/6 1 0.068 - 0/6 - - - 

Other substances of industrial 
origin 

4/39 10 0.033 0.003 - 0.004 1/39 4 0.046 0.029 – 0.083 

 Total 93/942    68/942    
a
, the number of compounds detected at least once per the number of target compounds; b, the number of compounds detected in this sampling period; mean, 

average of detected concentrations; *; n-alkanes from petroleum products and phthalate-base plasticizers were excluded because these compounds were detected 

in reagent blanks. 
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Figure 2.8 Summary source-attributed chemical make-up of contamination in storm water samples in October 2012 and February 2013 using the GC-MS-DB 

screening method 
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In October 2012, 93 substances from a variety of chemical groups were detected in at least one sample 

(Table 2.1). Fewer chemicals were detected in February 2013 (68), although this may, in a large part, be 

due to no sample being tested for Site #206. This number of observations was lower than that observed in 

streams in Japan using the same method (188; Kadokami et al. 2009). In October 2012, Site #209 had the 

largest number of detected compounds (62), although Sites #205 and 210 were not far behind (55); Site 

#210 also had the highest aggregate concentration (Figure 2.8). Chemicals related to domestic/business 

were the most abundant compounds contributing almost 50% of total concentrations at all sites, with 

domestic/business and industry dominant in comparison with those from agricultural sources (Figure 2.8). 

In February 2013, Site #203 had the largest number of detected compounds (48), although Site #207 was 

not far behind (43); Site #205 had the highest aggregate concentration. Chemicals of domestic/business 

origin were again the most abundant compounds contributing more than 50% of total concentrations at all 

sites, with domestic/business and industry dominant in comparison with those from agricultural sources 

(Figure 2.8). 

It is beyond the scope of this report to discuss the levels and variability of each and every chemical 

observed in the screening (see Appendices 3.6(a,b)); in the following sections we will discuss some of the 

groups of pollutants that can be reliably determined using the GC-MS-DB method, including priority 

pollutant such as the polynucear aromatic hydrocarbons (PAHs), emerging pollutants such as 

pharmaceutical and personal care products (PPCPs) and markers of sewage contamination such as the 

stanols, and in doing so speculate on their likely origin in the sampled waters.  

PAHs: are organic molecules made from only carbon and hydrogen arranged in such as way as to form two 

or more fused aromatic (benzene) rings. There are thousands of PAHs, each differing in the number and 

position of aromatic rings. Environmental concern has focused on PAHs that range in molecular weight 

from 128.16 (e.g. naphthalene, 2-rings) to 300.36 (coronene, 7-rings). PAHs are major components of fossil 

fuels (oil, coal) and have become widely distributed in the environment as a result of incomplete 

combustion of fuels and leaching from petroleum-product containing materials (e.g. road surfacing). PAHs 

have been detected in the air, soils, sediments, surface waters, and plant and animal tissues. Although 

anthropogenic sources account for a large proportion of the PAHs entering the biosphere, they also result 

from natural processes such as forest fires, microbial synthesis, and volcanic activities. Aquatic 

environments may also receive PAHs from accidental releases of petroleum products (Eisler 1987). The 

toxicity of PAHs varies significantly depending on chemical and species although in general, toxicity 

increases as molecular weight increases. Lower molecular weight PAHs, containing 2 or 3 rings, exhibit 

significant acute adverse effects to some organisms, but are non-carcinogenic; the higher molecular weight 

PAHs (4 to 7 rings), are usually less acutely toxic but more likely to be carcinogenic, mutagenic, or 

teratogenic, including to fish and other aquatic life, amphibians, birds, and mammals (Eisler 1987). Toxicity 

is most pronounced among crustaceans and least among teleosts.  

In terms of overall PAH composition, in October 2012 all sampling sites were dominated by 2 ring 

compounds (on average, 59% of PAHs detected based on total aggregate concentration) compared to 3 

ring compounds (28%) and 4 ring PAHs (12%; Figure 2.9). There was some variation in the pattern of 

compounds observed, with 2 ring PAH being 46-69% of detected PAHs (highest at Site # 210, lowest at Site 

# 206), 3 ring compounds 21-32% (highest at Site #209, lowest at Site #210), and 4 rings 9-22% (highest at 

Site #206, lowest at Sites # 207, 208, 210). In comparison, in February 2013, although 2 ring compounds 

were still, on average, the most common PAHS (49% of PAHs detected) more 3 ring compounds (40%) were 

observed, whilst the proportion of 4 ring PAHs remained essentially the same (11%). In February 2013,  
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Figure 2.9 Proportion of 2,3,4,5 and 6 ring PAHs in water samples 

2 ring PAHs represented 36-58% of detected PAHs (highest at Site #210, lowest at Site #205; no data for 

Site # 206; Figure 2.9), 3 ring compounds 30-49% (highest at Site #209, lowest at Site #205), and 4 rings 6-

15% (highest at Site #203 and 205, lowest at Sites #210). 

Twenty individual PAHs were observed in one or more water samples in October 2102, compared with 16 

individual PAHs in February 2013. In general the most dominant PAH was naphthalene with significant 

amounts of naphthalene derivatives also observed; phenanthrene and its derivatives were also commonly 

observed (Figure 2.10). Naphthalene concentrations were several orders of magnitude lower than the 

ANZECC and ARMCANZ (2000) water quality trigger levels. Simple patterns are not enough to conclusively 

source PAHs; number of indicators have been suggested as a way to identify the source of PAHs, i.e. 

whether from petroleum sources or combustion of biomass (Yunker et al. 2002), such as the ratios of pairs 
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Figure 2.10 Summary of PAHs in water samples (g/L), 
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benzo(ghi)perylene (I(c,d)P/(I(c,d)P + B(g,h,i)P)). An An/(An+Phen) ratio of less than 0.1 is taken as an 

indicator that the PAHs came from petroleum combustion; a ratio above that from biomass combustion. A 

Flu/(Flu+ Pyr) ratio above 0.5 is considered to indicate biomass combustion (although Yunker et al. (2002) 

suggest that the Flu/(Flu + Pyr) ratio is less definitive than the An/(An+Phen) ratio of 0.1 because some oils 

(including Australian crude oils) have Flu/(Flu+ Pyr) ratios above 0.4, complicating the use of this ratio). 

Higher molecular mass PAHs are typically considered minor contributors to petroleum products (except for 

asphalt and bitumen) and so BaA/(BaA+Chr) and I(c,d)P/(I(c,d)P + B(g,h,i)P) ratios above 0.5 are taken to 

indicate combustion sources (although these indicators have been used less frequently). Using such ratios 

is an attractive proposition for confirming the source of the PAHs detected, but most samples reported 

‘<LOR’ for one or more of the higher molecular weight PAHs commonly used. For instance, chrysene was 

not determined using the GC-MS-DB method in this study, so the BaA/(BaA+Chr) ratio could not be used; 

only two samples had a indeno(1,2,3-cd)pyrene and benzo(ghi)perylene concentration above LOR, and so 

the I(c,d)P/(I(c,d)P + B(g,h,i)P) ratio was not calculated. In October 2012, the average An/(An+Phen) ratio 

was 0.14 (range 0.05 - 0.23), and the average Flu/(Flu + Pyr) ratio was 0.34 (range, 0.17 – 0.56). In February, 

the average An/(An+Phen) ratio was 0.20 (range 0.13 - 0.31), and the average Flu/(Flu + Pyr) ratio was 0.36 

(range, 0.16 – 0.60). Together the data points towards the PAHs being derived from anthropogenic sources 

(e.g. fossil fuels) rather than combustion of other biomass. These PAHs may have reached the storm water 

wetlands from uncombusted oil, diesel and petrol spills and/or vehicle combustion products adsorbing to 

dust particles on the roads and/or tyre additives being washed into the wetlands. 

Chemical from tyres: The pneumatic tyres fitted to cars and trucks are made of synthetic rubber, natural 

rubber, fabric and wire, along with smaller amounts of carbon black and other chemical compounds.  

Chemical additives include aromatic oils (known to contain high concentrations of PAHs), metals, 

peroxides, benzothiazole derivatives, a range of phenols, phthalates, aromatic amines, as well as those that 

are formed during the tyre vulcanization process. As vehicle tyres wear, they leave particles behind on road 

surfaces, that in turn weather and can leach chemicals (He et al. 2011). Tyre leachates have been shown to 

produce toxicity in a variety of aquatic organisms, including fish, amphibians, invertebrates, bacteria, and 

plants, and while acute lethality is the most common effect, mutagenic, teratogenic, growth inhibition, 

oxidative stress, and endocrine- disrupting activity have also been reported (He et al. 2011). 

In October 2012, four chemicals associated with tyre degradation were observed at all sites (benzothiazole, 

2-phenoxy ethanol, 3,5-di-tert-butyl-4-hydroxybenzaldehyde, and benzyl alcohol), with a further three 

detected at three or four sites (1,3-dicyclohexylurea, 2-(methylthio)-benzothiazol, and 2(3H)-benzothia-

zolone), with an eighth (phenylethyl alcohol) detected only twice (Figure 2.9). More chemicals associated 

with tyre wear were observed in February 2013, albeit at lower concentrations and with no chemical found 

across all sites (Figure 2.11). 

 

 



CENTRE FOR AQUATIC POLLUTION IDENTIFICATION AND MANAGEMENT TECHNICAL REPORT 
#37: 8OS-8100 MILESTONE 04 REPORT 

 

 17 

 

 

 

 

 

Figure 2.11 Summary of tyre related chemicals in water samples 
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Figure 2.12 Summary of types of business/household  chemicals in water samples 
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Other domestic / business related compounds: A wide range of chemicals that can be broadly categorized 

as originating from domestic (household) or business sources were seen in the storm water samples, 

including anti-oxidants, fire retardants, chemicals associated with fragrances and cosmetics, 

disinfectants/detergents and plant/animal sterols, and a variety of these were observed in October 2012 

and February 2013, albeit with no particular patterns within or between sampling events (Figure 2.12; 

Table A3.6(a,b)). 

Four compounds used commercially as antioxidants were detected in both October 2012 and February 

2013 (2,6-di-tert-butyl-4-benzoquinone, 3- & 4-tert-butylphenol, 4-methyl-2,6-di-t-butylphenol, 3,5-di-tert-

butyl-4-hydroxybenzaldehyde). In October 2012, the 3- & 4-tert-butylphenols and 3,5-di-tert-butyl-4-

hydroxybenzaldehyde were seen in all samples (3- & 4-tert-butylphenols mean 0.01 μg/L; range 0.00 – 0.01 

μg/L; 3,5-di-tert-butyl-4-hydroxybenzaldehyde, mean 0.06 μg/L; range 0.02 – 0.15 μg/L) but only the (3- & 

4-tert-butylphenols were observed in all samples in February 2013 (mean 0.01 μg/L; range 0.00 – 0.01 

μg/L). 

Four phenolic chemicals were detected in both October 2012 and February 2013 (4-tert-Octylphenol, 

nonylphenol, phenol and bisphenol A). In October 2012, phenol was observed in all samples (mean  0.04 

μg/L; range 0.03 – 0.06 μg/L), and bisphenol A in almost 60% of samples (mean 0.04 μg/L; range 0.02 – 0.08 

μg/L). In February 2012, phenol was again observed in all samples (mean 0.06 μg/L; range 0.04 – 0.08 

μg/L), bisphenol A in 75% samples (mean 0.09 μg/L; range 0.03 – 0.21 μg/L) and nonylphenol also in 75% 

samples (mean 0.06 μg/L; range 0.01 – 0.17 μg/L). Phenol has both of anthropogenic and natural origins 

and enters ecosystems from the use of numerous pesticides (such as the phenoxy acid herbicides 2.4-D) 

and MCPA) as well as during decomposition of organic matter by fungi and plants. Phenol is used as an 

industrial intermediate in chemical synthesis and a disinfectant; an important source in storm water may 

be its emission from vehicle exhausts and subsequent wash into storm water drains (Michałowicz and Duda 

2007). Nonylphenol is a degradation product of the nonylphenol polyethoxylates that are ubiquitous in 

industrial and household products (Derbalah et al. 2003). Bisphenol A (BPA) is perhaps currently the 

highest profile phenolic chemical. In commercial use since 1957, BPA is used to make a range plastics and 

epoxy resins used in many common consumer goods (such as bottles, sports equipment, CDs and DVDs) 

and for industrial purposes, like lining water pipes. BPA enters the environment directly or through 

degradation of plastic products, and in the laboratory has been shown to affect aquatic organisms at 

concentrations as low as 1 g/L. 

Three phosphate containing fire retardants were detected in both October 2012 and February 2013 

(tributyl phosphate, tris(2-chloroethyl) phosphate, and tris(1,3-dichloro-2-propyl) phosphate). In October 

2012, tris(2-chloroethyl) phosphate was observed in all samples (mean  0.07 μg/L; range 0.04 – 0.15 μg/L), 

and tributyl phosphate in all but one sample (mean 0.16 μg/L; range 0.03 – 0.34 μg/L). In February 2012, 

tris(2-chloroethyl) phosphate was observed in only 2 samples (0.01 and 0.02 μg/L), and tributyl phosphate 

in all samples (mean 0.38 μg/L; range 0.06 – 0.89 μg/L). 

Several sterols/stanols of animal origin (cholestane, cholesterol, cholestanol) and plant origin (stigmasterol, 

-sitosterol) were observed in both surveys, although only cholesterol was observed in all samples (Table 

A3.6(a,b); October 2012, mean 0.22 μg/L; range 0.07 – 0.36 μg/L; February 2013, mean 0.35 μg/L; range 

0.14 – 0.59 μg/L). In October 2012, plant sterol concentrations were usually higher than animal sterols,  

although this situation was reversed in February 2013 (Figure 2.13). Coprostanol, a commonly used marker 

for human faeces, was not observed at any site in either survey. Leeming et al. (1996) noted that cats and 
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pigs are the only animals that had similar faecal sterol profiles to humans, although the concentration of 

coprostanol is some 10 times more abundant on a dry weight basis in the faeces of humans than in those 

of cats and pigs, which suggests that the animal sterols did not come from sewage or pet cats, but perhaps 

pet dogs, other animals, birds, decaying organisms and food scraps. 

 

 
 

 
 

Figure 2.13 Summary of types of sterol/stanol water samples 
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Pharmaceuticals and personal care products (PPCPs): are used in a wide variety of products for humans, 

veterinary medicine, agriculture and aquaculture (Laville et al. 2004). Recent studies have reported the 

occurrence of various PPCPs in surface, drinking and ground water as well as soil and sediments (Kim et al. 

2009; Nakada et al. 2008). This implies a widespread occurrence of PPCPs in the environment and is raising 

concerns among chemists and toxicologists regarding their potential environmental fates and effects 

(Richardson et al. 2005). However, there is a lack of studies on PPCPs in storm water. 

Caffeine has been detected in wastewater, surface water and groundwater worldwide (Buerge et al. 

2003,2006) and has been identified as an anthropogenic marker for wastewater contamination of surface 

waters or as an indicator of untreated wastewater (Nakada et al. 2008). In October 2012, caffeine was 

found in 5 out of 7 samples at concentrations up to 1.06 μg/L (Site 210). Caffeine levels were lower in 

February 2013, found in 5 out of the 6 samples at concentrations up to 0.58 μg/L (Site 208). These 

concentrations were higher than maximum concentrations in waterways in Germany (0.13 μg/l; Prösch and 

Puchert 1998) and Greece (0.16 μg/L; Patsias et al. 2000).  

Two other suggested molecular markers of sewage contamination (diethyltoluamide (DEET), L-menthol ; 

Nakada et al. 2008) were observed at the monitored sites in both October 2012 and February 2013 (except 

DEET Site #203, February 2013). In October 2012, the average L-menthol concentration was 0.02 g/L 

(range,  0.01 - 0.03 μg/L). Similar levels were observed in February 2013. For DEET the average 

concentration In October 2012, was 0.06 g/L (range,  0.02 - 0.12 μg/L).  Somewhat higher levels were 

observed in February 2013 from a similar number of sites (average concentration 0.17 g/L; range,  0.06 - 

0.29 μg/L).  Two other PPCPs (aspirin (acetyl salicylic acid) and thymol) were observed in October 2012 but 

not in February 2013.  

Squalene was observed at all sites in both October 2012 and February 2013. This PPCP is widely used in 

cosmetics, and was obtained for commercial purposes primarily from shark liver oil, although vegetable oils 

are now used as well. In October 2012, average squalene concentrations were 0.01 g/L (range,  0.02 - 0.25 

μg/L).  Similar levels were observed in February 2013 (average concentration 0.09 g/L; range,  0.03 - 0.24 

μg/L).  

Many PPCPs are natural products. For instance, all plants and animals produce squalene to a greater or 

lesser extent and its presence in storm water is not diagnostic of contamination by sewerage. Likewise 

there are natural sources of salicylic acid (e.g. willows) and thymol (e.g. thyme). Realistically, in the storm 

water harvesting systems studied the only source for caffeine is from anthropogenic sources because the 

major caffeine producing plants are not grown commercially in Victoria. This suggests that the caffeine 

originated from either waste water (caffeine is a component of human waste), spills/disposal of beverages 

onto roads, or leaching from compost use in gardens. There was, however, no coprostanol observed in any 

sample suggesting limited, if any, cross-connection of storm water pipes to the sewerage system perhaps 

pointing to spills/disposal of beverages and food products and/or leaching of chemicals from 

compost/green waste. Further research is warranted to determine the sources of these PPCPs. 

Pesticides: More pesticides were observed in October 2012 samples (20) than in February 2013 (5). In 

October 2012, pesticides found included 3 insecticides, 9 herbicides and 5 fungicides (Figure 2.14). In 

October 2012, pesticides were most commonly seen at Site #209 (10 chemicals) and Sites #205 and 210 (6 

chemicals); in February 2013, pesticides were again most commonly seen at Site #209 (10 compounds) 

with no other site recording more than 2 chemicals.  
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Figure 2.14 Summary of pesticide concentrations in water samples 
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At this point it is perhaps not unreasonable to wonder how the GC-MS-DB method compared with the 

more traditional LC-MS/MS screening also undertaken. In that context, although the GC-MS-DB system 

screened 120 herbicides, and the LC-MS/MS 31 herbicides, only four chemicals were observed using both 

screens (metolachlor, prometryn, simazine, and triclopyr). Of these pesticides, metolachlor and prometryn, 

were observed only once each in water samples in October 2012 and February 2013, with triclopyr 

observed only once in October 2012, making comparison between methods problematic. Simazine, 

however, was observed many times by both methods, and when that data is compared, a very good 

correlation between methods is observed (r2 > 99%; Figure 2.15). 

 

 

Figure 2.15 Comparison of data produced by GC-MS-DB and LC-MS/MS methods for simazine 
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those processes that assist productive capacity are conceptualized by the term soil fertility and soil 

health. Micro-organisms fulfil similar functions in aquatic systems and are an integral part of aquatic 

ecosystem health. 

Preliminary screening of samples using rapid assessment tools is an attractive prospect for users of 

irrigation waters. Toxicity testing provides complementary information to chemical analysis on the sum 

of micropollutants present in treated effluent, but understanding the potential direct toxic effects o f 

complex mixtures is complicated (Biran et al. 2010). Since the introduction of the ‘Ames test’ four 

decades ago (Ames et al. 1973), continuous efforts have been directed towards the development, 

improvement and implementation of bacterial-based assays that provide an integrated indication of 

toxicity without trying to identify individual toxicants per se, and today a battery of bioanalytical 

methods are available. Although there is no information on the use of bacterial assays to assess 

irrigation water quality, assays incorporating the bacterium Vibrio fischeri have been used to assess the 

efficacy of soil remediation, composting, and the fate of a range of contaminants by challenging the 

assays with pore waters (Girotti et al 2008). The data that results from such assays are prone to the 

criticisms concerning the differences between the environmental (real) conditions that exist in 

ecosystems and those of the in vitro assay (Girotti et al 2008). However, given the importance of 

bacteria to soil health and productivity, any indication of toxicity and corresponding risk in the aqueous 

phase through measurements made by the PB test, may point to potential soil health impacts in any 

receiving soil-based systems.  

In order to assess whether observed toxicity may have been due to herbicides in collected water samples, a  

validation study was undertaken in which the P.B. test was challenged with standard solutions of 9 

herbicides, including three auxin growth regulators (2,4-D, clopyralid, MCPA; Table 2.2), four inhibitors of 

photosynthesis photsystem II (atrazine, simazine, bromacil and diuron) and two chemicals with other 

modes of action (metalochlor and mestulfuron methyl). The choice of chemicals was based somewhat 

arbitrarily on cost and ready availability, the need to have a mixture of herbicide modes of action in the 

testing program, and that all of these chemicals had been observed in one or more CAPIM storm water or 

riverine samples in the past three years. 

The major purpose of toxicity testing, whether for environmental risk assessment, or testing to see 

whether a chemical is efficacious against a pest, is to permit researchers and regulators to gauge the 

relative toxicity of a compound (under a given set of circumstances, including exposure period and 

organism). In other words, to assess where, in the pantheon of toxic agents, a material sits, i.e. is it broadly 

non-toxic, somewhat toxic, very toxic, super-toxic, and is it more or less toxic than other materials of 

known impact. This in turn allows for a broad assessment of chemicals with respect to their relative hazard. 

The photobacterium test system (P.B. test) toxicity data are reported as the ICR50, which is a measure of 

how much the sample has to be concentrated to inhibit luminescence in 50% of the photobacteria. In short, 

the lower the ICR50 reported, the higher the toxicity of the sample; conversely the higher the ICR50, the 

lower the toxicity; ICR50 above 500 are regarded as non-toxic. In this context, the P.B. test was not affected 

by any of the tested herbicides at the concentrations used in the validation test (between ~1.9 and 3.8 

mg/L; Table 2.2).  
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Table 2.2 Summary of P.B. test response to selected herbicides 
 

Herbicide Group Mode of action Approximate mass 
concentration tested 

 

ICR50 

   (mg/L  ≅ 10 mol)  

2,4-D phenoxy acetic acid Auxin growth regulator 2.2 >500 

atrazine triazine Inhibitors of photosynthesis at photosystem II Site A (blocks 
electron transport and the transfer of light energy) 

2.2 >500 

bromacil uracil Inhibitors of photosynthesis at photosystem II Site A (blocks 
electron transport and the transfer of light energy) 

2.6 >500 

clopyralid pyridine carboxylic 
acid 

Auxin growth regulator 1.9 >500 

diuron phenyl urea Photosystem II inhibitor (blocks the plastoquinone binding 
site) 

2.3 >500 

MCPA phenoxy acetic acid Auxin growth regulator 2.0 >500 

metolachlor chloracetanilide Inhibition of elongases and cyclases of the gibberellin 
pathway.  

2.8 >500 

metsulfuron-
methyl 

sulfonyl urea Systemic compound with foliar and soil activity, that inhibits 
cell division in shoots and roots 

3.8 >500 

simazine triazine Inhibitors of photosynthesis at photosystem II Site A (blocks 
electron transport and the transfer of light energy) 

2.0 >500 
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Figure 2.16 Summary of storm water sample toxicity to bacteria (whole extract) 

 

 

 

Figure 2.17 Summary of storm water sample toxicity to bacteria (fractionated extract; H/D, hexane 
dichloromethane; A/D, acetone/dichloromethane)) 
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Samples from both the October 2012 and February 2013 sampling rounds were prepared for bacterial 

toxicity testing at DPI Queenscliff Centre. In this context, the testing suggested that all samples were 

moderately to strongly toxic towards the photobacterium used, and while there is some variability in 

the data, on the whole samples were slightly more toxic in February 2013 than in October 2012 (Figure 

2.16). After further fractionation of the samples (by passing samples through a florisil column and, 

based on the solvent mixtures used to elute the column, collecting non-polar (H/D), intermediate 

polarity (A/D) and polar (Me) fractions), the data broadly suggests that most of the toxic compounds 

were contained in the polar methanolic fraction, suggesting that they were water soluble chemicals 

(Figure 2.17). There is one caveat to this conclusion – toxicity is based on the extractable fraction. Any 

chemicals and/or elements that were not retained on the C18 FF disk and not subsequently eluted from 

that disk by methanol and/or not dissolved in DMSO prior to testing would not have been part of the 

testing regime. So, it is possible that many chemicals and elements further contribute to toxicity than 

were extracted in this study. 

In the context of Objective 2, to use … an algal phytotoxicity test to assess the potential impact of storm 

water on aquatic primary producers, knowing that for the registration and/or regulation of chemicals one 

needs to understand the toxicity to a number of different levels of organization, we validated a microalgal 

bioassay based on a single green algal species (Scenedesmus sp.) and the assessment of growth and 

photosynthetic performance over 24-72 h period against 12 herbicides  (Table 2.3). The choice of chemicals 

was based on the need to have a mixture of herbicide modes of action in the testing program, and that all 

of these chemicals had been observed in one or more CAPIM storm water or riverine samples in the past 

three years. 

All the herbicides tested caused impairment to the growth and photosynthetic yield of Scenedesmus, albeit 

perhaps unsurprisingly at different concentrations. For the growth endpoint, diuron was the most toxic 

herbicide followed closely by the herbicides bromacil and atrazine. The least toxic herbicides to growth 

were clopyralid and 2,4-D (Table 2.3). For the photosynthetic endpoint, bromacil was the most toxic 

herbicide, followed by atrazine and diuron; the least toxic herbicide to photosynthetic yield was 2,4-D 

(Table 2.3). For each of the herbicides examined, growth of Scenedesmus was generally the more sensitive 

endpoint. The variability of Scenedesmus growth and photosynthetic responses to the herbicides was also 

examined, and ranged from 1% to 138% (Table 2.3). The responses of Scenedesmus were most consistent 

for the herbicide clopyralid (CV ranged from 1% to 38%, n = 2). However, for the majority of other 

herbicides tested, the growth and photosynthetic yield response of Scenedesmus sp. was very inconsistent, 

with CVs generally greater than 40%. Growth was generally a more consistent measure of toxicity (Table 

2.3). 

The toxicity of the herbicides tested was generally based on mode of action, with the PSII inhibitors having 

the greatest effects, followed by those that affect cell division then the herbicides that affect auxin growth 

or amino acid synthesis. This result is not unusual, with similar results reported for various species of 

Scenedesmus and other green algae (Table 2.4).  The insensitivity of Scenedesmus to herbicides with modes 

of action against auxin growth and or amino acid regulation may stem from the fact that they are 

unicellular organisms whose development is not regulated by plant hormones such as auxins (Cedergreen 

and Streibig 2005).     
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TABLE 2.3: Mean inhibitory concentrations (IC10 and IC50 (concentrations causing 50 and 20% inhibition)) for both growth and photosynthetic responses with 

associated coefficients of variation in Scenedesmus sp. after 72 h exposure to 12 different herbicides. 

Herbicide Group Mode of action N Mean ICx values (mgL
-1

) 

  Growth Photosynthetic Yield 

  IC10 CV(%) IC50 CV(%) IC10 CV(%) IC50 CV(%) 

2,4-D phenoxy acetic acid Auxin growth regulator 2 3.3 17 >150  148.9 1 >150  

atrazine 
triazine 

Inhibitors of photosynthesis at photosystem II Site A (blocks electron 
transport and the transfer of light energy) 

3 
0.02 41 0.16 49 0.04 67 0.54 86 

bromacil 
uracil 

Inhibitors of photosynthesis at photosystem II Site A (blocks electron 
transport and the transfer of light energy) 

2 
0.007 48 0.36 93 0.01 78 0.15 8 

clopyralid pyridine carboxylic acid Auxin growth regulator 2 57.3 1 86.4 2 49.7 38 96.1 6 

dicamba bipyridyl inhibitors of photosynthesis at photosystem I. 1 1.5  138.4  129.5  >150  

diuron phenyl urea Photosystem II inhibitor (blocks the plastoquinone binding site) 2 0.003 111 0.007 84 0.05 136 0.52 130 

diquat glycine Aromatic amino acid synthesis inhibitor 2 0.08 65 0.26 38 1.6 123 2.5 28 

glyphosate phenoxy acetic acid Auxin growth regulator 2 10.5 138 44.3 4 50.9 36 96.6 5 

MCPA phenoxy acetic acid Auxin growth regulator 2 1.3 93 21.6 55 1.1 125 >30  

metsulfuron methyl 
sulfonyl urea 

Systemic compound with foliar and soil activity, that inhibits cell division 
in shoots and roots 

2 
3.0 72 42.0 118 31.4 131 44.4 113 

paraquat bipyridyl Inhibitor of photosynthesis at photosystem I. 2 0.15 117 1.7 77 3.7 115 9.9 2 

triallate thiocarbamate Inhibitor of cell division 2 0.92 120 5.7 47 1.7 105 11.0 51 

(N = number of tests performed) 
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Table 2.4: Comparative sensitivity of the CAPIM test using Scenedesmus sp. to both the 12 validation herbicides and different species of Scenedesmus.  

Herbicide Species Measurement Endpoint Concentration 
(mg/L) 

Reference 

2,4-D Scenedesmus quadricuada Berb 614 Growth EC50  10.62 Wong et al. 2000 

 Scenedesmus acutus Growth 24hr IC50 22.1 Kegley et al. 2011 

 Scenedesmus sp. Growth 72hr IC50  >150 This study 

 Scenedesmus quadricuada Berb 614 Photosynthesis 60 minute EC50  11.45 Wong et al. 2000 

 Scenedesmus sp. Photosynthesis 72hr IC50  >150 This study 

Atrazine Scenedesmus subspicatus Growth 72hr EC50 0.03 Kegley et al. 2011 

 Scenedesmus subspicatus  Growth EC50 0.041 Masojidek et al. 2010 

 Scenedesmus abundans Growth 96hr EC50 0.11 Kegley et al. 2011 

 Scenedesmus obliquus Growth 96hr EC50 0.02 He et al. 2012 

 Scenedesmus obliquus Growth 96hr EC50  0.12 Ma 2002 

 Scenedesmus obliquus Growth 96hr EC50  0.58 Mofeed and Mosleh 2013 

 Scenedesmus quadricauda Growth 96hr EC50  0.17 Fairchild et al. 1998 

 Scenedesmus quadricauda Growth 96hr EC50 0.1 Kegley et al. 2011 

 Scenedesmus quadricauda Growth 96hr EC50 0.2 Kegley et al. 2011 

 Scenedesmus quadricuada Growth 96hr EC50  0.041 Ma et al. 2003 

 Scenedesmus sp. Growth 72hr IC50 0.16 This study 

Bromacil Scenedesmus subspicatus Growth 72hr EC50 0.1 Kegley et al. 2011 

 Scenedesmus sp. Growth IC50 0.36 This study 

 Scenedesmus subspicatus Photosynthesis EC50 0.14 Kegley et al. 2011 

 Scenedesmus sp. Photosynthesis 72hr IC50  0.15 This study 

      

Dicamba Scenedesmus subspicatus Growth 96hr EC50  269 FOA 2001 

 Scenedesmus sp. Growth 72hr IC50  138.4 This study 
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Table 2.4 (Continued)     

Herbicide Species Measurement Endpoint Concentration 
(mg/L) 

Reference 

Diuron Scenedesmus acutus Growth 24hr IC50 0.01 Kegley et al. 2011 

 Scenedesmus subspicatus  Growth EC50 0.05 Masojidek et al. 2010 

 Scenedesmus obliquus Growth 24h IC50 0.01 Geoffroy et al. 2002 

 Scenedesmus obliquus Growth 96hr EC50  0.005 Ma 2002 

 Scenedesmus quadricuada Growth 96hr EC50  0.003 Ma et al. 2003 

 Scenedesmus sp. Growth 72hr IC50 0.007 This study 

 Scenedesmus subspicatus Photosynthesis EC50 0.07 Kegley et al. 2011 

 Scenedesmus sp. Photosynthesis 72hr IC50  0.52 This study 

Glyphosate Scenedesmus acutus Growth 24hr IC50 10.48 Kegley et al. 2011 

 Scenedesmus acutus Growth 72hr IC50  24.5 Vendrell et al. 2009 

 Scenedesmus acutus Growth 96hr EC50 10.2 Kegley et al. 2011 

 Scenedesmus subspicatus Growth 72hr IC50  26 Vendrell et al. 2009 

 Scenedesmus obliquus Growth 96hr  0.56 Ma 2002 

 Scenedesmus quadricuada Berb 614 Growth EC50 2.1 Wong et al. 2000 

 Scenedesmus quadricauda Growth 96hr EC50 7.2 Kegley et al. 2011 

 Scenedesmus quadricauda Growth 96hr EC50 70.5 Kegley et al. 2011 

 Scenedesmus quadricuada Growth 96hr EC50 70.5 Ma et al. 2003 

 Scenedesmus sp. Growth 72hr IC50  44.3 This study 

 Scenedesmus quadricuada Berb 614 Photosynthesis 60 minute EC50 2.56 Wong et al. 2000 

 Scenedesmus sp. Photosynthesis 72hr IC50 96.6 This study 

MCPA Scenedesmus acutus Growth 24hr IC50 20.1 Kegley et al. 2011 

 Scenedesmus obliquus Growth 96hr EC50 35.49 Ma 2002 

 Scenedesmus quadricauda Growth 96hr EC50 86.1 Kegley et al. 2011 
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  Table 2.4 (Continued)     

Herbicide Species Measurement Endpoint Concentration 
(mg/L) 

Reference 

MCPA Scenedesmus quadricuada Growth 96hr EC50 86.1 Ma et al. 2003 

 Scenedesmus sp. Growth 72hr IC50 42 This study 

Metsulfuron-methyl Scenedesmus quadricuada Growth 96hr EC50 0.1 Ma et al. 2004 

 Scenedesmus obliquus Growth 96hr EC50  72.88 Ma 2002 

 Scenedesmus sp. Growth 72hr IC50 21.6 This study 

Paraquat Scenedesmus quadricuada Berb 614 Growth EC50  0.002 Wong et al. 2000 

 Scenedesmus acutus Growth 24hr IC50 7.72 Kegley et al. 2011 

 Scenedesmus quadricauda Growth 24hr EC50 0.87 Kegley et al. 2011 

 Scenedesmus quadricauda Growth 48hr EC50 0.21 Kegley et al. 2011 

 Scenedesmus dimorphus Growth 96hr EC50 0.082 Kegley et al. 2011 

 Scenedesmus dimorphus Growth 96hr EC50 0.074 Kegley et al. 2011 

 Scenedesmus dimorphus Growth 96hr EC50 0.04 Kegley et al. 2011 

 Scenedesmus obliquus Growth 96hr EC50 0.02 Ma 2002 

 Scenedesmus quadricauda Growth 96hr EC50 0.04 Kegley et al. 2011 

 Scenedesmus quadricauda Growth 96hr EC50 0.132 Kegley et al. 2011 

 Scenedesmus quadricauda Growth 96hr EC50 0.22 Kegley et al. 2011 

 Scenedesmus quadricuada Growth 96hr EC50  0.0000013 Ma et al. 2003 

 Scenedesmus sp. Growth 72hr IC50  1.7 This study 

 Scenedesmus quadricuada Berb 614 Photosynthesis 60 minute EC50  0.25 Wong et al. 2000 

 Scenedesmus sp. Photosynthesis 72hr IC50  9.9 This study 
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Figure 2.18 Summary of storm water sample toxicity to growth (top figure) and photosynthesis (bottom 

figure) in Scenedesmus sp. Atrazine dosed at 0.1mg/L. 
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Comparing EC50 concentrations obtained for the Scenedesmus sp. used in the current work with those 

obtained for other species of Scenedesmus published in the wider literature, it appears that the sensitivity 

of the algae used by CAPIM is in the range observed for this species for most of the herbicides tested (Table 

2.4). For the herbicides atrazine, dicamba, diuron, glyphosate, MCPA and metsulfuron-methyl, the 

Scenedesmus sp. used in the current study had a sensitivity in the lower to middle end of that reported in 

the literature, while for 2,4-D, bromacil and paraquat it was less sensitive than that reported in the 

literature (Table 2.4). For the herbicides diquat, triallate and clopyralid there were no other studies using 

Scenedesmus species found in the wider literature. Interestingly most of the studies using Scenedesmus 

species investigating herbicide toxicity reported only toxicity to growth, with few looking at effects on 

photosynthesis. 

Testing of waters during October 2012 and February 2013 using the microalgal bioassay suggested that all 

sites apart from Sites #203 and 205 caused toxicity to microalgae growth and/or photosynthesis equivalent 

to or greater than that induced by 0.1 mg/L atrazine (Table A3.2; Figure 2.18).  Samples were generally 

more toxic in February 2013 than in October 2012.  Site #207 appeared to cause the greatest toxicity of all 

sites sampled over both months.   

Laboratory testing results for the effects of twelve herbicides on Scenedesmus growth and photosynthesis 

showed that the herbicide concentrations measured in surface waters during this study are not at levels 

likely to cause significant toxic effects to microalgae, if they behave in nature as they do in the laboratory.  

Herbicides, however rarely occur alone. In the current study, during sampling in October 2012 and February 

2013 between 7 and 13 different herbicides were detected in the water samples. The most commonly 

detected were the triazine herbicides, found to be the most toxic to the microalgae in laboratory testing, 

followed by acid herbicides and to a lesser extent sulfonylurea herbicides. Mixtures of several seemingly 

non-toxic concentrations of herbicides  and other measured and unmeasured pollutants can add up to and 

exert toxic effects when enough compounds are present (Cedergreen and Streidig 2005) and therefore the 

presence of these herbicides in the samples may have played a role in the toxicity of each site water to the 

algae. Further, laboratory testing involved pure compounds, while in nature it is more likely that 

formulations of compounds be present, which have been reported to be more toxic than pure compounds.  

For instance the roundup formulation of glyphosate, the formulated compound has been reported to be 

four times more toxic than the technical compound when based on EC50 (Cedergreen and Streidig 2005). 

It is natural to question the value of using algae toxicity tests in the context of reuse of harvested storm 

water onto land. There is no literature specifically related to the use of algal toxicity data for risk 

assessment for terrestrial plants (Pers. Comm. Dr Jackie Myers). In general, terrestrial plants used for 

toxicity testing are more sensitive than aquatic plants, albeit the exposures compared are for spray drift 

where herbicides are applied directly to the terrestrial pants as a 10% drift but as a 10% drift concentration 

into a pool of water with algae in it (Cedergreen and Streibig 2005; Cedergreen et al. 2007).  This scenario is 

somewhat different to watering parks and gardens with water that may have herbicides in it. 
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In the context of Objective 3, to assess storm water quality and potential impact by comparing contaminant 

concentrations with water quality guidelines, because storm water may be reused on land for irrigation of 

parks and gardens, observed nutrients, metals and herbicide concentrations were compared to guideline 

values (where available)(Tables 2.5 – 2.8). 

Nutrients are essential to plant growth, but in excess can cause toxicity to some plants and adverse effects 

on surface and ground water. Of the range of nutrients applied, often phosphorus (P) and nitrogen (N) 

present the greatest potential problem, although the risk is largely defined by whether a receiving water or 

irrigation site is in nutrient balance or not. For a storm water irrigation scheme to be ecologically 

sustainable, the agronomic system must not become stressed by excessive nutrient loading. The ANZECC & 

ARMCANZ (2000) guidelines provide both long-term trigger values (LTV) and short-term trigger values (STV) 

for N and P in irrigation water, based on maintaining crop yield, avoiding water-logging, bio-clogging of 

equipment and minimising off-site impacts (Table 2.5). In this study, no site recorded a TN concentration 

above the LTV, but many sites had TP above the LTV (max, February 2013, Site 205, 0.47 mg/L). 

 

Table 2.5 Trigger values for nutrients in storm water (adapted from NRMMC, EPHC & NHMRC 2009 and 

CSIRO 1999) and agricultural irrigation water (adapted from ANZECC & ARMCANZ 2000). 

Parameter NRMMC, EPHC & 

NHMRC (2009) 

ANZECC & ARMCANZ (2000) Trigger 

values for irrigation water 

CSIRO (1999)  

95th % level STV LTV 
b
  

 (mg/L) 

pH 7.3    

Suspended solids 255   < 80 

Total nitrogen 7.5 25 – 125 5 < 0.9 

NOx 1.5    

NH3-N (as ammonium) 3.3    

Total phosphorus 1.3 0.8 - 12 0.05 
c
 < 0.08 

(a) Depending on crop; (b) long-term, up to 100 years; (c) to minimise biofouling and clogging of irrigation equipment only. 
 

 
 
Table 2.6 Irrigation water salinity ratings based on electrical conductivity (EC; modified from Stevens 2006). 
 
 

EC (dS/m) Water salinity rating Plant suitability 

< 0.65 Very low Sensitive crops 

0.65 – 1.3 Low Moderately sensitive crops 

1.3 – 2.9 Medium Moderately tolerant crops 

2.9 – 5.2 High Tolerant crops 

5.2 – 8.1 Very High Very tolerant crops 

> 8.1 Extreme Generally too saline 
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Salinity and sodicity management is critical for all irrigation schemes, including those using recycled 

harvested (captured and treated) storm water. The accumulation of salts within the soil profile can result in 

the development of saline soils, which can impede plant growth and result in land degradation. The 

predominant impact of elevated soil salts is an increase in the osmotic pressure of the soil water solution, 

which makes water extraction by plant roots exceedingly difficult. This can result in water stress and 

reduced productivity (Sumner et al. 1998). In this study, storm water salinities (as measured using EC; Table 

A3.1(a,b)) were mostly suitable for use on sensitive crops (provided there were no other chemicals in the 

water that would adversely impact upon the plants; Table 2.6), with the exception of Site 203, which is 

rated medium and so suitable only for use on moderately tolerant crops. Sodicity is the presence of a high 

proportion of sodium ions relative to calcium and magnesium ions in the soil or water. Unfortunately, the 

major ions (Ca, K, Mg, Na) were not monitored in this study, so we cannot estimate the relevant storm 

water sodium adsorption ratios (SARs). So, because defining appropriate criteria for the salinity and sodicity 

of irrigation water depends on a number of factors other than water quality not measured in this study, 

including local soil properties, plant salt tolerance, climate, and irrigation management practices, no further 

assessment of the risk of the surveyed stormwater will be made.  

 

Table 2.7 Summary of recycled water quality requirements (metal contaminants; adapted from Stevens 

2006). 

Element ANZECC and ARMCANZ (2000)  EPA Victoria (1991) NRMMC, EPHC & 
NHMRC (2009) 

 Long-term trigger 
value 

Long-term 
trigger value  

Maximum concn.  95th % level 

 (mg/L) 

aluminium 5 20 5 2.3 

arsenic 0.1 2.0 0.1 0.011 

boron 0.5 -  0.75 - 

cadmium 0.01 0.05 0.01 0.061 

chromium 0.1 1 0.1 0.017 

cobalt 0.05 0.1 0.05 - 

copper 0.2 5 0.2 0.141 

fluoride 1 2 1 - 

iron 0.2 10 0.2 5.1 

lead 2 5 5 0.162 

manganese 0.2 10 0.2 0.197 

mercury 0.002 0.002 - 0.0004 

molybdenum 0.01 0.05 0.01 - 

nickel 0.2 2 0.2 0.017 

selenium 0.02 0.05 0.02 - 

zinc 2 5 2 0.570 
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Public Open Space Irrigation 

The metal levels used by the NRMMC, EPHC & NHMRC (2009) in their generic, screening-level 

environmental risk assessments are more conservative than CSIRO (1999), and are thus perhaps the better 

values to be used when assessing reuse on public open spaces (Table 2.7).  In this context: 

o The Cu concentrations observed in this study (<0.001 - 0.083 mg/L) were one to two orders of 

magnitude lower than the NRMMC, EPHC & NHMRC (2009) guidelines 95th % level (0.141 mg/L). 

o The maximum Ni concentration observed in this study (0.023 mg/L) was above the NRMMC, EPHC & 

NHMRC (2009) guidelines 95th% level (0.017 mg/L), although apart from that one measurement, all 

concentrations were an order of magnitude lower than the trigger value. 

o The Fe concentrations observed in this study (<LOR – 6.14 mg/L) were generally lower than the NRMMC, 

EPHC & NHMRC (2009) guidelines 95th % level (5.1 mg/L), with the exception of Site 205 (6.14 mg/L). 

o The maximum As concentration observed in this study (0.004 mg/L) was much lower than the NRMMC, 

EPHC & NHMRC (2009) guidelines 95th % level (0.011 mg/L). 

o The concentrations of Cd, Pb, and Zn in collected storm waters did not exceed the NRMMC, EPHC & 

NHMRC (2009) guidelines 95th percentile contaminant concentration. 

 
There are no national guidelines for herbicides in storm water. The ANZECC and ARMCANZ (2000) water 

quality guidelines provide only one irrigation water interim trigger value for any of the herbicides screened 

in this study (for diuron). The maximum diuron concentration observed in this study (0.40 g/L) was an 

order of magnitude lower than the ANZECC and ARMCANZ (2000) interim trigger value for this chemical (2 

g/L). Summary information on the toxicological properties of a much wider range of agrochemicals is 

published in various other sources, e.g. such as the ‘The pesticide manual’ (Tomlin 2000 and updates). 

Likewise the Australian Pesticides and Veterinary Medicines Authority (APVMA) has a searchable database 

(PUBCRIS) of all the agricultural and veterinary chemicals registered in Australia which can be interrogated 

a number of ways including by crop type (APVMA 2013). However, detailed toxicological information is 

often scattered across many sources (on- and off-line), and is not readily available in one source and it has 

typically been necessary for researchers to search a number of information sources in order to collect data 

on all the agrochemicals of interest (and consequently data identification has often been a frustrating and 

time consuming activity). Fortunately for agrochemicals researchers, this latter has been somewhat 

ameliorated recently by the development of the Pesticide Properties Database (PPDB) as a comprehensive 

relational database of pesticide physicochemical, toxicological, and ecotoxicological data (PPDB 2009). 

Hosted by the International Union of Pure and Applied Chemistry (IUPAC), a sub-set of the data contained 

in the PPDB, including the parameters fate and ecotoxicology, has been integrated into the searchable 

‘FOOTPRINT PPDB’ to facilitate risk assessments. The FOOTPRINT database does not provide specific 

information on terrestrial ecotoxicological effects, e.g. effects on soil rooted plants, but much like Tomlin 

(2000 and updates), focus on ecologically relevant toxicological data, including aquatic toxicology. The 

FOOTPRINT database does provide information on herbicide toxicity to aquatic plants and algae, which, 

assuming such organisms are a not unreasonable surrogate for terrestrial plants, allows for a simplistic 

assessment of potential risk through comparison of effect concentrations with measured concentrations. In 

this context, none of the measured herbicide concentrations would appear to be of significant concern 

(Table 2.8). However, crop toxicology is related to herbicide use rates (in kg active ingredient / ha). To 
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convert herbicide water concentrations into loading rates requires knowledge of herbicide concentration, 

volume of water irrigated and the area of land onto which the water is applied. Modelling relative risk from 

measured herbicides in that context is beyond the scope of this particular report. 

 

Table 2.8 Comparison of aquatic plant and algal toxicity data for screened herbicides with measured values 

(toxicity data from PPDB 2009) 

Chemical Toxicity data Measured 

 Aquatic plants Algae Max 

concentration 

 

 7 d EC50 72 h EC50 96h NOEC Issue? 

 (g L
-1

) (g L
-1

)  

2,4-D 580 24200 100000 0.067 - 

atrazine 19 59 100 0.013 - 

bensulfuron methyl 0.8 20  - - 

bromacil  13 10 - - 

chlorsulfuron 0.35 68  - - 

clopyralid 89000 30500 17000 0.059 - 

cyanazine 51 200 9 - - 

dicamba >3,250 1800 25000 0.12 - 

diuron 18.3 2.7  0.40 - 

fluroxypyr 12300 49800 56000 0.021 - 

hexazinone 72 14.5  - - 

linuron 17 16 10 - - 

MCPA 51 79800 60000 0.51 - 

MCPB 37000 41000  - - 

metolachlor    0.42 ? 

metribuzin 8 20 19 - - 

metsulfuron methyl 0.36 45 20 0.057  

pendimethalin 12 6 3 - - 

picloram 102000 60200  0.14 - 

prometryn 10.5 2  0.028 - 

propachlor 5 15 10 - - 

propazine 880 180  - - 

rimsulfuron 9 29 630 - - 

simazine 300 40 600 2.0 - 

sulfometuron methyl    - - 

terbuthylazine 12.8 12   - - 

terbutryn  2.4  0.008 - 

triasulfuron 0.068 35  - - 

triclopyr 800 75800 8000 0.123 - 
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3 Draft guidelines for monitoring of harvested storm water. 

In the context of Project Objectives (p. 8), to assess industry best practice in sampling and analysis of water 

for micro-contaminants, this section provides a summary review of sampling methods (current and being 

developed) along with summary description of the quantitative methods available for the contaminants of 

concern. Finally a summary of suggested analytes for screening by storm water harvesting is provided. At 

this stage, the ‘guideline’ material is presented for industry discussion only, and will be further developed 

by the Smart Water Fund and/or EPA Victoria in conjunction with industry stakeholders. 

3.1 Sampling and analytical tools  

The tools available for water quality monitoring can be classified on the basis of their relationship between 

the sampling and analytical processes, with the three main categories being in-situ, on-line and off-line 

methods (Greenwood et al. 2007; Madrid et al. 2007). 

o In-situ methods generally involve the use of a sensing device immersed in a water body, with data 

collected automatically and either recorded for later retrieval or transmitted to a distant ground station 

for interpretation. In-situ monitoring tools generally use spectroscopic or electrochemical techniques to 

acquire continuous data. This technology is most mature for the measurement of pH, temperature, 

conductivity, dissolved oxygen, turbidity and chlorophyll (Hall et al. 2007).  

o On-line methods use analytical instruments located near to the waterway being studied. Sampling is 

generally automated, and both discrete and continuous measurement of the sample is possible as it is 

drawn through the instrument, depending on the analytical method employed. Samples can be pre-

treated, systems are often temperature controlled and some allow for complex on-line chemical work-

up of the samples before measurement. On-line methods permit frequent and rapid sampling and 

analysis, can be used to monitor remote or sensitive locations, but because of their cost, require secure, 

powered sites for their application (Roig et al. 2007).  

o Off-line methods are the most commonly used methods to monitor agrochemicals. They require that a 

sample of water is collected at specified intervals in the field and transported to the analytical system. 

Typically, this means the sample is taken to a laboratory for analysis by classical chromatographic and 

spectroscopic techniques.  

Generally, most chemical residue monitoring is conducted in the off-line mode.  

Sampling can be defined as the process of selecting a portion of the environment under investigation small 

enough in volume to be transported conveniently to the laboratory, and small enough to be conveniently 

handled within the laboratory, while still being representative of the environment under investigation 

(Madrid et al. 2007). Sampling is an integral part of the analytical process, and is so important that in many, 

if not most occasions upon which agrochemicals are being surveyed, sampling represents the main 

contribution to error in the whole analytical process. In general, the absolute and relative error associated 

instrumental analysis, although differing from matrix to matrix is generally relatively low compared to that 

associated with the physical collection of samples, and sample preparation.  

Grab (or spot) samples are commonly used to characterise chemical residues in surface waters. The 

advantage is that the matrix itself is analysed and concentrations can be easily related to toxicity values for 
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assessing exceedances of regulatory trigger values (TVs) as well as for probabilistic risk assessment, if 

accredited laboratories and methods are used, and stakeholders have a high degree of confidence in the 

results obtained.  

“Who, if anyone, in the state, could measure the compounds of interest accurately, precisely and cost-

effectively?” There is no standard list of contaminants that should be measured in storm water, and there is 

no ‘one-stop shop,’ but there are a range of, public, private and academic organisations in Victoria and 

elsewhere in Australia that can make the required measurements for the individual chemicals/chemical 

groups discussed in this report, and there are a number of criteria that can be applied to assist with 

choosing an appropriate laboratory service provider. 

“What should I look for in a laboratory service or research provider?” Any organisation contracted to 

provide research and/or analytical services must be able to provide accurate and reliable data on the 

samples tested. Being able to provide a service at the required technical level depends on the facility having 

the following resources and systems: 

• Qualified and experienced staff 

• Suitable testing facilities, sound testing procedures and valid test methods using properly calibrated 

testing equipment 

• Accurate recording and reporting procedures 

• An adequate quality assurance system, backed up by an adequate quality control system 

• Proper sampling procedures (if asked to collect samples from the field) 

• Systems that allow traceability of measurements to national and international standards 

All these factors contribute to an organisation’s being technically competent to do the testing. But how 

does one know that an organisation has these competencies? Well, for routine chemical analysis, one good, 

if not perfect, way to assure oneself that a prospective laboratory will have at least some of the required 

attributes, is to look for NATA accreditation.  

“What is NATA?” NATA is the National Association of Testing Authorities, Australia. NATA is the authority 

responsible for the accreditation of commercial chemical analytical testing laboratories throughout 

Australia. A not-for-profit company operating as an association owned and governed by its members, NATA 

provides independent assurance of the technical competence of testing services, and in doing so provides 

assurance for customers who require confidence in the delivery (accuracy and precision) of testing services. 

“Why Use a NATA Accredited Facility?” A NATA accredited facility should be able to demonstrate to an 

outside, independent assessment team that the laboratory can deliver a competent testing service. 

Choosing a NATA accredited facility for analysis of samples reduces the risk for the providers of samples. 

NATA publishes an internet directory of accredited facilities which is updated regularly, and includes 

laboratories’ contact details plus information on their capabilities (see: www.nata.asn.au). 
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3.2 Prioritisation of chemicals in storm water for monitoring 

“What is the optimum design of harvested storm water monitoring program?” In broad terms, the type of 

monitoring required for assessing pollution/contamination of storm water will depend on the aims, 

objectives and management outcomes of the monitoring program. This should be to show that the storm 

water being re-used and/or discharged to an aquatic receiving environment is ‘fit-for-purpose.’  

The NRMMC, EPHC & NHMRC (2009) have produced guidelines for the design, management, maintenance 

and operation of storm water harvesting systems, and these should be followed when building and/or 

operating a storm water harvesting system. The NRMMC, EPHC & NHMRC (2009)  guidelines provide storm 

water treatment criteria for public, open-space irrigation to: 

 Manage operational risks (based on design life of 20 years): suspended solids < 50 mg/L; coarse particles 

< 2mm diameter; iron < 10 mg/L; TP < 0.8 mg/L; Hardness (CaCO3) < 350 mg/L. 

 Manage human health risks: >1.5 log10 reduction of numbers of viruses and bacteria, >0.8 log10 

reduction of protozoan parasite numbers and <10 colony forming units (CFU) E. coli/100 mL, along with 

median turbidity of <25 nephelometric turbidity units (NTU) and < 9.6 mg/L Fe.  

Additional microbial monitoring is suggested where storm water is stored in open storages but otherwise 

there are no specific guidelines for the amount of monitoring to be undertaken, or which potential 

pollutants to examine, rather the NRMMC, EPHC & NHMRC (2009) guidelines suggest that, “Any 

monitoring of chemical constituents in storm water should focus on parameters likely to … approaching 

the long-term trigger value [for agricultural irrigation for soil and plants as environmental end points].” The 

NRMMC, EPHC & NHMRC (2009)’s risk based approach to monitoring design is purported to avoid “the 

expense of monitoring for chemicals that are unlikely to be relevant for the environmental risk 

assessment.” The guidelines do, however, note that an organisation constructing a storm water harvesting 

system “should also be committed to [monitoring and] using monitoring data to improve the scheme’s 

performance where required.” 

Prioritisation of chemicals in storm water monitoring requires some sort of process, and so the following 

steps and points were considered: 

o The extent and magnitude of published (and readily available) information of compounds in the 

Victorian waterways (water and sediment). 

o The robustness of measurement technologies to determine which chemicals which may be entering 

the waterways, and where, at ecologically relevant concentrations.  

o Whether there are secondary benefits to be had by measuring a tracer, i.e. can the tracing data be 

used for more than just identifying inputs, such as terrestrial and aquatic ecological risk assessment 

through comparison with known effects information? 

“What were the drivers for choosing particular chemicals to be assessed?” In part, some of the chemicals 

considered are long-standing issues, e.g. metals and metalloids. Others are long-standing areas of concern, 

even though specific chemicals have changed over the years, e.g. pesticides. Some chemicals have been 

added to ‘priority lists’ in the last decade or so, e.g. EDCs and PPCPs. In part, chemicals were chosen 
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because they have been identified as issues in overseas catchments, particularly those where storm water 

discharges directly or indirectly to streams and rivers, and/or bays. The concentrations measured in this 

study were then considered and compared, where possible to guideline values, to assess whether there 

was any plausible immediate threat (to aquatic receiving environments or terrestrial environments if 

recycled onto land). 

Metals. For most metals, such as Ag, As, Cr, Sn and V, there appears to be no plausible immediate threat, 

nor any evidence of toxicologically relevant aqueous associated with storm water, placing them in the 

category of, “screen every year prior to main irrigation season to ensure no regulatory guideline level being 

exceeded.” For some metals, such as Cu, Zn, storm water is a known source and/or concentrations have 

been observed above relevant trigger values in Melbourne and/or other regions, and because total metal 

contents are easy and cheap to measure, they were placed in the category of, “screen often (at least every 

6 months but ideally quarterly) to ensure no guideline level being exceeded.” 

Nutrients. For C, N and P there are plausible immediate threats to ecosystems through eutrophication. 

placing them in the category of, “screen often (at least quarterly, but ideally every month) to ensure no 

guideline level being exceeded.” 

Microorganisms. For pathogens and other microorganisms there are plausible immediate threats to human 

health if contaminated storm water enters recreational waters or sprayed onto parkland, but few other 

plausible threats to aquatic or terrestrial ecosystems. Some microbial methods are diagnostic of source, 

although most promising methods are still in the research realm, placing them in the category of, “screen 

often (at least quarterly, but ideally every month) to ensure no guideline level being exceeded” 

PAHs: Although PAHs are a diverse group of compounds, they are generically high profile contaminants, 

often (but not always) persistent, and some are toxic. Numerous observations for some isomers in study 

waters. To that end, the PAHs were placed in the, “screen often (quarterly) to ensure no irrigation and/or 

environmental trigger guideline and/or relevant toxicity thresholds exceeded” category.  

Agricultural chemicals: For the purpose of this review, there was only one groups of chemicals postulated 

as potential key contaminants, namely herbicides. Although herbicides are a diverse group of compounds, 

they are generically high profile contaminants, often (but not always) persistent, and some are suspect 

EDCs. Deliberately designed to be highly toxic to plants, there were numerous observations for some 

herbicide groups in study waters. To that end, the herbicides were placed in the, “screen often (monthly) to 

ensure no irrigation and/or environmental trigger guideline and/or relevant toxicity thresholds exceeded” 

category.  

PPCPS and Industrials: Some of these compounds are extremely high profile environmental contaminants; 

unknown impact of mixture of many chemicals on aquatic systems but no obvious threat to terrestrial 

ecosystems if found in irrigated storm water. Overall, only low levels observed in this study placing them in 

the, “initiate research on their presence in storm water across Melbourne in the medium term (≤ 3 years)” 

category. 

Natural compounds: Animals excrete large quantities of steroid estrogens; much of the material excreted is 

degraded quickly in the environment, but their impacts on aquatic organisms are an extremely high profile 

environmental issue. For the steroid hormones, there is a very highly plausible threat to organisms in 
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waterways, especially if storm water systems are cross-connected to sewerage or service agricultural hard 

pans. Contamination by these chemicals could affect amphibian and fish reproduction and development via 

EDC mechanisms, with possible potential population effects. These compounds can also be used as tracers 

for pollution source tracking. However, only low level contamination is found in Victorian storm water 

(CAPIM unpublished data) placing them in the, “initiate research on their presence in storm water across 

Melbourne in the medium term (≤ 3 years)” category.  

Sterols and stanols. For these chemicals some methods are diagnostic of humans, dogs, cats, cattle, and 

other animals, although there is limited information on markers for most native wildlife and birds, but the 

most promising methods using multi-variate statistical methods to provide required faecal source 

separation, placing them in the category of, “should initiate research to see if these are faecal source 

tracking methods that could be used in storm water monitoring.” 

Following the prioritisation process, draft guidelines for storm water monitoring were produced, and are 

reproduced hereafter. Defining trigger values for the physical and chemical stressors originating in harvested 

storm water discharged to waterways is somewhat arbitrary, and so, as noted at the start of this section, at 

this stage, the ‘guideline’ material is presented for industry discussion only, and must be further developed 

by the Smart Water Fund and/or EPA Victoria in conjunction with industry stakeholders. 

 

3.3 Draft guidelines for storm water monitoring 

The type of monitoring required for assessing pollution/contamination of storm water will depend on the 

aims, objectives and management outcomes of the monitoring program. This should be to show that the 

storm water being re-used and/or discharged to an aquatic receiving environment is ‘fit-for-purpose.’ 

Re-use for irrigation: There are a range of environmental problems that may arise from the re-use of 

harvested water, such as increased sodicity, recharge of groundwater leading to the development of 

salinity, contamination of soil and groundwater by metals and organic chemicals, and eutrophication of 

local surface waters. The need to mange potential pathogen and chemical risks has resulted in regulatory 

oversight for reclaimed/recycled water from other sources, such as WWTPs and industry, and in the first 

instance the re-use of harvested storm water for the irrigation of parks and gardens should be considered 

within the broad scope of that regulatory oversight. For instance: 

 National guidance for recycled water schemes is provided by the Guidelines for Sewerage Systems: Use 

of Reclaimed Water (ARMCANZ & ANZECC 2000). These national guidelines are just that, guidelines 

intended to provide general direction for recycled water scheme planners, and should be used in 

conjunction with State requirements.  

 In Victoria, guidance for recycled water schemes is provided by Guidelines for Environmental 

Management: Use of reclaimed water (EPA Victoria 2003). These guidelines provide a framework for 

the management of recycled water, set performance objectives, establish both supplier and user 

obligations, and suggest best practice measures for site selection and management, water treatment, 

quality, application and monitoring, and reporting to meet performance objectives.  

 A supporting document for the EPA guidelines for recycled water is the Guideline for Waste Water 

Irrigation (EPA Victoria 1991), which contains guidance on site selection and irrigation management for 

the protection of soils and waterbodies. 
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Table 3.1 Draft recommended harvested storm water quality guidelines for re-use on parks and gardens 

Frequency Parameter Max level 

Weekly Using field portable meter  

pH 8 

EC (dS/m) 3 

Quarterly and in 
response to 
notifications 

Laboratory analysis of grab water samples (organisms/100 mL) 

E.coli  10 

Quarterly and in 
response to 
notifications 

Laboratory analysis of grab water samples (mg/L) 
a
 

TN 25 

NOx 2 

NH3-N (as ammonium) 3.5 

TP 0.8 

Glyphosate  40
 b

 

 (g/L)  

Diquat 30
 b

 

Paraquat 40
 b

 

Simazine and related triazine herbicides 300 
b
 

2,4-D and related phenoxy acid herbicides 600
 b

 

Metsulfuron methyl and related sulfonyl urea 
herbicides 

0.6
 b

 

Diuron 2 
c
 

Biannually and in 
response to 
notifications 

Laboratory analysis of grab water samples (mg/L) 
a
 

aluminium 5 

arsenic 0.1 

boron 0.75 

cadmium 0.01 

chromium 0.1 

cobalt 0.05 

copper 0.2 

fluoride 1 

iron 0.2 

lead 5 

manganese 0.2 

mercury - 

molybdenum 0.01 

nickel 0.2 

selenium 0.02 

zinc 2 

a
, EPA Victoria 2003; 

b
, PAN (2010); c; ANZECC & ARMCANZ (2000) irrigation water trigger values 
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Both nationally and internationally, regulatory guidelines for re-using water in irrigation schemes operate a 

multi-tiered approach to monitoring contaminants, whereby the highest grade water is required where 

there is direct contact between irrigation water and people and/or food crops consumed raw. Lower 

grades of recycled water are allowed where other risk management measures are in place, e.g. where non-

edible crops such as turf, trees and ornamental plants are being grown.  

For the purpose of these draft storm water quality monitoring guidelines, although it is assumed there will 

be no direct public contact with irrigation waters, the EPA Victoria (2003) guidelines for the microbial 

content of Class A recycled water are of most relevance. Specifically those guidelines state that, :”uses that 

require Class A [water] … include recreational watering without restrictions on public access.” Thereafter, 

the desired outcome is the protection of plants in parks and gardens, and so the nutrients, metals, 

herbicides and other priority organic chemicals must be below guideline values (where available) or known 

ecotoxicological values. For the latter, because we only have volumetric concentration data (e.g. mg/L or 

g/L), where irrigation guideline concentrations are not available, the toxicity to the floating, rooted 

macrophyte Lemna minor has been used as a surrogate trigger value, providing the recommended trigger 

levels in Table 3.1.  

Re-use for recreation: If the desired outcome is to protect human health through protection of recreational 

assets, then one needs to know the number and type of microbial contaminants in the storm water. 

Chemical contamination is a secondary issue, and so a regular, repeated survey of microbial water quality 

would be required, using approved methods, e.g. whole organism culture methods, and possibly genetic 

techniques to quantify and fingerprint communities as necessary. The ANZECC and ARMCANZ (2000) 

suggest that water used for primary contact activities, such as swimming, bathing and other direct water-

contact sports, should be free of free-living pathogenic protozoans, and not exceed 150 faecal 

coliforms/100 mL or 35 enterococci/100 mL (Table 3.2). The figures presented in Table 3.5 are 

recommended using a simplistic assumption that there is no dilution of the storm water on entering 

primary contact recreational waters. Any dilution of storm water post release will reduce potential human 

health risk. For waters where there is only secondary contact, such as waters used for boating or fishing, 

the median value should not exceed 1000 faecal coliforms/100 mL, or 230 enterococci/100 mL. 

Table 3.2 Draft recommended harvested storm water quality guidelines for direct protection of human 

health: microbial monitoring guide (adapted from ANZECC & ARMCANZ 2000) 

Frequency Parameter Max level 

Quarterly and in 
response to 
notifications 

Laboratory analysis of grab water samples organisms/100 ML 

Faecal coliforms (median) 150 

Enterococci 35 

 

Re-use in environment: if the desired outcome of a monitoring program is to support continued discharge 

of storm water to aquatic ecosystems (e.g. overflows or as environmental flow) whilst minimising potential 

in stream effects on aquatic organisms (such as fish or invertebrates), then there are no specific water 

quality guidelines for harvested storm water, although the ANZECC & ARMCANZ (2000) water quality 

guidelines for the protection of freshwaters may be used to provide some indicative trigger values.  
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Table 3.3 Draft recommended harvested storm water quality guidelines discharge to aquatic ecosystems 

Frequency Parameter Max level 

Weekly Using field portable meter  

pH 6.5 – 8.0 

EC (dS/m) 2.2 

Quarterly and in 
response to 
notifications 

Laboratory analysis of grab water samples (mg/L) a 

TN 0.35 

NOx 0.01 

NH3-N (as ammonium) 0.01 

TP 0.01 

Glyphosate  3.6 

 (g/L)  

Simazine and related triazine herbicides 35 

2,4-D and related phenoxy acid herbicides 830 

Metsulfuron methyl and related sulfonyl 
urea herbicides 

0.6 b 

Diuron 2 b 

Biannually and in 
response to 
notifications 

Laboratory analysis of grab water samples (g/L) a 

aluminium (pH >6.5) 150 

arsenic (As III) 360 

boron 1300 

cadmium 0.8 

chromium (Cr VI) 40 

cobalt - 

copper 2.5 

fluoride - 

iron - 

lead 9.4 

manganese 3600 

mercury (inorganic) 5.4 

molybdenum - 

nickel 17 

selenium 34 

zinc 31 

a; ANZECC & ARMCANZ (2000) trigger values for the protection of 90% aquatic species values; b, PAN (2010)  
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For the purpose of these draft guidelines, it is assumed there will be no direct human contact with 

discharged waters. Thereafter, the desired outcome is the protection of organisms when exposed to 

chemicals in the storm water.  Defining trigger values for the physical and chemical stressors originating in 

harvested storm water discharged to waterways is somewhat arbitrary. For stressors that can cause problems 

at high (mg/L) concentrations, the ANZECC & ARMCANZ (2000) guidelines provide default trigger values for 

physical and chemical stressors for south-east Australia for slightly disturbed ecosystems, and these are used 

herein (Table 3.3). There are very few current use pesticides in the ANZECC & ARMCANZ (2000) guidelines, 

and for the pesticide groups identified as a high priority for monitoring, the concentrations must be below 

guideline values for the protection of 90% species (where available) or known ecotoxicological values. For 

herbicides, where concentrations are not available, the toxicity to the floating, rooted macrophyte Lemna 

minor has been used as a surrogate trigger value, providing the recommended trigger levels in Table 3.3.  

Chemical testing methods alone will not suffice but should be accompanied by ecotoxicological testing. In 

that context, again CAPIM would recommend directly measuring the toxicity of storm water on a quarterly 

basis, with the preferred testing to be against a floating, rooted macrophyte such as Lemna minor and 

aquatic invertebrates.  
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4 Project Conclusions and Recommendations 

Best practice approach to urban storm water management is rapidly evolving, and in amongst this 

evolution is an understanding that storm water should be viewed as a resource through capture and reuse 

for non-potable purposes. This will require protecting water quality while minimising development and 

utilisation costs. 

In 2012-13 the Centre for Aquatic Pollution Identification and Management (CAPIM) undertook a research 

project investigating chemical contamination and aquatic toxicity of storm water. The specific objectives of 

this component of SWF Project 8OS-8100 were to: 

o Use a range of standard water quality techniques to assess nutrient and metals concentrations in 

storm water across Melbourne. 

o Use a range of high quality chemical analytical screens to assess herbicides concentrations in storm 

water across Melbourne. 

o Use a GC-MS-database method to screen for more than 900 semi-volatile organic compounds 

(through collaboration with researchers at the University of Kitakyushu, Japan) 

o Use a rapid bacterial cytotoxicity test and an algal toxicity test to assess the potential impact of storm 

water on primary producers. 

o Assess storm water quality and potential impact by comparing contaminant concentrations with water 

quality guidelines (where available). 

o Assess the sensitivity of the rapid bacterial toxicity test and an algal toxicity test to a range of 

commonly used herbicides with different modes of action. 

o Draft guidelines for the monitoring of priority trace organic chemicals in storm water (based on project 

data and literature review) 

 

“Were there nutrients in the collected storm waters?” Yes, nutrients were observed in the water samples. 

There were quite large differences in total nitrogen (TN) concentrations between sampling periods and sites, 

e.g. in February 2013, from <LOR (Site #206) to 2.4 mg/L (Site # 205). Total P concentrations were generally 

above LOR but below 0.1 mg/L in October 2012, and above LOR but below 0.5 mg/L in February 2013 ; that 

TP concentrations in February 2013 were higher than in October 2012 is interesting given the increased run-

off after the rainfall immediately before sampling and that in general the concentrations of other monitored 

parameters e.g. SS and TOC measurements, were lower in February 2013. No site recorded a TN or TP 

concentration above the NRMMC, EPHC & NHMRC (2009) recommended maxima of 7.5 mg/LN and 1.3 

mg/L P.  

 “Were the metals in the collected storm waters above water quality guideline values?”  Of the 16 metals 

and metalloids screened, two (beryllium and mercury) were not observed in any of the water samples, with 

trace levels of Cd observed in only a single sample, and only trace levels of another element of pubic 

concern, As, observed (< 0.004 mg/L). Of the toxicologically important essential elements, copper (Cu) and 

zinc (Zn) were observed in 100% of samples but, otherwise, there were no clear trends in metal 

concentrations either within or between sites. Typically, Fe concentrations were much higher than those 

reported for other metals, although Fe concentrations were non-detectable in 1 sample (Site #203, where 
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the physical layout of the harvesting system along with the rather different physico-chemical characteristics 

of the stored water may have caused precipitation/sedimentation of this element). There are no guidelines 

in Victoria specifically for metals in storm water and how they might threaten water reuse in the urban 

environment. It is possible to use the NRMMC, EPHC & NHMRC (2009) storm water management guidelines 

to assess water quality. For those metals for which there is a trigger value, none recorded a residue above 

the 95th percentile contaminant concentration level. 

“Were the herbicides in the collected storm waters above water quality guideline values?” Of the 29 

herbicides screened, 15 were observed one or more times in the water samples, including members of all 

three groups of herbicides screened. Chemicals in the triazine herbicide and acid herbicides screens were 

the most commonly observed chemicals, albeit for the most part at low (<0.5 g/L) concentrations. There 

are no national guidelines for herbicides in storm water. The ANZECC and ARMCANZ (2000) water quality 

guidelines provide only one irrigation water interim trigger value for a herbicide screened in this study (for 

diuron). The maximum diuron concentration observed in this study (0.40 g/L) was an order of magnitude 

lower than the ANZECC and ARMCANZ (2000) interim trigger value for this chemical (2 g/L). 

“Are there any other herbicides that should have been tested?” Testing for the triazine group of herbicides 

represented measurement of the ‘known knowns’ based on previous CAPIM studies in waterways in 

Melbourne. Testing for the phenoxy acid herbicides and sulfonyl urea herbicides represented testing of 

‘known unknowns’ based on prior herbicide use and prioritisation and field studies undertaken by CAPIM. 

Resource limitations meant not all herbicides could be studied, and one herbicide, glyphosate, remains a 

key ‘known unknown’ that should be tested in future studies of storm water quality, as should diquat and 

paraquat if testing were to include sediments in storm water harvesting systems. 

Were there other toxic organic chemicals in the collected storm waters?” A large number of chemicals In 

October 2012, 93 substances from a variety of chemical groups were detected in at least one sample. 

Fewer chemicals were detected in February 2013 (68), although this in a large part is due to no sample 

being tested for Site# 206. Overall, the study showed that the GC-MS-database systems worked well as an 

initial investigative tool. However, to provide greater confidence that the storm waters are ‘fit for purpose’ 

as recycled water and likely to have minimal impact on the aquatic or terrestrial environments, further 

hypothesis-based investigative studies should be undertaken over longer time periods with the database 

‘tuned’ to Victorian conditions (particularly with respect to pesticides registered in Victoria), ideally utilising 

a complementary LC-MS screening method (to account for a wide range of polar, non-volatile compounds).  

“Were the storm waters investigated toxic to primary producers (as measured using a rapid bacterial 

toxicity test)?” Yes. all samples were moderately to strongly toxic towards the photobacterium used, and 

while there is some variability in the data, on the whole samples were slightly more toxic in February 

2013 than in October 2012. After further fractionation of the samples the data broadly suggests that 

most of the toxic compounds were water soluble, functionalised chemicals. 

“Were the storm waters investigated toxic to primary producers (as measured using an algal toxicity test)?” 

Yes. Testing of waters during October 2012 and February 2013 using the microalgal bioassay suggested that 

all sites apart from 203 and 205 caused toxicity to microalgae growth and/or photosynthesis equivalent to 

or greater than that induced by 0.1mg/L atrazine.  Samples were generally more toxic in February 2013 

than in October 2012.  Site 207 appeared to cause the greatest toxicity of all sites sampled over both 

months.   
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“What chemical and other parameters should be monitored in harvested storm waters to ensure it is fit for 

its intended use?” In broad terms, the type of monitoring required for assessing contamination of storm 

water will depend on the aims, objectives and management outcomes of any monitoring program. If, for 

instance, the desired outcome is management to minimise potential in stream effects on aquatic organisms 

(such as fish or invertebrates), then chemical monitoring methods using national water quality standards as 

trigger values may suffice (e.g. measurement metals and pesticides), in conjunction with aquatic toxicity 

tests should also be undertaken (since no instrumental method can assess toxicity). If the desired outcome 

is minimising the risk to human health, then microbial numbers have to be measured. If the desired 

outcome is minimizing risk to soil and plant health when harvested storm water is irrigated onto land, then 

chemical testing for salts, nutrients and herbicides in conjunction with some terrestrial toxicology tests 

should suffice. 

“Is it safe to harvest and re-use storm water?” It is not possible for this study to provide a definitive answer 

to that question. The broad aim of this study was to was to advocate appropriate techniques to screen 

Victorian storm water for micropollutants, not to conduct a detailed human and environmental health risk 

assessment of harvested storm water. In that context, we did not measure microbial numbers and so 

cannot comment on the risk to human health from micro-organisms living in harvested storm water. We 

did observe that the sampled storm water had negative effects on the bacterial and algal toxicity tests in 

the laboratory, and therefore cannot rule out that storm water contaminants may be having some negative 

effects in streams and wetlands in Melbourne (although differentiating toxic effects from the storm water 

from other stressors is beyond the scope of this work). The chemical composition of some of the harvested 

storm water suggests that care must be taken if this water is irrigated onto land - to prevent the negative 

impacts of salts  and herbicides on soils and plants.  

“What recommendations are there for further research to improve the risk management knowledge base 

on reusing harvested storm water?” In broad terms, there is more to storm water that just volume – 

understanding the quality of harvested storm water is as important as flow and volume modeling when 

considering options for harvesting and reusing storm water. And when it comes to water quality, there’s 

more to water quality monitoring than just salt and nutrients – storm water contains many other 

contaminants that may impact on re-use. 

If one assumes the desired outcome of an investigative program is to identify links between water quality 

and quantity to provide evidence to support harvesting and reuse, then one must recognize that this study 

was undertaken during a relatively wet period in Victoria. Moreover, only a limited number of harvesting 

schemes were examined in only two seasons. It is not known how the levels of salts, nutrients, herbicides 

and other parameters will change during drier years, and so a longitudinal survey over several years on a 

larger number of systems is required. In that context CAPIM would recommend a project with the 

following Objectives: 

 To assess the year-on-year variation in Melbourne’s storm water quality and quantity (by undertaking 

a multi-year, multi season survey of at least 12 storm water wetlands in conjunction with monitoring 

and modelling of actual and predicted flow/volumes based on catchment characteristics) 

 To assess the potential risk of soil salinization and sodicity where harvested storm water is recycled 

onto land (by use a range of standard water quality techniques to assess storm water salinity and 

nutrient concentrations in conjunction with testing of key soil quality parameters). 



CENTRE FOR AQUATIC POLLUTION IDENTIFICATION AND MANAGEMENT TECHNICAL REPORT 
#37: 8OS-8100 MILESTONE 04 REPORT 

 

 50 

 To assess the potential risk to terrestrial plants of herbicides in storm water (by using a range of high 

quality chemical analytical screens to assess glyphosate, diuron, triazine herbicide, phenoxy and other 

acid herbicides, and sulfonyl urea herbicides in storm water storm water in conjunction with standard 

terrestrial toxicology tests e.g. lettuce germination, turf testing, and soil enzyme activities (as a 

measure of soil health)). 

 To assess the potential risk to aquatic plants of herbicides in storm water (by using a range of high 

quality chemical analytical screens to assess glyphosate, diuron, triazine herbicide, phenoxy and other 

acid herbicides, and sulfonyl urea herbicides in storm water in conjunction with standard aquatic 

toxicology tests for algae and rooted macrophytes e.g. Lemna minor  

 To assess the toxicity of sediments collected in storm water harvesting systems to aquatic organisms 

(by using by using a range of high quality chemical analytical screens in conjunction with tests for 

aquatic invertebrates) 

 Draft guidelines for the monitoring of priority trace organic chemicals in storm water (based on project 

data and literature review) 

The key innovative feature of a project such as that outlined above would be that it would address the 

technical issues of how connected retention systems (from which some users may extract water for 

irrigation) are with the waterscape in, through and surrounding their catchments. From a technical 

perspective, such a project’s innovation and significance would lie in the use of a new and novel mixture of 

tools for measuring the quality of water (such as passive sampling and bioanalytical assays, in conjunction 

with standard water quality methods), visualized through multivariate statistical techniques and modelling, 

to obtain a broad view of the connectedness of water resources and urban activity.  

If one assumes the desired outcome of an investigative program is to identify links between water quality 

and storm water to support evidence-based changes that minimise potential in stream effects on aquatic 

organisms (such as fish or invertebrates), then CAPIM would recommend a project with the following 

Objectives: 

 To assess the year-on-year variation in Melbourne’s storm water quality and quantity (by undertaking 

a multi-year, multi season survey of at least 12 storm water wetlands in conjunction with monitoring 

and modelling of actual and predicted flow/volumes based on catchment characteristics) 

 To assess the potential risk of eutrophication when harvested storm water is released (by use a range 

of standard water quality techniques to assess storm water nutrient concentrations). 

 To assess the potential risk to aquatic plants of herbicides in storm water (by using a range of high 

quality chemical analytical screens to assess glyphosate, diuron, triazine herbicide, phenoxy and other 

acid herbicides, and sulfonyl urea herbicides in storm water in conjunction with standard aquatic 

toxicology tests for algae and rooted macrophytes e.g. Lemna minor  

 To assess the toxicity of sediments collected in storm water harvesting systems to aquatic organisms 

(by using by using a range of high quality chemical analytical screens in conjunction with tests for 

aquatic invertebrates) 

 Draft guidelines for the monitoring of priority chemicals in storm water (based on project data and 

literature review)
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Appendix 1: Chemical measurement methods 

A1.1 Chemical analysis: inorganic species 
 
Unfiltered water samples were sent to ALS Environmental in Melbourne for analysis of: 

o Total arsenic (As), barium (Ba), beryllium (Be), cadmium (Cd), cobalt (Co), chromium (Cr), copper 

(Cu), iron (Fe), manganese (Mn), nickel (Ni), lead (Pb), vanadium (V), and zinc (Zn) by ICP-MS. 

o Total Mercury (Hg) by a cold vapour flow injection mercury system CV/FIMS. 

o Ammonia (NH3) as N by Discrete Analyser. 

o Nitrite (NO2 ) plus Nitrate (NO3 ) as N (NOx)  by Discrete Analyser. 

o Total Kjeldahl Nitrogen By Discrete Analyser. 

o Total Nitrogen as N (TKN + NOx) by Discrete Analyser. 

o Total Phosphorus as P by Discrete Analyser. 

o Suspended Solids (SS). 

o Total organic carbon (TOC). 

 

 

A1.2 Chemical analysis: herbicides 

Unfiltered water samples were sent to the Department of Primary Industries (DPI) Future Farming Research 

Systems (FFSR) Chemistry laboratory in Macleod for analysis of triazine, phenoxy acetic acid, and 

sulfonylurea herbicides: 

Triazine herbicides: All water samples were analysed for triazine herbicide agrochemicals by application of 

100 mL of water to a solid phase extraction (SPE) cartridge (Bond Elute PPL™; 500 mg, 3 ml; from Agilent 

Technologies, Santa Clara, CA); previously conditioned with 10 mL methanol and 10 mL water), followed by 

elution with 5mL of acetonitrile, with the acetonitrile solution in turn inverted into 0.5 mL of 50% 

water/methanol. The final solution was injected onto LC-MS/MS for the triazine herbicides and LC-MS/MS 

screen (see Appendix G for details). 

Acid herbicides: The water samples were analysed for acid herbicides by adjustment of 100 mL water 

sample to pH to 12 with 1M NaOH. After being left for 30 minutes, the sample was re-adjusted to pH 7 with 

1M HCl, before being loaded onto an SPE cartridge, (Oasis Max™ SPE is 500mg, 6mL; Waters Australia, Mt 

Waverly, Victoria); which had previously been conditioned with 10mL MeOH followed by 10mL water. 

Thereafter, the cartridge was washed with 12mL 5mM sodium acetate (wash discarded) before chemicals 

of interest were eluted with 12mL MeOH (Fn1, this fraction may contain triazines and other herbicides), 

washed with 12mL DCM (wash discarded), and eluted a second time with 5mL 1% acetic acid in MeOH (Fn2; 

this fraction contains MCPB), and then with 8mL 2% trifluoroacetic acid (TFA) in MeOH. (Fn3; contains all 

the target acid herbicides except MCPB). The solutions obtained at steps Fn2 and Fn3 were evaporated to 

dryness under nitrogen, before being reconstituted in 0.5mL MeOH/H2O (1:1). The Fn2 and Fn3 solutions 

were injected directly onto LC-MS/MS for analysis (see Appendix H for details). 
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Sulfonylurea herbicides: The water samples were analysed for sulfonylurea herbicides by application of 

250mL water sample onto a C18 cartridge (Bond Elute Mega BE™-C18; 1g; 6mL; from Pacific Laboratory 

Products, Blackburn Victoria); which had previously been conditioned with 10mL MeOH followed by 10mL 

water). The cartridge was then washed with 10mL deionised water, and the chemicals of interest eluted 

using 10mL MeOH. The solution obtained was evaporated to dryness under nitrogen before being 

reconstituted in 0.5 mL MeOH/H2O (1:1). The solution was injected directly onto LC-MS/MS for analysis 

(See Appendix J for details). 

Analytical methods and residues limits of reporting (herbicides) 

Each of the samples was screened for the following chemicals: 

o Triazine herbicides by LC-MS/MS: atrazine, cyanazine, hexazinone, metribuzin, prometryn, simazine, 

terbutryn, terbuthylazine, desisopropyl atrazine (DIA), desethylatrazine (DEA). 

 Other herbicides included in the triazine screen: bromacil, diuron, linuron, propazine, 

metolachlor, and pendimethalin 

o Acid herbicides by LC-MS/MS: 2,4-D, MCPA, MCPB, clopyralid, dicamba, fluroxypyr, picloram, 

triclopyr. 

o Sulfonylurea herbicides by LC-MS/MS: bensulfuron-methyl, chlorsulfuron, metsulfuron-methyl, 

sulfometuron-methyl, triasulfuron, tribenuron-methyl. 

 

The LORs (limits of reporting) for each compound and sample type listed in Table 2.1. Unless otherwise 

specified, chemical data is reported as g/L in tables.  

Table 2.1 Summary of herbicide LORs 

sulfonyl urea screen  triazine herbicide screen 

 (g/L)   (g/L) 

triasulfuron 0.005  DIA 0.010 

metsulfuron-methyl 0.010  DEA 0.010 

sulfometuron-methyl 0.008  bromacil 0.030 

chlorsulfuron 0.004  metribuzin 0.2 

rimsulfuron 0.020  simazine 0.002 

bensulfuron-methyl 0.005  hexazinone 0.020 

   cyanazine 0.020 

acid herbicide screen  propachlor 0.050 

 (g/L)  atrazine 0.005 

clopyralid 0.02  diuron 0.050 

picloram 0.06  propazine 0.005 

dicamba 0.01  terbuthylazine 0.010 

fluroxypyr 0.04  metolachlor 0.002 

2,4-D 0.01  prometryn 0.006 

MCPA 0.02  terbutryn 0.005 

MCPB 0.08  pendimethalin 0.03 

triclopyr 0.02  linuron 0.005 
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A1.3 GC-MS-database testing method 

In this study, we examined 940 semi-volatile organic substances (Table 3.1) registered in the AIQS-DB 

method. For the most part, these chemicals are regulated by the environmental protection laws in Japan or 

the United States, and were detected in the environmental survey conducted by the Japanese Ministry of 

the Environment (MOE 2010). The 940 chemicals included almost all of the pesticides that can be currently 

measured by a GC, some pharmaceuticals and personal-care products (PPCPs), and some targeted groups, 

e.g. compounds eluted from tyres such as benzothiazoles.  

The AIQS-DB method identifies and quantifies chemical substances by using a combination of retention 

times, mass spectra, and internal standard calibration curves registered in the database. In order to obtain 

accurate results, a GC-MS has to be adjusted to designated conditions that are almost the same as the 

instrumental conditions when the database was constructed. The results obtained from performance check 

standards (Naginata criteria sample mix 3: Hayashi Pure Chemical, Osaka, Japan) are evaluated against 

three criteria (Kadokami et al. 2004; 2005): spectrum validity, inertness of column and inlet liner, and 

stability of response. When the results for performance check standards satisfy the criteria, the difference 

between the predicted and actual retention times is less than 3 s, and chemical concentrations obtained 

(excluding some highly polar compounds which are difficult to measure by GC), are comparable to those 

obtained by conventional internal standard methods (Kadokami et al. 2005; 2009).  

After redissolving the sample in hexane (1 mL) and spiking with deuterium-labelled internal standards 

(surrogates), the concentrate was applied to a silica-gel cartridge (Sep-Pak VAC 2 g/12 ml; Waters 

Associates, Milford, MA, USA), and fractionated into 3 fractions (hexane, 5% acetone-hexane and 30% 

acetone-hexane; 15 ml each). Fraction 1 was treated with copper powder (copper, reduced, granular, 

super; Kishida Chemical, Tokyo, Japan) to remove sulfur. Fraction 3 was passed through an activated carbon 

column (ENVI-carb; Supelco, Bellefonte, PA, USA) to remove coloured substances (e.g. non-volatile 

pigments). Each fraction was concentrated to 1 ml with a rotary evaporator and analyzed by GC-MS (QP-

2010Plus; Shimadzu, Kyoto, Japan) after the addition of internal standards (Naginata IS mix 3: Hayashi Pure 

Chemical, Osaka, Japan). The GC-MS conditions are described elsewhere (Kadokami et al. 2004). 

Identification and quantification of the 940 or so semi-volatile compounds were finally performed by AIQS-

DB.  

The method detection limits (MDL) for the target substances were estimated from concentration ratio (or, 

ratio of the volume of a sample to the volume of a final concentrate), and the instrument detection limit 

(IDL). For the chemicals in the database, the MDL is typically  ≤0.005 μg/L. 
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Table A1.1 Summary of the names, sources and uses of the 940 chemicals in the GC-MS-database method  

Chemical Use/Origin Source 

1-Acetoxy-2-methoxyethane solvent industry 

1-Chloronaphthalene PCN industry 

1-Methylnaphthalene PAH industry 

1-Methylphenanthrene PAH industry 

1-Naphthol intermediate for dyes industry 

1-Naphthylamine reagent business/household 

1-Nitronaphthalene PAH industry 

1-Nitropyrene PAH industry 

1-Nonanol cosmetics/fragrance business/household/traffic 

1-Phenylnaphthalene PAH industry 

1,1,1-Trichloro-2-methyl-2-propanol plasticizer business/household 

1,2-Dibromo-3-chloropropane intermediate in organic synthesis industry 

1,2-Dichlorobenzene solvent industry 

1,2-Dimethylnaphthalene PAH industry 

1,2,3-Trichlorobenzene in organic synthesis/as solvent industry 

1,2,3-Trichloronaphthalene PCN industry 

1,2,3-Trimethoxybenzene other industry 

1,2,3,4,5,6,7-Heptachloronaphthalene PCN industry 

1,2,3,4,5,6,8-Heptachloronaphthalene PCN industry 

1,2,3,4,5,8-Hexachloronaphthalene PCN industry 

1,2,3,4,6,7-Hexachloronaphthalene PCN industry 

1,2,3,5-Tetrachloronaphthalene PCN industry 

1,2,3,5,7-Pentachloronaphthalene PCN industry 

1,2,3,5,7,8-Hexachloronaphthalene PCN industry 
1,2,3,5,8-&1,2,3,6,8-
Pentachloronaphthalene PCN industry 

1,2,4-Trichlorobenzene in organic synthesis/ as solvent industry 

1,2,4,5-Tetrabromobenzene other industry 

1,2,4,5-Tetrachlorobenzene intermediate in organic synthesis industry 

1,2,4,5,6-Pentachloronaphthalene PCN industry 
1,2,4,5,6,8-&1,2,4,5,7,8-
Hexachloronaphthalene PCN industry 

1,2,4,5,8-Pentachloronaphthalene PCN industry 

1,2,4,6,8-Pentachloronaphthalene PCN industry 

1,2,4,7,8-Pentachloronaphthalene PCN industry 

1,2,5,6,9,10-Hexabromocyclododecane fire retardant business/household 

1,2,5,7-&1,2,4,6-&1,2,4,7-
Tetrachloronaphthalene PCN industry 
1,2,5,8-&1,2,6,8-
Tetrachloronaphthalene PCN industry 

1,3-Dichloro-2-propanol solvent industry 

1,3-Dichlorobenzene Solvent/ in organic synthesis industry 

1,3-Dicyclohexylurea leaching from tyre business/household 

1,3-Dimethylnaphthalene PAH industry 

1,3-Dinitrobenzene intermediate in organic synthesis industry 
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Table A1.1 (continued)  

Chemical Use/Origin Source 
1,3,5-Trichlorobenzene in organic synthesis/ solvent industry 

1,3,5-Trinitrobenzene vulcanization/reagent business/household 

1,3,7-&1,4,6-Trichloronaphthalene PCN industry 

1,4-&1,6-Dichloronaphthalene PCN industry 

1,4-&2,3-Dimethylnaphthalene PAH industry 

1,4-Benzenediol developing fluid business/household 

1,4-Dichlorobenzene insecticidal fumigant business/household 

1,4-Dinitrobenzene intermediate in organic synthesis industry 

1,4,5-Trichloronaphthalene PCN industry 

1,4,5,8-Tetrachloronaphthalene PCN industry 

1,4,6,7-Tetrachloronaphthalene PCN industry 

1,5-Dichloronaphthalene PCN industry 

1,8-Dimethylnaphthalene PAH industry 

2-(Methylthio)-benzothiazol leaching from tire business/household 

2-Acetyl-5-methylthiophene leaching from tire business/household 

2-Acetylaminofluorene reagent business/household 

2-Amino-4,6-dinitrotoluene explosive industry 

2-Amino-6-nitrotoluene other industry 

2-Anisidine intermediate for dyes industry 

2-Bromo-4,6-dichloroaniline reagent business/household 

2-Bromochlorobenzene other industry 

2-Butoxyethanol solvent industry 

2-Chloro-6-methylphenol other industry 

2-Chloroaniline intermediate for dyes industry 

2-Chloronaphthalene PCN industry 

2-Chlorophenol by-product of chlorination/ 
intermediate in organic synthesis 

industry 

2-Cyclohexen-1-one leaching from tire business/household 

2-Ethyl-1-hexanol plasticizer business/household/traffic 

2-Heptanol fragrance business/household 

2-Hydroxy-4-methoxy-4'-methyl-
benzophenone 

other industry 

2-Isopropylnaphthalene PAH industry 

2-Mercaptobenzothiazole leaching from tire business/household/traffic 

2-Methoxyphenol leaching from tire business/household 

2-Methyl-2,4-pentandiol cosmetics/fuel additive/solvent business/household 

2-Methyl-4,6-dinitrophenol intermediate for dyes/pesticide/ industry 

2-Methylaniline intermediate for dyes industry 

2-Methylbenzothiazole leaching from tire business/household/traffic 

2-Methylnaphthalene PAH industry 

2-Methylphenanthrene PAH industry 

2-Methylphenol disinfectant business/household 

2-Naphthol intermediate in organic synthesis industry 

2-Naphthylamine reagent business/household 

2-Nitroaniline intermediate in organic synthesis industry 

2-Nitroanisole intermediate in organic synthesis industry 
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Table A1.1 (continued) 

Chemical Use/Origin Source 

2-Nitronaphthalene PAH industry 

2-Nitrophenol intermediate in organic 
synthesis/exhaust gas of automobile 

Industry 

2-Nitrotoluene intermediate in organic synthesis industry 

2-Phenylnaphthalene PAH industry 

2-Phenylphenol (OPP) fungicide agriculture 

2-sec-Butylphenol intermediate in organic synthesis industry 

2-tert-Butyl-4-methoxyphenol antioxidant business/household 

2-tert-Butylphenol intermediate in organic synthesis industry 

2,2'-Dibromobiphenyl (BB-4) fire retardant business/household 

2,2',4,4'-Tetrabromodiphenyl ether (BDE-
47) 

fire retardant business/household 

2,2',4,4',5,5'-Hexabromobiphenyl (BB-153) fire retardant business/household 

2,2',4,4',5,5'-Hexabromodiphenyl ether 
(BDE-153) 

fire retardant business/household 

2,2',5,5'-Tetrabromobiphenyl (BB-52) fire retardant business/household 

2,3-&3,4-Dimethylaniline intermediate in organic synthesis industry 

2,3-Benzofluorene PAH industry 

2,3-Dichloroaniline reagent business/household 

2,3-Dichloronitrobenzene intermediate in organic synthesis industry 

2,3-Dichlorophenol reagent business/household 

2,3,4-Trichlorophenol intermediate for 
pesticides/PRESERVATIVE 

industry 

2,3,4,5,6-Pentachloro-p-terphenyl other industry 

2,3,4,6-Tetrachlorophenol fungicide agriculture 

2,3,5-Trichlorophenol intermediate for 
pesticides/PRESERVATIVE 

industry 

2,3,5,6-&2,3,4,5-Tetrachlorophenol other industry 

2,3,5,6-Tetrachloro-p-terphenyl other industry 

2,3,6-Trichlorophenol intermediates in the synthesis of 
dyes, pigments, and phenolic resins 

industry 

2,3,6,7-&1,2,4,8-Tetrachloronaphthalene PCN industry 

2,4-&2,5-Dichloro-p-terphenyl other industry 

2,4-Diamino-6-nitrotoluene explosive industry 

2,4-Dibromodiphenyl ether (BDE-7) fire retardant business/household 

2,4-Dichloroaniline reagent/intermediate in organic 
synthesis 

business/household 

2,4-Dichloronitrobenzene intermediate in organic synthesis industry 

2,4-Dichlorophenol reagent, by-product of chlorination business/household 

2,4-Dimethylphenol intermediate in organic synthesis industry 

2,4-Dinitroaniline intermediate for dyes industry 

2,4-Dinitrophenol intermediate in organic synthesis industry 

2,4-Dinitrotoluene intermediate in organic synthesis industry 

2,4,4',6-Tetrachloro-p-terphenyl other industry 

2,4,5-Trichlorophenol 
intermediate for 
pesticides/PRESERVATIVE industry 

2,4,6-Tri-tert-butylphenol other industry 
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Table A1.1 (continued) 

Chemical Use/Origin Source 
2,4,6-Tribromoaniline reagent business/household 

2,4,6-Tribromophenol intermediate for resin industry 

2,4,6-Trichloro-p-terphenyl other industry 

2,4,6-Trichloroaniline reagent/intermediate in organic 
synthesis 

business/household 

2,4,6-Trichlorophenol by-product of 
chlorination/intermediate for 
pesticides 

industry 

2,4,6-Trinitrotoluene explosive industry 

2,5-Dichloro-o-terphenyl other industry 

2,5-Dichloronitrobenzene intermediate in organic synthesis industry 

2,5-Dichlorophenol intermediate for pesticides industry 

2,5-Dimethylaniline intermediates in the synthesis of 
dyes 

industry 

2,6-&1,7-Dichloronaphthalene PCN industry 

2,6-Di-t-butyl-4-ethylphenol antioxidant business/household 

2,6-Di-tert-butyl-4-benzoquinone antioxidant business/household 

2,6-Diamino-4-nitrotoluene explosive industry 

2,6-Diaminotoluene intermediate in organic synthesis industry 

2,6-Dibromo-4-chloroaniline reagent business/household 

2,6-Dichloro-4-nitroaniline intermediate in organic synthesis industry 

2,6-Dichlorobenzamid herbicide agriculture 

2,6-Dichlorophenol by-product of 
chlorination/intermediate for 
trichlorophenol 

industry 

2,6-Diisopropylnaphthalene PAH industry 

2,6-Dimethylaniline intermediate in organic synthesis industry 

2,6-Dimethylnaphthalene PAH industry 

2,6-Dimethylphenol intermediate for resin industry 

2,6-Dinitrotoluene intermediate in organic synthesis industry 

2(3H)-Benzothiazolone leaching from tire business/household 

3- & 4-tert-Butylphenol antioxidant business/household/traffic 

3-&4-Chlorophenol by-product of chlorination/ 
intermediate in organic synthesis 

industry 

3-&4-Methylphenol disinfectant business/household 

3-&4-Nitroanisole intermediate in organic synthesis industry 

3-Anisidine other industry 

3-Bromochlorobenzene other industry 

3-Chloronitrobenzene intermediate in organic synthesis industry 

3-Hexanol, 4-ethyl- other industry 

3-Hydroxycarbofuran 1 insecticide agriculture 

3-Hydroxycarbofuran 2 insecticide agriculture 

3-Methoxy-1-butyl acetate intermediate for resin/solvent industry 

3-Methylcholanthrene PAH industry 

3-Methylphenanthrene PAH industry 
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Table A1.1 (continued) 

Chemical Use/Origin Source 

3-Methylpyridine intermediate in organic synthesis 
/sorbent 

industry 

3-Nitroaniline intermediate in organic synthesis industry 

3-Nitrofluoranthene PAH industry 

3-Nitrophenanthrene PAH industry 

3-Nitrotoluene intermediate in organic synthesis industry 

3-Toluidine intermediate for dyes industry 

3,3'-Dichlorobenzidine intermediate for dyes industry 

3,4-Dichloroaniline intermediate for dyes and 
pesticides 

industry 

3,4-Dichlorophenol intermediate in organic synthesis industry 

3,4,5-Trichlorophenol intermediates in the synthesis of 
dyes, pigments,  phenolic resins 

industry 

3,5-di-tert-Butyl-4-hydroxybenzaldehyde antioxidant/leaching from tire business/household 

3,5-Dichlorophenol reagent business/household 

3,5-Dimethylaniline intermediate for dyes industry 

3,5-Dimethylphenol intermediate in organic synthesis industry 

3,6-Dimethylphenanthrene PAH industry 

4-Amino-2-nitrotoluene other industry 

4-Amino-2,6-dinitrotoluene explosive industry 

4-Aminobiphenyl reagent business/household 

4-Anisidine intermediate for dyes industry 

4-Bromo-2,6-dichloroaniline reagent business/household 

4-Bromophenol natural product other 

4-Bromophenylphenyl ether reagent business/household 

4-Chloro-2-nitroaniline intermediate in organic synthesis industry 

4-Chloro-3-methylphenol fungicide, paint agriculture 

4-Chloro-o-terphenyl other industry 

4-Chloro-p-terphenyl other industry 

4-Chloroaniline intermediate for dyes, pesticides industry 

4-Chloronitrobenzene intermediate in organic synthesis industry 

4-Chlorophenylphenyl ether dielectric fluid industry 

4-Cymene solvent industry 

4-Dimethylaminoazobenzene reagent business/household 

4-Methyl-2,6-di-t-butylphenol antioxidant business/household 

4-Methyl-3-nitrophenol other industry 

4-n-Butylphenol intermediate for liquid crystal industry 

4-n-Heptylphenol PPCPs business/household/traffic 

4-n-Hexylphenol intermediate in organic synthesis industry 

4-n-Nonylphenol co-stabilizer industry 

4-n-Octylphenol nonionic detergent metabolite business/household 

4-n-Pentylphenol dyes tuff intermediates/ rubber 
chemicals/ surfactants 

business/household 

4-Nitroaniline intermediate in organic synthesis industry 

4-Nitrophenanthrene PAH industry 

4-Nitrophenol intermediate in organic synthesis/ 
fungicide 

industry 
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Table A1.1 (continued) 

Chemical Use/Origin Source 
4-Nitrotoluene intermediate in organic synthesis industry 

4-Phenylphenol intermediate in organic synthesis industry 

4-sec-Butylphenol other business/household 

4-tert-Octylphenol nonionic detergent metabolite business/household 

4,4'-Methylene-bis(2-chloroaniline) intermediate for resin industry 

4,5-Methylene-phenanthrene PAH industry 

5-Bromoindole other industry 

5-Chloro-2-methyl aniline intermediate for dyes industry 

5-Nitro-o-toluidine intermediate for dyes industry 

6-Benzylaminopurine other pesticide agriculture 

6-Nitrochrysene PAH industry 

7-Nitrobenz(a)anthracene PAH industry 

7,12-Dimethylbenz(a)anthracene PAH industry 

9-Methylphenanthrene PAH industry 

9-Nitroanthracene PAH industry 

9-Nitrophenanthrene PAH industry 

a-HCH insecticide agriculture 

Acenaphthene PAH industry 

Acenaphthylene PAH industry 

Acephate insecticide agriculture 

Acetamide, N-(2-phenylethyl)- leaching from tire business/household 

Acetamide, N-phenyl- leaching from tire business/household 

Acetamiprid insecticide agriculture 

Acetochlor herbicide agriculture 

Acetophenone cosmetics/fragrance business/household/traffic 

Acrinathrin other pesticide agriculture 

Alachlor herbicide agriculture 

Aldoxycarb (deg) insecticide agriculture 

Aldrin insecticide agriculture 

Allethrin 1 insecticide agriculture 

Allethrin 2 & Bioallethrin 1 insecticide agriculture 

Allidochlor herbicide agriculture 

alpha-Terpineol perfumes/solvent business/household 

Ametryn herbicide agriculture 

Amino-chlornitrofen herbicide agriculture 

Amitraz other pesticide agriculture 

Amitraz (deg) other pesticide agriculture 

Aniline intermediate in organic synthesis/ 
leaching from tyre 

Industry 

Anilofos herbicide agriculture 

Anthracene PAH industry 

Anthraquinone fragrance/solvent business/household 

Arachidic acid methyl ester fatty acid methy ester business/household 

Arachidonic acid methyl ester fatty acid methy ester business/household 

Aspirin PPCPs business/household 

 



CENTRE FOR AQUATIC POLLUTION IDENTIFICATION AND MANAGEMENT TECHNICAL REPORT 
#xx: 8OS-8100 MILESTONE 04 REPORT 

 

 68 

Table A1.1 (continued) 

Chemical Use/Origin Source 
Atrazine herbicide agriculture 

Azaconazole fungicide agriculture 

Azamethiphos insecticide agriculture 

Azinphos-ethyl insecticide agriculture 

Azinphos-methyl insecticide agriculture 

Azoxystrobin fungicide agriculture 

b-HCH insecticide agriculture 

Behenic acid methyl ester fatty acid methy ester business/household 

Benalaxyl fungicide agriculture 

Bendiocarb insecticide agriculture 

Benfluralin herbicide agriculture 

Benfuresate herbicide agriculture 

Benoxacor herbicide agriculture 

Bensulide herbicide agriculture 

Bentazone herbicide agriculture 

Benzaldehyde, 4-hydroxy-3,5-dimethoxy- leaching from tire business/household 

Benzamide, N-phenyl- leaching from tire business/household 

Benzanthrone intermediate in organic synthesis industry 

Benzidine intermediate for dyes industry 

Benzo(a)anthracene PAH industry 

Benzo(a)pyrene PAH industry 

Benzo(c)phenenthrene PAH industry 

Benzo(e)pyrene PAH industry 

Benzo(ghi)perylene PAH industry 

Benzo(j&b)fluoranthene PAH industry 

Benzo(k)fluoranthene PAH industry 

Benzothiazole leaching from tire business/household 

Benzyl alcohol cosmetics/fuel 
additive/solvent/leaching from tire 

business/household 

Benzyl chloride intermediate in organic synthesis industry 

beta-Sitosterol phytosterol  

Bifenazate insecticide agriculture 

Bifenox herbicide agriculture 

Bifenthrin insecticide agriculture 

Bioresmethrin insecticide agriculture 

Biphenyl intermediate in organic synthesis industry 

Bis(2-chloroethoxy)methane intermediate in organic synthesis industry 

Bis(2-ethylhexyl) sebacate plasticizer business/household 

Bis(2-ethylhexyl)phthalate plasticizer business/household 

Bisphenol A intermediate for resin/antioxidant business/household 

Bitertanol fungicide agriculture 

Bromacil herbicide agriculture 

Bromobutide herbicide agriculture 

Bromophos insecticide agriculture 

Bromopropylate other pesticide agriculture 
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Table A1.1 (continued) 

Chemical Use/Origin Source 
Bromuconazole-1 fungicide agriculture 

Bromuconazole-2 fungicide agriculture 

Bupirimate fungicide agriculture 

Buprofezin insecticide agriculture 

Butachlor herbicide agriculture 

Butafenacil herbicide agriculture 

Butamifos herbicide agriculture 

Butanoic acid, butyl ester fragrance business/household 

Butyl benzyl phtalate plasticizer business/household 

Butylate herbicide agriculture 

Cadusafos insecticide agriculture 

Cafenstrole herbicide agriculture 

Caffeine PPCPs business/household 

Campesterol phytosterol  

Captafol fungicide agriculture 

Captan fungicide agriculture 

Carbamazepine PPCPs business/household 

Carbaryl insecticide agriculture 

Carbazole intermediate in organic synthesis industry 

Carbetamide herbicide agriculture 

Carbofuran insecticide agriculture 

Carbophenothion insecticide agriculture 

Carboxin fungicide agriculture 

Carfentrazone-ethyl herbicide agriculture 

Chinomethionat fungicide agriculture 

Chlorethoxyfos insecticide agriculture 

Chlorfenapyr insecticide agriculture 

Chlorfenson insecticide agriculture 

Chlorfenvinphos E insecticide agriculture 

Chlorfenvinphos Z insecticide agriculture 

Chloridazon herbicide agriculture 

Chlorimuron-ethyl herbicide agriculture 

Chlormephos insecticide agriculture 

Chlornitrofen (CNP) herbicide agriculture 

Chlorobenzilate other pesticide agriculture 

Chloroneb fungicide agriculture 

Chlorothalonil (TPN) fungicide agriculture 

Chlorpropham herbicide agriculture 

Chlorpropylate insecticide agriculture 

Chlorpyrifos insecticide agriculture 

Chlorpyrifos-methyl insecticide agriculture 

Chlorthal-dimethyl herbicide agriculture 

Cholestane animal sterol  
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Table A1.1 (continued) 

Chemical Use/Origin Source 
Cholestanol animal sterol  

Cholesterol animal sterol  

Chrysene & Triphenylene PAH industry 

Cinmethylin herbicide agriculture 

cis-10-Heptadecenoic acid methyl ester fatty acid methy ester business/household 

cis-11-Eicosenoic acid methyl ester fatty acid methy ester business/household 

cis-11,14-Eicosadienoic acid methyl ester fatty acid methy ester business/household 

cis-11,14,17-Eicosatrienoic acid methyl 
ester 

fatty acid methy ester business/household 

cis-13,16-Docosadienoic acid methyl ester fatty acid methy ester business/household 

cis-4,7,10,13,16,19-Docosahexaenoic acid 
methyl ester 

fatty acid methy ester business/household 

cis-5,8,11,14,17-Eicosapentaenoic acid, 
methyl ester 

fatty acid methy ester business/household 

cis-8,11,14-Eicosatrienoic acid methyl 
ester 

fatty acid methy ester business/household 

cis-Chlordane insecticide agriculture 

cis-Nonachlor insecticide agriculture 

Clofentezine other pesticide agriculture 

Clomazone herbicide agriculture 

Clomeprop herbicide agriculture 

Coprostanol facal sterol  

Coprostanone animal sterol  

Coumaphos insecticide agriculture 

Crimidine insecticide agriculture 

Crotamiton PPCPs business/household 

Cyanazine herbicide agriculture 

Cyanofenphos insecticide agriculture 

Cyanophos, CYAP insecticide agriculture 

Cycloate herbicide agriculture 

Cyclohexanamine, N-cyclohexyl- leaching from tire business/household 

Cyclohexanol leaching from tire business/household 

Cyclopentanone, 2-methyl- fragrance/synthetic intermediate industry 

Cyflufenamid fungicide agriculture 

Cyfluthrin 1 insecticide agriculture 

Cyfluthrin 2 insecticide agriculture 

Cyfluthrin 3 insecticide agriculture 

Cyfluthrin 4 insecticide agriculture 

Cyhalofop Butyl herbicide agriculture 

Cyhalothrin 1 insecticide agriculture 

Cyhalothrin 2 insecticide agriculture 

Cypermethrin 1 insecticide agriculture 

Cypermethrin 2 insecticide agriculture 

Cypermethrin 3 insecticide agriculture 
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Table A1.1 (continued) 

Chemical Use/Origin Source 
Cypermethrin 4 insecticide agriculture 

Cyproconazole fungicide agriculture 

Cyprodinil fungicide agriculture 

Cyromazine insecticide agriculture 

d-HCH insecticide agriculture 

DCIP (Bis(2-chloroisopropyl)ether) insecticide agriculture 

DDVP insecticide agriculture 

Deltamethrin insecticide agriculture 

Demeton-S-methyl insecticide agriculture 

Demeton-S-methylsulphon insecticide agriculture 

Desmedipham herbicide agriculture 

Di-n-butyl phthalate plasticizer business/household 

Di-n-octyl phthalate plasticizer business/household 

Di(2-ethylhexyl)adipate plasticizer business/household 

Dialifos insecticide agriculture 

Diazinon insecticide agriculture 

Diazinon oxon insecticide agriculture 

Dibenzo(a,h)anthracene PAH industry 

Dibenzofuran intermediate in organic synthesis industry 

Dibenzothiophene petroleum business/household 

Dibenzylether solvent industry 

Dibutylamine intermediate in organic synthesis industry 

Dichlobenil herbicide agriculture 

Dichlofenthion, ECP insecticide agriculture 

Dichlofluanid fungicide agriculture 

Dichlofluanid metabolite fungicide agriculture 

Dichlone fungicide agriculture 

Diclobutrazol fungicide agriculture 

Diclocymet 1 fungicide agriculture 

Diclocymet 2 fungicide agriculture 

Diclofop-methyl herbicide agriculture 

Diclomezine fungicide agriculture 

Dicloran fungicide agriculture 

Diclosulam herbicide agriculture 

Dicofol other pesticide agriculture 

Dicofol-deg other pesticide agriculture 

Dicrotophos insecticide agriculture 

Dicyclohexyl phthalate plasticizer business/household 

Dicyclopentadiene intermediate for resin industry 

Dieldrin insecticide agriculture 

Diethofencarb fungicide agriculture 

Diethyl phthalate plasticizer business/household 

Diethyl-p-nitrophenyl phosphate insecticide, metabolite of parathion agriculture 

Diethyltoluamide PPCPs business/household 
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Table A1.1 (continued) 

Chemical Use/Origin Source 
Difenoconazole 1 fungicide agriculture 

Difenoconazole 2 fungicide agriculture 

Difenzoquat metilsulfate herbicide agriculture 

Diflufenican herbicide agriculture 

Diisobutyl phthalate plasticizer business/household 

Dimepiperate herbicide agriculture 

Dimethametryn herbicide agriculture 

Dimethenamid herbicide agriculture 

Dimethipin herbicide agriculture 

Dimethoate insecticide agriculture 

Dimethomorph E fungicide agriculture 

Dimethomorph Z fungicide agriculture 

Dimethyl phthalate plasticizer business/household 

Dimethylterephthalate intermediate for resin industry 

Dimetylvinphos 1 insecticide agriculture 

Dimetylvinphos 2 insecticide agriculture 

Diniconazole fungicide agriculture 

Dinoseb insecticide agriculture 

Diofenolan 1 insecticide agriculture 

Diofenolan 2 insecticide agriculture 

Dioxabenzofos(Salithion) insecticide agriculture 

Dipentyl phthalate plasticizer business/household 

Diphenamid herbicide agriculture 

Diphenyl ether fragrance business/household 

Diphenylamine intermediate in organic synthesis industry 

Diphenyldisulfide other industry 

Diphenylmethane PAH industry 

Dipropyl phthalate plasticizer business/household 

Disulfoton insecticide agriculture 

Ditalimfos fungicide agriculture 

Dithiopyr herbicide agriculture 

e-Caprolactam intermediate for fiber industry 

Edifenphos fungicide agriculture 

Elaidic acid methyl ester fatty acid methy ester business/household 

Endosulfan I insecticide agriculture 

Endosulfan II insecticide agriculture 

Endosulfan sulfate insecticide agriculture 

Endrin insecticide agriculture 

Endrin aldehyde insecticide agriculture 

Endrin ketone insecticide agriculture 

Epicoprostanol facal sterol  

EPN insecticide agriculture 

EPN oxon insecticide agriculture 

EPTC herbicide agriculture 
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Table A1.1 (continued) 

Chemical Use/Origin Source 
Ergosterol phytosterol  

Erucic acid methyl ester fatty acid methy ester business/household 

Esfenvalerate 1 insecticide agriculture 

Esfenvalerate 2 insecticide agriculture 

Esprocarb herbicide agriculture 

Ethalfluralin herbicide agriculture 

Ethanol, 2-phenoxy- leaching from tire/ solvent/ 
intermediate in organic synthesis 

business/household 

Ethenzamide PPCPs business/household 

Ethiofencarb insecticide agriculture 

Ethion insecticide agriculture 

Ethofumesate herbicide agriculture 

Ethoprophos insecticide agriculture 

Ethoxyquin fungicide agriculture 

Ethychlozate other pesticide agriculture 

Ethyl methanesulfonate reagent business/household 

Ethylcarbamate reagent business/household 

Etobenzanid herbicide agriculture 

Etofenprox insecticide agriculture 

Etoxazole other pesticide agriculture 

Etoxazole metabolite insecticide agriculture 

Etridiazole (Echlomezol) fungicide agriculture 

Etrimfos insecticide agriculture 

Famoxadone fungicide agriculture 

Famphur insecticide agriculture 

Fenamidone fungicide agriculture 

Fenamiphos other pesticide agriculture 

Fenarimol fungicide agriculture 

Fenbuconazole fungicide agriculture 

Fenbuconazole lactone A fungicide agriculture 

Fenbuconazole lactone B fungicide agriculture 

Fenchlorphos insecticide agriculture 

Fenitrothion (MEP) insecticide agriculture 

Fenitrothion oxon insecticide agriculture 

Fenobucarb insecticide agriculture 

Fenoprofen PPCPs business/household 

Fenothiocarb other pesticide agriculture 

Fenoxanil fungicide agriculture 

Fenoxaprop-ethyl herbicide agriculture 

Fenoxycarb insecticide agriculture 

Fenpropathrin other pesticide agriculture 

Fenpropimorph fungicide agriculture 

Fensulfothion other pesticide agriculture 

Fenthion insecticide agriculture 
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Table A1.1 (continued) 

Chemical Use/Origin Source 
Fenvalerate 1 insecticide agriculture 

Fenvalerate 2 insecticide agriculture 

Ferimzone fungicide agriculture 

Fipronil insecticide agriculture 

Flamprop-methyl herbicide agriculture 

Fluacrypyrim other pesticide agriculture 

Fluazinam fungicide agriculture 

Flucythrinate 1 insecticide agriculture 

Flucythrinate 2 insecticide agriculture 

Fludioxonil fungicide agriculture 

Flufenoxuron dec2 insecticide agriculture 

Flufenoxuron dec3 insecticide agriculture 

Flumiclorac-pentyl herbicide agriculture 

Flumioxazin herbicide agriculture 

Fluoranthene PAH industry 

Fluorene PAH industry 

Fluquinconazole fungicide agriculture 

Fluridone herbicide agriculture 

Flusilazole fungicide agriculture 

Flusilazole metabolite fungicide agriculture 

Flusulfamide fungicide agriculture 

Fluthiacet-methyl herbicide agriculture 

Flutolanil fungicide agriculture 

Flutriafol fungicide agriculture 

Fluvalinate 1 insecticide agriculture 

Fluvalinate 2 insecticide agriculture 

Folpet fungicide agriculture 

Fonofos insecticide agriculture 

Formamide, N-cyclohexyl- leaching from tire business/household 

Fosthiazate 1 other pesticide agriculture 

Fosthiazate 2 other pesticide agriculture 

Fthalide fungicide agriculture 

Furametpyr fungicide agriculture 

Furametpyr metabolite fungicide agriculture 

Furilazole herbicide agriculture 

g-HCH insecticide agriculture 

gamma-Linolenic acid methyl ester fatty acid methy ester business/household 

Halfenprox other pesticide agriculture 

Heneicosanoic acid methyl ester fatty acid methy ester business/household 

Heptachlor insecticide agriculture 

Heptachlor epoxide (B) insecticide agriculture 

Hexachlorobenzene fungicide agriculture 

Hexachlorobenzene by-product industry 

Hexachlorobutadiene solvent industry 
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Table A1.1 (continued) 

Chemical Use/Origin Source 
Hexachlorocyclopentadiene intermediate in organic synthesis industry 

Hexachloroethane intermediate in organic synthesis industry 

Hexachloropropylene solvent industry 

Hexaconazole fungicide agriculture 

Hexazinone herbicide agriculture 

Hexythiazox other pesticide agriculture 

Hymexazol fungicide agriculture 

Ibuprofen PPCPs business/household 

Imazalil fungicide agriculture 

Imazamethabenz-methyl herbicide agriculture 

Imibenconazole fungicide agriculture 

Indanofan herbicide agriculture 

Indeno(1,2,3-cd)pyrene PAH industry 

Indoxacarb insecticide agriculture 

Iprobenfos (IBP) fungicide agriculture 

Iprodione fungicide agriculture 

Iprodione metabolite fungicide agriculture 

Isazofos insecticide agriculture 

Isocarbophos insecticide agriculture 

Isofenphos insecticide agriculture 

Isofenphos oxon insecticide agriculture 

Isophorone solvent/paint industry 

Isoprocarb insecticide agriculture 

Isopropalin herbicide agriculture 

Isoprothiolane fungicide agriculture 

Isosafrole perfumes business/household 

Isoxadifen-ethyl herbicide agriculture 

Isoxathion insecticide agriculture 

Isoxathion oxon insecticide agriculture 

Kresoxim methyl fungicide agriculture 

L-Menthol PPCPs business/household 

Lenacil herbicide agriculture 

Leptophos insecticide agriculture 

Lignoceric acid, methyl ester fatty acid methy ester business/household 

Linoleic acid methyl ester fatty acid methy ester business/household 

Linolelaidic acid methyl ester fatty acid methy ester business/household 

Linolenic acid methyl ester fatty acid methy ester business/household 

Longifolene other industry 

m-Aminophenol intermediate for dyes industry 

m-Phenylenediamine intermediate for dyes industry 

m-Terphenyl storage and transfer agents/ 
intermediate for resin 

industry 

Malathion insecticide agriculture 
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Table A1.1 (continued) 

Chemical Use/Origin Source 
MCPA-thioethyl (Phenothiol) herbicide agriculture 

MCPB-ethyl herbicide agriculture 

Mecarbam insecticide agriculture 

Mefenacet herbicide agriculture 

Mefenamic Acid PPCPs business/household 

Mefenoxam (Metalaxyl-M) fungicide agriculture 

Mefenpyr-diethyl herbicide agriculture 

Mepanipyrim fungicide agriculture 

Mepronil fungicide agriculture 

Metalaxyl fungicide agriculture 

Methacrifos insecticide agriculture 

Methamidophos insecticide agriculture 

Methapyrilene PPCPs business/household 

Methidathion insecticide agriculture 

Methiocarb insecticide agriculture 

Methomyl oxime other pesticide agriculture 

Methoprene insecticide agriculture 

Methoxychlor insecticide agriculture 

Methyl decanoate fatty acid methy ester business/household 

Methyl dodecanoate fatty acid methy ester business/household 

Methyl dymron herbicide agriculture 

Methyl heptadecanoate fatty acid methy ester business/household 

Methyl hexanoate fatty acid methy ester business/household 

Methyl myristate fatty acid methy ester business/household 

Methyl octanoate fatty acid methy ester business/household 

Methyl palmitate fatty acid methy ester business/household 

Methyl palmitoleate fatty acid methy ester business/household 

Methyl parathion insecticide agriculture 

Methyl pentadecanoate fatty acid methy ester business/household 

Methyl tridecanoate fatty acid methy ester business/household 

Methyl undecanoate fatty acid methy ester business/household 

Metolachlor herbicide agriculture 

Metominostrobin E fungicide agriculture 

Metominostrobin Z fungicide agriculture 

Metribuzin herbicide agriculture 

Metribuzin DA herbicide agriculture 

Metribuzin DADK herbicide agriculture 

Metribuzin DK herbicide agriculture 

Mevinphos 1 insecticide agriculture 

Mevinphos 2 insecticide agriculture 

Molinate herbicide agriculture 

Monocrotophos insecticide agriculture 

Myclobutanil fungicide agriculture 
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Table A1.1 (continued) 

Chemical Use/Origin Source 
n-Butylacrylate intermediate for resin industry 

n-C10H22 petroleum business/household 

n-C11H24 petroleum/plant business/household 

n-C12H26 petroleum business/household 

n-C13H28 petroleum/plant business/household 

n-C14H30 petroleum business/household 

n-C15H32 petroleum/plant business/household 

n-C16H34 petroleum business/household 

n-C17H36 petroleum/plant business/household 

n-C18H38 petroleum business/household 

n-C19H40 petroleum/plant business/household 

n-C20H42 petroleum business/household 

n-C21H44 petroleum/plant business/household 

n-C22H46 petroleum business/household 

n-C23H48 petroleum/plant business/household 

n-C24H50 petroleum business/household 

n-C25H52 petroleum/plant business/household 

n-C26H54 petroleum business/household 

n-C27H56 petroleum/plant business/household 

n-C28H58 petroleum business/household 

n-C29H60 petroleum/plant business/household 

n-C30H62 petroleum business/household 

n-C31H64 petroleum/plant business/household 

n-C32H66 petroleum business/household 

n-C33H68 petroleum/plant business/household 

n-C9H20 petroleum/plant business/household 

N-Ethylaniline intermediate for dyes industry 

N-Ethylmorpholine solvent industry 

N-Methylaniline intermediate in organic synthesis industry 

N-Nitroquinoline-N-oxide reagent business/household 

N-Nitroso-di-n-butylamine reagent business/household 

N-Nitrosodiethylamine Gasoline & lubricant additive; 
antioxidant; stabilizer in plastics 

business/household 

N-Nitrosomorpholine solvent/intermediate in organic 
synthesis 

industry 

N-Nitrosopiperidine reagent business/household 

N-Nitrosopyrrolidine reagent business/household 

N-Phenyl-1-naphthylamine antioxidant business/household 

N-Phenyl-2-naphthylamine antioxidant business/household 

N,N-Dimethylaniline intermediate for dyes industry 

Naled insecticide agriculture 

Naphthalene PAH industry 

Napropamide fungicide agriculture 
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Table A1.1 (continued) 

Chemical Use/Origin Source 
Naproxen PPCPs business/household 

Nereistoxin oxalate deg. insecticide agriculture 

Nervonic acid methyl ester fatty acid methy ester business/household 

Nicotine PPCPs business/household 

Nicotinonitrile intermediate for pesticides industry 

Nitralin herbicide agriculture 

Nitrobenzene intermediate in organic synthesis industry 

Nitrofen (NIP) herbicide agriculture 

Nitrothal-isopropyl fungicide agriculture 

Nonylphenol nonionic detergent metabolite business/household 

Norflurazon herbicide agriculture 

Novaluron-deg insecticide agriculture 

o-Terphenyl storage and transfer 
agents/intermediate for resin 

industry 

o,p'-DDD insecticide agriculture 

o,p'-DDE insecticide agriculture 

o,p'-DDT insecticide agriculture 

Octachloronaphthalene PCN industry 

Octanol cosmetics/fragrance/solvent business/household 

Oleic acid methyl ester fatty acid methy ester business/household 

Omethoate insecticide agriculture 

Oryzalin herbicide agriculture 

Oxabetrinil herbicide agriculture 

Oxadiazon herbicide agriculture 

Oxadixyl fungicide agriculture 

Oxpoconazole-formyl fungicide agriculture 

Oxpoconazole-fumalate fungicide agriculture 

Oxychlordane insecticide agriculture 

Oxyfluorfen herbicide agriculture 

p-Phenylenediamine intermediate for dyes/developing 
fluid 

industry 

p-Terphenyl storage and transfer agents industry 

p,p'-DDD insecticide agriculture 

p,p'-DDE insecticide agriculture 

p,p'-DDT insecticide agriculture 

Paclobutrazol other pesticide agriculture 

Parathion insecticide agriculture 

PCB #1 PCB industry 

PCB #101 PCB industry 

PCB #104 PCB industry 

PCB #105 PCB industry 

PCB #110 PCB industry 

PCB #114 PCB industry 
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Table A1.1 (continued) 

Chemical Use/Origin Source 
PCB #118 PCB industry 

PCB #119 PCB industry 

PCB #123 PCB industry 

PCB #126 PCB industry 

PCB #128 PCB industry 

PCB #138&158 PCB industry 

PCB #149 PCB industry 

PCB #15 PCB industry 

PCB #151 PCB industry 

PCB #153&168 PCB industry 

PCB #155 PCB industry 

PCB #156 PCB industry 

PCB #157 PCB industry 

PCB #167 PCB industry 

PCB #169 PCB industry 

PCB #170 PCB industry 

PCB #171 PCB industry 

PCB #177 PCB industry 

PCB #178 PCB industry 

PCB #18 PCB industry 

PCB #180 PCB industry 

PCB #183 PCB industry 

PCB #187 PCB industry 

PCB #188 PCB industry 

PCB #189 PCB industry 

PCB #19 PCB industry 

PCB #191 PCB industry 

PCB #194 PCB industry 

PCB #199 PCB industry 

PCB #201 PCB industry 

PCB #202 PCB industry 

PCB #205 PCB industry 

PCB #206 PCB industry 

PCB #208 PCB industry 

PCB #209 PCB industry 

PCB #22 PCB industry 

PCB #28 PCB industry 

PCB #3 PCB industry 

PCB #33 PCB industry 

PCB #37 PCB industry 

PCB #4&10 PCB industry 

PCB #44 PCB industry 

PCB #49 PCB industry 

PCB #52 PCB industry 
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Table A1.1 (continued) 

Chemical Use/Origin Source 
PCB #54 PCB industry 

PCB #70 PCB industry 

PCB #74 PCB industry 

PCB #77 PCB industry 

PCB #8 PCB industry 

PCB #81 PCB industry 

PCB #87 PCB industry 

PCB #95 PCB industry 

PCB #99 PCB industry 

Pebulate herbicide agriculture 

Penconazole fungicide agriculture 

Pencycron fungicide agriculture 

Pendimethalin herbicide agriculture 

Pentachlorobenzene by-product industry 

Pentachloroethane other industry 

Pentachloronitrobenzene (Quintozene) fungicide agriculture 

Pentachlorophenol herbicide agriculture 

Pentamethylbenzene other industry 

Pentoxazone herbicide agriculture 

Permethrin 1 insecticide agriculture 

Permethrin 2 insecticide agriculture 

Perylene PAH industry 

Phenacetin PPCPs business/household 

Phenanthrene PAH industry 

Phenazine other industry 

Phenmedipham deg. herbicide agriculture 

Phenol disinfectant business/household 

Phenol, 2,6-dimethoxy- leaching from tire business/household 

Phenol, 4-(phenylamino)- leaching from tire business/household 

Phenothiazine intermediate in organic synthesis industry 

Phenothrin 1 insecticide agriculture 

Phenothrin 2 insecticide agriculture 

Phenoxathiin other industry 

Phenoxazine other industry 

Phenthoate insecticide agriculture 

Phenylethyl alcohol fragrance/leaching from tire business/household 

Phorate insecticide agriculture 

Phosalone insecticide agriculture 

Phosmet insecticide agriculture 

Phosphamidon insecticide agriculture 

Phthalimide leaching from tire business/household 

Picolinafen herbicide agriculture 

Piperonyl butoxide insecticide agriculture 

Piperophos herbicide agriculture 
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Table A1.1 (continued) 

Chemical Use/Origin Source 
Pirimicarb insecticide agriculture 

Pirimiphos-methyl insecticide agriculture 

Pretilachlor herbicide agriculture 

Probenazole other pesticide agriculture 

Prochloraz fungicide agriculture 

Procymidone fungicide agriculture 

Profenofos insecticide agriculture 

Prohydrojasmon other pesticide agriculture 

Prometryn herbicide agriculture 

Propachlor herbicide agriculture 

Propamocarb fungicide agriculture 

Propanil herbicide agriculture 

Propanoic acid, 2-methyl-, 2-methylpropyl 
ester 

flavoring business/household 

Propaphos insecticide agriculture 

Propargite 1 other pesticide agriculture 

Propargite 2 other pesticide agriculture 

Propazine herbicide agriculture 

Propetamphos insecticide agriculture 

Propham herbicide agriculture 

Propiconazole 1 fungicide agriculture 

Propiconazole 2 fungicide agriculture 

Propoxur insecticide agriculture 

Propyphenazone PPCPs business/household 

Propyzamide herbicide agriculture 

Prothiofos insecticide agriculture 

Pyraclofos insecticide agriculture 

Pyraclostrobin fungicide agriculture 

Pyraflufen ethyl herbicide agriculture 

Pyrazophos fungicide agriculture 

Pyrazoxyfen herbicide agriculture 

Pyrene PAH industry 

Pyrethrin 1 insecticide agriculture 

Pyrethrin 2 insecticide agriculture 

Pyrethrin 3 insecticide agriculture 

Pyrethrin 4 insecticide agriculture 

Pyributicarb herbicide agriculture 

Pyridaben insecticide agriculture 

Pyridaphenthion insecticide agriculture 

Pyridate herbicide agriculture 

Pyrifenox E fungicide agriculture 

Pyrifenox Z fungicide agriculture 

Pyrimethanil fungicide agriculture 
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Table A1.1 (continued) 

Chemical Use/Origin Source 
Pyrimidifen other pesticide agriculture 

Pyriminobac-methyl E herbicide agriculture 

Pyriminobac-methyl Z herbicide agriculture 

Pyriproxyfen insecticide agriculture 

Pyroquilon fungicide agriculture 

Quinalphos insecticide agriculture 

Quinoclamine herbicide agriculture 

Quinoline intermediate in organic synthesis industry 

Quinoline, 2,7-dimethyl- other industry 

Quinoxyfen fungicide agriculture 

Quizalofop-ethyl herbicide agriculture 

Safrole intermediate in organic 
synthesis/preservative 

industry 

Silafluofen insecticide agriculture 

Simazine herbicide agriculture 

Simeconazole fungicide agriculture 

Simetryn herbicide agriculture 

Spirodiclofen other pesticide agriculture 

Spiroxamine 1 fungicide agriculture 

Spiroxamine 2 fungicide agriculture 

Squalane PPCPs business/household 

Stearic acid methyl ester fatty acid methy ester business/household 

Stigmasterol phytosterol  

Sulfentrazone herbicide agriculture 

Sulfotep insecticide agriculture 

Sulprofos insecticide agriculture 

Swep herbicide agriculture 

TCMTB fungicide agriculture 

Tebuconazole fungicide agriculture 

Tebufenpyrad other pesticide agriculture 

Tebupirimfos insecticide agriculture 

Tecloftalam other pesticide agriculture 

Tecnazene fungicide agriculture 

Tefluthrin insecticide agriculture 

Temephos insecticide agriculture 

Terbacil herbicide agriculture 

Terbcarb (MBPMC) herbicide agriculture 

Terbufos insecticide agriculture 

Terbutryn herbicide agriculture 

Tetrachlorvinphos insecticide agriculture 

Tetraconazole fungicide agriculture 

Tetradifon other pesticide agriculture 

Tetramethrin-1 insecticide agriculture 
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Table A1.1 (continued) 

Chemical Use/Origin Source 
Tetramethrin-2 insecticide agriculture 

Tetryl explosive industry 

Thenylchlor herbicide agriculture 

Thiabendazole fungicide agriculture 

Thiamethoxam deg. insecticide agriculture 

Thifluzamide fungicide agriculture 

Thiobencarb herbicide agriculture 

Thiocyclam insecticide agriculture 

Thiometon insecticide agriculture 

Thymol PPCPs business/household 

Tolclofos-methyl fungicide agriculture 

Tolfenpyrad insecticide agriculture 

Tolylfluanid fungicide agriculture 

Tolylfluanid metabolite fungicide agriculture 

Tralomethrin-deg insecticide agriculture 

trans-Chlordane insecticide agriculture 

trans-Decahydronaphthalene solvent industry 

trans-Nonachlor insecticide agriculture 

Tri-allate herbicide agriculture 

Triadimefon fungicide agriculture 

Triadimenol 1 fungicide agriculture 

Triadimenol 2 fungicide agriculture 

Triazophos insecticide agriculture 

Tribenuron-methyl herbicide agriculture 

Tribufos other pesticide agriculture 

Tributyl phosphate fire retardant business/household 

Trichlamid fungicide agriculture 

Trichlorfon insecticide agriculture 

Triclopyr herbicide agriculture 

Triclosan PPCPs business/household 

Tricosanoic acid methyl ester fatty acid methy ester business/household 

Tricresyl phosphate fire retardant/plasticizer business/household 

Tricyclazole fungicide agriculture 

Tridemorph fungicide agriculture 

Trifloxystrobin fungicide agriculture 

Triflumizole fungicide agriculture 

Trifluralin herbicide agriculture 

Trimethyl phosphate solvent industry 

Triphenylmethane intermediate for dyes industry 

Tris(1,3-dichloro-2-propyl) phosphate fire retardant business/household 

Tris(2-chloroethyl) phosphate fire retardant business/household 

Tris(2-chloroethyl)phosphite fire retardant business/household 

Tris(2-ethylhexyl) phosphate fire retardant/plasticizer business/household 
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Table A1.1 (continued) 

Chemical Use/Origin Source 
Tris(4-chlorophenyl)methane other industry 

Tris(4-chlorophenyl)methanol other industry 

Uniconazole P other pesticide agriculture 

Urea, N,N-diethyl- leaching from tire business/household 

Vinclozolin fungicide agriculture 

XMC insecticide agriculture 

Xylylcarb insecticide agriculture 

Zoxamide fungicide agriculture 
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Appendix 2: Biological measurement methods 

A2.1 Bacterial testing method 

The International Organization for Standardization (ISO) established a standard method for the testing of 

water samples using Vibrio fischeri (ISO 11348-3; ISO 2007). This method can be applied to waste water, 

aqueous extracts and leachates, fresh water, sea and brackish water, eluates of sediment, pore water and 

single substances. In that context, the Microtox acute toxicity screening test (introduced by Bulich (1979) 

and subsequently marketed by Beckman Instruments, Inc.) was adapted for use with a 96-well microplate 

(as described in of Shiraishi et al. 1999), and from here-on is referred to as the photobacterium (P.B.) 

toxicity test. This bioassay is based on the production of light per unit time by living luminescent bacteria, 

which is a reflection of the rate at which a complex set of energy-producing reactions is operating. 

Chemical inhibition of any of the enzymes will alter this rate, consequently changing the amount of light 

produced. Measurement of toxicity on whole sample extract was conducted using the method of Shiraishi 

et al. (1999) (described in English hereafter). 

For each site, an aliquot of the water (1L) was extracted for the measurement of toxicity using a modified 

photobacterium test. The sample preparation methods for these tests are described elsewhere (Shiraishi et 

al. 2000; Allinson et al. 2007, 2008, 2010), but, in short, involved adding buffer solution to the sample to 

ensure an acid pH (according to JEA 1998), filtration through GF/C filters to remove particulate matter, and 

then solid phase extraction (SPE; C18 FF disk (Empore™; 47 mm; 3M, MN, USA)).  

Photobacterium cells (Vibrio fischeri) were cultured at room temperature overnight in an equal mixture of 

Marine Broth medium (37.4g Marine Broth 2216 (Difco), dissolved in 1 L of purified water) and T medium (T 

med.; peptone, 0.4 g; glycerol 3.5 g; NaCl 20 g; MgSO4∙7H2O, 29 g; KCl, 0.9 g; K2HPO4, 0.1 g; 1M MOPS 

buffer solution, 4.5 mL dissolved in 1 L of purified water). The bacteria solution was well mixed, and its 

luminescence intensity measured by placing an aliquot of the mixture (200 L) into a black 96 microplate 

(OptiPlate-96 Black Opaque 96-well microplate, Perkin-Elmer)  and reading the intensity using a microplate 

luminometer (LB962 CentroPRO Luminescence Microplate Reader, Berthold Technologies GmbH & Co. KG, 

Bad Wilbad, Germany). The bacterial mixture was deemed acceptable if the measured intensity is greater 

than 200,000. After adding equal amounts of 10% glycerol T medium to the bacterial solution, the 4 mL 

aliquots of mixture solution were stored at -80oC. 

To undertake the assay, the bacterium solution (4 mL) was defrosted on the day of measurement, and 

diluted 12.5 times with modified T medium (mT med; peptone, 0.4 g; glucose 3.5 g; NaCl 20 g; MgSO4∙7H2O, 

29 g; KCl, 0.9 g; K2HPO4, 0.1 g; 1M MOPS buffer solution, 4.5 mL dissolved in 1 L of purified water). At that 

time, an aliquot of the sample extract (20 L) is diluted with 480 L mT med. to produce a toxicity test 

ready solution (Stest). 

To run the test, an aliquot (60 L) of mT med. was dispensed into each well of the first row of a 96-well 

microplate using an automated sampling system (Nichiryo NSP-7000 Multi-channel Auto Sampling System, 

Nichiryo Co., Tokyo, Japan), followed by addition of 2% DMSO / mT med. solution (60 L) to each well of 

the 2nd - 8th rows of the plate. Thereafter, the samples (Stest) and controls (60 L) were added to the plate 
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(row 1). Five samples plus a control (4% DMSO/mT med.) were run in duplicate on each plate. Preparation 

of the plate involves serial dilution of the mixture in row 1. In short, aliquots of each sample (or control; 60 

L) was removed from each well of row 1, and added to row 2 to dilute 2-fold. This process was then 

repeated from rows 2–7. No sample solution from row 7 was added to the 8th row. Thereafter, 

photobacterium solution (60 L) was added to all wells, the plate shaken (40s; Incubate Shaker Model 

130000, Boekel Scientific, Philadelphia, PA, USA) and after five minutes the bioluminescence measured 

with the microplate luminometer. 

Toxicity data are reported as the ICR50, which is a measure of how much the sample has to be 

concentrated to inhibit luminescence in 50% of the photobacteria. In short, the lower the ICR50 reported, 

the higher the toxicity of the sample; conversely the higher the ICR50, the lower the toxicity. The ICR50 is 

calculated using a regression equation at the point where the relationship between inhibition ratio and 

concentration ratio is linear. 

 

A2.2 Algal testing method 

A2.2.1 Stock Cultures: A non-axenic culture of Scenedesmus sp (provided by the Algal Phycology 

Laboratory, Monash University, Victoria, Australia) was used for all tests.  Stock cultures were maintained in 

standard culture medium, known as MLA medium (Bolch and Blackburn 1996), at 25°C on a 12 h light/12 h 

dark cycle, under an irradiance of 70 μmol photons m-1s-1 (cool white fluorescents). Generally, a 3 day-old 

culture was used for the inoculation in experiments. 

A2.2.2 Phytotoxicity bioassay: Phytotoxicty tests were performed in 250mL ERL flasks containing 70mL of 

test solution or MLA medium for controls. Three replicate flasks were used for each test concentration and 

control. For each herbicide tested six test concentrations were used plus the control. Each test was 

conducted twice for each herbicide (with the exception of atrazine, in which the test was conducted three 

times, and dicamba, for which the test was conducted once). Toxicity tests were initiated by the addition of 

stock culture to test flasks to yield an initial cell density of 5 x 104 cells/ml. The phytotoxicity bioassay was 

conducted for 72 h, where test flasks and controls, were maintained under a 12:12 h light dark cycle (cool 

white fluorescents) in a temperature controlled incubator (25oC).  Each treatment and control was shaken 

by hand and re-randomised daily, test solutions were not renewed. The pH and electrical conductivity (EC) 

of solutions was determined at the beginning of experiments and upon termination. The endpoints of the 

test were 72 h growth and photosynthetic yield (a measure of the photochemical efficiency of PSII). 

A2.2.3 Determination of growth and photosynthetic yield: Chlorophyll-a fluorescence was measured daily 

with a classic chlorophyll fluorometer (Aquation Pty Ltd). Cultures were incubated in the dark for 15 

minutes prior to chlorophyll fluorescence measurements.  Flasks of dark-incubated cultures were then 

placed directly onto the sensor of the classic fluorometer and were illuminated by a measuring light (6µs, 

20% intensity) to determine the minimal fluorescence output (Fo), followed by the determination of the 

maximal chlorophyll fluorescence output (Fm) during a saturating pulse (6µs, 20% intensity).  Measurements 

of Fo and Fm were averaged from 10 measurements and the last 5 measurements for Fo and Fm respectively 

that were spaced 80ms apart. Blank measurements of site water were undertaken and values subtracted 

from Fo and Fm to account for sample background fluorescence. 

Growth rates were calculated as the slope of the natural logarithm of variable fluorescence (Fv) as a 
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function of time (days).  Variable fluorescence was calculated from the equation: Fv = Fm- Fo.   The effective 

quantum yield (Y) was automatically derived by the classic fluorometer using the equation Y = (Fo-Fm)/Fm 

and hereafter is referred to as the endpoint photosynthetic yield (Y). 

A2.2.4. Test solutions: Spot water samples (1L) were collected from the 7 sites by simply immersing clean 

amber glass bottles into the water body. Water samples were transported back to the laboratory on ice 

where they were then GF/C filtered to remove any indigenous microalgae and other large particulate 

material, and stored for 7 days at 4oC until testing. Full details of the algal toxicity test method are 

described above, but, in short, because nutrients are known to cause toxic effects to growth and 

photosynthesis in algae (Environment Canada 1992; USEPA 1994), the phytotoxicity tests were modified so 

we could distinguish between toxicity caused by lack of nutrients and that caused by other contaminants. 

Specifically, for each site, the tests were performed simultaneously using 100% site waters and site waters 

enriched with nutrients at the same concentration as those of the MLA control medium and the MLA 

control. 

A2.2.5 Statistical analysis: To compare the effect of each test concentration on Scenedesmus growth or 

photosynthetic yield relative to the controls, all of the data were analysed using analysis of variance 

(ANOVA), followed by multiple comparison tests using the statistical package Toxcalc (Version 5, Tidepool 

software). The growth and photosynthetic responses on Scenedesmus were analysed using linear 

interpolation with bootstrapping, otherwise known as the ICp method (Tidepool Scientific, 1996) or non-

linear interpolation. Data were analysed for normality and homogeneity of variances using Shaprio–Wilks 

and Bartlett’s tests respectively. If data met the assumptions, Dunnett’s multiple comparison test was 

performed to determine which concentrations significantly differed from controls. However, if assumptions 

were not met, Steele’s many one rank test was performed. This is considered the non-parametric analogue 

to Dunnett’s test (Tidepool Scientific, 1996). 

For each test, the concentration of toxicant inhibiting growth and photosynthetic yield in 10% and 50% of 

the test population (IC10 and IC50 respectively) were determined. Mean ICx values and coefficient of 

variation (CV = standard deviation/mean * 100%) were calculated for each herbicide tested. 
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Appendix 3: Chemical data 

A3.1(a) Field measured storm water physico-chemical characteristics (October 2012) 
 

Site # Parameter 

 Temp (
o
C) pH EC (S/cm) 

203 15.0 10.6 1290 

205 15.9 6.8 176 

206 14.2 6.9 275 

207 18.9 6.6 201 

208 17.9 6.8 176 

209 21.2 8.7 529 

210 22.5 6.5 411 

211 - - - 

 

A3.1(b) Field measured storm water physico-chemical characteristics (February 2013) 

Site # Parameter 

 Temp (
o
C) pH EC (S/cm) 

203 26.8 7.8 1440 

205 29.8 8.1 370 

206 - - - 

207 23.9 7.1 300 

208 21.1 7.0 190 

209 23.6 8.0 920 

210 23.6 7.3 480 

211 - - - 

 
 

A3.2(a) Storm water nutrients data (October 2012) 

Site # Concentration 

 TN  NH3 TKN  NO2/3
-
  TP SS TOC 

 (mg/L) 

203 3.4 < 0.01 0.1 3.37 0.01 < 5 4 

205 1.1 0.07 0.7 0.38 0.09 33 12 

206 < 0.1 0.06 < 0.1 0.09 < 0.01 < 5 4 

207 0.4 0.02 0.4 < 0.03 0.06 40 6 

208 0.5 0.1 0.5 0.04 < 0.01 < 5 13 

209 1.1 0.04 1.1 < 0.03 0.03 16 - 

210 1.5 0.32 1.3 0.24 0.04 < 5 14 

211 - - - - - - - 

LOR 0.1 0.01 0.1 0.03 0.01 5 1 

TN, total nitrogen (TKN + NOx); NH3, ammonia N; TKN, total Kjeldahl nitrogen; NO2/3
-
, nitrite (NO2

-
) plus nitrate (NO3

-
) N 

(NOx); TP, total phosphorus; suspended solids; TOC, total organic carbon. 
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A3.2(b) Storm water nutrients data (February 2013) 

Site # Concentration 

 TN  NH3 TKN  NO2/3
-
  TP SS TOC 

 (mg/L) 

203 2.0 0.05 0.1 2 0.05 5 7 

205 2.4 0.08 2.4 0.02 0.47 196 14 

206 - - - - - - - 

207 1.2 0.03 1.1 0.07 0.28 42 9 

208 2.6 0.4 2.3 0.34 0.38 38 14 

209 0.5 0.06 0.3 0.2 0.11 18 8 

210 1.0 0.14 0.8 0.2 0.24 36 8 

211 - - - - - - - 

LOR 0.1 0.01 0.1 0.03 0.01 5 1 

TN, total nitrogen (TKN + NOx); NH3, ammonia N; TKN, total Kjeldahl nitrogen; NO2/3
-
, nitrite (NO2

-
) plus nitrate (NO3

-
) N 

(NOx); TP, total phosphorus; suspended solids; TOC, total organic carbon. 

 
 
 

A3.3(a) Storm water metals/metalloids data (October 2012) 

Metal Concentration 

 LOR 203 205 206 207 208 209 210 211 

 (mg/L) 

aluminium 0.01 0.05 2.2 0.08 1.6 0.36 2.48 1.01 - 

arsenic 0.001 0.001 0.004 0.001 0.002 <LOR 0.002 0.001 - 

barium 0.01 0.34 0.028 0.011 0.046 0.050 0.036 0.030 - 

beryllium 0.001 <LOR <LOR <LOR <LOR <LOR <LOR <LOR - 

boron 0.05 0.06 <LOR 0.06 <LOR <LOR <LOR <LOR - 

cadmium 0.0001 <LOR <LOR <LOR 0.0005 <LOR <LOR 0.0002 - 

chromium 0.001 0.006 0.005 <LOR 0.004 0.002 0.005 0.002 - 

cobalt 0.001 <LOR 0.001 0.005 0.002 <LOR 0.002 <LOR - 

copper 0.001 0.005 0.009 0.003 0.021 0.002 0.007 0.007 - 

Iron 0.05 < LOR 2.56 0.06 2.77 1.84 3.16 1.88 - 

lead 0.001 < LOR 0.004 < LOR 0.003 < LOR 0.002 0.001 - 

manganese 0.001 < LOR 0.045 0.230 0.173 0.079 0.028 0.086 - 

mercury 0.0001 < LOR < LOR < LOR < LOR < LOR < LOR < LOR - 

nickel 0.001 0.002 0.005 0.023 0.006 0.004 0.006 0.004 - 

vanadium 0.01 < LOR < LOR < LOR < LOR < LOR < LOR < LOR - 

zinc 0.001 0.022 0.086 0.020 0.021 0.008 0.018 0.048 - 
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A3.3(b) Storm water metals/metalloids data (February 2013) 

Metal Concentration 

 LOR 203 205 206 207 208 209 210 211 

 (mg/L) 

aluminium 0.01 0.06 3.99 - 0.78 1.15 1.22 0.62 - 

arsenic 0.001 <LOR 0.01 - 0.004 <LOR <LOR 0.002 - 

barium 0.01 0.058 0.081 - 0.055 0.051 0.041 0.034 - 

beryllium 0.001 <LOR <LOR - <LOR <LOR <LOR <LOR - 

boron 0.05 0.11 0.17 - 0.15 0.12 0.12 0.11 - 

cadmium 0.0001 <LOR <LOR - <LOR <LOR <LOR <LOR - 

chromium 0.001 <LOR 0.005 - <LOR 0.003 0.002 <LOR - 

cobalt 0.001 <LOR 0.002 - 0.002 0.002 0.002 <LOR - 

copper 0.001 0.007 0.043 - 0.046 0.066 0.083 0.023 - 

Iron 0.05 <LOR 6.14 - 1.99 3.03 1.96 1.41 - 

lead 0.001 <LOR 0.008 - 0.002 0.003 <LOR <LOR - 

manganese 0.001 <LOR 0.071 - 0.209 0.165 0.057 0.124 - 

mercury 0.0001 <LOR <LOR - <LOR <LOR <LOR <LOR - 

nickel 0.001 0.003 0.005 - 0.002 0.004 <LOR <LOR - 

vanadium 0.01 <LOR 0.02 - <LOR <LOR <LOR <LOR - 

zinc 0.001 0.019 0.09 - 0.021 0.019 0.005 0.006 - 
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A3.4(a) Storm water triazine herbicides screen data (October 2012) 

Site # DIA DEA Bro Met Sim Hex Cya Prop Atr Diu Prop Ter Meto Prom Terb Pen Lin 

 (g/L) 

203 0.33 ND ND ND 0.097 ND ND ND ND 0.31 ND ND 0.002 ND ND ND ND 

205 0.14 ND ND ND 2.0 ND ND ND 0.013 0.05 ND ND 0.002 ND ND ND ND 

206 0.040 0.005 ND ND 0.22 ND ND ND 0.012 0.40 ND ND 0.002 ND ND ND ND 

207 0.031 ND ND ND 0.35 ND ND ND 0.008 0.09 ND ND 0.002 ND ND ND ND 

208 ND ND ND ND 0.022 ND ND ND 0.009 0.03 ND ND ND ND ND ND ND 

209 0.01 ND ND ND 0.14 ND ND ND 0.005 0.02 ND ND 0.42 0.17 ND ND 0.040 

210 0.01 ND ND ND 0.047 ND ND ND ND 0.03 ND ND 0.001 ND ND ND ND 

211 - - - - - - - - - - - - - - - - - 

LOR 0.010 0.010 0.030 0.2 0.005 0.020 0.020 0.050 0.005 0.05 0.005 0.010 0.002 0.006 0.005 0.03 0.005 

LOR, limit of reporting; ND, not detected; DIA, desisopropyl atrazine; DEA, desethyl atrazine; Bro, bromacil; Met, metribuzin; Sim, simazine, Hex, hexazinone; Cya, cyanazine; Prop, propachlor; Atr, 

atrazine; Diu, diuron; Ter, terbuthylazine; Meto, metolachlor, Prom, prometryn; Terb, terbutryn, Pen, pendimethalin; Lin, linuron; Shaded values represent detects above instrumental limits of 

detection (LOD) but below strict method LOR. 

A3.4(b) Storm water triazine herbicides screen data (February 2013) 

Site # DIA DEA Bro Met Sim Hex Cya Pro Atr Diu  Prop Ter Meto Prom Terb Pen Lin 

 (g/L) 

203 0.714 ND ND ND 0.013 ND ND ND ND 0.185 ND ND 0.002 ND ND ND ND 

205 0.142 ND ND ND 0.513 ND ND ND 0.007 0.027 ND ND ND ND 0.008 ND ND 

206 - - - - - - - - - - - - - - - - - 

207 0.034 ND ND ND 0.194 ND ND ND 0.005 0.047 ND ND ND ND 0.004 ND ND 

208 ND ND ND ND 0.018 ND ND ND 0.008 0.044 ND ND ND ND ND ND ND 

209 0.017 ND ND ND 0.117 ND ND ND ND 0.025 ND ND 0.029 0.028 ND ND ND 

210 0.013 ND ND ND 0.100 ND ND ND ND 0.051 ND ND ND ND 0.002 ND ND 

211 -  -  -   - -   - -  -  -   -  -  - -   - -   - -  

LOR 0.010 0.010 0.030 0.2 0.005 0.020 0.020 0.050 0.005 0.05 0.005 0.010 0.002 0.006 0.005 0.03 0.005 

LOR, limit of reporting; ND, not detected; DIA, desisopropyl atrazine; DEA, desethyl atrazine; Bro, bromacil; Met, metribuzin; Sim, simazine, Hex, hexazinone; Cya, cyanazine; Pro, propachlor; Atr, 
atrazine; Diu, diuron; Ter, terbuthylazine; Meto, metolachlor, Prom, prometryn; Terb, terbutryn, Pen, pendimethalin; Lin, linuron; Shaded values represent detects above instrumental limits of 
detection (LOD) but below strict method LOR. 
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A3.5(a) Storm water acid herbicides screen data (October 2012) 

Site # Clopyralid Picloram Dicamba Fluroxypyr 2,4-D MCPA MCPB Triclopyr 

 (g/L) 

203 0.010 ND 0.12 ND 0.067 0.051 ND 0.014 

205 ND ND ND ND 0.051 0.40 ND 0.006 

206 0.059 ND ND ND 0.01 0.20 ND 0.006 

207 ND ND 0.036 ND 0.019 0.090 ND 0.009 

208 0.030 ND 0.12 ND 0.018 0.28 ND 0.085 

209 0.056 ND 0.050 ND 0.075 0.51 ND 0.024 

210 ND ND 0.063 ND 0.018 0.10 ND 0.027 

211 - - - - - - - - 

LOR 0.02 0.06 0.01 0.04 0.01 0.02 0.08 0.02 

LOR, limit of reporting; ND, not detected; Shaded values represent detects above instrumental limits of detection (LOD) but below strict method LOR. 

 
 

A3.5(b) Storm water acid herbicides screen data (February 2013) 

Site # Clopyralid Picloram Dicamba Fluroxypyr 2,4-D MCPA MCPB Triclopyr 

 (g/L) 

203 ND ND ND 0.021 0.002 ND ND 0.054 

205 ND 0.14 ND ND 0.006 0.016 ND 0.002 

206 - - - - - - - - 

207 ND ND ND ND 0.006 0.027 ND 0.123 

208 0.016 ND ND ND 0.013 0.005 ND 0.007 

209 0.011 ND ND ND 0.033 0.277 ND 0.004 

210 ND 0.079 ND ND 0.004 0.133 ND 0.009 

211  - -   -  - -  -  -  -  

LOR 0.02 0.06 0.04 0.04 0.01 0.02 0.08 0.02 
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A3.5(a) Storm water sulfonyl urea herbicides screen data (October 2012) 

Site # Triasulfuron Metsulfuron methyl Sulfometuron methyl Chlorsulfuron Bensulfuron methyl Rimsulfuron 

 (g/L) 

203 ND ND ND ND ND ND 

205 ND ND ND ND ND ND 

206 ND 0.003 ND ND ND ND 

207 ND ND ND ND ND ND 

208 ND 0.057 ND ND ND ND 

209 ND 0.016 ND ND ND ND 

210 ND 0.005 ND ND ND ND 

211 - - - - - - 

LOR 0.005 0.010 0.008 0.004 0.005 0.020 

 
 

A3.5(b) Storm water sulfonyl urea herbicides screen data (February 2013) 
 

Site # Triasulfuron Metsulfuron methyl Sulfometuron methyl Chlorsulfuron Bensulfuron methyl Rimsulfuron 

 (g/L) 

203 ND ND ND ND ND ND 

205 ND ND ND ND ND ND 

206 - - - - - - 

207 ND ND ND ND ND ND 

208 ND 0.008 ND ND ND ND 

209 ND 0.018 ND ND ND ND 

210 ND ND ND ND ND ND 

211  - -  -   - -   - 

LOR 0.005 0.01 0.008 0.004 0.005 0.02 
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A3.6(a) GC-MS-DB data for organic micro-pollutants (October 2012) 

ID# Chemical Site # 

  
203 205 206 207 208 209 210 

  (g/L) 

2 Naphthalene 0.013  0.016  0.015  0.012  0.012  0.014  0.019  

3 2-Methylnaphthalene 0.004  0.006  0.003  0.003  0.003  0.004  0.004  

4 1-Methylnaphthalene 0.001  0.003  0.001  0.001  0.001  0.001  0.002  

5 N-Ethylmorpholine 0.007  
      

5 Acenaphthylene 0.001  0.001  0.001  0.000  0.000  0.001  0.000  

7 Acenaphthene 0.004  0.005  0.003  0.004  0.003  0.003  0.002  

11 Fluorene 0.000  0.001  0.002  0.001  0.001  0.001  0.001  

21 Phenanthrene 0.001  0.004  0.002  0.003  0.003  0.003  0.002  

23 Anthracene 0.001  0.000  0.001  0.001  0.000  0.000  0.000  

23 Phenol 0.042  0.046  0.042  0.031  0.029  0.042  0.062  

29 3-Methylphenanthrene 0.002  0.003  0.005  0.002  0.002  0.002  0.002  

31 2-Methylphenanthrene 0.001  0.002  0.001  0.000  0.001  0.000  0.000  

32 9-Methylphenanthrene 0.000  0.001  0.001  0.000  0.000  0.000  0.000  

38 4-Cymene 0.012  0.013  0.011  0.013  0.014  0.015  0.014  

41 Benzyl alcohol 0.112  0.142  0.135  0.095  0.098  0.175  0.334  

45 Fluoranthene 0.000  0.003  0.005  0.001  0.000  0.001  0.001  

50 Pyrene 0.002  0.003  0.005  0.001  0.001  0.001  0.001  

51 Acetophenone 0.029  0.149  0.053  0.038  0.044  0.042  0.043  

53 Octanol 0.026  0.034  
 

0.033  0.027  0.038  0.038  

60 N,N-Dimethylaniline 
   

0.004  
   

66 Phenylethyl alcohol 
     

0.017  0.248  

68 Isophorone 
 

0.020  0.003  0.004  0.013  0.016  0.009  

79 3,5-Dimethylphenol 0.030  
      

84 1-Nonanol 0.037  0.052  0.064  0.027  0.027  0.052  0.060  

85 Benzo(a)anthracene 0.001  0.002  0.001  0.001  0.001  0.001  0.002  

90 L-Menthol 0.019  0.029  0.021  0.011  0.010  0.011  0.032  

93 3-&4-Chlorophenol 
    

0.064  0.076  0.105  

100 Benzo(j&b)fluoranthene 0.000  0.000  0.000  0.000  0.000  0.000  0.000  

103 Cholestane 0.003  0.005  0.038  
    

105 Benzo(a)pyrene ND ND 0.000  0.000  ND 0.000  ND 

106 Ethanol, 2-phenoxy- 0.007  0.012  0.011  0.008  0.006  0.473  3.159  

108 Benzothiazole 0.072  0.137  0.029  0.093  0.062  0.046  0.042  

109 Cholesterol 0.075  0.362  0.081  0.256  0.160  0.336  0.246  

110 Quinoline 
    

0.015  
  

111 Cholestanol 
 

0.030  
 

0.020  0.043  0.025  0.035  

112 Indeno(1,2,3-cd)pyrene 
 

0.000  
 

0.000  0.000  
 

ND 

114 e-Caprolactam 
      

0.015  

116 Benzo(ghi)perylene 
 

0.000  0.000  0.000  
 

0.000  0.000  

117 Stigmasterol 
  

0.067  0.147  0.075  0.118  0.099  

118 beta-Sitosterol 
  

0.028  0.640  0.154  0.300  0.175  

119 2-tert-Butylphenol 
 

0.015  
  

0.006  
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A3.6(a)(continued) 

ID# Chemical Site # 

  203 205 206 207 208 209 210 

  (g/L) 

128 Thymol 
 

0.019  
 

0.011  
 

0.011  
 

129 3- & 4-tert-Butylphenol 0.002  0.011  0.005  0.006  0.005  0.006  0.007  

144 Dichlobenil 
      

0.118  

167 Biphenyl 
 

0.008  
     

169 Propamocarb 
    

0.028  
 

0.043  

177 Longifolene 0.016  
  

0.034  
 

0.027  0.036  

203 2,6-Di-tert-butyl-4-benzoquinone 
 

0.335  0.393  
   

0.128  

217 4-Methyl-2,6-di-t-butylphenol 0.026  0.097  0.114  
    

229 Methyl dodecanoate 
     

0.004  
 

230 Dibenzofuran 
  

0.003  
   

0.003  

243 Aspirin 
   

0.749  
 

0.834  4.817  

249 Diethyltoluamide 
 

0.122  0.024  0.076  0.030  0.041  0.047  

265 4-tert-Octylphenol 
 

0.010  
    

0.003  

272 2-(Methylthio)-benzothiazol 
 

0.080  
 

0.023  0.015  0.011  
 

284 Tributyl phosphate 0.062  0.230  
 

0.213  0.077  0.344  0.026  

302 2(3H)-Benzothiazolone 
 

0.364  
 

0.138  0.112  0.078  0.049  

309 2,4,6-Trinitrotoluene 
   

0.068  
   

325 2,6-Diisopropylnaphthalene 0.004  0.011  0.004  0.003  0.003  
  

330 Simazine 0.085  1.747  0.207  0.321  0.041  0.133  0.038  

336 Nonylphenol 
 

0.226  
    

0.014  

346 Tris(2-chloroethyl) phosphate 0.078  0.058  0.147  0.093  0.039  0.040  0.052  

347 
3,5-di-tert-Butyl-4-
hydroxybenzaldehyde 

0.041  0.108  0.148  0.028  0.030  0.028  0.018  

360 Propyzamide 
     

0.014  
 

389 Iprobenfos 
    

0.006  
  

390 Oxabetrinil 
 

0.056  
    

0.068  

393 Caffeine 0.018  0.313  
 

0.882  0.332  1.075  1.060  

433 Mefenoxam 
     

0.030  
 

434 Metalaxyl 
     

0.022  
 

440 Prometryn 
     

0.164  
 

446 Methyl palmitate 
  

0.035  
    

473 Metolachlor 
     

0.370  
 

533 1,3-Dicyclohexylurea 
 

0.566  
 

0.373  
 

0.128  
 

535 Allethrin 1 
 

0.122  
     

579 Paclobutrazol 
      

0.047  

583 Stearic acid methyl ester 0.011  
 

0.038  0.016  
 

0.012  
 

618 Bisphenol A 
 

0.042  
 

0.040  0.016  0.084  0.039  

626 Oxadiazon 
     

0.015  0.027  

628 Flamprop-methyl 
   

0.013  
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A3.6(a)(continued) 

ID# Chemical Site # 

  203 205 206 207 208 209 210 

  (g/L) 

651 Triclopyr 
  

0.034  
    

696 Pyrethrin 3 
 

0.638  
   

0.396  
 

697 
Tris(1,3-dichloro-2-propyl) 
phosphate      

0.044  0.102  

745 Piperonyl butoxide 
 

0.159  
     

843 Squalane 0.249  0.091  0.182  0.068  0.022  0.029  0.032  

851 Spirodiclofen 
 

0.518  
 

0.060  
 

0.009  
 

860 Pyridaben 
    

0.007  
  

931 Azoxystrobin 
     

0.021  
 

87 Total 39 55 43 53 48 60 55 

 
 
 
A3.6(b) GC-MS-DB data for organic micro-pollutants (February 2012) 

ID# Name Site # 

  203 205 206 207 208 209 210 

  (g/L) 

2 Naphthalene 0.010 0.009 - 0.011 0.010 0.009 0.012 

3 2-Methylnaphthalene 0.005 0.005 - 0.007 0.005 0.003 0.005 

4 1-Methylnaphthalene 0.002 0.002 - 0.002 0.002 0.001 0.002 

5 Acenaphthylene 0.001 0.001 - 0.001 0.001 0.001 0.001 

7 Acenaphthene 0.003 0.005 - 0.005 0.009 0.003 0.004 

11 Fluorene 0.001 0.003 - 0.002 0.001 
 

0.003 

12 2-Butoxyethanol 0.710 0.592 
 

0.869 0.823 0.412 0.533 

18 2-Cyclohexen-1-one 
    

0.003 
  

21 Phenanthrene 0.003 0.007 - 0.003 0.003 0.002 0.003 

23 Anthracene 0.001 0.001 - 
 

0.001 
  

23 Phenol 0.055 0.050 
 

0.079 0.072 0.043 0.059 

29 3-Methylphenanthrene 0.003 0.003 - 0.002 0.002 0.002 0.004 

31 2-Methylphenanthrene 0.001 0.001 - 
 

0.001 
 

0.001 

32 9-Methylphenanthrene 0.000 0.001 - 0.000 
  

0.001 

37 1,4-Dichlorobenzene 0.009 
     

0.013 

38 4-Cymene 0.013 
    

0.016 0.014 

41 Benzyl alcohol 0.216 0.175 
 

0.307 0.282 0.181 
 

45 Fluoranthene 0.001 0.003 - 0.000 0.001 0.000 
 

50 Pyrene 0.003 0.002 - 0.001 0.001 0.001 0.001 

50 Acetophenone 0.060 0.065 
 

0.075 0.085 0.039 0.043 

53 Octanol 0.033 0.038 
 

0.113 
   

66 Phenylethyl alcohol 
    

0.045 
 

0.005 

68 Isophorone 0.008 0.050 
 

0.015 0.040 
 

0.019 
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A3.6(b) (continued) 

ID# Name Site # 

  203 205 206 207 208 209 210 

  (g/L) 

84 1-Nonanol 0.024 0.033 
 

0.027 0.036 0.027 0.046 

85 Benzo(a)anthracene 0.002 0.001 - 0.002 0.002 0.001 0.001 

90 L-Menthol 0.103 0.092 
 

0.145 0.151 0.057 0.055 

92 Naphthalene 0.013 0.011 
 

0.014 0.012 0.011 0.014 

94 alpha-Terpineol 0.065 0.079 
 

0.085 0.079 0.068 0.168 

100 Benzo(j&b)fluoranthene 0.000 
 

- 
    

103 Cholestane 0.005 
     

0.107 

105 Benzo(a)pyrene 0.000 
 

- 
    

106 Ethanol, 2-phenoxy- 0.025 0.043 
 

0.033 
 

0.016 
 

108 Benzothiazole 0.076 0.079 
 

0.068 
 

0.044 
 

110 Quinoline 
 

0.009 
   

0.005 
 

119 2-tert-Butylphenol 0.002 
      

129 3- & 4-tert-Butylphenol 0.004 0.013 
 

0.007 0.010 0.005 0.011 

177 Longifolene 0.041 0.031 
 

0.082 
 

0.028 
 

203 2,6-Di-tert-butyl-4-benzoquinone 0.110 0.142 
   

0.115 0.228 

204 Phthalimide 
    

0.004 
  

217 4-Methyl-2,6-di-t-butylphenol 0.019 
     

0.059 

229 Methyl dodecanoate 0.015 
      

230 Dibenzofuran 0.002 
  

0.002 
   

249 Diethyltoluamide 
 

0.269 
 

0.289 0.112 0.064 0.096 

255 Fluorene 
 

0.002 
     

265 4-tert-Octylphenol 
 

0.010 
 

0.003 
   

272 2-(Methylthio)-benzothiazol 0.003 0.118 
 

0.018 
   

284 Tributyl phosphate 0.061 0.475 
 

0.198 0.155 0.127 0.889 

302 2(3H)-Benzothiazolone 
 

0.976 
 

0.178 0.821 0.193 
 

330 Simazine 
 

0.424 
 

0.179 
 

0.113 0.103 

336 Nonylphenol 
 

0.166 
 

0.014 0.049 0.009 
 

346 Tris(2-chloroethyl) phosphate 0.100 0.161 
 

0.157 0.077 
  

347 
3,5-di-tert-Butyl-4-
hydroxybenzaldehyde       

0.286 

366 Phenanthrene 0.003 0.008 
 

0.003 
 

0.002 
 

393 Caffeine 0.037 0.112 
 

0.215 0.582 0.138 
 

440 Prometryn 
     

0.029 
 

446 Methyl palmitate 0.032 
  

0.036 
 

0.013 
 

473 Metolachlor 
     

0.035 
 

484 Anthraquinone 0.011 
      

533 1,3-Dicyclohexylurea 
   

0.312 0.232 0.160 
 

545 Fluoranthene 
 

0.002 
     

583 Stearic acid methyl ester 0.032 0.029 
 

0.042 
 

0.015 0.036 

585 Pyrene 0.004 0.003 
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A3.6(b) (continued) 

ID# Name Site # 

  203 205 206 207 208 209 210 

  (g/L) 

618 Bisphenol A 
 

0.063 
 

0.026 0.211 
 

0.072 

628 Flamprop-methyl 
   

0.004 
   

697 
Tris(1,3-dichloro-2-propyl) 
phosphate 

0.009 
  

0.017 
   

843 Squalane 0.092 0.086 
 

0.051 0.036 0.034 0.241 

938 Cholesterol 0.235 0.419 
 

0.593 0.290 0.143 0.404 

940 Cholestanol 
   

0.134 
   

948 Stigmasterol 
   

0.062 
  

0.161 

951 beta-Sitosterol 
      

0.179 

70 Total 50 47 0 47 36 39 37 

 

  



CENTRE FOR AQUATIC POLLUTION IDENTIFICATION AND MANAGEMENT TECHNICAL REPORT 
#xx: 8OS-8100 MILESTONE 04 REPORT 

 

 99 

Appendix 4: Toxicity data 

A3.1(a) Summary of P.B. test toxicity data (whole extract) 
 
 

Site # ICR50 

 

Oct-12 Feb-13 

203 132 141 

205 98 69 

206 173 

 207 54 97 

208 122 43 

209 82 42 

210 99 87 

 
 

A3.1(b) Summary of P.B. test toxicity data (after florisil column fractionation) 
 

Site # ICR50 

 
H/D A/D Me 

 

Oct-12 

203 500 500 286 

205 400 272 146 

206 500 400 224 

207 500 141 84 

208 500 196 337 

209 311 171 291 

210 500 217 194 

    

 

Feb-13 

203 272 400 228 

205 400 182 83 

206 - - - 

207 500 214 177 

208 500 500 136 

209 500 400 141 

210 500 400 170 
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A3.2 Summary of Scenedesmus sp. growth and photosynthetic inhibition (%, compared to control) of 

water samples collected from sites during October 2012( A) and February 2013 (B). Mean ± S.E., n = 3. 

Site   Growth rate Photosynthetic Yield 

Atrazine 0.1 mg/L A 123.33* 58.65* 

 
B 55.05* 67.41 

203 A 40.57 30.21 

 
B - - 

205 A 21.29 34.59* 

 
B 45.33 -34.71 

206 A 68.76* 22.48 

 
B - - 

207 A 76.9* 62.05* 

 
B 99.21* -136.36 

208 A 36.95 18.92 

 
B 54.03 -11.22 

209 A 7.2 10.89 

 
B 58.13 61.04 

210 A 64.51* 16.07 

 
B 31.74 93.97 

D5 A - - 

 
B 5.71 84.18 

DS5 A - - 

  B 49.07 151.94 

* Significantly different to control response (MLA media) for that month (P<0.05).                                                                  

– Not tested that month. 

 


