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1 Introduction 
1.1 Background and scope 
Urban runoff water may contain significant amounts of a wide range of contaminants. They 
originate from all kind of "objects" (e.g. buildings, urban furniture etc) inside urban watersheds 
which may corrode or erode (e.g., roofing material, paints, wood preservatives), but also from the 
numerous human activities which may emit various products (pesticides, emissions from traffic -
exhaust, wear of tyres or brakes, road material corrosion) as well as dusts or volatile compounds 
emitted into the atmosphere from heating or industrial activities and subsequently washed out by 
precipitation and/or deposited on the ground. 

Numerous studies have revealed the elevated concentrations of a wide range of pollutants 
including hydrocarbons, metals, salts and pesticides. As part of the Daywater project (D4.2.), an 
extensive review of potential stormwater pollutants was made and a list of up to twelve chemicals 
was selected as priority pollutants based primarily on their physico-chemical and biological 
characteristics (D4.2). The CHIAT tool may be used to rank the contaminants in terms of potential 
risks for various targets (impact on ecosystems, water resource vulnerability and runoff water re-
use) (Eriksson et al., 2005). 

In most situations, the list of potential pollutants remains very large (e.g. review by Eriksson et al., 
2005 listed >600 substances as being potentially present in stormwater), and the cost for a 
complete chemical analysis of all potentially dangerous contaminants would be substantial. In 
addition, the complete chemical analysis for certain compounds may not be possible as routine 
analytical techniques are still in development. These factors, in combination with the increasingly 
stringent legislation being developed under the EU Water Framework Directive (WFD), mean that 
urban managers urgently require a more direct and comprehensive means to assess the combined 
effects of the chemicals present in urban runoff.  

The use of biotests is attracting increasing interest as an alternative technique which can bring 
relevant answers as they can offer some significant advantages: 

(i) they are responsive to mixtures of contaminants while chemical analysis is fundamentally 
non-responsive, being directed towards the identification and quantification of single 
substances 

(ii) the biotest, if positive (i.e. demonstrated toxicity), brings a directly workable result, easily 
understood by both practitioners and the public, although the detailed chemical and 
toxicological mechanism may not be available.  

(iii) The biotest is a direct link to the effect and therefore to the potential vulnerability of the 
receiving ecosystem. 

 

However, it should be realized that biotests alone do not provide the full picture of the 
contamination situation and should therefore be regarded as a complementary approach to the 
chemical analysis traditionally used in monitoring. The limitations of using biotests alone may be 
listed as: 

(i) they do not identify which contaminants cause the observed effect  
(ii) there is not one single biotest, or even a single list of biotests, which may be robustly and 

routinely used for monitoring purposes although suggestions for such a list have been made 
(e.g., Keddy et al., 1995; Baun, 1998) and standardized test systems may to some extent 
cover the various expected effects. The use of batteries of biotests in crucial, but also 
contribute to increasing the costs of monitoring. Nevertheless, existing biotests do not cover 
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the complete expected range of possible effects; just as the set of chemical analysis cannot 
cover all possible chemicals. 

(iii) standardized biotest methods may not be sensitive enough to demonstrate possible long 
term effects 

 

The main objective of this study is to assess the use of conventional short term toxicity testing in 
urban wet-weather pollution control, with respect to such issues as the types of test selected, levels 
of toxicity measured, media tested, robustness of test results and the suitability of results for use in 
the analysis, planning and management of urban waters. This is achieved through the development 
of a comprehensive literature review together with the implementation of a battery of biotests on 
stormwater samples collected at four different sites in Europe. This is the first time that such a 
complete study has been implemented within a European context. As described below, although 
some studies exist these are mainly in North-American where lifestyle patterns can vary 
considerably from those in Europe in relation to a variety of parameters such as different traffic 
patterns, different types of housing, different habits regarding cleansing/pest extermination etc. 
Hence the results of applying biotests for monitoring purposes might be much different from one 
part of the world to another.  

 

1.2 Toxicity tests applied to stormwater samples 
In the literature there are only a limited number of papers dealing with toxicity testing of stormwater. 
The majority of these toxicity studies focus on the impacts on receiving waters and are therefore 
conducted with samples collected downstream of stormwater discharges. However, in this present 
study samples are collected prior to discharge to receiving waters and therefore the current 
literature survey will maintain this focus and will not cover ecological effects in stormwater-affected 
water bodies. A number of studies describe the use of ecotoxicological tests (Table 1) and the use 
of in vitro tests for e.g. tests for genotoxicity and mutagenicity (Table 2), whereas no records of 
traditional tests related to possible impacts on human health have been found in literature searches 
(ISI Web of Science, Cambridge Scientific Abstracts). 

As shown in Table 1, the majority of aquatic tests have utilised freshwater organisms, although 
saltwater organisms (e.g. Microtox bacteria and sea urchins) were used for toxicity studies in a few 
cases. As demonstrated by these studies, both acute and chronic effects of stormwater have been 
documented using laboratory biotests. Effect levels vary considerably, depending on both the 
samples tested and the organism used. From Table 1 it is not possible to identify any organisms as 
being “the most sensitive”. Furthermore, it should be noted that although most studies are carried 
out as whole effluent tests (WET), it is difficult to evaluate from the site and sampling descriptions 
presented within the papers whether the tested samples reflect “first flush” events only or 
alternatively cover the whole profile of the stormwater runoff event.  
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Table 1: Ecotoxicity studies of stormwater and porewater from stormwater retention ponds.  
Organism Effect Effect value Number of 

sites 
Ref.

Fish     

Fathead minnow 
(Pimephales promelas)  

Acute toxicity, LC50, 96h (ml/l) 30-1000 4 a 

Fathead minnow 
(Pimephales promelas) 

Acute toxicity, % survival (48 h field 
test) 

600-1000 2 b 

 Fathead minnow 
(Pimephales promelas)  

Length, EC50 (ml/l)1) 720-910 2 c 

Rainbow trout Acute toxicity, % survival at 320 ml/l 0-100 5 d 

Rainbow trout Acute toxicity, % survival at 650 ml/l 0-90 5 d 

Rainbow trout Acute toxicity, % survival at 1000 
ml/l 

0-60 5 d 

Invertebrates     

Ceriodaphnia dubia  Acute toxicity, LC50, 96h (ml/l) 100-250 1 e 

Ceriodaphnia dubia  Acute toxicity, LC50, 96h (ml/l) 750-790 1 m 

Daphnia magna Acute toxicity, % survival (48 h 
field/lab) 

0/15 1 f 

Daphnia magna  Acute toxicity, EC50, 48h (ml/l) 700 1 b 

Daphnia magna  Acute toxicity, LC50, 48h (ml/l) 17- non toxic 2 g 

Daphnia magna Acute toxicity, LC10/LC50 (ml/l) 62- >900/ 

170- >900 

2 h 

Daphnia magna Acute toxicity, LC10(ml/l) >1000 1 i 

Purple Sea Urchin 

Stronglocentrotus 
purpuratus 

Reproduction, EC50  (ml/l) 12-20 1 l 

Purple Sea Urchin 

Stronglocentrotus 
purpuratus 

Reproduction, NOEC/EC50  (ml/l) 60-120/182-466 1 m 

Hyalella azteca Acute toxicity, 48 h  affected at 1000 ml 
sample/l 

1 f 
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Table 1. - continued. Ecotoxicity studies of stormwater and porewater from stormwater retention 
ponds. 
Organism Effect Effect value Number of 

sites 
Ref.

Algae     

Pseudokirchneriella 
subcapiata 

Sub-chronic, EC10/EC50 (ml/l) 67-580/>999 2 j 

Pseudokirchneriella 
subcapiata 

Sub-chronic, EC10/EC50 (ml/l) 800-900 1 i 

Pseudokirchneriella 
subcapiata 

Sub-chronic, EC20 (ml/l) 77-250 1 i 

Pseudokirchneriella 
subcapiata 

Sub-chronic, EC20 (ml/l) 455->999 1 k 

Pseudokirchneriella 
subcapiata 

Sub-chronic, EC50 (ml/l) 3.1-6.72) 2 n 

Pseudokirchneriella 
subcapiata 

Sub-chronic, EC50 (ml/l) 6-5003) 53) o 

Test kits     

IQ Toxicity Test          
D. magna/H. azteca 

IC50 (ml/l) 180-960/370-630 1 f 

Microtox (Vibrio 
fischeri)  

Acute toxicity, EC10/EC50 (ml/l) 570->750/>750 2 j 

Microtox (Vibrio 
fischeri) 

Acute toxicity, EC50, 10x pre-conc. 
sample (% inhibition) 

52 1 b 

1)Estimated value based on information in ref. c. 2)Runoff from copper roofs. 3) Runoff from zinc roof material 

References: a. McGehee Marsh et al. (1993); b. Marsalek et al. (1999); c. Medeiros et al. (1984); d. Good et 
al. (1993); e. Anderson et al. (1991); f. Hatch & Burton (1999); g. Fisher et al. (1995); i. Christensen et al. 
(2006); j. Kjølholt et al. (2001); k. Kildeby et al. (2004); l. Jirik et al. (1998); m: Schiff et al. (2002);n: Karlén et 
al. (2002); o: Karlén et al. (2001). 

Effects found in in vitro tests for cytotoxicity, genotoxicity, and mutagenicity have also been 
demonstrated (see Table 2). In a study of motorway runoff, Marsalek et al. (1999) found that a 
sample pre-concentrated 10 times showed high cytotoxicity, i.e. 90% inhibition of cell growth, but 
did not show a genotoxic potential. In this study it was emphasized that sediments from retention 
ponds may show genotoxicity and therefore also particulate matter in the stormwater may show this 
kind of effects. Shinya et al. (2000) showed that extracts of stormwater particulates elucidated a 
mutagenic response when tested using the Ames test where the authors ascribed these effects to 
the presence of PAHs. However, it should be noted that although the water phase was found to 
give mutagenic effects, it was not possible to relate these effects to any specific compound 
identified in the water phase (Shinya et al., 2000). 
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Table 2. Cytotoxicity, genotoxicity and mutagenicity of runoff water from motorways. 
Test Sample preparation Effect Number of 

sites 
Ref. 

Cytotoxicity  

(Sub-mitrochondrial particle) 

Pre-concentrated 
sample (10x) 

90 % inhibition 1 a 

Genotoxicity (SOS-chromo test, 
Escherichia coli)  

Pre-concentrated 
sample (10x)  

no genotoxic 
response 

1 b 

Mutagenicity (Ames test, 
Salmonella typhimurium) 

Filtered water 
sample 

mutagenicity shown 1 b 

References: a. Marsalek et al. (1999); b. Shinya et al. (2000).  

1.3 Selection of toxicity tests 
As the primary objective in the study was to obtain straightforward and easily understandable 
results, it was decided to work with whole effluent samples i.e. samples without any pre-
concentration step. Other criteria for the selection of tests included those which can evaluate short-
term impacts of stormwater runoff in relation to the reproduction or metabolism of aquatic 
organisms (as both these endpoints can be directly linked to obvious consequences on the 
population structure of aquatic eco-systems) as well as being relatively easy to use and cost-time 
efficient. The selection of tests and test organisms also took into consideration the existence of 
validated standards/guideline protocols for implementing the test, as well as supporting the biotest 
battery approach of selecting organisms from different trophic levels. Of the many possible biotests 
available, consideration of all of these objectives led to the selection of an algal, rotifer and bacterial 
test. This test selection incorporates two growth tests: the algal growth test based using the 
freshwater green algae Pseudokirchneriella subcapitata (ISO, 1989), and rotifer test using the 
species Brachionus calyciflorus (AFNOR, 2000). The latter was chosen as the shortest 
reproduction test using animals (incubation time 48 hours). The Microtox test (using Vibrio fischeri) 
was selected as the bacterial test due to its both satisfying the required criteria and the fact that it is 
the best known and most widely used biotest. 
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2 Site descriptions 
2.1 Nantes, France 

2.1.1 Site characteristics 
The Nantes climate is fully oceanic with most rain events recorded in autumn. According to 
the French Meteorological Office, the local mean annual rain depth value (recorded over a 
50 year time period) is 820 mm. The Nantes sampling site is located in the suburban 
catchment basin of Saint Joseph de Porterie, situated to the north of Nantes (Ruban et al., 
2004). The catchment area is 88 ha, of which 30% is impervious, and the average 
catchment slope is 1.5%. Land-use within the catchment is residential, although the level of 
urbanisation is increasing. The drainage network is fully separate.  

100 m0

   

?

N

Catchment outlet

Runoff network

Raingauge
Flow measurement
Catchment boundary

Wastewater network

 

Figure 1. Map of the Nantes Catchment in Saint Joseph de la Porterie, kindly provide by V. 
Ruban; from LCPC (yellow shading = buildings, light blue shading = impervious surface). 

2.1.2 Sample collection 
Rainfall is measured on-site continuously by 2 rain gauges with a time step of 1 minute. 
Runoff sampling is flow dependant (flow recorded using a Doppler flow-meter) and 
samples collected using an automatic sampler in 10-litre glass containers from June 2004 
to January 2005. Sampling was trigged by the water level inside the pipe. All samples were 
collected and frozen within one day after rain events. Sediments samples were collected 
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from a pond situated at the outlet of the runoff network, about 100m downstream of the 
sampling station. 

2.1.3 Water quality data 
Water quality was monitored from September 2002 to December 2003, i.e. one year before 
the sampling period for biotests, All rain events were systematically sampled and mixed 
into monthly flow proportional samples (Ruban et al. 2004). As base flow within the 
catchment is very low, collected samples are primarily composed of urban runoff. Water 
quality in dry weather flow (local groundwater drainage) was also sampled (Ruban et al., 
2004). Flow averaged monthly average, minimum and maximum concentrations for 
suspended solids, conductivity and a range of metals (filtered fraction: 0.45 µm porosity 
filters) measured during the 16 month sampling period (September 2002 to December 
2003) are presented in Table 3. 

Table 3 Flow averaged concentrations of a range of parameters determined in urban 
runoff collected in the Saint Joseph de Porterie catchment, Nantes. (from Ruban et 
al., 2004) 

 Suspended solids 
(mg.L-1) 

Conductivity

(µS.cm-1) 

Cd  

(µg.L-1)

Cr  

(µg.L-1)

Cu  

(µg.L-1)

Ni 

(µg.L-1) 

Pb 

(µg.L-1) 

Zn 

(µg.L-1)

Average 77 233 0.3 5.4 19.2 4.7 14.2 154.8 

Minimum 28 94 <0.1 0.7 4.7 <2 <2 90 

Maximum 312 1589 2.1 14.1 112.7 19.6 86.7 489 

 
Statistical analysis of the data (statistics not presented here) generally demonstrated a 
strong correlation between the metals Cu, Zn, Cd and Pb and concentrations of suspended 
solids, suggesting that the majority of metals were particulate-associated (although it is 
noted that such a correlation may also indicate that the solids and metals have the same 
origin). If the metals were wholly particulate associated, a zero concentration of suspended 
solids should correlate with a zero concentration of metals. However, in the case of Zn, the 
intercept was far from zero, indicating that a certain fraction of this metal (a concentration 
of approximately 100µg.L-1) was present in the dissolved state. An exception to the 
generally predictable relationship between metals and suspended solids data was noted for 
one particular month during the 16 month sampling period when, for all metals, 
concentrations 5 to 10 times higher than would be expected using suspended solids data 
were recorded. Highly elevated concentrations of the herbicides diuron and glyphosate (up 
to 13 and 5µg.L-1 were recorded in urban runoff samples. These herbicides are the most 
widely used in urban areas in France, and AMPA (a degradation product of glyphosate) 
was also commonly determined (maximum concentration of 0.9µg.L-1). The highest 
concentrations of herbicides were recorded in runoff samples collected during the period of 
April to October which correlates with their known usage patterns. The concentrations of 6 
PAHs were also measured (as recommended under French standard practice). However, 
data is only available for the two PAHs fluoranthene and benzo(a)pyrene, and this is 
presented in Table 4. 
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Table 4 Average, minimum and maximum concentrations of selected PAHs in urban 
runoff collected in the Saint Joseph de Porterie catchment, Nantes. 
 Fluoranthene 

(ng.L-1) 
Benzo(a)pyrene

(ng.L-1) 

Average 27.7 11.8 

Minimum <1 <1 

Maximum 363 141 

 
2.2 Stockholm, Sweden 

2.2.1 Site characteristics 
SORBUS is a stormwater treatment facility, located beneath an elevated motorway on the 
southwest side of Lilla Essingen, Stockholm, Sweden (see Figure 2). The facility was 
constructed in 2003-2004 and consists of a sedimentation pond followed by a series of 
biofilters with water levels controlled by a system of pumps (see Figure 3). The system 
receives runoff from the motorway, motorway bridge and a small local urban area. The 
catchment area is approximately 15000 m2 and the surface types are mainly asphalt and 
tiles roofing. Details of the catchment, sub-divided into the urban and motorway areas, are 
presented in Table 5.  

Table 5 Surface types in contact with the stormwater at Lilla Essingen 
Type Size Description Materials 

Essingeleden 

(motorway) 

5,000 m2 Motorway with  

120,000-130,000 vehicles/day 

Asphalt 

Lilla Essingen 

(urban area) 

10,000 m2 6 houses 

1 parking area 

1 motorway (besides Essingeleden) 

Urban streets 

Green area 

Tiled roofing 

Asphalt 

Asphalt 

Asphalt 

Grass 

 
As the motorway is elevated, there is an increased risk of surfaces freezing and therefore 
the municipality add road salt at a more frequent rate in comparison to that used on other 
motorways. Following treatment in the SORBUS facility, runoff is discharged into Lake 
Mälaren (Vägverket, 2003A).  
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Figure 2 Maps of Sweden, the central parts of Stockholm (The Swedish Yellow 
Pages, 2004), and Lilla Essingen (Vägverket, 2003B) 
 

 

Figure 3 SORBUS treatment facility located beneath an elevated motorway and motorway 
bridge (Vägverket, 2004). 

2.2.2 Sample collection 
Flow proportional stormwater samples were automatically collected from a descending well 
located prior to the pond from May 2004-March 2005. The auto-sampler was flow-activated 
(flow measurements made using a v/h-sampler) which could collect a maximum of 250 
mL/90 s. Water depth, velocity and temperature were automatically recorded, together with 
rainfall data. Sediment samples were collected from within the pond (for further details on 
the pond see Table 6). 
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Table 6 Description of the sedimentation/equilibrium pond 
 Measurements 

Maximum water depth (max): 1.4 m 

Pond volume available for flow control 180-200 m3 

Maximum pond surface area 450 m2 

Minimum pond volume  150 m3 (includes sediment) 

Outflow rate 0.8 L/s 

Time to empty 69 hours 

 

2.2.3 Water quality data 
Table 6 and 7 present an overview of water quality data recorded during storm events at 
the SORBUS facility for a wide range of basic water quality parameters and metals. 

Table 7 Aqueous concentrations for a range of basic water quality parameters 
recorded during storm events at the SORBUS facility 

Date SS 
(mg/l) 

GF 
(mg/l) 

TOC 
(mg/l) 

NH4-N 
(µg/l) 

NO2/NO3 
(µg/l) 

Tot-N 
(µg/l) 

PO4-
P(µg/l)

Tot-P 
(µg/l) 

Cond. 
(mS/m) pH 

24/5/04 13000 2200 1300 1200 110 1800 66 >8000 155 7.6 

8/6/04 1750 210 160 200 540 2700 12 1400 22.0 7.2 

11/6/04 780 130 80 47 370 1550 7 930 16.9 7.5 

28/6/04 210 29 31 180 690 1900 15 140 29.9 7.6 

5/7/04 150 45 49 92 213 1600 6 280 22.2 7.1 

15/7/04 17 3 13 12 250 820 12 66 46.1 - 

10/8/04 210 46 41 1100 17 2700 66 1400 25.7 7.1 

8/3/05 270 41 82 1900 850 3800 19 340 368 7.7 

15/3/05 190 33 58 1700 240 2700 23 280 3850 7.8 

18/3/05 320 42 73 1400 130 2400 30 440 3770 7.8 
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Table 8 Aqueous concentrations for a range of metals recorded during storm events 
at the SORBUS facility 

Date 
Zn (µg/l) 

Cr 
(µg/l) 

Cu 
(µg/l) 

Cd 
(µg/l) 

Pb 

(µg/l) 
Ni 

(µg/l) 
Hg 

(µg/l) 
W 

(µg/l) 
V 

(µg/l) 
As 

(µg/l) 

24/5/04 12000 540 1900 8.5 900 290     

8/6/04 3800 98 320 1.0 110 58     

11/6/04 2400 55 170 1.1 120 32     

28/6/04 500 27 52 0.3 44 12     

5/7/04 450 14 62 0.3 26 10     

15/7/04 66 2 16 0.2 4 3     

10/8/04 3900 100 380 2.4 300 64     

8/3/05 180 38 62 0.5 10 98 0.05 170 240 28 

15/3/05 200 25 61 0.9 11 100 <0.05 130 230 27 

18/3/05 410 32 95 0.9 14 95 <0.05 190 260 37 

 

2.3 Luleå, Sweden 

2.3.1 Site characteristics - general 
Luleå is situated in the north of Sweden, at latitude 65º 35 min N and longitude 22º 10 min 
E. The area has a yearly precipitation of approximately 500 mm, 40 to 50 % of which falls 
as snow. Generally the ground is snow covered for 5 to 6 months of the year 
(November/December to April/May). Average monthly temperature and precipitation data 
for Luleå, recorded from 1960 to 1991, is presented in Table 9. 
 

Table 9 Monthly average temperature and precipitation data for Luleå (SMHI, 2001). 

 J F M A M J J A S O N D 

Temperature 
(ºC) 

-12.2 -10.7 -6.0 0.1 6.4 13.0 15.5 13.6 8.3 3.0 -4.0 -9.0 

Precipitation 
(mm) 

32 24 29 30 33 35 55 62 56 51 48 35 

 
2.3.1.1 Site characteristics – road sampling site 

The road sampling site located at Södra Hamnleden in the central part of the Luleå urban 
area (see Figure 4). Runoff drains from a road surface area of approximately 6m x 110 m to 
a gully pot connected to a separate stormwater pipe that conducts runoff to a nearby 
recipient. The slope of the road surface towards the curb is 2.6% and the traffic intensity is 
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approximately 7400 vehicles/day. Coarse material (4-8 mm) is used as an anti-skid 
material, but no de-icing salts are used in the central parts of Luleå.  
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Figure 4. The road side at Södra Hamnleden in Luleå and a plan view of approximate 
catchment area (broken lines) and a section view of the sampling station. 
 

2.3.1.2 Site characteristics - park sampling site 

The park is located in Södra Hamnleden in the central part of the Luleå urban area (see 
Figure 5). Sample collection involved the collection of snow samples (as opposed to 
snowmelt induced runoff) and therefore the primary sources of pollution are aerial residues 
from sources including traffic and industry. Traffic intensity in the area close to the park is 
low but both the park and road sampling sites are located approximately 4.5km from SSAB 
Swedish Steel AB, a manufacturer of high-strength sheet steel and steel plate. 

   

Figure 5 Two views of the park at Södra Hamnleden in Luleå, Sweden. 
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2.3.2 Sample collection – road sampling site 
Snow melt road runoff samples were collected in March – April 2005 in glass bottles and 
frozen for storage and transportation purposes. 

2.3.3 Sample collection – park sampling site 
Snow samples were collected in glass bottles in March – April 2005 in glass bottles and 
frozen for storage and transportation purposes. 

2.3.4 Water quality data – road sampling site 
Snow melt road runoff samples collected at the Södra Hamnleden on 9 separate occasions 
(suspended solids) and 3 separate occasions (metals) in March and April 2000 were 
analysed for suspended solids and a range of metals (total and dissolved concentrations). 
Average, maximum and minimum event mean concentrations for each determinand are 
presented in Table 10. 

Table 10 Average, minimum and maximum event mean concentrations for 
suspended solids and a range of metals recorded in snow melt induced road runoff 
samples. 

Cd (µg/l) Cu (µg/l) Ni (µg/l) Pb (µg/l) Zn (µg/l)  Total SS 
(mg/L) Total Diss* Total Diss* Total Diss* Total Diss* Total Diss* 

Average 
EMC** 

556 0.3 0.01 62 4.8 21 1 25 0.13 229 8 

Minimum 
EMC** 

131 0.2 0.01 37 1.3 10 0.5 16 0.1 105 5.4 

Maximum 
EMC** 

1640 0.4 0.05 103 3.5 39 1.8 40 0.16 393 14 

Key:  *= dissolved 

 ** = event mean concentration 

 

2.4 Wuppertal, Germany 

2.4.1 Site characteristics 
The Wuppertal site is located at Hauschen in the city of Wuppertal, Germany. The 
catchment area is 18.46 ha of which 11.15 ha are impermeable. Land use within the 
catchment area is primarily domestic housing, with some minor light industry. The drainage 
system is separate and consists of 25 pipes with a total length and volume of 761m and 
251.1m3, respectively.  
The sampling site consists of an underground settlement tank and retention basin which 
was completed in November 2003 (see Figure 6, 7 and 8). Flow enters the system through 
an inlet with a concrete surround and flows into a sand trap. From the sand trap, a fixed 
volume of stormwater enters the underground settlement tank. Once the settlement tank is 
full, stormwater fills the retention basin which has a storage volume of 1300m3. If the 
retention basin fills, stormwater can then overflow via a bypass into the nearby River 
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Mesbach. The site was designed using rainfall data from 1960-1990, with a design 
overflow frequency of once every 2 years. Samples were collected from the site inlet using 
an automatic sampler.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 Schematic of the Hauschen sampling site (not to scale)  

 

Figure 7 Construction of the Hauschen settlement tank and retention pond 
 

Inlet and sampling collection point 

Overflow to River Mesbach 

Retention basin 
  Sand trap 

Underground 
settlement tank 
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Figure 8 Hauschen settlement tank and retention pond in winter 
 

2.4.2 Water quality data 
To be submitted by Marc Scheibel, Wuuperverband. 
 
Table 11 provides an overview of the key site characteristics of each biotest sampling site 
for comparative purposes.  

Table 11 Overview of the site characteristics of each biotest sampling site 
 Nantes Stockholm Luleå 

(road runoff) 

Luleå 

(snow) 

Wuppertal 

Catchment (ha) 88 15000m2 660m2  18.46 

Impervious area (%) 30  100 Low 60 

Catchment slope (%) 1.5  2.6   

Drainage separated  separated separated separate 

Land use residential motorway/ 
residential 

road and curb park residential/light 
industry 

Mean annual 
precipitation (mm) 

820  5001 5001  

Traffic density 
(vehicles /day) 

 120,000-
130,000 

7400 Low  

1 = 40-50% precipitation falls as snow 
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2.5 Overview of the water quality reported at the biotest sampling sites 
It was only possible to carry out water quality analysis on the biotest samples collected at the 
Stockholm and Wuppertal sites. However; some water quality data is available from monitoring 
programmes carried out at the Nantes and Luleå sites during previous year’s monitoring 
programmes (2002-2003 and 2000, respectively) and this data will therefore be used as a 
¨surrogate¨ to give an approximate indication of typical stormwater runoff quality associated with 
these sites. 

A general overview of the data presented in Table 7, 8 and 10 suggests that, of the 4 sites 
monitored, the runoff entering the Stockholm site is generally of the poorest quality in terms of both 
suspended solids and a range of metals. The data then indicates that runoff at the Luleå site is the 
next most polluted, followed by that recorded at the Nantes site. Such a general ranking of the 
quality of runoff originating from these sites (i.e. Stockholm<Luleå<Nantes) could be predicted 
based on a consideration of the land-use within the respective catchment areas in that the 
Stockholm catchment includes a heavily trafficked section of motorway, the Luleå road site is a less 
heavily trafficked section of road, whereas the Nantes catchment site is mainly residential.  

A comparison of the maximum concentrations of metals reported at each site in relation to the 
water quality standards set out in the EU Dangerous Substances Directive (see Table 12), show 
that metal concentrations greatly in excess of these standards were reported at the Stockholm site 
(although it should be noted that the standards for Cu, Ni and Pb refer to dissolved rather than total 
concentrations). The maximum concentrations of Cu and Zn at both the Luleå and Nantes sites 
also exceed these standards. In contrast, the maximum concentrations of Cd, Ni and Pb at either 
site were not reported to exceed their respective standards on any of the monitored occasions. As 
a further comparison, water quality guidelines values developed by the Swedish Environmental 
Protection Agency (Swedish EPA, 2000) as total concentrations above which further biological 
investigation is recommended are also included in Table 12. Comparison of the maximum reported 
metal concentrations with these values show that on occasion all metals have greatly exceeded 
these guidelines (except for the maximum concentration of Ni at both sites which falls within the 
range of values quoted) and both the Nantes and Luleå sites should therefore be the subject of 
fuller investigations. Although these comparisons have been made using maximum reported metal 
concentrations, concern over the potential ecological impact of exposure to such elevated 
concentrations over both the short-term and long-term is the subject of considerable debate and 
therefore the recommendation for further biological analysis at all these sites is supported.   

Table 12 Maximum concentrations of a range of metals reported at each biotest site in 
relation to water quality standards and guidelines. 
 Stockholm 

site 
Luleå site Nantes site EU Dangerous 

Substances Directive 
Swedish EPA water 

quality criteria 

Cd 8.5 0.4 2.1 5AT 0.1-0.3 

Cu 1900 103 112.7 10AD 3-9 

Ni 290 39 19.6 150AD 15-45 

Pb 900 40 86.7 125AD 1-3 

Zn 12000 393 489 250AT 20-60 

 



Toxicity of stormwater samples from four different European catchments 
23 December 2005 

WP4/T4.4/D4.5- Final 
 

 
 

 

3 Methods 

3.1 Toxicity tests 

3.1.1 Microtox tests 

The bacterial test employed was the MicrotoxTM acute bioluminescence inhibition test which utilises 
Vibrio fischeri as the test organism. All tests were completed using the Whole Effluent Toxicity 
(WET) Test which involves the addition of 0.2g of sodium chloride to 10ml of the test sample prior 
to testing. Each sample was then sequentially diluted using the prescribed MicrotoxTM dilution 
solution to give sample concentrations of 100%, 50%, 25% and 12.5% with a control sample 
consisting of MicrotoxTM dilution solution only. 10µl of reconstituted Vibrio fischeri was added to 
each dilution of the test sample and left to equilibrate for a time period of 15minutes before the level 
of bioluminescence in each sample was determined using the MicrotoxTM model 500 analyser. 
Each sample was analysed in duplicate and phenol was used as a standard reference material.  

 

3.1.2 Algal growth inhibition tests 

In the algal test, flasks were inoculated to 104 cells/mL with a log-phase pre-culture of 
Pseudokirchneriella subcapitata (formerly known as Selenastrum capricornutum). Mini-scale algal 
growth inhibition tests (Arensberg et al., 1995), with 4 mL test medium in 20 mL glass vials, were 
conducted according to the ISO-standard (ISO, 1989) with a 48 hours exposure as recommended 
by Nyholm and Källqvist (1989). Potassium dichromate was used as a reference compound. The 
test flasks were incubated on a shaker (100 rpm) in continuous light (90-100 µE/m2/s) at 21 ± 2 °C. 
Sub-samples for analysis were withdrawn from each test flask and the controls every 24 hours (i.e. 
0, 24, and 48 hours). In all tests 5 dilutions (1000 ml/l; 750 ml/l; 500 ml/l; 250 ml/l; 125 ml/l) were 
tested in triplicates and 6 controls were included. Algal growth rates were calculated based on the 
biomass in the cultures quantified by in-vial acetone extractions as described by Mayer et al. 
(1997). The tests were conducted at pH 8.0 ± 0.3 with typical control growth rates of 1.6-1.8 d-1 
during the 72 hours of incubation. 

 

3.1.3 Rotifer reproduction tests 

The rotifer test involved the use of Brachionus calyciflorus as the test organism and was carried out 
as described in the Rotoxkit manual (Creasel Ltd, 2004) (also given in the French water quality 
guidance NF T90377 (AFNOR, 2000)). In all tests, three concentrations (999 ml/l, 666 ml/l and 333 
ml/l) were used in eight replicates with two controls. The EPA standard medium hard water 
(SMHW) was used for dilution and the exposure took place in 48 multiwell polystyrene plates with 
individual volumes of 1 ml. During the test the rotifers were fed with an algal suspension of 2⋅106 
cells/ml prepared by centrifugation from fresh culture of Pseudokirchneriella subcapitata. The algae 
were grown in the ASM1 medium and washed prior to utilisation. After 48 hours of incubation in the 
dark at 25°C on a gyratory shaker (120 RPM), rotifers were recorded as being either alive or dead. 
The reproduction rate was then estimated as a mean of logarithm of the number of animals at the 
end of the test in relation to the initial number (corrected for the number of dead animals). 
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3.2 Analyses of water samples 

The samples were frozen directly after sampling for transportation to each partner (DTU, ENPC, 
MU), enabling each laboratory to perform tests on the same set of samples. Biotests were 
conducted as follows: Algal test at DTU, rotifer tests at ENPC, and Microtox tests at MU. In Figure 9 
an overview of the procedure applied prior to testing of water samples is given and further 
explanation is given in the following sections. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 Overview of water sample preparation prior to toxicity testing.  
 

3.2.1 Sample preparation – whole samples 

All samples were frozen within 24 hours after collection. The tests were done on thawed and 
reconstituted samples. The frozen samples were thawed at 25°C and vigorously shaken (Figure 9). 
100 ml of homogenised sample was then transferred to a settling cylinder and left for 1 hour with 80 

Whole 

Settle 100 ml  - 1 h 

Shake - 1 h /120 RPM

Withdraw 80 ml 
supernatant 

Thaw 2 – 6 h at 25°C 

20 ml  20 ml 20 ml  

Other 
analysis 

Hardness 
titration

10 ml  10 ml 

EDTA  

Biotest 

99%  

Biotest  

Dilution series 

Cleaning  

Condition 

SPE 

99% 

Biotest

20 ml 
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ml of overlying sample used for the subsequent testing. Basic physico-chemical parameters (water 
hardness, pH, conductivity and suspended solids) where determined using standard methods 

3.2.2 Toxicity identification procedures (TIE) 
A number of samples from each site were also subjected to a simple Toxicity Identification 
Evaluation (TIE) procedure to evaluate the influence of metals and organic compounds on total 
toxicity (US-EPA, 1991). To determine the contribution of metals, biotests were carried out before 
and after the addition of EDTA which complexes heavy metals forming a non-toxic association. The 
complexation for heavy metals by EDTA is much stronger than for Ca2+ and Mg2+, and calculations 
of the chemical speciation (Mineql+) showed that 95% of all the heavy metals would be complexed 
at concentration corresponding to 1/10 of the total hardness (on a molar basis) and that at these 
levels the residual concentrations of EDTA would remain below toxicity thresholds (US-EPA 2005). 
To determine the contribution of organic compounds, biotests were carried out before and after the 
samples were passed through a solid phase extraction (SPE) cartridge. For the SPE, 6 ml syringes 
filled with 200 mg of ENV+ (IST Technologies, Hengoed, UK) were used. Prior to use the SPE 
columns were conditioned with 3 ml methanol and rinsed with at least 30 ml of distilled water. 
Toxicity testing was carried out immediately after SPE treatment. 

3.3 Testing of sediment resuspension samples 

Sediment samples were collected from within the stormwater retention ponds at the Stockholm, 
Nantes and Wuppertal sites. For samples collected in Nantes and Wuppertal, 300g of wet sub-
sample was made-up to a volume of 1.5 litres with EPA medium hard water. This suspension was 
then transferred to a glass Erlenmeyer flask of 2 litres and shaken on a gyratory shaker for 12 
hours in the dark at 20°C. After 1 hour of settling the supernatant was decanted and centrifuged for 
10 minutes. 300 ml of aqueous extract was placed in 500 ml glass bottles and the samples stored 
at -18°C until toxicity testing could be carried out. The further handling procedure is as described in 
section 3.2.1. The Stockholm samples (KTH1A and KTH 5A) originate from the pond at Lilla 
Essingen derived from sediment traps that were placed in the pond between April and October 
2004. Sediment trap 1 was located close to the inlet of the pond and sediment trap 5 (double 
sample) was located at the outlet of the pond. The sediment traps were emptied on the 14th of 
October 2004 as a part of an ongoing sampling programme. The contents of each of the sediment 
traps (4 L of sediment and water phase containing suspended material) were transferred into a 
separate 10 L container and shaken vigorously for 1 min. After this the sample was in a refrigerator 
(5°C) for five day and the supernatant was transferred to glass bottles which were distributed 
among the Daywater partners.   

3.4 Statistical data treatment 

For the Microtox and algal tests, concentration-response curves were described by the Weibull 
model (Christensen and Nyholm, 1984) which was fitted to the data using non-linear regression 
approach developed by Andersen et al. (1998). This program also allows for inverse estimations of 
EC-values and the corresponding 95%-confidence intervals. In the algal tests, EC10 or EC20 
figures were used to represent “initial toxicity” at a statistical significant level. As the rotifer data did 
not generally permit the development of concentration-response relationships, it was not possible to 
apply this statistical approach to this particular biotest. 
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4 Results and discussion 
4.1 Ecotoxicity of undiluted stormwater samples 
Table 13 presents an overview of the ecotoxicity of the complete data stormwater samples in 
relation to the bacteria V. fischerii (Microtox), the algae (P. subcapitata) and the rotifer (B. 
calyciflorus). For comparative purposes, the data is presented in terms of the inhibition caused by 
the exposure of the test organism to the undiluted stormwater samples (i.e. a concentration of 
1000ml/L). For bacteria, this relates to the inhibition of light production, for algae and rotifers this 
relates to growth and reproductive inhibition, respectively. Negative values within the table indicate 
stimulation of growth. The collection of samples from 38 independent stormwater events from 4 
different sites within 3 European countries tested using 3 different biotests involving species from 3 
different trophic levels has enabled the development of the most comprehensive stormwater 
ecotoxicity database collected to-date. 

From an initial analysis of the data contained in Table 13 it can be seen that the levels of ecotoxicity 
reported seem to vary considerably both between sites and between the different biotests carried 
out on samples from the same site. For example, the level of light inhibition exhibited by the 
bacteria V. fischerii on exposure to ST0/01 was 16%, algal growth was inhibited by 6.2% and the 
reproduction of rotifers was inhibited by 100%. This difference in the impact on test organisms is 
thought to be associated with a range of factors such as differences in the susceptibility of different 
species to different pollutants, supporting the argument that, where possible, biotests should be 
completed using a battery of species approach. It is also interesting to note that although each 
stormwater sample resulted in some level of inhibition of the production of light by V. fischerii 
(ranging from a minimum of 6.4% in STO/05 to a maximum of 86% in both STO/10 and NAN/03), 
24% of events in relation to algae and 56% of events in relation to rotifers stimulated growth and 
reproduction, respectively. A possible explanation for this stimulation in test organism response 
was thought to be the presence of nutrients in levels, and water quality data determined for the 
stormwater samples collected at the Stockholm site (Table 7) were evaluated to determine if 
higher levels of nutrients were recorded in samples in which both algal growth and rotifer 
reproduction were reported (samples ST0/07 and STO/05). The highest level of phosphates were 
determined in STO/01 and STO/07 whereas the highest level of nitrates were determined in 
STO/08 followed by STO/04, suggesting there is no clear relationship between nutrient levels and 
test organism stimulation. However, such a theory can not be completely discounted at this initial 
stage as an overview of both the water quality and biotest data reveal that the stormwater samples 
are complex effluents containing a wide range of parameters at a variety of concentrations with a 
range of ecotoxicological impacts and the possibility of the presence of other compounds within the 
sample ‘masking’ the relationship between nutrients and stimulation of algae and rotifers cannot 
therefore be discounted.  
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Table 13 Toxicity of undiluted stormwater samples (1000ml/L) towards bacteria (V. fischeri), 
algae (P. subcapitata) and rotifers (B. calyciflorus) (% inhibition).  

Stockholm  Nantes Luleå  Wuppertal Sample 
number Bac. Alg. Rot.  Bac. Alg. Rot. Bac. Alg. Rot.  Bac. Alg. Rot. 

01 16 6.2 100  27 24 -6.9  36 1.0 -7.2  37 30 -13 

02 9.4 53 59  NS NS NS 51 7.8 -9.2  37 -3.0 -35 

03 30 11 -3.8  86 19 -6.9  N.T. 32 -39  19 8.4 -30 

04 18 13 -24  NS NS NS  21 3.3 2.6  NS NS NS 

05 6.8 -13 -11  NS NS NS  19 -13 -22  76 -8.0 2.6 

06 32 20 -14  19 19 -4.4      35 5.3 10 

07 58 -2.8 -44  82 21 33      35 -11 -23 

08 57 100 100  34 4.8 13      42 1.2 -41 

09 27 99 100  54 14 21      39 -8.1 -41 

10 86 100 100  63 18 -19      18 -17 -50 

11     18 4.6 3.5      17 14 n.t. 

12     34 16 14      76 -8.0 2.6 

13     NS NS NS      35 5.3 10 

14     33 6.1 NT         

15     33 1.0          
Key: N.T. = Not Tested,NS = No Sample, Bac = bacteria, Alg = algae, Rot = rotifer 

Data presented in Table 14 gives an indication of the comparative toxicity of the stormwater 
samples in relation to both the site at which samples were collected as well as their impact on the 
various test organisms. With regard to the bacteria, the average level of light inhibition reported 
decrease in the order Nantes>Wuppertal>Stockholm>Luleå. In contrast, the average level of 
inhibition of both algae and rotifers decreases in the order Stockholm>Nantes>Luleå>Wuppertal 
suggesting that these two species may be responding in a similar manner to stormwater samples. 
The level of discrimination offered by these latter two tests is also much greater, ranging from 1% - 
39% for algae and from -19% (indicating a stimulatory effect) - 36% for rotifers, in relation to a 
range in impact of 32-44% for bacteria. This could indicate that the bacteria are the more sensitive 
test organism, being comparatively affected by stormwater samples irrespective of the 
characteristics of a specific site whereas the algae and rotifers clearly suggest inter-site differences 
in the impact of stormwater discharges. 
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Table 14 Average inhibition of test organisms at each sampling site on exposure to 
undiluted stormwater samples (1000ml/L) (% inhibition). 
  Bacteria Algae Rotifers 

Stockholm 34 39 36 

Nantes 44 13 5 

Luleå 32 6 -15 

Wuppertal 39 1 -19 

 

4.2 Concentration-response relationships 
In algal and bacterial tests, the test design allowed for concentration-response curves to be 
established (it was not possible to adopt this approach using the standard rotifer methodology). 
Estimates of EC-values were made using the statistical procedure described in section 3.4. The 
data presented in again suggests that the bacterial test is the most sensitive, with data permitting 
the calculation of EC10 values in all but 3 of the 38 samples, in contrast to the algal data where is 
was only possible to calculate EC10 values in 32% of samples. It is also interesting to note that on 
the 3 occasions when it was not possible to calculate EC-value data for the bacteria, it was possible 
to calculate EC-values for algae. This finding is of importance as If only bacterial tests had been 
used, the conclusion may have been that samples STO/02, STO/06 and NAN/06 did not have any 
ecotoxicological impact. However, the additional use of algal tests indicates that these samples do 
have an impact, demonstrating both the inter-specific effect of stormwater on different receiving 
organisms as well as clearly supporting the approach of using a battery of biotests to gain a more 
complete overview of the ecotoxicological impact of stormwater. gives a summary of all EC-values 
found. For samples STO/01, WUP/03, WUP/09, and WUP/10 the toxic responses in both algal and 
Microtox tests were too low to allow for calculation of any EC-values. 

Calculation of inhibitory effect as EC-values is the standard approach to presenting toxicity data. It 
supports a more quantitative evaluation of the data than the percentage inhibitions of undiluted 
samples (as presented in Table 13), as it enables data to be extrapolated to specified end-points 
i.e. EC20, enabling the direct comparison of data. There is still considerable discussion over the 
most appropriate EC-value to use (e.g. Chapman & Caldwell, 1996) with various authors supporting 
the use of the EC10- or EC20-values as a quantitative measure of the Lowest Observed Effect 
Concentration (LOEC). As with the data reported on the impact of undiluted samples (Table 13), 
the EC-value data again indicates there is considerable variation between the stormwater samples 
both at the same site and between different sites, with the differences thought to represent factors 
such as different land-use patterns, traffic densities and antecedent weather conditions.  

The data presented in Table 15 again suggests that the bacterial test is the most sensitive, with 
data permitting the calculation of EC10 values in all but 3 of the 38 samples, in contrast to the algal 
data where is was only possible to calculate EC10 values in 32% of samples. It is also interesting to 
note that on the 3 occasions when it was not possible to calculate EC-value data for the bacteria, it 
was possible to calculate EC-values for algae. This finding is of importance as If only bacterial tests 
had been used, the conclusion may have been that samples STO/02, STO/06 and NAN/06 did not 
have any ecotoxicological impact. However, the additional use of algal tests indicates that these 
samples do have an impact, demonstrating both the inter-specific effect of stormwater on different 
receiving organisms as well as clearly supporting the approach of using a battery of biotests to gain 
a more complete overview of the ecotoxicological impact of stormwater.  
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Table 15 Effect concentrations (EC-values) obtained for bacteria and algae exposed to 
stormwater samples from each site (ml sample/litre diluent) 

Bacteria  Algae Sample 

EC10 EC20 EC50  EC10 EC20 EC50 

STO/02 - - -  358 522 965 

STO/03 307 617 >1000  1000 >1000 >1000 

STO/04 570 775 >1000  - - - 

STO/05 139 >1000 392  - - - 

STO/06 - - -  327 1000 >1000 

STO/07 393 626 >1000  - - - 

STO/08 182 319 837  182 242 374 

STO/09 229 358 770  137 196 333 

STO/10 236 383 877  152 216 368 

NAN/01 275 649 >1000  545 904 >1000 

NAN/03 170 248 469  581 965 >1000 

NAN/06 - - -  619 973 >1000 

NAN/07 175 259 508  603 933 >1000 

NAN/08 199 446 >1000  - - - 

NAN/09 55 151 850  - - - 

NAN/10 1 5 214  - - - 

NAN/11 340 881 >1000  - - - 

NAN/12 14 39 223  - - - 

NAN/14 29 56 172  - - - 

NAN/15 4.1 22 406  - - - 

LUL/01 281 523 >1000  - - - 

LUL/02 114 254 1000  - - - 

LUL/03 n.t. n.t. n.t.  390 579 >1000 

LUL/04 418 964 >1000  - - - 

LUL/05 397 >1000 >1000  - - - 

WUP/01 208 397 >1000  406 749 >1000 

WUP/02 272 515 >1000  - - - 

WUP/05 380 607 >1000  - - - 

WUP/06 214 476 >1000  - - - 

WUP/07 246 435 >1000  - - - 

WUP/08 172 390 >1000  - - - 

WUP/11 42.3 64.5 >1000  - - - 
- : Estimation of EC-value not possible ; n.t. : Not tested 
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4.3 Biotest battery approach - correlation between tests 
To determine whether any relationship exists between the responses of the bacterial, algal and 
rotifer tests, analysis was initially carried out on the response of the test organisms to undiluted 
stormwater samples. The scatter plot shown in Figure 10 shows the relationship between algae and 
rotifers, indicating that although there appears to be some correlation, this relationship is not strong. 
Three samples from Stockholm (top right side of the graph; STO/08, STO/09, STO/10), show 
100%, or close to this value, inhibition for both tests. These samples were collected during the 
snow melt period and the salinity reported in these samples was extremely high (37.6 to 39.3 
mS.cm-1 which is within the range of salinity encountered in seawater). This is elevated salinity is 
most likely to be due to the high levels of de-icing salts used on the elevated motorway sections 
during winter (see section 2.2). However, the bacteria involved in the biotest is a marine bacteria 
and the light production in the bacteria tests was also notably reduced (27-86%) suggesting that the 
strong toxic effect on rotifers and algae is not entirely due to high salt content alone, with the 
respective inhibitions of the various test organisms placing these samples in the top 20% of 
samples in relation to their toxicity. Interestingly, one other sample from Stockholm (STO/01) 
exhibits 100% inhibition for rotifers but shows only a limited effect on either algae (6.2%) or bacteria 
(16%).  

As noted in section 4.1, in a large number of samples rotifer growth is stimulated i.e. it exceeds 
growth rate associated with the blank sample. This also occurs with algae, but to a much more 
limited extent and the effect remains moderate (up to 15%). Such low effects may be explained by 
the presence of certain substances in the growth media in sub-optimal concentrations which are 
enhanced by the presence of these substances in stormwater in greater concentrations. In the case 
of rotifers, growth higher than that reported for the test blank was frequently observed. Although it 
must be acknowledged that the reproducibility of the rotifer test, as evaluated from blank repetitions 
performed during each series of test, varied from 8% to 22% (expressed as standard deviation 
divided by the average blank value), such a systematic shift of the rotifer data set to negative 
toxicity effects (i.e. overgrowth) strongly suggests that the reference water (US-EPA Moderately 
Hard Water) used in the tests was itself limiting rotifer reproduction. In principle, a feeding problem 
should also not be excluded although no correlation was found between the over-growth effect and 
turbidity in samples, our best ‘surrogate’ for the potential food content in tested samples. Moreover, 
the amount of added algae was higher than concentrations used relevant  studies such as that of 
Radix et al. (1999). Due to these effects, the obtained blank results will be considered as a 
reference value only and not as the optimum growth reference value. 

Comparing the results of the chronic growth tests (i.e. rotifer and algae) with the acute bacterial 
data for the data set as a whole enables a more comprehensive overview of the relationship 
between the different tests to be developed. As already discussed above in relation to samples 
STO/08-STO/10, there does not appear to be any apparent correlation between algal and bacterial 
responses (Figure 11), however, a weak positive trend is observed on comparing the results of 
rotifer and bacteria tests (Figure 12). This correlation is only clear when the whole data set is 
considered and appears to be mainly due to samples collected at the Nantes site (toxicity 
determined in most samples at both sites) and Wuppertal site (toxicity much reduced using 
Microtox test whilst overgrowth reported in rotifer tests). Although the three biotests do not provide 
the same answers, confirming the need to use several types of biotests in a biotest battery 
approach, the convergence of results obtained by rotifers and Microtox or rotifers and algae 
confirms the existence of toxic effects in urban runoff which cannot be solely attributed to random 
behaviour of the biotests at low toxicity.. 

Environmentally significant results and more statistically robust information can be obtained through 
the analysis of the effect of dilution on the samples, for example, the amount of dilution required to 
decrease from a 10% (EC10) or 20% (EC20) to the growth rate (algae) or light emission (bacteria) 
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associated with a sample blank. Such data can support the definition of NOED (No Effect Dilution), 
a basic parameter required to asses the potential toxic effect of urban runoff. Such analysis cannot 
be applied to the rotifer tests which were reported to be less sensitive due to issues surrounding the 
blank, as described above. 

-20

0

20

40

60

80

100

-50 0 50 100
Rotifer growth rate inhibition 

A
lg

al
 g

ro
w

th
 in

hi
bi

tio
n

Stockholm
Nantes
Lulea
Wuppertal

 

Figure 10 Observed inhibitions of rotifer growth rates versus inhibitions in algal growth 
rates on exposure to undiluted stormwater samples 
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Figure 11 Observed inhibitions of algal growth rate versus inhibitions in bacterial light 
production on exposure to undiluted stormwater samples 
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Figure 12 Observed inhibitions of rotifer growth rate versus inhibitions in bacterial light 
production on exposure to undiluted stormwater samples 
The data presented in Table 16 demonstrates that quantitatively the detection of toxicity was higher 
for Microtox than for algal tests. For example, it was possible to quantify toxicity as EC-values in 
78% of the samples using bacterial tests in comparison to only 35% of samples analysed using 
algal tests. The majority of EC10-values (now typically used to represent LOEC) determined using 
bacterial tests are in the range of 100-500 ml/l i.e. a dilution of 2-10 times would be required to 
reduce toxicity to 10%. For 17% of samples tested using Microtox tests, the necessary dilution 
factor required to reach a 10% inhibition would exceeded 10 (100 ml/l). 

Table 16 Concentration bands within which the EC10, 20 and 50 values of bacteria and algae 
fall (% of samples in specific concentration band/total of samples determined)*.  

Bacteria  Algae EC-value 

(ml/l) EC10 EC20 EC50  EC10 EC20 EC50 

<10  6% 3% 0%  0% 0% 0% 

10-100 11% 11% 0%  0% 0% 0% 

100-500 58% 33% 14%  21% 9% 9% 

500-1000 3% 25% 17%  12% 24% 3% 

>1000 0% 6% 44%  3% 3% 24% 

Key: * = it was not possible to calculate EC-values for 22% of the samples tested using Microtox and 65% of samples 
tested using algae due to low levels of sample toxicity determined 
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The relation between bacterial and algal EC values is shown in Figure 13. For many samples, the 
algal test EC50 could not be estimated accurately (because the effect with no dilution was <50%) 
and therefore these values are not plotted.  
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Figure 13 Comparison of bacterial and algal EC10, EC20 and EC50 exposed to stormwater 
samples (dashed circles indicate the three samples from Stockholm with a very high salt 
content). 
It can be seen from Figure 13 that the EC10, EC20 and EC50 values of the three high salt-content 
samples (STO/08-10) for both test organisms are clearly grouped together (indicated by dashed 
lines) indicating that these samples are behaving differently from others. For these samples, the 
ratio of EC-values between rotifers and bacteria is lower than one, showing a higher toxicity 
towards algae, which is attributed by de-icing salt effect. Once these data points are excluded from 
the analysis, an interesting relationship between all the EC values emerges. It is found that the ratio 
EC-algae/EC-bacteria remains inside a rather narrow range (2.7 +/- 0.8). This means that the 
Microtox test is more sensitive than the algal test since a sample should be diluted 2 to 3 times 
more to get the same toxic reduction effect for bacteria compared to algae. More generally, this 
correlation also confirms the initial hypothesis that toxic effects of urban runoff can be routinely and 
reliably demonstrated. 

4.4 Toxicity of sediment extracts 
The biotest battery was applied to four aqueous extracts of stormwater-derived sediments. These 
tests were focussed at assessing whether the resuspension of sediments during rain events 
released toxic compounds. As show in Table 17, undiluted extracts gave significant toxicity in all 
three tests. As was the case for the whole water samples, the biotest battery approach proved 
viable. Three of four samples resulted in >60% inhibition of growth rates, whereas the last sample 
(KTH-1A) only gave rise to an 11% reduction of algal growth rates. This sample did, however, result 
in a 32% decrease in rotifer reproduction. 



Toxicity of stormwater samples from four different European catchments 
23 December 2005 

WP4/T4.4/D4.5- Final 
 

 
 

Table 17: Toxicity of undiluted porewater samples towards bacteria (V. fischeri), algae (P. 
subcapitata) and rotifers (B. calyciflorus). All values are in percent inhibition for organisms 
exposed 1000 ml/l sample. Negative values indicate stimulation of growth. 
Sample Bacteria 

(15 min exposure) 

Algae 

(48 h exposure) 

Rotifers 

(48 h exposure) 

KTH/5A 14 100 -2.9 

KTH/1A ND 11 32 

NAN/sediment 82 63 41 

WUP/sediment 76 100 -28 

 

In Microtox and algal tests, complete concentration-response experiments were also completed for 
the resuspended sediment extracts. In Figure 14 the concentration-response curve obtained with 
the sediment extract from Nantes (NAN-sed) is illustrated. From this the EC-values and 
corresponding 95%-confidence intervals can be estimated and these values are listed in Table 18. 
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Figure 14 Concentration-response curve for sediment porewater from the Nantes site tested 
in the algal growth inhibition test with P. subcapitata. Observed growth rate inhibitions are 
shown along with the estimated concentration-response curve and the corresponding 95%-
confidence bands. 
The extract KTH-5A collected at the Stockholm site was the most toxic as even a 16 times dilution 
(62.5 ml/l) resulted in a 100% inhibition of algal growth. KTH-1A from the Stockholm site was the 
least toxic, whereas the aqueous extract of sediment from the Wuppertal site had to be diluted 6.5 
times to reduce the toxicity to 20% in the algal test. The extract of the sediment from Nantes had to 
be diluted 5.6 times to reduce toxicity to 20% in Microtox tests and about 2 times in the algal tests. 
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Table 18 Effect concentrations (EC-values) obtained for all sediment porewater samples 
tested in the Daywater project. All concentrations are in ml sample/liter dilution water 

Bacteria  Algae Sample 

EC10 EC20 EC50  EC10 EC20 EC50 

KTH-5A - - -  <62.5 <62.5 <62.5 

KTH-1A - - -  980 - - 

NAN-sed 109 179 417  352 492 843 

WUP-sed 208 269 418  79 153 297 

- : Estimation of EC-value not possible 

The metals found at the Stockholm site and organic compounds (most often polyaromatic 
hydrocarbons) found in other studies of stormwater will primarily be bound to suspended solids. 
Suspended solids may settle as sediments in retention ponds or be transported to receiving waters 
during rain events. Other studies of stormwater sediments (e.g. Christensen et al., 2006; Nakajima 
et al., 2005) point out that stormwater-derived sediments can have a significant toxic potential 
compared to that of the water phase.  

To evaluate the potential toxic impact of sediment bound contamination, toxicity tests should be 
carried out on sediments and/or aqueous extracts hereof along with chemical analysis to identify 
priority pollutants. As a general rule for both water and sediment samples, chemical analysis and 
biotests should be used as complementary methods not as alternatives in vulnerability 
assessments of stormwater. 

 

4.5 Toxicity identification evaluation 
To investigate the contribution of metals and organic compounds to total ecotoxicity of stormwater 
samples, a selection of samples from each site were subjected to a simplified Toxicity Identification 
Evaluation (TIE) procedure. This involves testing the sample prior to subjecting it to a specific 
treatment procedure which removes either the metal or organic component of the sample, following 
which the sample is retested. To determine the contribution of metals, biotests were carried out 
before and after the addition of EDTA whereas to determine the contribution of organics, biotests 
were carried out before and after samples were subjected to a solid-phase extraction (SPE) 
procedure. 

4.5.1 Results of TIE in algal and rotifer tests 
The most comprehensive data set for the effect of adding EDTA to the collected stormwater 
samples was obtained using the Microtox test (see next section). However, a number of samples 
for which EDTA addition was carried out was also tested in algal and rotifer test and the results 
hereof are shown in Figure 15 and 16. 
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Algae: Growth inhibition of samples before and after addition of EDTA
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Figure 15 Inhibition of algal growth on exposure to undiluted whole samples and following 
addition of EDTA. Results are shown for all sites for which EDTA addition was carried out 
and whole samples caused growth inhibition. 
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Rotifers: Growth inhibition of samples before and after addition of EDTA
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Figure 16 Inhibition of rotifer growth on exposure to undiluted whole samples and following 
addition of EDTA. Results are shown for all sites for which EDTA addition was carried out 
and whole samples caused growth inhibition. 
In the algal tests reductions in toxicity was observed for the samples NAN-09, NAN-11, LUL-03, 
WUP-01, WUP-06, and WUP-11 (Figure 15). Decrease in toxicity due to addition of EDTA is 
usually explained by the presence of metals contributing to the overall toxicity. The presence of 
metal can not be confirmed for these samples due to the limited amount of chemical data for 
samples from Nantes, Luleå, and Wuppertal, however, the results of the algal tests suggest that a 
significant part of the toxicity of these samples may be due to metals. 

 

Toxicity reductions in the rotifer tests were observed for STO-01, STO-02, NAN-07, and NAN-09 
(Figure 16). The stormwater samples STO-01, STO-02, and NAN-07 had significant impact on the 
growth of rotifers, i.e. 100% and 59% inhibition, respectively (Figure 18, white bars), but addition of 
EDTA eliminated toxicity of STO-01 to 10% and made STO-02 and NAN-07 non-toxic (in fact a 
stimulation of growth was observed). Chemical analyses of STO-01 and STO-02 confirm that very 
high concentrations of metals were present (Tables 7 and 8) and the TIE procedure thus point 
towards these as major contributors to the total toxicity of the sample. 

4.5.2 Results of TIE in Microtox tests 
In addition to testing the samples before and after either treatment, the Microtox analysis also 
involved the testing of several procedural blanks which consisted of deionised water subjected to 
the TIE procedure, i.e. either addition of EDTA or filtration through an SPE column, to determine if 
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the treatment procedure itself resulted in any alteration of toxicity. A total of 14 control blanks were 
analysed, consisting of 5 EDTA blanks, 5 SPE blanks and 3 deionised water blanks, as well as a 
test carried out on the bacterial reconstitution solution itself. Data from these tests are presented in 
Table 19 from which it can be seen that the EDTA and SPE procedural blanks, as well as the 
deionised water and reconstitution solution itself, have a substantial impact on bacterial light 
production, with inhibition values ranging from 30.2-64.4%. As discussed in section 4.3, of the 
biotests employed, the bacterial test proved to be the most sensitive, being able to detect toxicity at 
a sample concentration of <10ml/l, in contrast to the algal tests which did not show any toxic 
response until a sample concentration of 100-500ml/L (due to test design it was not possible to 
quantify the sensitivity of the rotifer tests).  

Table 19 Inhibition of bacterial light production on exposure to undiluted procedural blanks 
(%) 
EDTA blank SPE blank Deionised water Reconstitution solution 

46.6 42.4 30.7 33.5 

64.4 30.7 43.65  

42.5 50.7 43.21  

51.9 31.7   

30.2 50.7   

 

Completion of the analysis of the procedural blanks was particularly valuable because, as well as 
determining of the impact of the TIE procedures, these samples can also be used as a baseline 
denoting the impact of uncontaminated waters against which the toxic response of the stormwater 
samples can be meaningfully compared. 

To facilitate this process, the three groups of blanks (the reconstitution solution was grouped in with 
the distilled water group) were tested using ANOVA to determine whether there were any 
significant differences between the levels of light inhibition associated with either of the TIE 
procedures and those associated with the distilled water samples. The null hypothesis of no 
difference between the three groups was not rejected (p=0.406) and therefore it was considered 
possible to treat all 14 blank samples as a single group for the purposes of identifying a baseline 
level of toxicity against which the toxicity (or otherwise) of stormwater samples can be evaluated. 
When considered as a single group, the average reduction in bacterial light production by the 
blanks was 42.3% (±10.2). This value is marked in each of the following graphs as a heavy black 
line and used to semi-quantitatively determine levels of toxicity of potential concern (i.e. 
concentrations above that which is associated with deionised water) and to also identify additional 
levels of toxicity (otherwise) due to exposure to stormwater samples.  

Figure 17 presents toxicity data for each of the samples collected at the Stockholm site. Although 
the EDTA procedure was carried out on the last 4 samples only, all of the Stockholm samples have 
been included to enable the full data set to be discussed in relation to the identified baseline level of 
toxicity. From the graph it can be seen that in 4 of the samples the initial toxicity was greater than 
that associated with the background level confirming that stormwater can have an ecotoxicological 
impact. EDTA treatment was performed on the last 4 samples and it can clearly be seen that its 
addition reduces sample toxicity in each of the samples to a varying degree, with the toxicity of 
STO/10 being reduced to below the toxicity baseline level of impact, suggesting that metals make 
an important contribution to the overall sample toxicity whilst not being its sole source.  
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Microtox: Inhibition of light of undiluted whole samples and following addition 
of EDTA, Stockholm (%)
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Figure 17 Inhibition of bacterial light production on exposure to undiluted whole samples 
and following addition of EDTA, Stockholm (%) 
Furthermore, the fact that the reduction in sample toxicity associated with EDTA treatment varies 
between samples indicates that different samples contain metals in different concentrations, as 
demonstrated in the water quality analysis (see Table 8).  

Figure 18 presents the data for all of the Nantes samples, which shows that 5 of the 13 samples 
exerted a toxic impact greater than that associated with the baseline level of toxicity. 9 samples 
were modified using EDTA to chelate the metals and for 7 out of the 9 samples this resulted in a 
decrease in overall toxicity, with the level of toxicity in the 3 samples treated with EDTA which 
exceeded the background level of toxicity being reduced to a value below this threshold. The 
reasons behind the increase in sample toxicity reported in association with samples NAN/08 and St 
J 20/01/05 are not clear but it is possible that the addition of EDTA resulted in the change in 
behaviour of some organic component resulting in the toxicity elevation reported. 
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Figure 18 Inhibition of bacterial light production on exposure to undiluted whole samples 
and following addition of EDTA, Nantes (%) 
The ecotoxicity of samples from the Luleå road (LUL/01, LUL/02, LUL/05) and park (LUL/04) sites 
are presented in Figure 19, where samples LUL/04 and LUL05 both represent snow-melt induced 
runoff events as opposed to rainfall runoff events (which constitute the remaining 2 samples). As 
may be predicted, the toxicity levels associated with the two snow melt induced runoff samples are 
lower than the toxicity levels recorded for the road runoff samples as the road surface receives both 
aerial and directly deposited pollutants e.g. wear and tear of car body parts whereas the snow-pack 
source of the snow melt receives pollutants via aerial deposition only. Sample LUL/02 was the only 
sample in which the level of toxicity exceeded the identified baseline level. On treatment with 
EDTA, this level of toxicity was reduced to below this baseline, with the level of toxicity in 2 of the 
remaining 3 samples also being reduced to a varying degree by the addition of EDTA. The level of 
toxicity associated with LUL/01 showed a slight increase following treatment with EDTA, again 
presumed to be associated with an interaction between EDTA and other unknown organic 
constituents of the sample.  
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Figure 19 Inhibition of bacterial light production on exposure to undiluted whole samples 
and following addition of EDTA, Luleå (%) 
The results of the biotests and EDTA treatment performed on the Wuppertal samples are presented 
in Figure 20. None of the 10 samples tested displayed a level of toxicity greater than that 
associated with the background level suggesting that the quality of runoff entering the Wuppertal 
detention pond does not currently have an adverse impact.  
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Figure 20 Inhibition of bacterial light production on exposure to undiluted whole samples 
and following addition of EDTA, Wuppertal (%) 



Toxicity of stormwater samples from four different European catchments 
23 December 2005 

WP4/T4.4/D4.5- Final 
 

 
 

Irrespective of the comparatively lower level of toxicity recorded, in 8 of the 10 samples addition of 
EDTA resulted in a decrease in sample toxicity with the toxicity in sample WUP/10 reduced to an 
undetectable level. Again, the addition of EDTA resulted in an increase in toxicity for two of the 
samples (WUP/03 and WUP/09) further suggesting that the relationship between EDTA and other 
components of stormwater runoff is not straightforward.  

 

4.6 Comparison of toxicity results with chemical analyses  
A general comparison of toxicity test results with chemical characteristics of the sample is 
hampered by the fact that a very limited amount of information is available on chemical 
characteristics for most of the sites. This is due to the focus on enduser participation and “real-
world” cases, where existing sampling stations were used and at the sites samples the on-going 
monitoring programme could not be expanded to compliment the Daywater biotest programme. 
While this reflects a real-world situation for the water manager, it clearly limits the level of 
scientifically meaningful comparisons and conclusions which can be derived using the results of 
routine monitoring programmes only. 

At the Stockholm site a suite of chemical analyses was carried out on the samples used for 
biotests. Therefore, this site may serve as an example of how chemical analyses and biotest results 
can be used concomitantly in urban water management. As could be expected form the chemical 
analysis, the most toxic samples for rotifers were those containing the highest level of heavy 
metals, i.e. STO1 and STO2, which contained 12 mg/l and 3.8 mg/l of zinc and 1.9 mg/l and 0.32 
mg/l of copper, respectively, and also had high concentrations of all the other metals determined 
(Table 8). Considering the high copper concentrations in both STO1 and STO2 and the high toxicity 
of copper towards algae, it may seem surprising that only the sample STO2 showed significant 
toxicity towards Pseudkirchneriella subcapitata. However, the total concentration of metals does not 
reflect the bioavailable concentrations as the speciation of metals will lower the bioavailable fraction 
significantly. For algal tests of STO1, the additional filtration mentioned above possibly reduced the 
toxicity of the whole sample. These findings underline that total concentrations of heavy metals 
cannot be used for prediction of sample toxicity due to processes such as the complexation and 
sorption of metals. 

The sample STO1 was found to be toxic towards both rotifers and bacteria, but no significant 
effects on algal growth rates were observed. Rotifer and algal tests identified STO2 as being toxic, 
but this sample did not cause inhibition in the bacterial test (Table 13). The Microtox test was, 
however, the only one detecting toxicity in STO5 (Table 13), and for this sample none of the 
chemicals measurements shown in Table 8 indicate that STO5 should be more toxic than, for 
example, STO3 or STO4. The reason for using three toxicity tests with different organisms and 
different toxicological endpoints on all samples was to increase possibilities of detecting toxicity. 

 

4.7 Application of biotests for vulnerability assessment of urban stormwater 
This project has documented that stormwater collected at four different European sites were indeed 
toxic in laboratory biotest systems, clearly highlighting the need for stormwater managers to 
consider the toxic effects of stormwater in receiving water bodies. In terms of vulnerability 
assessment, batteries of biotests supply information on the whole sample toxicity as opposed to the 
traditional chemical analysis approach of samples which makes estimations of toxicity very difficult. 
Usually the only way to evaluate the hazards of chemical constituents in such samples is to 
compare concentrations of single compounds with water quality criteria (if they exist for the 
compounds identified and this is not always the case). This may in some cases lead to an 
overestimation and in other cases to an underestimation of the ecotoxicological impact of 
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stormwater and other kinds of complex environmental samples (Baun et al. (2004), Christensen et 
al. (2005), and Kildeby et al. (2004)). 

Currently it is chemical analyses which form the basis for hazard and vulnerability assessments of 
stormwater discharges. Chemical analyses will however only give information on the identity and 
quantity of single compound and will not reveal anything about the toxicity of the whole sample. To 
make these kinds of assessments it is necessary to include results of ecotoxicological tests of the 
single substances identified in the samples. These data are difficult for stormwater managers to 
obtain and interpret (if they even exist) and the models used to predict the effects of mixtures are 
complicated to use for stakeholders without specific ecotoxicological expertise. A number of studies 
have focused on the ecotoxicity of complex environmental samples and made comparisons with the 
outcome of analytical-chemical characterisation of the same samples. Despite the completion of 
detailed analytical chemical programs and attempts to make statistical correlations between 
observed and expected toxicity, the general conclusion is that complex environmental samples are 
more toxic that what can be explained from identified chemicals (Galassi et al., 1992; Hendriks et 
al., 1994; Tonkes et al., 1995; Baun et al., 2004). Thus, biotests can make an valuable contribution 
offering information that could not have been obtained via traditional chemical-only monitoring 
approaches. 

As shown in the Stockholm case, chemical analysis revealed that samples STO1 and STO2 were 
highly contaminated with metals and this alone would give rise to concern about the direct 
discharge of these storm events into receiving waters. Thus, for these two samples it may seem 
unnecessary to include a battery of toxicity tests in a monitoring programme. It should, however, be 
kept in mind that these samples were also identified by the biotests as being problematic and 
information on the whole sample toxicity was achieved using the biotest approach. The Microtox 
test also identified STO5 as a potentially problematic sample even though chemical parameters did 
not indicate this. Moreover, these tests pointed towards metals as the main contributors to toxicity. 
There could have been other compounds contributing to toxicity, but due to the limited “chemical 
window” these were not identified by chemical analyses. In contrast, the biotest results relate to the 
toxic effects of the whole samples and again this kind of information could not have been achieved 
by chemical analysis alone. 

4.8 Evaluation of the biotest battery 
The proposed inclusion of biotests in the monitoring of stormwater is complicated by the fact that no 
single toxicity test can be used to detect all toxic compounds present in stormwater samples. As 
shown in this project the likelihood of detection is increased by a concomitant use of more than one 
test. This use of biotest batteries is also recommended by several authors e.g. Keddy et al. (1995). 
For practical as well as economic reasons the time needed for biotesting should be minimized. In 
the present project we used tests with an incubation time of maximum 48 hours. However, in many 
cases the Microtox test with a 15 min response time was sufficient to detect toxicity. The optimal 
number of biotests in a battery for screening of stormwater is difficult to set, but based on the 
experiences gained in the present project is seems that 2-3 tests would be sufficient. It is also 
recommended that the Microtox test is included in a test battery for testing stormwater samples as 
it showed the highest frequency of toxicity detection and the highest sensitivity of the three tests 
used in the present study. 

4.9 Interpretation of biotest result in a stormwater management perspective 
The obvious benefit of using biotests for monitoring of stormwater is that detection of toxicity in 
stormwater samples using the laboratory test systems directly leads to the conclusion that the 
stormwater discharge may give rise to toxic effects in the receiving waters. This is due to the fact 
that laboratory test organisms are not generally expected to be the most sensitive species in the 
environment and if toxicity is detected by these less sensitive organisms, more effects can 
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definitively be expected on species in nature. This means that effects observed at concentration 
below 1000 ml/l in the tests completed in this study may be interpreted as an “inherent toxicity” of 
the sample. Whether this will give rise to effects in the environment is mainly related to the 
exposure concentrations in the environment and for this it is essential to assess how much the 
stormwater will be diluted in the receiving waters.  

As is the case for chemical analyses, biotests may have detection limits which are too high to 
detect any impact. This could be the case for samples tested which did not give any toxic response 
in the tests applied; i.e. from negative results it cannot be concluded that the sample is not toxic in 
receiving waters, but simply that an undiluted sample did not cause effects in the particular biotest 
battery used. As described earlier, only limited data exist on the toxicity of stormwater samples. 
Thus, the present study represents the largest collection of toxicity data on actual samples. It is 
therefore interesting to use the collected data to make a ranking of toxicity based on the results 
obtained in the present study.  

It was decided to base the categorization of stormwater samples on the EC20-values as a 
representative value for when toxicity begins to occur (i.e. a quantitative LOEC). Other authors 
have used other categorizations based on the range of EC10, EC20, and EC50 values (Dutka, 
1988; Marsalek et al., 1999), however in our study we were not able to always get the full suite of 
EC-values. In Table 20 the suggested categorization is shown.  

Table 20 Proposed categorization of toxicity of stormwater samples based on LC20- or 
EC20-values obtained in standardized short-term toxicity tests. 

Lowest LC20 or EC20 for 
standardized short-term tests 

Necessary dilution to get below 
the 10% effects level in biotests 

Categorisation 

< 10 ml/l >100 times Very toxic 

10-100 ml/l 10-100 times Toxic 

100-500 ml/l 2-10 times Moderately toxic 

500-1000 ml/l 1-2 times Low toxic* 

>1000 ml/l - Not toxic* 

*For risk reduction decisions samples in these categories may be considered of less concern in view of the 
technical and economical inputs which would be required treat the stormwater. Exceptions from this will be 
samples for which chemical analyses have shown a content of persistent and/or bioaccumulative 
compounds. 

The use of the 20%-value means that problems with the scattering of results around the baseline 
are less than if, for instance, a 10%-value was used. As described above, issues of blank toxicity 
were encountered in the Microtox test and a background level of around 40% was identified. In the 
following the EC20-values will be used for categorization, but this baseline level for Microtox should 
be kept in mind. Of the 38 samples tested in the present study, EC-values could be established for 
32 samples in either Microtox or algal tests. Using the ranking proposed above on these 32 
samples results in the generation of results presented in Figure 21. 
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Figure 21 Distribution of results of toxicity tests according to toxicity category (total of 38 
samples) 
From Figure 21 it is clear that stormwater should be generally considered as demonstrating a 
moderately to low level of toxicity, and that in most cases a dilution factor of 1-10 is needed to 
reach a 20% inhibition in the tests used in the present study. The most toxic sample (NAN-10) 
needed to be diluted 200 times to reduce toxicity below the detection limit of the biotests.  

During a rain event and upon discharge to receiving waters the stormwater will certainly be diluted 
more than five times. Safety factors (or uncertainty factors) of 100-1000 is often applied in risk 
assessments to take interspecies variation into account and to address the problem that laboratory 
tests and responses test organisms do not directly relate to ecosystem vulnerability (EU 
Commission, 2003; Pedersen et al., 1995). Even if a sufficient dilution will be obtained it should be 
emphasised that long-term effects may occur due to the fate and distribution persistent and/or 
bioaccumulative contaminants in stormwater. 
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5 Conclusion  
To the best of our knowledge, the present study represents the largest collection of data on the 
ecotoxicity of stormwater samples. It was found that the potential ecotoxicological impact varies 
between storms at each site, between sites and in relation to its impact of different test organisms. 

In relation to the performance of tests in a biotest battery, it was found that the Microtox test was 
the most sensitive of the three tests applied. Although issues with toxicity of blanks were 
encountered in the Microtox tests, the analysis of these procedural blanks enabled a baseline level 
of Microtox ecotoxicity to be identified against which the toxicity of stormwater samples could be 
meaningfully compared. This is particularly important to keep in mind for interpreting Microtox data 
and decided when toxicity levels are of concern. The quantitative detection of toxicity was better in 
Microtox than in algal and rotifer tests. Thus, in 76% of the samples toxicity could be quantified in 
terms of EC-values when tested in the Microtox test whereas this was only possible for 39% of 
samples tested in algal tests. Some correlation between results of algal and rotifer tests and weak 
correlation between some rotifer and bacteria data.  

The study support the use of a battery of biotests approach as the concomitant use of biotests 
resulted in a higher detection than would have been achieved using only a single test. The 
classification of stormwater toxicity suggested in the present study gives only an indication of the 
potential toxic impact of stormwater on organisms in the receiving waters. It is however noteworthy 
that most of the stormwater samples were classified as moderately to low toxic and that in only 10 
of 38 tested samples could toxicity not be detected using the biotest battery. 

The biotest approach allows for detection of toxicity of whole samples and also for ranking between 
samples based on the toxicity. The use of even simple toxicity identification procedures enabled 
conclusions to be drawn on the main compounds contributing to the toxicity of the whole sample. 
Thus, it was found that addition of EDTA tends to reduce sample toxicity in comparison to the 
whole sample by a variable amount suggesting that metals make an important contribution to the 
total sample toxicity and concentrations of metals varies between storms. It was however also clear 
from the study that comprehensive chemical analyses will still be needed to verify results of TIE 
and to implement source tracking and elimination measures.  

The metals found at the Stockholm site and organic compounds (most often polyaromatic 
hydrocarbons) found in other studies of stormwater will primarily be bound to suspended solids. 
Suspended solids may settle as sediments in retention ponds or be transported to receiving waters 
during rain events. The resuspension tests included in the present study showed the potential toxic 
impact of sediment bound contamination and future activities should include toxicity tests of 
sediments and/or aqueous extracts hereof along with chemical analysis to identify priority 
pollutants. As a general rule for both water and sediment samples, chemical analysis and biotests 
should be used as complementary methods not as alternatives in vulnerability assessments of 
stormwater. 

It is currently, however, primarily the results of chemical analyses, which form the basis for hazard 
and vulnerability assessments of stormwater discharges. Chemical analyses will only give 
information on the identity and quantity of single compound and will not reveal anything about the 
toxicity of the whole sample. The work carried out in T4.4 demonstrates the applicability of biotests 
for addressing issues of ecosystem vulnerability with the main benefit of including biotests being 
detection and ranking of toxicity of whole stormwater samples. It is strongly recommended that a 
biotest approach is included in regulatory frameworks especially in relation to setting up a 
monitoring strategy in relation to fulfilling the needs for addressing the issues of “Ecological status” 
of receiving waters as outlined in the Water Framework Directive. 
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Application of a battery of biotests for toxicity characterization of stormwater 

Anders Baun1*, Martin Seidl2, Lian Scholes3,Gudrun Aldheimer4, Eva Eriksson1, Mike Revitt3 
and Jean-Marie Mouchel2 1Institute of Environment & Resources, Technical University of 
Denmark, Denmark.2CEREVE-ENPC, France. 3Urban Pollution Research Centre, Middlesex 
University, United Kingdom. 4Stockholm Water Company, Stockholm, Sweden. 

Abstract 
Runoff samples were collected from urban catchments in France (Nantes), Germany (Wuppertal) 
and Sweden (Stockholm and Luleå), with sites being selected to reflect both variations in climate 
and urban land-use types (city centres, suburbs, and highways). All samples were tested in a 
biotest battery comprising bacteria (Vibrio ficheri), algae (Pseudokirchneriella subcapitata) and 
rotifers (Brachionus calyciflorus) enabling both acute and chronic endpoints to be addressed. A 
number of samples from each site were also subjected to a simple Toxicity Identification Evaluation 
(TIE) procedure to evaluate the influence of metals and organic compounds on total toxicity. In the 
present paper, results of the biotests on water samples and following the TIE procedure are 
exemplified using results for samples collected at the Stockholm site. It was found that the biotest 
battery provide information on whole sample toxicity that could not be deduced from chemical 
analyses. The different test organisms showed different sensitivity towards the samples, but no 
single test was found to be the most sensitive for all samples. It is recommended that chemical 
analysis and a battery of biotests should be used as complementary methods not as alternatives in 
vulnerability assessments of stormwater. 

 

Introduction 
The environmental impacts of urban stormwater and road runoff have gained increasing interest 
during the last decade (e.g. Maltby et al., 1995a,b; Marsalek et al., 1999), an interest reinforced by 
the implementation of the EU Water Framework Directive with its clear statements on the need to 
tackle non-point sources of pollution (EU, 2000). Although several studies dealing with toxicity 
assessment of urban wet-weather discharges have been published (reviewed by Marsalek et al., 
1999), the toxic impact of urban runoff is not well described in the literature.  Wet-weather 
discharges can contain a complex combination of environmental pollutants and hence an 
analytical-chemical characterisation may not suffice in explaining its toxic potential (Ellis, 2000). As 
an alternative monitoring strategy, the use of a battery of toxicity tests has been recommended as a 
more appropriate tool for screening and assessing the potential receiving water impacts of 
stormwater discharges (Marsalek et al., 1999; Christensen et al., 2005), however, only a few such 
studies have been carried out. It is within this context that this study aims to assess the order of 
magnitude of toxic effects of chemical constituents in water samples on a variety of biota (rather 
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than specifically determine in situ toxicity) to enable the applicability of biotests as indicators for 
toxicity and hazard ranking of both sediments and the water samples to be evaluated. 

Runoff samples were collected following rainfall events at four separate urban sites: Nantes in 
France, Wuppertal in Germany and Luleå and Stockholm in Sweden. Each sample was subjected 
to a battery of biotests involving bacteria, algae and macroinvertebrates as whole samples as well 
as additionally being tested following a simplified Toxicity Identification Evaluation (TIE) procedure 
to investigate the contribution of metals and organic chemicals to total toxicity. In the current paper, 
results from water samples collected at the Stockholm site will be presented as an example of the 
data obtained and discussions will be focussed on the application of these results in vulnerability 
assessment. 

Materials and methods 
Field site, sampling and chemical characterization 

The samples were collected at the SORBUS stormwater treatment facility located beneath the 
elevated motorway Essingeleden on the southwest side of Lilla Essingen, Stockholm, Sweden, 
which consists of a combination of a sedimentation pond and filters. The SORBUS facility receives 
water from the nearby streets as well as parts of the motorway and motorway bridge (Essingebron). 
The treated water is then discharged into Lake Mälaren (Vägverket, 2003A). The Swedish National 
Road Administration (Vägverket) is responsible of the construction and maintenance of the facility 
whereas Stockholm Water Company (Stockholm Vatten AB), in co-operation with Vägverket are 
responsible monitoring the treatment facility. The current catchment area is about 13,000 m2 and 
the surface types are mainly asphalt and roofing tiles. 

Samples were collected by Stockholm Water in 500 ml glass bottles, which were frozen after 
sampling. General water chemistry parameters (total organic carbon, ammonium, nitrate, total 
nitrogen, ortho-phosphate, total phosphorus, electrical conductivity, suspended solids, and pH) and 
analyses for heavy metals (Cr, Cd, Cu, Ni, Pb, Zn) were carried out by a commercial laboratory.  

Whole sample tests 

All collected samples were frozen within 24 hours after collection. The tests were done on thawed 
and reconstituted samples. The frozen samples were thawed overnight at 25°C, vigorously shaken 
for 1 minute or stirred for 10 minutes. 100 ml of homogenised sample were transferred to settling 
cylinder and left for settling for 1 hour. 90 ml of overlying sample were used for subsequent testing. 
The physico-chemical parameters pH, conductivity and suspended solids where determined on the 
raw sample. The water hardness as well the suspended solids where determined on the settled 
fraction using standard methods.  

Toxicity tests 

The bacterial tests were conducted using the Microtox system which employs Vibrio fischeri as the 
test organism with phenol as a standard reference material. Samples were analysed using the 15 
minute whole effluent test which involves the dissolution of 0.2g sodium chloride in 10ml of sample 
before testing, avoiding the need to dilute the sample to achieve the required level of salinity. All 
samples were tested in duplicate. 

In the algal test, flasks were inoculated to 104 cells/mL with a log-phase pre-culture of 
Pseudokirchneriella subcapitata (formerly known as Selenastrum capricornutum). Mini-scale algal 
growth inhibition tests (Arensberg et al., 1995), with 4 mL test medium in 20 mL glass vials, were 
conducted according to the ISO-standard (ISO, 1989). Potassium dichromate was used as a 
reference compound. The test flasks were incubated on a shaker (100 rpm) in continuous light (90-
100 µE/m2/s) at 21 ± 2 °C. Samples were withdrawn from each test flask and the controls every 24 
hours (i.e. 0, 24, 48, and 72 hours). In all tests 5 dilutions (1000 ml/l; 750 ml/l; 500 ml/l; 250 ml/l; 
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125 ml/l) were tested in triplicates and 6 controls were included. Algal growth rates were calculated 
based on the biomass in the cultures quantified by in-vial acetone extractions as described by 
Mayer et al. (1997). The tests were conducted at pH 8.0 ± 0.3 with typical control growth rates of 
1.6-1.8 d-1 during the 72 hours of incubation.  

The rotifer test was using Brachionus calyciflorus as test organism and was carried out as 
described in the French norm for water quality NF T90377 (AFNOR 2000) and as described in the 
manual of Rotoxkit (Creasel Ltd 2004, Belgium). For the all tests three concentrations (999 ml/l, 
666 ml/l and 333 ml/l) were used in eight replicates and with two controls. The EPA standard 
medium hard water (SMHW) was used for dilution. The exposure took place in 48 multiwell 
polystyrene plates with individual volumes of 1 ml. During the test the rotifers were fed with an algal 
suspension of 2⋅106 cells/ml prepared by centrifugation from fresh culture of Pseudokirchneriella 
subcapitata. The algae were grown in the ASM1 medium and washed prior to the utilisation.  After 
48 hours of incubation in the dark at 25°C and on gyratory shaker (120 RPM) the number of 
females alive and dead was counted. The reproduction rate was estimated as a mean of logarithm 
of the number of animals at the end of the test and the initial number corrected for the number of 
dead animals. 

Toxicity identification procedures (TIE) 

A number of samples from each site were also subjected to a simple Toxicity Identification 
Evaluation (TIE) procedure to evaluate the influence of metals on total toxicity (US-EPA, 1991). To 
determine the contribution of metals, biotests were carried out before and after the addition of 
EDTA. Comparison with non treated sample whether a specific kind of pollutants was encountered. 
The heavy metals are complexed by EDTA, the complex EDTA–heavy metals is non-toxic. The 
complexation for heavy metals by EDTA is much stronger than for Ca++ and Mg++. Calculations of 
the chemical speciation (Mineql+) showed that 95% of all the heavy metals would be complexed at 
concentration corresponding to 1/10 of the total hardness (on a molar basis) and that at that levels 
the residual concentrations of EDTA remain below toxicity thresholds (US-EPA 2005).  

 

Results and discussion 
Sample characteristics 

Table 1 presents the chemical characteristics of six samples collected at the site in Stockholm 
(Sweden). Sample STO1 had a very high content of suspended solids (13000 mg/l), together with 
an elevated concentration of organic carbon (1300 mg/l). In general the samples STO1 and STO2 
appear to be the most contaminated in relation to a variety of parameters with, for example, the 
highest concentrations of TOC, ammonium, Zn, Cr, Cu, Pb, and Ni typically being reported in these 
samples. 

Table 1. Chemical characteristics of urban runoff samples collected in Stockholm, Sweden. 

 STO1 STO2 STO3 STO4 STO5 

Date 24-05-04 08-06-04 11-06-04 28-06-04 05-07-04 

pH 7.6 7.2 7.5 7.6 7.1 

SS (mg/l) 13000 1750 780 210 150 

TOC (mg/l) 1300 160 80 31 49 

NH4-N (µg/l) 1200 200 47 180 92 

NO2/NO3-N (µg/l) 110 540 370 690 213 
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Tot-N (µg/l) 1800 2700 1550 1900 1600 

PO4-P (µg/l) 66 12 7 15 6 

Tot-P (µg/l) >8000 1400 930 140 280 

Conductivity 
(mS/m) 

155 22.0 16.9 29.9 22.2 

Zn (µg/l) 12000 3800 2400 500 450 

Cr (µg/l) 540 98 55 27 14 

Cu (µg/l) 1900 320 170 52 62 

Cd (µg/l) 8.5 1.0 1.1 0.3 0.3 

Pb (µg/l) 900 110 120 44 26 

Ni (µg/l) 290 58 32 12 10 

 

Toxicity of stormwater samples 

Results of the Microtox tests found that undiluted samples STO1, STO3 and STO4 showed 10-30% 
inhibition, whereas sample STO2 did not show any significant response. For sample STO5, it was 
possible to obtain a full concentration response curve (see Figure 1) and the concentrations at 
which 20% (EC20) and 50% (EC50) of the bacteria were affected is estimated to be 173 ml/l 
[128;227]95% and 388 ml/l [324;461]95%. This sample was however not toxic towards algae (data not 
shown) and rotifers (Figure 3). 
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Figure 1. Toxicity of the urban stormwater sample STO5 (Stockholm, Sweden) in the Microtox test 
after 15 min incubation. Test organism: Vibrio fischeri. 

In algal tests the highest toxic response was obtained with sample STO2 in which the algal growth 
rate was reduced by 50% in undiluted samples (Figure 2). For samples STO1, STO3, STO4, and 
STO5, growth rate inhibitions below 15% were observed in undiluted samples. However, due to the 
high content of suspended solids in STO1 (see Table 1) this sample was filtered after settling, as 
interference in fluorescence measurements due to suspended solids was observed in preliminary 
algal tests 
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Toxicity of STO2 in algal test
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Figure 2. Toxicity of the urban stormwater sample STO2 (Stockholm, Sweden) in the algal test after 
48 h incubation.  Test organism: Pseudokirchneriella subcapitata. 

Figure 3 illustrates the inhibition of the reproduction of the rotifers Brachionus calyciflorus after 
exposure to undiluted stormwater samples for 48 hours. The stormwater samples STO1 and STO2 
had significant impact on the growth of rotifers, i.e. 100% and 70% inhibition, respectively (Figure 3, 
white bars). Samples STO3 and STO5 did not cause any decrease in the reproduction of 
Brachionus calyciflorus, whereas STO4 had a slightly stimulating effect. 
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Figure 3. Toxicity of undiluted stormwater samples (Stockholm, Sweden) towards rotifers after 48 h 
incubation. Test organism: Brachionus calyciflorus. 

level of heavy metals, i.e. STO1 and STO2, which contained 12 mg/l and 3.8 mg/l of zinc and 1.9 
mg/l and 0.32 mg/l of copper and had high concentrations of all other metals analysed for (Table 1). 
Considering the high copper concentrations in both STO1 and STO2 and the high toxicity of copper 
towards algae, it may seem surprising that only the sample STO2 showed significant toxicity 
towards Pseudokirchneriella subcapitata. However, the total concentration of metals does not 
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reflect the bioavailable concentrations as the speciation of metals will lower the bioavailable fraction 
significantly. For algal tests of STO1 the additional filtration mentioned above possibly reduced the 
toxicity of the whole sample. These findings underline that total concentrations of heavy metals 
cannot be used for prediction of sample toxicity due to complexation and sorption of metals. 

The sample STO1 was found to be toxic towards both rotifers and bacteria, but no significant 
effects on algal growth rates were observed. Rotifer and algal tests identified STO2 as being toxic 
(Figure 2 and Figure 3), but this sample did not cause inhibition in the bacterial test. The Microtox 
test was, however, the only one detecting toxicity in STO5 (Figure 1), and for this sample none of 
the chemicals measurements shown in Table 1 indicate that STO5 should be more toxic than, for 
example, STO3 or STO4. The reason for using three toxicity tests with different organisms and 
different toxicological endpoints on all samples was to increase possibilities of detecting toxicity. 
Due to the limited experiences with toxicity testing of stormwater samples no assumptions as to 
which organisms may be the most sensitive can be made prior to testing. The results shown in the 
present study clearly demonstrate the feasibility of applying a testing strategy in which a battery of 
biotests is included. No single organism was found to be the most sensitive in these tests of 
complex stormwater samples. 

In terms of vulnerability assessment the test battery supply information on the whole sample 
toxicity. The complex chemical composition of the samples makes estimations of toxicity very 
difficult. Usually the only way to evaluate the hazards of chemical constituents in such samples is to 
compare concentrations of single compounds with water quality criteria, if such exist for the 
compounds identified. This may in some cases lead overestimation and in other cases to 
underestimation of toxicity as shown for stormwater and other kinds of complex environmental 
samples by Baun et al. (2004), Christensen et al. (2005), and Kildeby et al. (2004). In the present 
case, chemical analysis revealed that samples STO1 and STO2 were highly contaminated with 
metals and this alone would give rise to concern about the discharge of these. Thus, for these two 
samples it may seem unnecessary to include a battery of toxicity tests in a monitoring programme. 
It should, however, be kept in mind that these samples were also identified by the biotests as being 
problematic and information on the whole sample toxicity was achieved using the biotest approach. 
The Microtox test also identified STO5 as a potentially problematic sample even though chemical 
parameters did not indicate this. Moreover, these tests pointed towards metals as the main 
contributors to toxicity. There could have been other compounds contributing to toxicity, but due to 
the limited “chemical window” these will not be identified by chemical analyses. In contrast to this, 
the biotest results relate to the toxic effects of the whole samples and this kind of information could 
not have been achieved by chemical analysis alone.  

The most toxic sample needed to be diluted about five times to reduce toxicity below the detection 
limit of the biotests (Figure 1). During a rain event and upon discharge to receiving waters the 
stormwater will certainly be diluted more than five times. Safety factors (or uncertainty factors) of 
100-1000 is often applied in risk assessments to take interspecies variation into account and to 
address the problem that laboratory tests and responses test organisms do not directly relate to 
ecosystem vulnerability. In the present case, a sufficient dilution will most probably also be obtained 
even if a safety factor is included in the effect assessment. It must, however, be emphasised that 
long-term effects may occur due to the fate and distribution of contaminants in stormwater. The 
metals found in the present study and organic compounds (most often polyaromatic hydrocarbons) 
found in other studies of stormwater will primarily be bound to suspended solids, which may settle 
as sediments in retention ponds or be transported to receiving waters during rain events. To 
evaluate the potential toxic impact of sediment bound contamination, toxicity tests should be carried 
out on sediments and/or aqueous extracts hereof along with chemical analysis to identify priority 
pollutants. As a general rule for both water and sediment samples, chemical analysis and biotests 
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should be used as complementary methods not as alternatives in vulnerability assessments of 
stormwater. 
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