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ABSTRACT

Stormwater discharges are generated by rain runoff from land and impervious areas such as
roads, parking lots, and roofs during rainfall and snowmelt events. It contains an array of
different pollutants such as organic matter, particles, heavy metals, inorganic trace elements
and xenobiotic organic compounds (XOCs). It is important to consider the hazards concerning
these pollutants when considering design of monitoring strategies, comparing different
handling strategies for stormwater utilisation, treatment methods and discharge to receiving
waters.

In the EU 5FP funded Daywater project a list of selected stormwater priority pollutants
(SSPP) was identified, which has been used for assessing pollutant sources and fluxes,
behaviour and fate during passage through best management practices (BMPs) and the
environmental risk associated with their subsequent dispersal. The methodology used;
Chemical Hazard Identification and Assessment Tool (CHIAT) aims at selecting relevant
SSPP e.g. and can be used for development and evaluation of monitoring programmes.

The Daywater SSPP-list consists of water quality parameters (BOD, COD, SS, nitrogen, pH
and phosphorus); metals (Cd, Cr, Cu, Ni, Pb, Pt and Zn); PAHs (naphthalene, pyrene and
benzo[a]pyrene); herbicides (pendimethalin, phenmedipham, glyphosate and terbutylazine);
and other XOCs (nonylphenol ethoxylates, pentachlorophenol, di(2-ethylhexyl)phthalate,
PCB-28 and MTBE) representing persistent, ubiquitous compounds and compounds deriving
from specific anthropogenic sources.

The list was compared with data found within the Danish nation-wide monitoring
programmes for the aquatic environment (NOVA2003 and NOVANA); European monitoring
programmes; pollutant registers; individual European legislation; as well as quality criteria
and limit values. The comparison reveals differences since most of these are set on arbitrary
criteria or focuses on the current EU legislation. Overlaps was found with the studied
programmes, but also some “new” compounds was selected; platinum, herbicides and MTBE
which indicate that revision of existing monitoring programmes is needed and that stormwater
contains more hazardous pollutants than previously anticipated.
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1 INTRODUCTION

Stormwater is a vital part of the global water cycle which is receiving increased attention due
to climate change[1], as well as the broad spectrum of pollutants such as heavy metals and
XOCs (e.g. polycyclic aromatic hydrocarbons (PAH), pesticides, detergents and plasticizers)
in quantities that adversely affect the water quality in receiving waters[2,3]. Additionally,
application of decentralised systems for treatment, use, and detention of stormwater are
increasing both due to altered building procedures resulting in water shortages, and flooding,
as well as due to the costs associated with the combined treatment of storm- and wastewater.
Both structural and non-structural BMPs (sustainable urban drainage systems; SUDS) are
widely used to reduce the urban runoff peak flows as well as the amount of pollutants entering
the environment but the re-use of collected stormwater and treatment in BMPs are restricted
by the risks related to the handling of water with poor quality. The composition of the
stormwater runoff is dependent on the quality of the rainwater and the snow melt events as
well as the nature of surfaces (roads, parking lots, roofs etc.) with which it comes into contact
during the runoff process. The phase in which the pollutant exists (particulate, colloidal or
dissolved) determines how much of the pollutant will be bioaccessable for organisms and
what type of treatment is the most feasible option. These stormwater pollutants may cause
negative effects to exposed humans, to animals or plants during discharge or use, and may
cause technical and aesthetic problems.

In the EU funded Daywater project (EVK1-CT-2002-00111; http://www.daywater.org) a list
of selected stormwater priority pollutants (SSPP) was proposed, for use when assessing
pollutant sources and fluxes, the behaviour, fate and toxicity of pollutants during passage
through BMPs and the environmental risk associated with their subsequent dispersal in the
environment[4]. The pollutants on the list are selected to reflect a range of pollutant types,
sources and inherent properties when assessing the efficiencies of stormwater pollution
management strategies. The objective here was to compare the Daywater SSPP with data
found within the Danish nation-wide monitoring programme for the aquatic environment;
existing European monitoring programmes; pollutant registers; individual European
legislation; as well as quality criteria and limit values.

2 METHODOLOGY

The applied methodology, referred to as the Chemical Hazard Identification and Assessment
Tool (CHIAT) aims to select the most relevant SSPP using a series of five stages[5,6];

1) Source characterisation,

2) Recipient, receptor and criteria identification,

3) Hazard and problem identification,

4) Hazard assessment and

S) Expert judgement.

CHIAT is inspired by the technical guidance document for risk assessment of chemicals in

EU (TGD'")) and approaches used in environmental risk assessment of chemicals by
governments, chemical industry, environmental organisations, and institutions responsible for

198


http://www.daywater.org

Kalmar ECO-TECH 05 and
The Second Baltic Symposium on Environmental Chemistry
KALMAR, SWEDEN, November 28-30, 2005

issuing eco-labels as well as the scientific community, see Figure 1. It was used to determine
the SSPP[4] and some of the steps were used in this study.
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Figure 1. Schematic outline of the 5-step CHIAT procedure.

2.1 Source characterisation

In the first step, data concerning the potential chemical pollutant present in stormwater were
compiled. A survey focussed on published studies relating to monitored pollutants in order to
map what could be deduced from historical monitoring programmes. A different literature
survey sought to identify those compounds that may potentially be present in stormwater due
to releases from materials, products, traffic etc. or from activities in the urban environment
(e.g. for weed control and de-icing), targeting “new” pollutants, which have not yet been
included in conventional monitoring programmes. Information on existing European
monitoring programmes, including the Danish nation-wide monitoring programme for the
aquatic environment, and pollutant registers was collect in this step.

2.2 Recipient, receptor and criteria identification

In the second step, the targeted recipients (e.g. water, soil) and exposure objects such as
humans, aquatic organisms and crops were identified and criteria and cut-off levels were
selected based on the identified recipient and receptors that could be used in the hazard
assessment (step 4) as well as legislation that was relevant in the expert judgement (step 5).
Common and individual European legislations; as well as quality criteria and limit values
were collected. Additionally, recommendations and guidelines from regional non-
governmental interest organizations (here; the North Atlantic and the Baltic Sea) as well as
international policy-making authorities were acquired.

2.3 Hazard and problem identification

The aim of the hazard and problem identification step was to identify the most important
pollutants by ranking them based on their inherent properties, so that the subsequent analysis
could focus on these. Step 3, the hazard identification was excluded in this study since this
exercise has been performed previous for the SSPP[4].
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2.4 Hazard assessment

Step 4, the hazard assessment consists of a comparison of the exposure and the effects. Here,
it was excluded since the major purpose was to compare the SSPP with existing monitoring
programmes and legislations i.e. site-specific information regarding environmental
concentrations would not be feasible to apply in this selection.

2.5 Expert judgement

The fifth and final step involves expert judgement where the “expert” is not a single person
but may consist of a group of decision-makers with different educational backgrounds that are
required to select priority pollutants for which actions need to be taken in a specific project.
The SSPP were selected by partners and core end-users in the Daywater project whereas the
decision of which monitoring programmes and legislations etc to compare the SSPP with
were made by the authors to this paper.

3 COMPARISON WITH INTERNATIONAL CLASSIFICATIONS, QUALITY
CRITERIA AND MONITORING PROGRAMMES

Twenty relevant European legislations with lists of priority pollutants and quality criteria and
emission standards; recommendations and guidelines from non-governmental organisations
on classification of priority pollutants; and nationwide monitoring programmes were found
during a survey focusing on relevant governance for stormwater pollutants, see Table .
General water quality parameters (BOD, pH, SS etc) were found to only be included in
monitoring programmes and not to be classified as priority pollutants. However, the nutrients,
nitrogen and phosphorus have this classification due to their potential for causing
eutrophication and delayed oxygen consumption.

Cadmium was found to be the only metal included in all statutory orders, guidelines and
monitoring programmes, except the ones focussing on organic compounds. It was selected as
a SSPP due to a high potential for bioaccumulation, it is highly toxic to aquatic organisms,
and causes chronic toxic effects such as cancer and mutations. Chrome and its compounds
was the parameter commonly used in all but two studied programmes which focused on
chromate (Cr®") [8,9]. One focused on total chrome but the quality criteria were also based on
chrom-carbonate species [10]. In Daywater, chromate was specifically chosen as it is the
dominating chrome specie in the pH range and composition found in stormwater [3,11].
Platinum is not included in any of the legislations or priority pollutants list and it was
included as SSPP as a new indicator of specific human sources (platinum-palladium-rhodium
car catalysts) that effect the composition of stormwater.

PAHs are in some studied programmes listed as a summary parameter, generally as the 16
EPA summary parameter [12] but not all programmes specified which PAHs that were
included. The individual PAH are in focus differentially; benzo[a]pyrene is mentioned
individually in 8 of the 20 legislations, lists and monitoring programmes, and included 5 times
in a summary parameter. The corresponding numbers for naphthalene are 9 and 6 and for
pyrene 3 and 9. This may be a reflection of the fact that both benzo[a]pyrene and naphthalene
are mentioned individually in EU Water framework directive [13]. In the WFD, fluoranthene
and not pyrene is selected as indicator for PAHs. In Daywater all 16 EPA PAH was
investigated based on sorption and evaporation (Kow and Kh) as well as long-term chronic
effects. Naphthalene was chosen to represent small, pyrene medium and benzo[a]pyrene large
PAHs [4].
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Table 1. Overview of European and international classification of the Daywater SSPP

Priority pollutants classification '— Quality criteria and emission standards [— Monitoring
programmes
5 2 |2 ST z . ]

2 5 T 5 |3 S| S| 3R - I ey 5 SEEY
g =2 % |exlda|ie|iE| 2 |s | |28l . | 2|3 |e.]8.] 5|28
= . c | 2| & |22|72|xz|zE| 2 |¥5| S| = | @ E-dER| £ | 2 |82|28|=%| 8
= 5 =8| 3 |32|5E|58|58| T e 3| 8|2 LERE| 6|2 |87 kn|dz| gt
& 8 B| 2|3 ([82]|52|8%|88| 3 |2a| 2|8 |3 BEan| 3| B |22|8&8|828|3
Biological oxygen d d - X X
Chemical oxygen d d - X X
Nitrogen X X X X X X X X
Phosphorus - X X X X X X X
pH - X X
Suspended solids - X
Cadmi 7440-43-9 X X X X X X X X X X X X X X X
Chromium (Chromate) 7440-47-3

(11104-59-9) X X X X X X X X X X X
Copper 7440-50-8 X | X X X X X X X X X
Lead 7439-92-1 (X) X X X X X X X X X X X X X
Nickel 7440-02-0 X X X X X X X X X X X
Platinum 7440-06-4
Zinc 7440-66-6 X X X X X X X X X X
Benzo(a)pyrene 50-32-8 X p) T X T T X T X X X X X
Naphthal 91-20-3 (X) X z z X z z X z X X T X X X
Pyrene 129-00-0 z z z z z z z X z X X z
Glyphosate 1071-83-6 X X X X
Pendimethalin 40487-42-1 X X
Ph diph 13684-63-4
Terbutylazine 5915-41-3 = X X
Di-(2-ethylhexyl)-phthal 117-81-7 (X) X X X X X X X X X
MTBE 1634-04-4 X X
Nonylphenol ethoxylates and 9016-45-9,
degradation products 25154-52-3, 104- X X X X X X+ X X X

40-5
PCB 28 7012-37-5 z Iz z X p3 z X z z X X )
Pentachlorophenol 87-86-5 X) X X X X X X X X X X X X X X

(X) Undergoing review for priority hazardous substances, X* under review, £ Summary parameter e.g. PAH or PCB
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None of the herbicides/pesticides included among the SSPP are classified as priority
pollutants in any other programme, see Table 1. Their classifications as a SSPP depends not
only on their inherent properties which may cause adverse effiects in the environment but also
their use and spreading in Europe. Regional and national consumption statistics in the EU was
reviewed in order to identify the high volume produced/consumed herbicides. This was
compared with studies of pesticide residues in food products in order to find which of the high
volume herbicides that are taken up in terrestrial plants [4]. Diuron, which is listed on the
WFD, was not selected as SSPP in spite of it’s high toxicity to aquatic organisms and
widespread use in EU as it’s is under discussion for source control (phase-out) and is being
substituted by glyphosate in several countries. Glyphosate is regulated in the EU for maximal
residual levels in food products and is included in French and Danish monitoring
programmes. Pendimethalin and Terbutylazine are both included in the two Danish
monitoring programmes as a consequence of the recent discussion in Denmark.
Phenmedipham is a new potential and unregulated pollutant.

Nine SSPP were also found on the EU WFD priority substance list [13] which in itself is
divided in three levels: priority substances, priority hazardous substances and undergoing
review for priority hazardous substances. Among the priority substances are the summary
parameter for PAH. The priority hazardous substances are: cadmium and its compounds;
benzo[a]pyrene; nickel and its compounds; and nonylphenols. Pentachlorophenol (PCP); di-
(2-ethylhexyl)-phthalate (DEHP); lead and its compounds; as well as naphthalene are under
review for becoming priority hazardous substances.

DEHP is listed as a priority pollutant in the USA [12] and has been included among the SSPP
as an indicator of the phthalate group. This group consist of 356 phthalates according to the
European chemical Substances Information System (ESIS) and of which 28 are listed as High
Production Volume Chemicals (HPVCs) i.e. > 1000 tonnes/year in the EU[33].

In Daywater the nonylphenol ethoxylates and their degradation products were selected as a
SSPP. The legislation and lists of priority pollutants contains several different definitions on
this theme; ethoxylates, both ethoxylates & nonylphenol or nonylphenol as well as in the
monitoring programmes where specific ethoxylates to monitor are selected (mono- and di-
ethoxylates). It is notable that not all nonylphenol ethoxylate degradation products are in
focus; the longer tri- and tetra ethoxylates and the nonylphenol carboxylates are not included
in any other programme.

The PCBs are listed as a summary parameter in the legislation and lists of priority pollutants
but there are no reference to which compounds that are included in this summary parameter
has been found. Thirteen individual PCBs have been analysed in stormwater and one have
been confirmed to be over the limit of quantification [3]. The PCB-28 was selected as an
indicator of persistent chlorinated compounds with the highest mobility of the PCBs
mentioned above, based on water solubility and sorption. It is classified as being of possible
concern in the North-Atlantic region [18] and is included in the Danish national monitoring
programmes (NOVA-2003 and NOVANA). However, in NOVA-2003 it has not been
analysed in stormwater but in industrial wastewater and sewage sludge [30].
Pentachlorophenol is on the list of priority substance in the EU [13]. It has also been
suggested by the WWF to become a new persistent organic pollutant (POP) [16]. It is also
included in the European Emission Pollutant Register for air emission with a threshold in air
of 10 kg/year for a facility with regulated activities [24], including both point sources and
diffuse/non-point sources.
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MTBE is almost exclusively used as a fuel additive in motor petrol intended to reduce
harmful tailpipe emissions from motor vehicles. The maximum concentration of MTBE,
expressed in Directive 98/70/EC as Ethers containing five or more carbon atoms per molecule
is 15 volume percentage [34]. In some countries e.g. Denmark, MTBE is being phased-out in
92- and 95-octane petrol due to aesthetical concerns. MTBE has a strong odour (odour
threshold in water is 95 pg/L and taste threshold 134 pg/L [35]) and has due to its high water
solubility and low sorption being found in groundwater, the primary drinking water source in
Denmark.

Most of the studied programmes only refer to pollutants that have previously been classified
as “‘priority substances”, “dangerous substances” and ‘“hazardous substances” but other
selection criteria has been used e.g. “long-range transported compounds”, * existing
substances based on volume consumed or imported” and “persistence to degradation”.
Additionally, five studied programmes have set the criteria with the focus on environmental
or water quality. The Danish national monitoring programmes NOVA-2003 (1998-2003) and
NOVANA (2004-2009) aim at pre-mapping quality (chemical, biological and physical) for
the implementation of EU water framework directive.

Table 2 Qualiry criteria for fresh water in ug/Lsfor the Daywater SSPP

52 % o x z ,g %.
SEE T 5 ) .- 2 5 E
Compot gEEs . 32y _§ g 35 gz 2
—88% 38 ZE3 839 533 2EEN )
SE5E SE aff =£0 2 245 S8 2o
Biological oxygen demand 3000 <1,000-324,000 445
Chemical oxygen demand 1,000- 1137
g 20:500 270,000,000
Nitrogen 1250 33130 180-39,720 475
Phosphorus 50 Z150 <5-26,000 1510
pH 6.-8.2 3.81-11.4 1512
Suspended solids <100-5,700,000 1294
Cad 5 5 0.3 22 0.01-0.09# <0.05-2,000 1219
Chromium (Chromate) 10 15 11 (Cré+) 0.4-3.6# <0.05-4,200 1006
Copper 12 9 9 0.17-2.7# <0.5-6,800 2166
Lead 3.2 3 2.5 2.1-10# <0.5-6,400 2486
Nickel 160 45 52 2.5-12* <0.02-580 1026
Platinum <0.02 S
Zinc 110 60 120 23-14# <0.5-25,500 2301
Benzo(a)pyrene 0.001 0.0044* 0.004 <0.01-300 222
Naphthalene 1 10 - totPAH 0.1 <0.02-72 799
Pyrene g:gl(*){l 960* {OtPAH 0.1 <0.02-120 495
Glyphosate 0.1-50 mg/kg 01 <0.1-220 20
food '
Pendimethalin
Phenmedipham
Terbutvlazine <0.05-19.5 21
Di-(2-ethylhexy|)-p hthalate 1.8* 3-44 24
MTBE 0.03-37 612
Nonylphenol ethoxates 59 <0.05-23 36
and degradation products
PCB 28 IPCB: IPCB <02 3
0.0l 0014 ZPCB 0.001
Pentachlorophenol 1 2 15 0.1 <04-115 26

* US EPA Quality criteria with a focus on Human Health Water and Organism

# Three levels of CaCO3: <50mg/L; 50<CaC03<200 and >200 mg/L
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Quality criteria for the SSPP in fresh water (when available) can be found in Table 2. When
comparing with concentrations found in stormwater published in internationally available
literature [3] it can be seen that in most cases the maximum concentration found in
stormwater vastly exceed the quality criteria. This is of course depending on the quality and
number of measured data; for most of the metals (Cd, Cr, Cu, Pb, Ni and Zn) several large
investigations have been made. Pt on the other side has only been investigated in one single
study and therefore not be used as a general representative for Pt in stormwater.

It is notable that the for pesticides, although being among the top-20 used pesticides in
Europe, only one quality criterion ( for Glyphosate) is available and that the number of
investigations for pesticides in stormwater from non-agricultural sources is sparse. The
observed concentrations of MTBE do not exceed the odour threshold.

Although the quality criteria in most cases have the same focus; fresh water, there is a
variation between the different evaluated programmes. For several metals they are in the same
order of magnitude (e.g. Cu and Pb) but great internal variation can be seen e.g. for nickel
where the lowest criteria is 2.5 and the highest 160 pg/L deriving from the French river water
quality standards and the Danish surface water quality standards, respectively. For
pentachlorophenol the quality criteria range from 0.1 to 15 pg/L which is substantially lower
than the highest concentration found in stormwater, 115 pg/L.

4 CONCLUSIONS

Overlaps was found between the evaluated programmes, but also some “new” compounds
was selected; platinum, herbicides (pendimethalin, phenmedipham and terbutylazine) and
MTBE which indicate that revision of existing monitoring programmes may be needed and
that stormwater contains more hazardous pollutants than previously anticipated.

Stormwater can be heavily polluted with respect to the SSPP, substantially exceeding the
quality criteria, and treatment before discharge may therefore be required. The evaluated
programmes were found to contain quality criteria for several of the SSPP but great variation
in concentration values between the different programmes could be seen.
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