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RÉSUMÉ 

Cette étude a examiné la qualité des eaux pluviales en termes de risque environnemental des micropolluants 
pour les masses d'eau réceptrices et a évalué la performance d'une chaîne de traitement (TT) piège à polluant 
brut (GPT)-biofilter pour un bassin versant routier de 4,7 ha à Sundsvall, en Suède, dans la réduction du risque 
de 30 micropolluants organiques (OMP). 229 échantillons intra-événement ont été collectés à 5 emplacements 
d'échantillonnage différents pendant 11 événements pluvieux sur un an. Ensuite, pour identifier et classer les 
risques potentiels des OMP, des indices de risque (RI) ont été calculés pour 15 OMP quantifiables en utilisant 
leurs concentrations moyennes par événement (EMC±Δ), les probabilités d'occurrence et les normes de qualité 
environnementale (EQS). La plupart des 15 OMP possédaient un indice de risque critique (IR≥1) dans les eaux 
pluviales non traitées, tandis que les risques étaient réduits par le TT légèrement à significativement, dépendant 
les OMP et le type de sections de traitement. Concernant l'impact des sections sur la réduction des risques, un 
biofiltre végétalisé amendé à la craie (BFC) a apporté le plus grand impact suivi par un biofiltre végétalisé (BF) 
(comme le BFC mais sans craie), un filtre à sable non végétalisé (SF) avec une et enfin, GPT qui n'a eu quasiment 
aucun impact. En outre, la performance globale du TT en réduction des risques à la sortie du TT était robuste 
pour 6 hydrocarbures aromatiques polycycliques (PAH) (RI<<1), modérée pour le TSS, l'Octylphénol et 5 autres 
PAH, mais faible et peu fiable pour le Bisphénol A et le Nonylphénol.  

ABSTRACT 

This study considered stormwater quality in terms of the environmental risk of micropollutants for receiving 
waterbodies and assessed the performance of a gross pollutant trap (GPT)-biofilter treatment train (TT) for a 4.7 
ha highway catchment in Sundsvall, Sweden, in reducing the risk of organic micropollutants (OMP), including 9 
phenolic substances, 16 polycyclic aromatic hydrocarbons (PAH), total petroleum hydrocarbons (TPH), and 4 TPH 
fractions. 229 intra-event samples were collected at 5 different sampling locations during 11 rain events over 
one year. Then, to identify and rank the potential risks of OMPs, risk indexes (RI) were calculated for 15 
quantifiable OMPs using their event mean concentrations (EMC±Δ), occurrence probabilities, and environmental 
quality standards (EQS). Most of the 15 OMPs possessed a critical risk index (RI≥1) in the untreated stormwater, 
while the risks were reduced by the TT slightly to significantly, depending on OMPs and the type of treatment 
sections. Regarding the impact of sections on the risk reduction, a chalk-amended, vegetated biofilter (BFC) made 
the greatest impact followed by vegetated biofilter (BF) (like BFC but without chalk), non-vegetated sand filter 
(SF) with moderate, and lastly, GPT which had almost no impact. Besides, the whole TT performance in risk 
reduction at the TT outlet was robust for 6 PAHs (RI<<1), moderate for TSS, Octylphenol, and 5 other PAHs, but 
weak and unreliable for Bisphenol A and Nonylphenol. 
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1 INTRODUCTION 

Recent studies have shown that organic micropollutants (OMP), e.g., phthalates, alkylphenols, and polycyclic 
aromatic hydrocarbons (PAH), are present in road runoff (Gasperi et al., 2022; Wicke et al., 2021). As recently 
confirmed (Rehrl, 2019; Spahr et al., 2019), the OMPs concentrations in runoff can cause acute or chronic adverse 
effects in the receiving water bodies, even after dilution. Besides, in recent decades, stormwater control 
measures (SCMs), such as biofilter treatment trains, have been developed to treat the stormwater quality (and 
retain runoff volume to some extent). There is a need to make sure that discharging treated/untreated 
stormwater to waterbodies does not pose a threat to aquatic life and/or possible water recycle/reuse 
applications. To do so, a risk-based approach can be a useful management tool that assists with decision-making, 
setting pollutant priorities on a comparative basis, and source controlling such as allocating expenditure on 
pollution sources (Skivington, 1997). Thus, the objectives of this field study are to investigate the stormwater 
quality and the performance of a treatment train consisting of a gross pollutant trap followed by parallel biofilter 
or sand filter sections in terms of the actual environmental risk of OMPs, and also to find the most relevant OMPs 
in untreated and treated stormwater based on the risk ranking.  

2 METHODS 

2.1 Site description, sampling procedure, and data collection 

This field study was carried out for an impervious catchment area of 4.7 ha in Sundsvall, Sweden, including 1.9 
ha highway (four-lane E4-bridge) with an average traffic load of 13,000 vehicles/day, a highway exit, main roads 
with a roundabout, and sidewalk paths. The facility consists of four treatment sections: one gross pollutant trap 
(GPT) followed by 3 parallel biofilter cells including a vegetated biofilter with chalk-amended sand filter material 
(BFC), a similar vegetated biofilter without chalk (BF), and a non-vegetated sand filter (SF), as illustrated 
schematically in Figure 1 (top right corner). The treated (and bypassed) stormwater after the mixture is 
discharged to a bay downstream. The stormwater quality before and after the treatment train was investigated 
for 11 rain events between Sep. 2020 and Sep. 2021. During each event, max. 11 volume proportional subsamples 
were collected (using ISCO automatic samplers) from the untreated stormwater at the system inlet (SW) and 
treated stormwater at the outlet of GPT, BFC, SF, and BF, respectively. Rainfall data and flow were also recorded 
on-site. The subsamples were analyzed for OMPs, including 9 phenolic substances (bisphenol A (BPA), 
octylphenol (OP), nonylphenol (NP), 3 OP ethoxylates (OPnEO;n=1,2,3), and 3 NP ethoxylates (NPnEO;n=1,2,3)), 
16 PAH substances, total petroleum hydrocarbons (TPHs or C10C40) and 4 fractions of TPHs, as well as total 
organic carbons (TOC) and total suspended solids (TSS). Then, event mean concentrations (EMC) of each OMP 
were estimated mathematically using a Monte-Carlo (MC) simulation based on the subsamples’ data set for each 
rain event. In addition, due to the errors involved in the analytical measurements and calculation method, the 
EMCs were associated with uncertainties (±Δ) which consequently influenced our data interpretations.  

2.2 Risk analysis  

According to Skivington (1997), “risk” (RI) is defined as a combination of the probability (P) of the occurrence of 
a defined hazard (presence of OMP) and the magnitude of the consequences of the occurrence (Equation 1). The 
OMP’s environmental hazard (potential criticality) was assessed by a concentration risk ratio (CR) which is 
calculated based on the estimated EMC divided by the chronic environmental quality standard (EQS) of the OMP 
for surface freshwaters (Mutzner et al., 2022). The applied EQSs were derived from the EU Directive (annual 
average EQS), lowest Predicted No-Effect Concentrations (PNEC) in NORMAN Ecotoxicology Database, or 
Gothenburg’s local Swedish guideline for discharging stormwater. For OMPs without EQS, no CR was calculated; 
so, they were excluded from our risk ranking. To quantify the occurrence probability of EMCs, we applied Kaplan-
Maier’s method by analyzing the subsamples’ censored data (<LoQ: limit of quantification) and obtaining non-
parametric probability distribution of the EMCs among all the events. For that, “EnvStats” V2.3.0, an R package 
for environmental statistics, was used.  

𝑅𝐼 = ∑ 𝑃𝑖 . 𝐶𝑅𝑖

𝑖

= ∑ 𝑃𝑖 . (𝐸𝑀𝐶𝑖 ± ∆𝑖)/𝐸𝑄𝑆

𝑖

                   𝑖: rain event Equation 1 

where RI represents the risk index of an OMP at a certain sampling location. However, to estimate the overall 
risk index of the OMP at the outlet of the treatment train (TT), EMCi should be the OMP concentration in the 
mixture of all 3 treatment section outflows and bypassed stormwater (happened in one event), considering the 
volume fraction of each component. Finally, OMPs with risk indexes above 1 were considered risky pollutants. 
OMPs can also be ranked and compared using the risk index levels.   
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3 RESULTS AND DISCUSSION 
Based on occurrence and concentration measurements and EQS data, the risk of selected OMPs in untreated 
stormwater was analyzed and compared with that in each treatment section’s outflow (based on 8–11 events), 
as well as in the treatment train mixed outflow (for 8 events). Out of 32 parameters measured, 15 OMPs were 
not considered in our risk analysis due to: 1) EQS was not available (4 TPH fractions), or 2) all concentration values 
or a majority of them at any sampling location were below LoQ and LoQ<EQS, i.e., no potential risk existed 
(Naphthalene, Acenaphthylene, Acenaphthene, Fluorene, Anthracene, OPnEO;n=1,2,3 and  NPnEO;n=1,2,3).  

3.1 OMPs risks in untreated stormwater 
Figure 1 illustrates the risk indexes for the other 17 parameters at different sampling locations and treatment 
train outlet. The results revealed that in the untreated stormwater (SW), the environmental risk of 11 OMPs 
(BPA, OP, NP, and eight PAHs including fluoranthene (Flth), pyrene (Pyr), benz(a)anthracene (BaA), chrysene 
(Chry), benzo(b)fluoranthene (BbF), benzo(a)pyrene (BaP), dibenz(a.h)anthracene (DahA), benzo(g.h.i)perylene 
(Bper)) and TSS exceeded the critical risk level (RI≥1), while that was not the case for C10C40, TOC, and other 
PAHs, i.e., phenanthrene (Phen), benzo(k)fluoranthene (BkF), and indeno(1.2.3-cd)pyrene (InP). Previous road 
runoff studies have also reported that the risky OMPs abovementioned are among the most frequently detected 
micropollutants in stormwater with concentrations higher than their EQSs (Mutzner et al., 2022). It should also 
be noted that the associated errors of risk indexes leave our findings uncertain for OP, NP, and BkF in SW since 
the error bars cross the risk threshold in those cases.  

 
Figure 1. Risk index (with error bar) of selected parameters at different sampling locations and treatment train’s (TT) outlet 

3.2 Risk of OMPs after each treatment section 
Gross pollutant trap (GPT): Moving downstream to the first treatment section, we found slightly lower but 
almost similar risk indexes for GPT as those observed for SW, meaning that GPT did not possess a reliable 
performance to reduce the environmental risk of OMPs. Previous studies on the same site (Beryani et al., 2021; 
Lange et al., 2022) showed that the GPT section had a low (and sometimes negative) removal efficiency for a 
wide range of metals, microplastics and organic micropollutants, which can be due to undersized design leading 
to insufficient sedimentation and/or resuspension of deposited sediment and trapped oil by turbulent flows 
during the chamber charge/discharge.  

Non-vegetated biofilter (SF): SF section significantly reduced the risk of OMPs and TSS compared to SW and GPT, 
except for BPA and NP (Figure 1). In some cases (TSS, OP, BaA, BbF, BkF, and probably Flth and DahA), SF section 
performed so efficiently that the critical risks (RI≥1) dropped below the limit of 1, which can be related to the 
fact that SF works for particulate or particle-bound substances better. That is also why SF did not affect the BPA 
risk level much since BPA more likely exists in dissolved forms in stormwater and is less likely to be absorbed by 
suspended particles or by the filter material (Flanagan et al., 2019). The higher NP risks at the SF outflow was 
probably due to some leaching from the facility’s pipe material. Nevertheless, the mean RIs for BPA and NP were 
not that critical (RI≈1). Also, considering the associated uncertainties, the risk of NP leaching might be negligible.  
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Vegetated biofilters (BFC and BF): Generally, vegetated biofilters decreased the stormwater OMPs risk levels to 
a greater extent than SF. This can be related to the positive effect of the vegetated topsoil layer (3 cm), and (in 
BFC) chalk content for particle straining and colloidal/solute absorption of the OMPs. We also found that RIs in 
BFC outlet were often lower than those in BF, which is possibly because of chalk compensating for low organic 
matter content and enhancing solute adsorption on the solid phase. In terms of environmental risk reduction, 
BFC and BF both performed efficiently for BPA, OP, Flth, BaA, BbF, Bper, and TSS, (RI dropped down to safe levels 
(<1)), which previously had critical risks in the SW and GPT. However, it cannot be concluded whether extremely 
hazardous OMPs (Pyr, Chry, BaP, and DahA), achieve a safe level after BFC and BF treatment, as the very low EQS 
concentration was lower than the LoQ in the present study.  

3.3 The overall risk of OMPs at treatment train outlet 
Risk analysis throughout the whole treatment train revealed that the system greatly diminished the 
environmental risks of Flth, BaA, BbF, BkF, Bper, and possibly Phen to a safe level (RI<1). However, it moderately 
affected those for OP, Pyr, Chry, BaP, DahA, InP, and TSS, and weakly for BPA and NP, which may suggest a need 
for further treatment. Besides, Phen, InP, C10C40, and TOC did not pose a risk in either the outlet of any 
treatment sections or the TT outlet for water recipient.   

4 CONCLUSION AND FUTURE STUDY 

The pollutant risk index provides a more comprehensive tool for stormwater quality assessment which reflects 
not only concentration analysis but also other influential factors in ecological impact assessments (occurrence 
frequency and hazard threshold). As a suggestion, sampling more rain events to obtain more accurate occurrence 
probabilities will improve the risk analysis. That may also help with giving a wider range of rain depths and 
intensities to assess the treatment train capacity in terms of final outflow risks when overflow bypassing happens.  

From Tondera 2019: A complementary treatment option with an active microbial environment and a 
reliable adsorption capacity is needed for events of heavy rainfall, when the treatment train cannot cope 
with the additional amount of water. 
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