-

View metadata, citation and similar papers at core.ac.uk brought to you byﬁ CORE

provided by Online Research Database In Technology

Technical University of Denmark DTU
oo

Risk Assessment of stream water: linking mass discharge from contaminated sites in
groundwater with water health

Sonne, Anne Thobo; Rasmussen, Jes; Hoss, S.; Traunspurger, W.; McKnight, Ursula S.; Bjerg, Poul
Lagstrup

Published in:
SETAC Europe 25th Annual Meeting

Publication date:
2015

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):

Sonne, A. T., Rasmussen, J., HOss, S., Traunspurger, W., McKnight, U. S., & Bjerg, P. L. (2015). Risk
Assessment of stream water: linking mass discharge from contaminated sites in groundwater with water health.
In SETAC Europe 25th Annual Meeting: Abstract Book Barcelona, Spain: SETAC.

DTU Library
Technical Information Center of Denmark

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

e Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
e You may not further distribute the material or use it for any profit-making activity or commercial gain
e You may freely distribute the URL identifying the publication in the public portal

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


https://core.ac.uk/display/43251361?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://orbit.dtu.dk/en/publications/risk-assessment-of-stream-water-linking-mass-discharge-from-contaminated-sites-in-groundwater-with-water-health(9c5d0cdf-28bd-487e-a326-0f305a3e53bc).html

Risk Assessment of stream water: linking mass discharge from
contaminated sites in groundwater with water health

Anne Th. Sonne’, Jes J. Rasmussen?, Hoss S.3, Traunspurger W.#, Ursula S. McKnight?,
Poul L. Bjerg*

! Department of Environmental Engineering, Technical University of Denmark, Kgs. Lyngby, Denmark
2 Department of Bioscience, Aarhus University, Vejlsgvej 25, 8600 Silkeborg, Denmark
®Ecossa, Giselastr. 6, Starnberg, Germany
* University of Bielefeld, Department of Animal Ecology, Morgenbreede 4, 33615 Bielefeld, Germany
E-mail contact: ants@env.dtu.dk

1. Introduction

Streams are impacted by significant contamination at the catchment scale, in particular as they are often
locations of multiple stress, including for example xenobiotic compounds in groundwater originating from
contaminated sites, diffuse source pollution (e.g. surface run-off, tile drains) and water abstraction'. With the
enactment of the European Water Framework Directive (WFD) in 2000 and the corresponding Groundwater
Daughter Directive (GDD) in 2006, all Member States are required to ensure the good chemical and ecological
status/quality of both groundwater (GW) and surface waters (SW) by 2027°. The chemical status in surface
water is defined in part by a set of environmental quality standards (EQS) on priority substances (EQS Directive
(2008/105/EC) and in part by the individual Member States (e.g. Danish EPA, 2010, BEK nr. 1022). However the
relationships between the quality elements used for the classification of ecological status (biological,
hydromorphological and physicochemical) is defined in a more holistic manner leaving the Member States free
to define the details of their own assessment tools®. In this study we evaluate biological methods/tools for risk
assessing the impact of xenobiotic contaminated groundwater entering a stream. We focus specifically on the
use of invertebrate fauna for quantifying the link between chemical and ecological status.

2. Methods and study site

The study was conducted in Grindsted stream which is impacted by e.g. agriculture, fish farms as well as two of
Denmark’s “mega-sites” located within 2 km of the stream (Grindsted Factory and the old Grindsted Landfill). We
sampled meio- and macrobenthic invertebrates at 6 locations strategically placed in order to isolate and evaluate
the impacts from a known groundwater contaminant plume entering the stream”. For each location, a minimum
of four surber samples were collected at each of the three most dominant substrate types identified (sand, gravel
and depositional areas with high content of organic matter). Long term effects of GW pollutants were quantified
studying meio- and macrobenthic invertebrate community structure, and short term effects were assessed using
in-situ chambers with Gammarus pulex deployed for one week in the stream at the same 6 locations.

The chemical concentrations of xenobiotic groundwater contaminants as well as the most commonly used
pesticides and their degradation products in Denmark were monitored in Grindsted stream at each of the 6
ecological stations respectively in water collected from well mixed areas of the stream, the hyporheic zone and
the top 5 cm of bed sediment.The measured chemical concentrations were converted to toxic units (TU) based
on the 48h acute toxicity tests with D. magna. We used two macroinvertebrate indices (DSFI5 and the SPEcies
At Risk (SPEAR) index6) to characterize the ecological quality of macrobenthic fauna. The nematode community
is expected to be used as the meiobenthic fauna indicator (NemaSPEAR’).

3. Results and discussion

For the locations in Grindsted stream where the concentration of the xenobiotic groundwater contaminants were
below detection limit in both the surface water and in the hyporheic zone both the benthic meio- and
macroinvertebrate communities were characterized by having the highest species richness and diversity as well
as the highest ecological index scores (DSFI, SPEARpesticides and NemaSPEAR). At the sites containing the
highest pollutant concentrations in the hyporheic zone (not highest TU) — which have been linked as coming
from GW - the meio- and macroinvertebrate communities were significantly reduced in both species richness
and diversity. The strongest effect though was seen in areas where the highest concentrations of the xenobiotic
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compounds were detected in the surface water and in the water from the hyporheic zone. The benthic
communities showed a general trend throughout the different habitats at each station a significant absence of
individuals. The most dominating xenobiotic compounds found in the GW and subsequently downstream in the
SW were the chlorinated solvents (tetrachloroethylene, PCE, trichloroethylene, TCE, cis-1, 2-dichloroethylene,
cis-DCE, vinyl chloride, VC), site-specific pharmaceutical compounds (e.g. barbiturates and sulfonamides) and
benzene. We are additionally evaluating whether species habitat preferences for both the meio- and
macrobenthic communities changes between un-impacted and impacted sites.

Almost all the xenobiotic compounds found in the SW of Grindsted stream on the investigated stretch were first
detected in the groundwater surface water interaction (GSI) zones. Notably, inclusion of these compounds in the
TU sum calculations significantly increased the overall toxicity for the affected sampling locations. Our findings
indicate the seepage of contaminated groundwater could be important for both the chemical as well as the
ecological status in the stream.

4. Conclusions

Our results show the presence of both a local and downstream impact resulting from the contaminated
groundwater entering Grindsted stream for both the meio- and macrobenthic fauna. This indicates that this type
of stressor affecting water bodies are of a significant importance and must therefore be included when
conducting risk assessments of contaminated sites.

The toxic potential (TUp magna) Of the identified xenobiotic contaminants was generally very low suggesting that
long term exposure may generate un expected strong effects in the field.

The best estimate, for toxicological stress of the ecological status (species richness and diversity) in the stream
based on the chemical data, was achieved by calculating TU for all three phases (SW, GW and pore water) from
each of the investigated locations in order to assess whether the ecological status was affected.
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