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Objectives

2

Research question:

How do groundwater systems in an alpine and prealpine
environment respond to extreme hydrological events 
such as droughts, heavy rain and floods in terms of 
water quantity and water quality?
▪ Groundwater level: Variability, response to drought, etc.

▪ Hydrochemical composition: Contaminants indicative of wastewater 
and agricultural sources, DOC, stable isotopes, physico-chemical 
variables

▪ Ecological status: Microbial biomass-activity-energy pattern, microbial 
diversity, groundwater fauna

→ Interaction between physical, chemical, and biological processes

Here: First results characterizing the current status of 
water quantity and quality in the investigation area



Field sites and sampling points
Selected sampling points of the existing 
state hydrographic monitoring net within 
the Mur river basin from the alpine origin 
to the national border in the foreland

Well



Range of fluctuation 2000-2020 
for selected observation wells

Groundwater levels – variability

Potential drivers of groundwater 
level fluctuations:

▪ Recharge from precipitation

▪ Interaction with surface waters

▪ Others, e.g. groundwater 
abstraction

Observation wells exhibit 
different ranges of groundwater 
level fluctuation, particularly in 
the foreland aquifers (e.g. Grazer 
Feld), presumably related to 
different drivers.

foreland 
aquifers

alpine aquifers



Groundwater levels under drought
Alpine basin (Aichfeld) and valley (Murdurchbruchstal) vs. foreland aquifer (Leibnitzer Feld)

Alpine foreland: More 
severe groundwater drought

Averaged standardized groundwater levels (SGI) compared with standardized river
stages (SRSI) and precipitation (SPI) (using all available long-term time series)



Wastewater micro-pollutants

only fauna

Indicator test

0 no impact of municipal wastewater

1 unlikely anthropogenic impact by municipal wastewater

2 likely impact by municipal wastewater

3 impact by municipal wastewater

Indicator test for municipal contamination
based on eight lead compounds
(Environment Agency Austria) 

https://www.umweltbundesamt.at/en/services/laboratory-
services/analyses/indicator-test-for-municipal-contamination

Micro-pollutants originating from wastewater 
may indicate the infiltration of surface waters 
into aquifers (stream-aquifer interaction), 
though locally other potential sources  need 
to be considered too (e.g. sewer leakage)

https://www.umweltbundesamt.at/en/services/laboratory-services/analyses/indicator-test-for-municipal-contamination


Wastewater micro-pollutants

Summer 2020 sampling campaign – surface waters and springs
Estimation of wastewater contribution based on average concentrations of discharge from
wastewater treatment plants

no wastewater impact

likely wastewater impact

wastewater impact
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→ sampling points in flow direction of the river Mur



Wastewater micro-pollutants

Summer 2020 sampling campaign – groundwater
Estimation of wastewater contribution based on average concentrations of discharge from
wastewater treatment plants

no wastewater impact

likely wastewater impact

wastewater impact

unlikely wastewater impact

→ sampling points in flow direction of the river Mur

Different wastewater impact
suggests differences in 
stream-aquifer interaction
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Microbial fingerprint
Microbial activity and microbial biomass exhibit increasing trends both in surface 
water and groundwater downstream along the river Mur. As opposed to the 
wastewater indicators, this trend continues within the groundwater of the 
foreland, suggesting other (e.g. agricultural) impacts deteriorating water quality.



Conclusion

▪ Groundwater levels in the foreland show more diverse variability and 
respond more strongly to drought than those of the alpine aquifers. 

▪ Stream-aquifer interaction (as indicated by wastewater impact on 
groundwater) within the foreland changes along the course of the river
Mur.

▪ The microbiological fingerprint indicates deterioration of water quality 
from

− groundwater to surface water;

− from the alpine region towards the foreland (corresponding to the 
more intense agricultural and urban land use in the foreland). 

• Next step: Event-based water-quality monitoring using UV-Vis
spectrometry at selected observation wells. See:

Haas et al. in Session "GI5.6, Instrumentation & measurements for water 
systems", EGU21-12895, https://doi.org/10.5194/egusphere-egu21-12895

https://doi.org/10.5194/egusphere-egu21-12895

