
PRELIMINARY ASSESSMENT OF SEDIMENT 
TRANSPORT AND ASSOCIATED BACTERIOLOGICAL 

CONTAMINATION IN A MOUNTAINOUS RURAL 
KARST AREA (SIERRA DE UBRIQUE, S SPAIN)

Fernández-Ortega, J., Barberá, J.A., Andreo, B.   
jaimeortega@uma.es

Department of Geology and Centre of Hydrogeology of the University of Málaga (CEHIUMA)

48th IAH Congress. 6-10th September, 2021. Brussels (Belgium)

This project has received funding 

from the European Union’s PRIMA 

research and innovation programme



CONTENTS

48th IAH Congress. 6-10th September, 2021. Brussels (Belgium)

Main issues and goals

Pilot site

Monitoring network

Field and laboratory equipment

Results and discussion

Conclusion and future perspectives



Preliminary assessment of sediment transport and associated bacteriological
contamination in a mountainous rural karst area (Sierra de Ubrique, S Spain)

Main issues and goals

Water quality issues

Villaluenga del Rosario village
(recharge area)

Ubrique town
(discharge area)

Algarrobal spring
during turbidity event

Spanish
regulation for
drinking water

RD140/2003

(16,000 inhab.)

Parameter Max. Value
Turbidity 5 NTU

pH 6.5-9.5
Escherichia coli 0 CFU/100 ml

B 1mg/l
Cl- 250 mg/l
Ni 20 µg/l

NO3
- 50 mg/l

Al 200 µg/l
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Preliminary assessment of sediment transport and associated bacteriological
contamination in a mountainous rural karst area (Sierra de Ubrique, S Spain)

Villaluenga del Rosario village (455 inhab.)

Main goals
• to identify and characterize the main contamination sources
• to understand the role of sediment transport in the occurrence of polluted groundwater episodes

Main issues and goals

Main pressures to karst groundwater

Cheese whey pouring

48th IAH Congress. 6-10th September, 2021. Brussels (Belgium)

Solid waste from WWTPCommon goat livestock

WWTP environment and closeness to the shaft
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Pilot site
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Taken from Marin et al., 2020
Taken from Martín-Rodriguez, 2021
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Preliminary assessment of sediment transport and associated bacteriological
contamination in a mountainous rural karst area (Sierra de Ubrique, S Spain)

Pilot site

Villaluenga shaft

48th IAH Congress. 6-10th September, 2021. Brussels (Belgium)

Sierra de Ubrique (recharge area)Garciago spring (overflow)

Algarrobal spring

Cornicabra spring
Main flowpaths
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Monitoring network

Ubrique sector
(discharge area)

Villaluenga sector
(recharge area)
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GGUN and 
autosampler at 
Cornicabra spring

GGUN probe setting
at Algarrobal spring

Weather station at Sierra 
de Ubrique

Water level logger
setting at 
Villaluenga shaft

WWTP effluent
sampling

Main springs

Overflow spring
Weather station
Wastewater treatment plant
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Field and laboratory equipment
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Trace metals – ICP-MS
Thermo Scientific ICAP- RQ

Particle size 
distribution
Klotz - PCSS 
fluid liteTotal coliforms – MPN method

IDEXX ColiSure

GW samples
Autosampler- ISCO 3700

Weather parameters
Davis Weather Station

Total Organic Carbon
Shimadzu mod. TOC-VCSN + TNM-1

Water level
Odyssey data 
logger

Turbidity and TLF
GGUN fluorometer– Albillia
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Results and discussion

Increasing Q and turbidity

21/01/21

23/01/21

≈ 3 NTU

≈ 12 NTU

Time series at Cornicabra

1st event (Dec) 2nd event (Jan)

3rd event (Jan)

4th event (Feb)
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Results and discussion

≈ 300 NTU

≈ 150 NTU

11/12/20 

12/12/20 

Increasing Q and turbidity

Time series at Algarrobal

1st event (Dec) 2nd event (Jan)

3rd event (Jan)

4th event (Feb)
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Results and discussion

Biplot analysis of contamination related parameters

Turbidity
• Over 40 NTU at Algarrobal, not related to small particles (turbidity

increased because of large particles/bacterial flocculum)
• Constant increase at Cornicabra but triggered at Algarrobal over

≈600 l/s

Coliforms
• Good correlation

between TLF and 
bacterial load at 
Algarrobal

• The highest
bacterial load is
usually registered
during high Flow 
conditions (>500 l/s) 
at both springs
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Discharge flow
• Direct relationship between small particles presence and discharge flow
• High discharge flow favours sediment transport, specially fine particles

(coloidal), so that the presence of bacteria is also enhaced



Trace elements 
spatial distribution 
and concentration

Preliminary assessment of sediment transport and associated bacteriological
contamination in a mountainous rural karst area (Sierra de Ubrique, S Spain)

Results and discussion

Origin
• B (Soil)

• Al – Ga – Ba 
(Catchment
soil)

• Li  – Ni – Sr 
(WWTP)

Springs
• Little 

attenuation of
Ni and Al
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Results and discussion

Sediment transport conceptual model

1st flooding event Following flooding events

Shaft Shaft

To the springTo the spring

To the springTo the spring

1st flooding event
• Pre-event conditions: low 

water level

• Storm pulse mechanism

• Highest turbidity peak record 

≈350 NTU at Algarrobal

≈60 NTU at Cornicabra

• Sediment remobilization from 
siphons and conduits

• Highest TOC record at 
Algarrobal

Following flooding events
• Pre-event conditions: variable 

water level (intermediate) 

• Transient flow mechanism

• Smooth turbidity peaks record

≈100-200 NTU at Algarrobal

≈10-20 NTU at Cornicabra

• Sediment from recent 
infiltration (shaft/dolines)

• Highest TOC records at 
Cornicabra
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Conclusion and future perspectives

Conclusions
• The main contamination sources or pressures have been identified and the potential contaminants have been characterized

regarding concentration and occurrence at the springs.

• However, different origins can be related to the same contaminant (E. coli: livestock feces or wastewater treatment plant).

• Fine or colloidal particles show the highest correlation to bacterial load during high water conditions (>600 l/s)

• The particular features of Algarrobal (higher karstification and shaft direct connection) favor sediment transport, which

clearly enhances contaminant load.

• Novel monitoring methods like TLF show a good correlation to bacterial load at both springs, specially at Algarrobal.
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Taken from Marin et al., 2020

Future perspectives (EWS)
• These contamination events hinder the total

groundwater exploitation for Ubrique town

drinking water supply.

• The acquired database and monitoring network

set the essential knowledge to understand

contaminant transport.

• The implementation of an Early Warning

System would help to optimize groundwater

catchment operations.
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Importancia relativa de la zona no saturada y zona saturada en el funcionamiento hidrogeológico de los 
acuíferos carbonáticos. Caso de la Alta Cadena, sierra de Enmedio y área de Los Tajos (provincia de Málaga)


