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Background



Project co-funded by the European Union
http://www.interreg-danube.eu/approved-projects/simona

Environment and culture responsible Danube region (Priority Axis 2.)

Strengthen transnational water management (Specific Objective 2.1)

Duration: June 2018 – November 2021

Fund: 1,749,152 € 

Partnership: 13 Countries

17 Partners, 13 ASPs
http://www.interreg-danube.eu/about-dtp/participating-countries

Figures

Project web site: https://www.interreg-danube.eu/approved-projects/simona

Project video: https://www.interreg-danube.eu/approved-projects/simona/section/simona-promotional-video

https://www.interreg-danube.eu/approved-projects/simona
https://www.interreg-danube.eu/approved-projects/simona/section/simona-promotional-video


Danube River Basin ─ PROBLEMS

river floods

waste water

Origin



Geochemistry Expert
GroupICPDR

DEMAND: hazardous substances

- where are the contaminated areas

(water, sediment, soil)?

- harmonised data and methods

- Water Framework Directive

SUPPLY: geochemical maps

- FOREGS EU Geochemical Atlas 

(stream water, stream sediment, 

floodplain sediment, soil)

- GEMAS EU Chemistry of Soils

(REACH Regulation)

Governments - ASPs Geological Surveys - PPs

Origin

ASP: Associated Strategic Partner, PP: Project Partner



DEMAND Effective use of sediment quality ASSESSMENT (status, trend)

for the next RBMPs due in 2021

Objective

SUPPLY Ready-to-deploy Sediment-quality Information, Monitoring and 

Assessment System (SIMONA SYSTEM)

STATUS DTP Countries: lack of institutional supply

Water Framework 
Directive

aid Danube Transnational Programme (DTP) Countries’ 
daily operational work



Approach

✓ INVENTORY – status of Sediment Quality

monitoring in Danube River Basin (DRB)

✓ METHODS – SIMONA System

- Sampling Protocol / Methods

- Laboratory Protocol / Methods

- Evaluation Protocol / Methods

- IT Tool

✓ TESTING & VERIFICATION

- 3 Test Areas (TAs) (30 sampling sites)

- National Sites (2 per country -26 sampling 

sites): DRB BASELINE MONITORING NETWORK

✓ TRAINING & CAPACITY BUILDING

- Sampling – Drava TA

- Laboratory – South Danube TA

- Evaluation & IT Tool – Upper Tisa TA

- PARTNER COUNTRY PREMISSES

3 TEST AREAS:

- Drava River

- Upper Tisa

- South Danube



Approach

SIMONA System − DEVELOP
– Sampling Method / Protocol

– Laboratory Method / Protocol

– Evaluation Method / Protocol

– IT Tool

3 CASE Studies − TEST

26 Nat. Baseline Sites − VERIFY 

deliverables



Scope



✓ 10% of Europe 

✓ 85 million inhabitants 

✓ 19 countries 

The most international

river basin in the world

✓ 800.000 km 2

✓ 6500 m /s
3

Danube River Basin Scope



Scope

channel

overbank / floodplain

Bottom

Sediment

Suspended

Sediment

Overbank 

Sediment

Sediment types:

Fluvial sediments (rivers)
(bottom, suspended, floodplain)



Scope

Surveillance / Operational monitoring (regular monitoring for long-term changes)

• Single monitoring site (sampling station)

• Single water body

• Hazardous substances listed in the EU WFD

• Single substances (mixtures are not considered)



Sediment quality: HS toxicity to biota (benthic & pelagic) as receptors

ASSESSMENT ENDPOINT:

Biota

pelagic

benthic

Scope



HS partitioning

between - solid sediment & pore water

- suspended sediment & surface water

HS partitioning

within sediment - total organic content (TOC)

- fine grain material (<63µm)

hyporheic zone

TOC

WATER

Dissolved

<63µm

sediment water

Scope



SIMONA

Monitoring: regular (repeated) observation

Transnational: harmonisation

SURVEY

Scope



DEVELOPMENT



Criteria



✓ SCIENTIFIC (Repeatibility/Reproducibility, Representativity)

✓ LEGISLATIVE (WFD: Surveillance/Regular Monitoring; HSs; EQS)

✓ EFFICIENT (simple, fast, cheap, ready-to-deploy, adaptive to site-specific conditions)

CRITERIA FOR METHODS

Water Framework 
Directive

aid DTP Countries’ daily operational work

Basics



The Cookbook Approach

step-by-step manual: scientifically-based, demonstrated



The COOKBOOK Approach

PIZZA NAPOLETANA RECIPE

TARGET

Representativity
(Legislation/WFD: bottom

sediment top 5cm)

METHOD

Repeatibility/Reproducibility
(tools ’ingredients’, instructions)

You make a pizza 

napoletana and NOT 

a gyros

You always make the SAME 

pizza WHEREVER you are

PRACTICAL

Efficiency
(simple, fast, cheap)

You don’t have to be 

a mastercook to do it

Basics



[Zn]

n F(Zn-real)

REALITY

Target Population
(all Zn in the whole sediment)

SAMPLING Theory

Basics

CRITERIA FOR METHODS



[Zn]

OBSERVATION

Sample

F(Zn-obs-A)

F(Zn-obs-B)

REPRESENTATIVITY: F(Zn-real) F(Zn-obs-A)=

REPRODUCIBILITY: F(Zn-obs-A)=F(Zn-obs-B)

HOMOGENEITY

Statistics

ERROR

F(Zn-real)

REALITY

Target Population
(all Zn in the whole sediment)

n

Basics

SAMPLING Theory
CRITERIA FOR METHODS



Repeatibility

regular observation

Reproducibility

harmonisation

Basics

SAMPLING Theory
CRITERIA FOR METHODS



RECIPES

COOKBOOK

PROTOCOL/MANUAL

Bottom Sediment

Suspended Sediment

Floodplain Sediment

MOVIE

Sampling VIDEO

Basics

The COOKBOOK Approach



Bottom Sediment

Suspended Sediment

Floodplain Sediment

Suspended Sediment

Bottom Sediment

RECIPES

MOVIE

Sampling VIDEO

COOKBOOK

PROTOCOL/MANUAL

Basics

The COOKBOOK Approach



Harmonisation

trans-boundary cooperation for joint Danube Basin water management 



Harmonisation

Sampling



Harmonisation - Sampling

1. THE SAMPLING SYSTEM APPROACH



SamplingHarmonisation - Sampling

1. THE SAMPLING

SYSTEM  APPROACH



DEVELOP YOUR SEDIMENT SAMPLING SYSTEM

Results - Sampling

1. THE SAMPLING SYSTEM APPROACH



Harmonisation - Sampling

2. FIELD TESTING OF SAMPLING SYSTEMS

international expert meeting and field exercise



versus

As

Ni

LOI <63µm Al

Harmonisation - Sampling

3. SCIENTIFIC COMPARISON OF SAMPLING SYSTEMS

DRAVA TEST AREA:

SAMPLING SYSTEM HOMOGENEITY (Reproducibility)

- <63µm, LOI, Majors (Ca, Mg, Na, K, Fe, Mn, Al)

- N = 9



Standard Sediment Monitoring Sampling Kit

12 Danube Countries

Harmonisation - Sampling

4. STANDARD SAMPLING KIT



Harmonisation

Laboratory



Harmonisation - Laboratory

1. ACCREDITED LABS

2. INTERLABORATORY TRIALS

3. REFERENCE LABS



Harmonisation

Data Management



HARMONISATION - Data Management

1. STANDARD FIELD OBSERVATION SHEET - EU WISE COMPATIBLE

SEDIMENT SAMPLING

SITE CHARACTERISATION



HARMONISATION - Data Management



HARMONISATION - Data Management



HARMONISATION - Data Management



HARMONISATION - Data Management

2. IT TOOL - EU WISE COMPATIBLE WEB APP

1. DATA INPUT (field, lab)

3. DATA EVALUATION

2. DATA MANAGEMENT & VISUALISATION



Harmonisation

Training



Train–the–Trainer

HARMONISATION - Training



RESULTS



Sampling



Sampling

Monitoring Site Selection

risk-based ranking and selection of monitoring sites



Monitoring site is the area where sampling system (the samplers and the tools) gets in interaction 

with the site environment including the sampling media (fluvial sediment) so sampling system may 

affect the sampling media and eventually the sample to be collected.

Results - Sampling

MONITORING SITE SELECTION − DEFINITION



Results - Sampling

MONITORING SITE SELECTION − RISK BASED RANKING



- ISO 5667-12:2017

- ISO 5667-17:2008

- WFD TGD No. 25

- ICPDR TNMN Monitoring Sites Criteria

- SIMONA WG1 Sampling

Results - Sampling

MONITORING SITE SELECTION − RISK BASED RANKING
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1. AT NATIONAL WATER QUALITY MONITORING 

POINT (preferably upstream)

2. MIN. 250M LONG

3. BOTTOM -, SUSPENDED -, OVERBANK SEDIMENT 

SAMPLING POSSIBLE (availability, accessibility)

4. AVOID TRIBUTARY CONFLUENCE

5. AVOID KNOWN CONTAMINATED SITE

6. AVOID LOCAL CONTAMINATION SOURCE

- Discharge channel or pipe; Waste site; Industry or

power plant; Railway lines & major roads; Electric

line & pylon; Bridge; Other sources

7. UNIFORM HYDROMORPHOLOGY

BRIDGE

min. 

2500m

min. 

100m

min. 

200m

accessibility of 

monitoring site 

& sampling

points

waste

site

gauging

station

water quality

monitoring

Results - Sampling

terrace river
overbank
(floodplain)

MONITORING SITE SELECTION − REPRESENTATIVITY



DRAVA TEST AREA:

SITE HOMOGENEITY

- <63µm, LOI, Majors (Ca, Mg, Na, K, Fe, Mn, Al)

MONITORING SITE SELECTION − HOMOGENEITY

Results - Sampling



DRAVA TEST AREA:

SITE HOMOGENEITY

- <63µm, LOI, Majors (Ca, Mg, Na, K, Fe, Mn, Al)

- N = 3-5

LOI

MONITORING SITE SELECTION − HOMOGENEITY

Results - SamplingCASE STUDY



DRAVA TEST AREA:

SITE HOMOGENEITY

- <63µm, LOI, Majors

- N = 3-5

Al Suspended

Sediment

Floodplain Sediment

Bottom Sediment

TOPTOPBOTTOM BOTTOM

MONITORING SITE SELECTION − HOMOGENEITY

Results - SamplingCASE STUDY



Sampling

Sampling Design
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1. AT NATIONAL WATER QUALITY MONITORING 

POINT (preferably upstream)

2. MIN. 250M LONG

3. BOTTOM SEDIMENT, SUSPENDED SEDIMENT, 

OVERBANK SEDIMENT SAMPLING POSSIBLE 

(availability, accessibility)

4. AVOID TRIBUTARY CONFLUENCE

5. AVOID KNOWN CONTAMINATED SITE

6. AVOID LOCAL CONTAMINATION SOURCE

- Discharge channel or pipe

- Waste site

- Industry or power plant (min. distance 2500m)

- Railway lines & major roads (min. distance 200m)

- Electric line & pylon (min. distance 100m)

- Bridge (min. distance 50m upstream)

- Other sources

7. UNIFORM HYDROMORPHOLOGY
BRIDGE

min. 

2500m

min. 

100m

min. 

200m

accessibility of 

monitoring site 

& sampling

points

waste

site

SAMPLING DESIGN

gauging

station

water quality

monitoring

Results - Sampling



gauging

station

water quality

monitoring
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terrace terraceriver

HORIZONTAL DESIGN

1. 5-10 SAMPLING POINTS 

- Composite sample: 5-10 sub-samples

(always at least 3)

2. SAMPLING POINTS EQUIDISTANT

3. SAMPLING POINTS IN MAIN STREAM LINE (active

river flow)

4. AVOID STAGNANT (NON-ACTIVE) WATER

5. AVOID EDGE EFFECTS (local river bank erosion into

river)

BOTTOM SEDIMENT

m
in

. 
2

5
0

m

STAGNANT 

WATER

ERODING 

BANK SIDE 

(SOIL)

VERTICAL DESIGN

1. TOP 0-5 CM 

2. AVOID PLANTS & PLANT 

REMNANTS

3. SAMPLED SEDIMENT IN CONTACT 

WITH (UNDER) RIVER WATER

5cm

w
a

te
r

overbank

(floodplain)

Results - Sampling

SAMPLING DESIGN



gauging

station

water quality

monitoring
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terrace terraceriver

HORIZONTAL DESIGN

1. ONE SAMPLING POINT 

- Composite sample: suspended sediment sample is 

natural composite by flowing river water mixing

2. SAMPLING POINT LOCACTION AT DOWNSTREAM 

END OF MONITORING SITE

3. SAMPLING POINTS IN MAIN STREAM LINE (active

river flow)

4. AVOID STAGNANT (NON-ACTIVE) WATER

SUSPENDED SEDIMENT

m
in

. 
2

5
0

m

VERTICAL DESIGN

1. AT TOP 1/3 OF WATER DEPTH

1/3 

depth

STAGNANT 

WATER

overbank

(floodplain)

Results - Sampling

SAMPLING DESIGN



gauging

station

water quality

monitoring
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terrace terraceriverOVERBANK SEDIMENT

m
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. 
2

5
0

m

ERODING 

SIDE WALL 

(SOIL)

VERTICAL DESIGN

1. TOP 0-5 CM

2. BOTTOM 40-50 CM

3. AVOID SURFACE PLANTS

HORIZONTAL DESIGN

1. 5 SAMPLING POINTS 

- Composite sample: 5 sub-samples (always at least 3)

2. SAMPLING POINTS EQUIDISTANT

3. SAMPLING POINTS ON ACTIVE OVERBANK

(overbank flooded min. once per year)

4. AVOID EDGE EFFECTS (local side wall erosion onto

overbank)

0-

5cm

40-

50cm

surface

plants

overbank

(floodplain)

Results - Sampling

SAMPLING DESIGN



HORIZONTAL DESIGN

1. 3 SAMPLING POINTS AT LEAST 

- Composite sample: 3 sub-samples at least

2. SAMPLING TRANSECT IN STRAIGH RIVER SECTION

3. AVOID RIVER BENDS

4. SAMPLING POINTS EQUIDISTANT

5. SAMPLING POINTS IN MAIN STREAM LINE (active

river flow)

BOAT - BOTTOM SEDIMENT

VERTICAL DESIGN

1. TOP 0-5 CM 

5cm

w
a

te

r

gauging

station

water

quality

monitoring
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overbank

(floodplain)

Results - Sampling

SAMPLING DESIGN



Sampling

Sampling Method



SAMPLING METHOD

Bottom Sediment Suspended Sediment Floodplain Sediment

LARGE RIVERS
from boat

SMALL RIVERS
in river

LOWLAND ALPINE

Results - Sampling



SAMPLING MANUAL

SAMPLING METHOD

Results - Sampling

SAMPLING VIDEOS



Results - Sampling

SAMPLING METHOD

SAMPLING MANUAL



SAMPLING METHOD

Results - Sampling

DEVELOP YOUR SAMPLING SYSTEM: EQUIPMENT & TOOLS 



Results - Sampling

DEVELOP YOUR SAMPLING SYSTEM: EQUIPMENT & TOOLS 

SAMPLING METHOD



Results - Sampling

SAMPLING METHOD

DEVELOP YOUR SAMPLING SYSTEM: EQUIPMENT & TOOLS 



DRAVA TEST AREA:
- HU TNMN point + HR5 Donji

Miholjac

- HU operative WATER monitoring 

points: presence of hazardous

materials.

http://geoportal.vizugy.hu/vizgyujtogazd04_06/
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CASE STUDY

MONITORING SITE SELECTION − REMOTE SENSING & GIS

Results - Sampling

http://geoportal.vizugy.hu/vizgyujtogazd04_06/


SAMPLE COLLECTION

Results - SamplingCASE STUDY



Laboratory Analysis



Ni

Pb

Zn Ni-Cr REF

Ni-Cr NB

SAMPLE PREP (Drying, Sieving, Homogenisation): Reference Lab (REF)

EXTRACTION (Acid): National Baseline Lab (NB)

Results - Laboratory

Interlaboratory Trials Among National Labs!

CASE STUDY



Ni

Pb

Zn

Ni-Cr REF

Ni-Cr NB

Zn-Cd REF

Zn-Cd NB

Reference Laboratories!

Results - LaboratoryCASE STUDY



Evaluation



Normalisation
- <63µm
- Toxicology-based preferred

EVALUATION – COMPARISON TO (1) NATIONAL EQS OR (2) INTERNATIONAL EQS

RIVER ELBE National

Results - EvaluationCASE STUDY



Based on total concentrations and partitioning coefficients. 

Error Propagation
(uncertainty analysis)

Csusp, solid < QSsusp, solid

EVALUATION – (3) CALCULATIONS BASED ON PARTITIONING: SITE SPECIFIC

Results - Evaluation



Ni

As

Cu

EVALUATION – NORMALISATION: SITE SPECIFIC

Results - EvaluationCASE STUDY



Passive Sediment Monitoring Station



PASSIVE SAMPLING SYSTEM

Results – MonitoringCASE STUDY



PASSIVE 

MEMBRANE 

Sampler

ONLINE SENSORS

Sampler

SEDIMENT BOX

Overbank Sampler

DRAVA – Barcs 

STATION 11.2020

SEDIMENT BOX

SPM Sampler

INFINIT-SINK DGT

Pore Water

Sampler

PASSIVE SAMPLING SYSTEM

Results – MonitoringCASE STUDY



Outlook



ADCP

Flow velocity field

BME University

SEDIMENT QUALITY VS SEDIMENT QUANTITY

Assessement of Contaminated Sediment Load



Suspended sediment concentrationSuspended sediment

LISST-Portable|XR

BME University

Assessement of Contaminated Sediment Load

SEDIMENT QUALITY VS SEDIMENT QUANTITY



BME University

Assessement of Contaminated Sediment Load

SEDIMENT QUALITY VS SEDIMENT QUANTITY Bed load



Cooperation in the Danube Basin

Welcome to the Danube Basin!



Danube River Basin ─  A EUROPEAN CULTURAL AND HISTORICAL CENTRE



Danube River Basin ─  NATURE & PEOPLE



SIMONA welcomes you to the Danube Basin!



Project co-funded by the European Union

http://www.interreg-danube.eu/approved-projects/simona

Origin

Gyozo Jordan

SIMONA Scientific Coordintor

Email:    gyozojordan@gmail.com

Mobile: +36 30 728 4060


