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Joint Danube Survey 3
ICPDR, the biggest river expedition in the world

11 August – 26 September 2013



Overview – data 

collection
34 laboratories from 11 countries

- Chemistry
- Biology
- Microbiology 
- Exotoxicology
- Hydrobiology
- Hydromorpholgy- Hydromorpholgy
- Radiology
- Ornithology

Chemistry - 618 substances
Water - river water, groundwater

Biota - fish muscle, fish liver, fish otolith, molluscs, leaves
Sediment
SPM
Soil

JDS3 Final Report, joint publications



NORMAN Joint Programme 

of Activities 2013 - 2014
• Joint Danube Survey 3

• NORMAN Collaborative Trial on non-target screening

• Prioritisation of non-target screening data

• ChemProp

– Automated collection of physico-chemical and ecotox
properties of large number of emerging substancesproperties of large number of emerging substances

• Digital Sample Banking – European archive for storage of
raw MS chromatograms; retrospective analysis
– Development of minimum requirements for storage of MS 

data in libraries

• NORMAN MassBank



Large 

Volume 

Sampling



NORMAN Collaborative Trial

2013 - 2014 

Non-target screening of organic 

substances in river water substances in river water 

samples



NORMAN CT – non target screening
Received datasets

Name of organization / institute Name of laboratory 
Total 

DCTs
LC-MS GC-MS

1 IAREN- Water Institute of the Northern Region Laboratory of Chromatography

2 NIVA NIVA Oslo 1 1

3 SUEZ Environment CIRSEE 1 1 1

4 T. G. Masaryk Water Research Institue

Reference Laboratory for Environment 

Components and Waste

5 University of Antwerp Toxicological Centre 1 1

6 Technische Universitaet Muenchen Chair of Urban Systems Engineering 1 1

7 University Jaume I (UJI) Research Institute for Pesticides and Water 1 1

8 EAWAG Environmental Chemistry 1 1

9 Rijkswaterstaat Monitoring en Laboratorium 1 1 1

10 National and Kapodistrian University of Athens / Dept. of ChemistryLaboratory of Analytical Chemistry 1 1 1

11 NILU-Norwegian Institute for Air Research Department of Environmental Chemistry

University of Novi Sad, Faculty of Sciences, 

LC-HR-MS: T&S 1072; NT&Unknown 21380

GC-MS: T&S 348; NT&Unknown 116
12

University of Novi Sad, Faculty of Sciences, 

Department of Chemistry, Biochemistry and 

Environmental protection Laboratory for Environmental Chemical Analysis

13 Veolia Environnement Recherche & Innovation Pole Analyse Innovation Chimie 1 1 1

14 Ministry of the Environment of Canada Laboratory Services Branch

15 BRGM Laboratory Division

16 IRSTEA LAMA 1 1

17 Environmental Institute (EI), SK Analytical Laboratory 1 1

18 Helmholtz-Centre for Environmental Research - UFZEffect-directed analysis 1 1

19 University of Padua / Department of Chemistry Group of Analytical Chemistry 1 1

20 University of Bordeaux team LPTC, laboratory EPOC (UMR 5805 CNRS)

21 Masaryk University / Faculty of Science RECETOX 

22 Bundesanstalt für Gewässerkunde Gewässerchemie 1 1

23 Zweckverband Landeswasserversorgung Betriebs- und Forschungslaboratorium 1 1

24 Croatian Waters Central Water Management Laboratory 1 1

25 University of Tuebingen Environmental Chemistry 1 1

26 University of Umea Department of Chemistry 1 1

18 16 7

GC-MS: T&S 348; NT&Unknown 116

Less then 5% overlap



The “active” passive sampler

The Argus JDS3 sampling ship

Passive samplers
passive samplers

“active” passive sampling device

Sampler in operation

( lifted above water for the photo)

Passive samplers



Spatial distribution of 

chemicals – Active 

passive sampling
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Vrana et al., Science of The Total 

Environment, 2018, https://doi.org/10.1016/j.scitotenv.201

8.03.242



Retrospective analysis of full scan GC-MS chromatogram HR-X
Organophosphorus flame retardants(TCEP – 50.8 ng/l, TCPP –
1081.8 ng/l, TDCPP – 120.2 ng/l, TBEP – 152.9 ng/l) found in 

sample 11111

TDCP
P

TBEPTCPP
TCEP



JDS3 - Frequency of appearance 
of 110 ‘identified’ suspect pollutants (315 tested) in JDS3 surface water samples; results obtained from non-

target screening workflow by HPLC-ESI-Q-TOF-MS operated in ESI+ and ESI – modes



JDS3 - Number of compounds detected 

with LVI-GC-MS in the 22 JDS3 surface 

water samples obtained with the LVSPE 

sampling technique
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Distribution of 7767 different mass spectral 

processed features through the Danube river and 

its tributaries; Danube countries are shown on x-axis and normalised 

signal intensity values are represented on y-axis; each single feature/compound is 

represented by a horizontal bar at a fixed position on the chart (position given by 

a unique combination of retention time, accurate mass 

spectrum, name, molecular formula, etc.) and the intensity of signal increase is 

indicated by blue (low) to red (high) colour



Non-target screening -

prioritisation

MS,  MS2,  RT,  Reference Std.
Level 1: Confirmed  structure

by reference standard

Level 2: Probable structure

Identification confidence

NN

NH

CH3

S
CH3

OH

Example Minimum data requirements

Schymanski, Jeon, Gulde, Fenner, Ruff, Singer & Hollender (2014) ES&T,  DOI: 10.1021/es5002105

Level 2: Probable structure

a) by library spectrum match

b) by diagnostic evidence

Level 3: Tentative candidate(s)

structure, substituent, class

Level 4: Unequivocal molecular formula

Level 5: Exact mass of interest

C6H5N3O4

192.0757

N NHNH
CH3 MS,  MS2,  Library MS2

MS,  MS2,  Exp. data

MS,  MS2,  Exp. data

MS isotope/adduct

MS

N O

O H

O

C H3

O

O H

NO 2



NORMAN MassBank – “let’s share the 

knowns and focus on the unknowns”

• Upgrade of the former NORMAN EMPOMASS database =>> hosted and 

maintained by UFZ, Leipzig

• VISION =>> bringing together community of environmental 

chemists and set up of a common and open access mass 

spectral database for identification purposes

maintained by UFZ, Leipzig

• NORMAN joined MassBank consortium (existing global platform *) in 2012

• Members of the NORMAN network committed to provide mass spectra to 

fill up the database
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*MassBank Horai et al., 2010; www.massbank.jp

http://massbank.normandata.eu/MassBank/



Prioritisation – Danube TOP 20

The Danube River Basin District Management 

Plan, Update 2015



Feeding NORMAN Prioritisation

system 

EMPODAT

ECOTOX

module EMPODAT

Chemical

module

SusDat

module

MASTER TABLE

From HUNDREDS to (tens of) 

NORMAN

MassBank
NORMAN 

DSFP

FACTSHEETS

From HUNDREDS to (tens of) 

THOUSANDS substances

Merging with IPCHEM



Modelling - First results for the 

Danube Basin

• Emission estimates and 

simulation of PFOS and PFOA
Environmental Pollution 207 (2015) 97-106

Chemosphere 144 (2016) 803-810

• 11 Industrial chemicals:

• modelled emissions

• modelled concentrations

• Comparison to measured 

concentrations at JDS3 stations:
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Test of the SOLUTIONS Tools/Methodologies in the Joint Danube 

Survey 4 (ICPDR) and Joint Black Sea Survey in June 2019

(EU/UNDP EMBLAS-Plus)

Selection of JDS3 sampling stations (68; 2013) 

and EMBLAS Black Sea sampling stations 

(55&12, 2016&2017; EMBLAS-II) 
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Water, sediment, biota, target screening of >2200 
substances, NTS > 40000 substances, battery of 
bioassays, eDNA 
fish, MZB, phytoplankton, zooplankton,, biology, chemistr
y, hydromorphology, satellite monitoring, databases…



Examples

Poster: 

“Exploring the extent of chemical pollution transfer from the Danube Rive to the Black Sea”

by Nikiforos Alygizakis et al.



DSFP - Screening of REACH compounds in samples from the 
Black Sea
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