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Literature data Pllot measurements Reglonal Country Modelled data
(outside DRB) W|th|n DRB dataset [ dataset

_mm
Erosion v X ] v
Surface Runoff B v X B v
Tile drainage B v X B v
Urban emission | R B v B Vv
Groundwater @ v X Nl R
Atmospheric dep. B v x ] Vv
Atmospheric dep. - hot spot W] v X ] v
Point source - communal O Vv ] Vv Ol Vv
Point source - industrial BO@E Vv m v B Vv
Industrial diffuse hot-spots ] v X B v
Landfills H Vv Hm v B Vv
Aerodromes and other fire fighting centres % X - v



Point sources data

Industrial emissions to water
IEPR database (2007-2023)
10.445 facilities

Municipal sewage emissions

ICPDR + EEA UWWTD databases
(2016/2018 + 2016-2020)

4215 plants
Total load: 68 million PE

Total discharge:
4.6 billion m3/year = 147 m3/s

Industrial sites - E-PRTR

Urban WWTPs
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As load validation with retention
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Validation of Cu - the “worst” heavy metal
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Clear underestimation of loads in
most of the the Sava and Tisza basins

Strong underestimation of Danube
loads

Lack of industry data = industrial
underestimation?

Orchards/Vinyard soils as hot-spots?



Load (kg -y~ ")

Validation of Cu — no retention

CU load validation without retention and measured Q-ratio
Calculated vs observed average loads
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- Much better than with retention
- Mid- and lower Danube OK
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Calculated load (kg -y~ ")

Calculated load (kg - y‘w)
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Validation map — PFOA

PFOA load validation without retention and measured Q-ratio
Calculated vs observed average loads
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- Strong overestimation at some small-

- Some underestimation along the Danube

Most loads come from upper Danube

- Lessreliable validation datasets (1,2
measurements per year in some cases)
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lidation map - PFOS

PFOS load validation without retention and measured Q-ratio
Calculated vs observed average loads
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Heavy underestimation !

Less reliable validation datasets
(1,2 measurements per yearin
some cases)

Strong regional differences in
model performance
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Validation map - CBZ

CBZ load validation without retention and measured Q-ratio

Calculated vs observed average loads
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- Correct estimation of loads in the Danube

river

- Obvious underestimation in major
tributaries (Morava, Sava)

- No significant retention in rivers

- Lessreliable validation datasets:

1-2 measurements per year in some cases
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Validation map - DCF

DCF load validation without retention and measured Q-ratio
Calculated vs observed average loads
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- Qverestimation of loads in the Danube river

- Riverine retention for Danube is very likely,
not yet in the model!!

- Lessreliable validation datasets
1-2 measurements per year in some cases
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Absolute pathway loads for HM AS
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Absolute pathway loads for HM ZN

Zn emissions in the DRB

Share of pathways for HM ZN
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PFOA emissions inthe DRB

Share of pathways for PFAS PFOA
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Main observations
- Gendorflegacy hot spotis a dominant source
- WWTP loads dominate river loads in the upper Danube

- Urban systems related emissions dominate river loads in the
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- Landfill hot-spots give a significant share (high uncertainty)
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Absolute pathway loads for PFAS PFOS

PFOS - strongly underestimated!!!!

Share of pathways for PFAS PFOS
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Loads from urban systems are very relevant in the
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DCF emissions in the DRB

Share of pathways for PHAR DI
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Beside WWTPs, urban systems may play an
important part in total loads

Due to lower share of sewege treatment, share of
urban systems related diffuse load might be
important in the lower Danube

Industrial discharges show strong hot-spot loads in a
few catchments
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1. Model structure & input data
2. Model validation
3. Ildentified emission patterns

4. Outlook: risk analysis



Risk analysis - Ni

Concentrations [ug/I] based on MOoRE model results :
- 3 ‘4

3 NI_max of yearlyAVG_ug/!
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el 1-2
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-2 : e e - = 2N
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AA-EQS =0.04 pg/l

Risk analysis - DCF

5 Diclofenak_max of yearlyAVG_ug/I
<l 0-0.01
: 7 0.01 - 0.025 AA-EQS
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0.75~ 1,25
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Risk analysis - PFOA-eqv
AA-EQS =0.0044 pg/l (sumproduct of 25 PFAS compounds)

Concentrations [ug/I] based on MoRE model results \

PoIskal

3 PFOA_eqv_max of yearlyAVG_ug/I
. [ 0 - 0.00006
2 I 0.00006 - 0.0011
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Summary 1/2 - Validation a3
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Input data deficiencies

. - slight overall underestim. (~0.5 0.0.m)
* Groundwater concentrations of

organics (except AT & DE) - relatively adequate in main river Danube and

. . . large tributaries
* Industrial emissionsin SE Europe

- accurate in upper Danube Basin

: : : PFOS
* Needtoincrease river sampling .
frequency to improve validation data - heavy overall underestim (1-2 0.0.m)

- accurate in a few mid-size tributaries

* Landfills and fire-fighting centres

Heavy metals

Validation performance varies between CBZ

substances. : : :
- tendential underestimation

and Zn mostly within +/- 1 oom

- Cr, Ni, Cuand Pb:
Overestim in small, underestim in large rivers —
retention problem? - Generally within +/-1 0.0.m

- accurate in Central European tributaries

- Cd: tendential overestimation but relatively - strong underestimation at some points
accurate in lower Danube main river

SN 2
VER BAS!



Summary 2/2 - Emission patterns

YETEM 1782

Ry 73 RB AS\\\\CD

As: GW-dominated + ER

Zn: OR dominates in upper DRB, GW and ER in lower DRB . .
Risk analysis

Ni: high riskin some areas
PFAS

* verydiverse pattern of emission sources

DCF: high risk almost overall

PFOA: high risk + calculation challenge
* PFOA: vast majority comes from the Gendorf location

* PFQOS: larger emissions in the upper DRB

Pharmaceuticals
« MWWTP emssions dominate but vary by country
 urban diffuse loads secondary

* insome catchments, ID also substantial
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“Identifying Key Pathways
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in the Danube River Basin”
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Climate projection & Erosion forecast by 2050 =" @

- Hydrological input from IIASA CWatM for 2015 to 2100:

- biascorrected ISIMIP IPSL-CM6A-LR General Circulation
Model - Ssp2.45 & SSP5.85 scenarios

- Later: Biascorrected Restore4life ec_earth3_veg GCM -
Ssp2.45 & SSP5.85 scenarios

- Comparison now: against present condition and not against
GCM historical data

- JRC forcast:
- 19 GCM to assess future rainfall erosivity
- Ssp2.45 & SSP5.85 scenarios
- CAPRI forecast for land use change and crop dynamics
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Pathway loads: Base vs SSP2-4.5, 2015-2020 average - HM AS (part 1)
||||||Ill||||I||||II|||||~||IIII\|I|\|I|II|I||I|||

LGS - BZSI| JamoT

L oseg - ezS|| JaMoT

L G'$S - eAeg Jaddn

L aseq - eAeg Jaddn
-GS - edny

L oseg - ednyy

- G'PS -eun

L oseg - eun

- G'PS - SBqQIA

L aseq - SBqQIA

- S'vS - eusog

L oseg - eusog

- G'¥S - eulg

L aseg - eulQg

L G'$S - BARS 19MOT]

L oseg - BABS 1oMOT
-GS - slwe]

L oseg - siwe|

- G'VS - BARBIOI\ BYIISA
L oseq - BARIO\ BYI|DA
F G'PS - owlL

L oseg - yowl]

- G'¥S - nip

L aseg - nip

- 'S - B}sobO

L oseg - e}jsobo

- S'VS - 1eys|

L oseg - Jeys|

- S PS - 1A

L oseg - JIA

- S'vS -0

- 9sed - 110

- G'¥S - wWnsQ

L oseg - wnsQ

L G'¥S - Z 9gnueq 1emo7
L oseg - Z agnueq 1emo1
F S'¥S - BBpPaA

L oseg - eapap

L G'pS - eajueA

L oseg - eljueA

- G'PS - WOT Bsussny
L oseg - WoT psuasny
- 'S - sebly

L aseg - sably

- G'PS - ejwole|

L oseg - ejjwoje|

- G'PS - 18IS

L oseg - jalIS

- G'PS - Inid

L oseg - Inid

L G'¥S - | 8gnueq 1emo7
L oseg - | agnueq 19mo7

Large tributaries / scenario

20000 A

15000 1

0000 1

5000 1
0

(e/6y) peo



g st

ID_AD_E_HM_AS

R_E_HM_AS

ER_E_HM_AS

GW_E_HM_AS

D_E_HM_AS

WWTP_E_HM_AS

US_E_HM_AS

D_E_HM_AS

R_E_HM_AS

AD_E_HM_AS

= 0

0

Pathway

Pathway loads: Base vs SSP2-4.5, 2015-2020 average - HM AS (part 2)
|||‘|I||IIIIIIIIIIIIIIIIIIIIIIIIIIIl\llIIIII

-GS -9l

L aseg - 19]||

- G'PS - Yoo

L oseg - yoa

-GS - lUnwyy

- 8seg - |ynuy|y

-GS - qeeN

L oseg - geeN

L 'S - uabay

L oseg - uabay

L G'pS - Z @qnue( Jaddn
L aseg - g aqnue( Jaddn
- G'PS - Jes|

L oseg - Jes|

-GS - uu|

L oseg - uu|

- S'¥S - unel]

L oseg - unel|

- S'¥S - suuzg

L oseg - suug

L 5'vS - | eqnueq Jeddn *
L aseg - | agnueq Jaddn
L 'S - BARIO|

L aseg - BABIOI

L G'$S - BUNQ IUOSO
L oseg - eun@  IUOSON
- G'VS - eqey

L oseg - eqey

- S'YS - UeA

L oseg - yep

- G'¥S - UoIH

L oseg - UOJH

- S'pS - Alod|

L oseg - Ajod|

- G'VS - OIS

L oseg - oIS

- G'¥S - INN

L aseg - IN\

L G'$S - eAelq Jaddn

L aseg - eAelq Jaddn
LGS - eARIQ 19MOT

L oseg - eAelQ 18MOT

- G'¥S - 8gnueq 8|ppIN
L aseg - agnueq 9|ppIN
L G'pS - ezsl) Jaddn

L oseg - ezs|) Jaddn

- 'S - ezsll 8|ppIN

- 9seg - Bzsl]| 9|ppIN

- G'¥S - %0S010}

L oseg - )0s0I0)
-GS - sainiy

L oseg - salnp

ario

Large tributaries / scen

50000 A
40000 1
30000 A
20000 A
10000 1
0

(e/6y) peo



Absolute WWTP loads for base and scenarios 2030 & 2040 - PHAR CAR
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Absolute WWTP loads for base and scenarios 2030 & 2040 - PHAR DI
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