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Assessing the potential impact of complex mixtures on water quality and

aquatic ecosystems - What can we learn from SOLUTIONS?
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Towards a non-toxic environment strategy
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1. The European Parliament and the Council shall adopt
specific measures against pollution of water by individual
y 23 pollutants or groups of pollutants presenting a significant risk
= 4 | i to or via the aquatic environment, including such risks to
" waters used for the abstraction of drinking water. For those
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Towards a non-toxic environment strategy

Chemical Status based on
45 Priority Substances

Chemical Status Germany

* not appropriate
 Iignores most of the chemicals
* ignores mixtures

* gives incentives for ,bad”
substitutions

e not solution-oriented, no
differentiation
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Example: Pesticide monitoring in
Switzerland
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Strong
underestimation of
risks based on
WEFD PS only
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Sum RQ pesticides L

PS-based
abatement is

no solution

to reduce toxic risks

Sum RQ insecticides Sum RQ herbicides

Sum RQ fungicides
M

Swiss Moni-
toring (32)

WFD Pesti-
cides (15)

Moschet et al. 2014. ES&T 48:5423.



Risk drivers for BQEs: Multi-Target
Screening and TU evaluation

Chemical screening:

hundreds of chemlcals
INn one run

* risks and
 prioritisation of
mixtures

e candidate toxicity
drivers

Main contnbutnrs to the total sum of toxic units (acuhe)

- o Preliminary data grouped by their mode of action (algae)
s \ 3 . Capital Gities ~ Neuroactive W reuthyiazine (15)
Example: Screening of B omonet) W remono

\1’ o Beta Blocker ik
Erythromycin (1) | ® a7)

WWTP effluents in the

. Clarithromycin (2)  Lipid metabolism | Benzyidimethyldodecylammonium (18)
Danube basin T e

W oristat (4) C"."“"’ge I Didecyldimethylammonium (20)

Sacchar

Antihypertensive o B Hea(methorymethyl)melamine (21)

- Valsartan (5) Ph.o(nsvnm&s inhibition - @

Antiinfiammatory PRl Total sum of acute TUs of main contributors

® - Isoproturon (13)
B o) B iy

Copyright 2018: Tobias Schulze (UFZ), OpenStreetmap,
Copemicus, Natural Earth, temestris, QGIS




Risk drivers for BQEs: Multi-Target
Screening and TU evaluation

TU-based drivers (late summer): !
pharmaceuticals and herbicides
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Main contributors to the total sum of toxic units (acute)
] Preliminary data grouped by their mode of action (algae)
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Risk drivers for BQEs: Multi-Target
Screening and TU evaluation

TU-based drivers (late
summer):
Predominance of :
diazinon and TCPy (chlorpyrifos =
metabolite) e

) N
P

S
WWIPlBucharestit:

Preliminary data Main contributors to the total sum of toxic units (acute)
grouped by their mode of action (Daphnia)
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® wwr Metoprolol acid (&) | pendiocarb (16) B sucralose 25)
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Monitoring of complex contamination

Are there ]
seasonal
dynamics and - -

fingerprints that
should be

considered? | Bl = T g
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Example: Seasonal fingerprints
in a WWTP effluent
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Beckers et al. 2018. Wat. Res. 135:122



Chemical: Non-Target Screening
Non-Target Screening

« Discovery and
management of

: : Data S S
Sampling Analysis BietPiocessing Prioritization Identification

new compounds H H : |
] . S f ’/\\ ' J‘l/// \
+  Ubiquitous and ahid = )&(
site-specific N e
SAMPLEARCHIVE DIGITAL ARCHIVE POLLUTION QVERVIEW PATTERN STRUCTURES
com p ounds Retrospective Retrospective
Anq
« Source-related Wetendl
patterns

Example: Tetracarbonitril-1-propene in the River Rhine
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Effect-based: Recommended test battery

WEFD reference: Ecological status

Effect-based

{

monitoring:

Ecological
methods

Biological quality elements

Short-term toxicity Proxies for long-term effects

 modular

Effect-based
methods

Indicators

*Endocrine activity, e.g. ER

*Reactive Chemicals, e.g.
mutagenicity
* Metabolism disturbance, e.g. AhR

U

e invitro + in vivo

* Dbridges chemistry
and ecology

« addresses
mixtures and all
compounds (incl.
substitutes) with

Mixture
modelling

Component-based mixture effect prediction

similar effects
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WFD reference: Chemical status
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Neale et al. 2017. Water Res. 123:734



Effect-based: Validated test battery

A) Mode of action Chemical ID

Angiotensin receptor [ 30
Antibictic [ 28
Antiinflarmatory ;g
Beta blocker

Cancerogen [ 25

Cell membrane disruption [ 21

Validation for
- I e * individual compounds

with different MoAs

» designed mixtures
1x10%t0 110 M thereof

« complex
environmental
mixtures

Endocrine disruptor 7
lon channel modulation 8

-4 >1x10%M

Lipid metabolism | 32

Mitosis, cell cycle | 20

Neuroactive | 14
34
Nucleic acid damage |: g

1x10%t0 1x10% M

Photosynthesis inhibition |: ;;”
Protein biosynthesis inhibition [ 13
Resgiration inhibition ;g

Soft eectrophiie [ ¢

Steral biosynthesis inhibition |: %g

Synthetic aLxin |: 1% J
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No data
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Validation in case studies

%)
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%, 66

Discrimination of more from less
contaminated sites?

Consistent effect profiles? o | |

REL TS ;L’,‘j,- B ¢ R ey samplingsite
B A RS downstreamofthe
wastewafer diseharge
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Example: Novi Sad/River Danube S » - SPIBRINBSItE X
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sampling site
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AhR AhR
A ARR upstream| B ox downstream| C o1
0.1
anti GR 1 PPARY anti GR PPARy anti GR 1 PPARy
10
1
NFkB + anti-PPARy NFkB anti-PPARy NFkB anti-PPARy
anti AR ERa anti AR anti AR ERa
AR
AR AR
* X %

Konig et al., 2017. Environ. Pollut. 220:1220



Ecological monitioring tools

Success control of abatement measures

Example: Upgrade of WWTPs in Switzerland - Impact on biofilms:

Structure Pollution-induced community tolerance (PICT)
4 Algal structure l’.'Jp’|
Hochdorf  @Hochdorf L Disappearance of
® . .
o chdort sensitive species
o results in higher
Buttishol® | e
Buttishol @ Herisau tolerance Reference Polluted
Herisau 8@
- Herisau
i; . Herisau
S keln Heri Herisau stressor
g Upgrade ereat ad Algal production *
No upgrade: 60.
o quaternary enhanced é
ochdol =
Hoshdot @yt treatment: tolerance 39 T
Hochdo™ o ishol € activated . | T
Buttshg carbon After upgrade: o

PC1 (33 %) 10 no difference ’ Herisau . Hochdorf




Integrated tools: Driver identification

If effect-based monitoring gives an alarm: How to identify causes?

Effect-directed analysis (EDA)

Example: Effect-directed identification of anti-androgenic
compounds in River Holtemme
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Prioritisation for legal purposes

List of emerging substances

Sufficientanalytical performance?

Sufficient LOQ (worst performance) < PNEC? Sufficient

experimental toxicity — experimental toxicity
data for hazard data for hazard
assesment? LOQ (best performance) < PNEC? assesment?

yes

Risk of exceedance of the lowest PNEC ?

Cat. 2: Cat. 5 Cat. 4- Cat. 1: Cat. 6: Cat. 3:
Improve Improve (eco)toxi- Improve Priority for Non-priority Improve
monitoring, cological data and analytical regular for regular (eco)toxico-
e monitoring performance monitoring monitoring logical data

Novel endpoint

River Basin Specific
Pollutants Danube
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Challenge:

chemicals
considered

(available
information,

accessible
with analytical
methods etc.)

Compound prioritisation
objectives

\ 4

concentrations

distribution,
MEC95,
maximum

median, average

whole water vs.
dissolved
direct injection/

SPE/ passive
sampling

assessment:
TU, msPAF,
oredici e =7\ =@

prioritization

effect data

distribution (SSD),

PEC95, minimum n
(per organism d\c}-'
<

measureg

* %

*

predicted

acute, chronic,
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specific

endpoints,
human toxicity,

secondary
poisoning
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Solution: Evaluation of rich SOLUTIONS datasets
recorded with harmonized/comparable method

« EDA-EMERGE
« JDS3
* Swiss dataset

« UFZ dataset Elbe
catchment

* UFZ agricultural
streams, event-based

« NORMAN WWTP
effluents + receiving
waters

 Watchlist sites

’ UFZ sites (direct injection, Q Exactive)
’ Swiss sites (Singer SPE, Q Exactive)

’ JDS3 sites measured by Wolfgang Schulz (direct injection, QToF)
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More Information: http://www.solutions-project.eu/



