Monitoring and assessment - Do we focus on the right chemicals?
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Good Ecological Status?
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Ecological vs. Chemical Status?

Based on

33 Priority Substances and
8 Other Specific Pollutants

In future: 48 PS

Possible conclusions:
1) Chemicals are of limited relevance for Ecological Status
2) We focus on the wrong chemicals
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Example: Sediments

Typically considered chemicals in risk assessment of contaminated
sediments (here River Rhine, very similar list: River Elbe)

TABLE I
‘Substances of concern’ in the Rhine River and their assignment to hazard classes

< Substances of concern > Hazard class

Cadmium

Chromium

Copper

Mercury

Nickel

ek metals
Zinc

DDT + DDD + DDE (SUM)
Dioxins and Furans

HCB non-polar organic

PAH (z.B. Benzo(a) pyrene

b compounds
TBT

Aldin (Dieldrin, Endrin)

v-HCH

Nonyl—phenol compounds

(]

= Hypothesis:

Adverse effects of
organic sediment
extracts predominated
by non-polar toxicants
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Example: Sediments

Verification by Effect-Directed Analysis

environmental
contamination
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Example: Sediments

« Case study: Effect-directed anaIyS|sof_‘three |
sediments from the Elbe basin  gif e

e Six toxicological endpoints:

e mutagenic
 Ah-receptor mediated
e estrogenic

e tumor promotion

e thyroid hormone disturbance

e cell multiplication of green algae
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Example: Sediments
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Example: Sediments

|solation and
Two fractionation steps later: quantitative
confirmation of 1,8- and
F14.6 1,6-dinitropyrene as
o cause of mutagenicity.
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‘ ‘ Significant contributors
30 O‘ 3 - O‘ to m_utagenlmty of other
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Example: Sediments

Adverse
organic

Hypothesis: Consideration of
bioavailability should further 7 T——
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Example: Sediments

Let's take....

« atoxicological endpoint strongly affected by PAHSs
(“substances of concern “): algal growth S

e industrial megas' wheF we can be sure to have

contaminat s fand other SOC: Most and
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Example: Sediments

How to consider bioavailability?

bioaccessibility-directed extraction and partition-based dosing
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TENAX extraction

Schwab & Brack, J. Soils Bandow et al., 5 HELMHOLTZ
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Example: Sediments

NH
TENAX \©

extraction and N-phenyl-2-
green algae 1.0 naphthylamine
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Example: Sediments

green algae
testing with
partition-
based dosing

PAHs (predominant if
partitioning is ignored)
100 ~
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polar fractions
predominant if
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Example: Sediments

|dentification
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Triclosan: a Substance of Concern?

Triclosan:

* no priority pollutant, no monitoring data for most European river basins

» data available for Saxony

= toxicant ranking based on frequency and degree of exceedance of PNEC

Science of the Total Environment 409 (2011) 2064-2077

Contents lists available at ScienceDirect s )

Total Environment

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

A new risk assessment approach for the prioritization of 500 classical and emerging
organic microcontaminants as potential river basin specific pollutants under the
European Water Framework Directive

Peter Carsten von der Ohe **, Valeria Dulio ®, Jaroslav Slobodnik ¢, Eric De Deckere ¢, Ralph Kiihne ©,
Ralf-Uwe Ebert ¢, Antoni Ginebreda ', Ward De Cooman 2, Gerrit Schiiiirmann ", Werner Brack ?
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Triclosan: a Substance of Concern?

compound priority
Ranking based on ranking
monitoring data > 2004 value
triclosan among the 6 most diazinon 1.38
problematic compounds azoxystrobin 121
terbutylazine 1.14
New PS > | heptachlor 1.03
PS > | endosulfan 1.01
4,4DDD 0.73
PS > | diuron 0.71
PS > | diethylhexylphthalate 0.66
New PS > | irgarol/cybutryn " 1063

von der Ohe et al. Environ Sci Pollut Res, 2011
|
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Conclusions

Historical sediment contamination with non-polar
priority POPs is a problem (accumulation in the food
chain, effects to top predators )

- ‘However, m INCes we shouidbe concerned of

frequently
pesnmdes
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Many adverse effects (particularly sublethal) in European
rivers not explained: mutagenicity, endocrine disruption ...
Hazardous chemicals still unknown. ‘

Example: Frequent phenomenon of mutagenicity in surface
waters, here: River Elbe, close to Pardubice, Czech Rep.




28.07.2009 10:23:05 PM

Ames: Significant mutagenicity of river water (blue rayon extracts)
LC-MS/MS: about 10 000 masses detected, mostly unknowns
Fractionation: Reduction to about 20 per mutagenic fraction
ChemSpider search: up to 150 candidate structures per mass




Structure Elucidation Strategy

Candidate selection

type of mutagen

predicted mutagenic
potential

|

predicted K- and
acid-base properties

}

MS-fragmentation
prediction

|

retention
prediction

°
®
)
©
2
)
)
=
®

_ana\yf‘ca\ pased

Chemical

final candidates

\ 4
confirmation

20 peaks,

5-150
candidates

aromatic amines probable

mutagenicity requires S9
activation

Enhanced mutagenicity with
YG1024 and YG1041 (O-
acetyl-transferase

Number of revertants per plate {(max=48)

0,05

0.5
Concentration | g of BR/ plate)
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Structure Elucidation Strategy

Candidate selection

20 peaks,
5-150
o aromatic amines candidates _ _ _
?,,; Predicted mutagenic potential
'% predicted mutagenic Stability of nitrenium ion
() . . . g - .
% potential * nitrenium ion as ultimate electrophile
l and mutagen after activation:
) acid-base properties _2_ _ _
a l » stability of nitrenium correlated to
© 0.0
g mutagenicit
S MS-fragmentation . g Y
S Srediction « aniline (PhNH,) as a reference
L i » calc. of heat of formation with MOPAC*
(&)
_%é retention mutagenicity probable, if
S o
RS CHel (AEA nHs—AEANH2) < (AEphnms—AEpnNH2)
final candidates

L *Molecular Orbital PACkage
\4

confirmation
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Structure Elucidation Strategy

Candidate selection

20 peaks, _ o
5-150 Retention prediction
. aromatic amines candidates | pased on CHI
?ué (Chromatographic Hydrophobicity Index)
2
‘g predicted mutagenic
% pOtential and LSERS
l (Linear Solvation Energy Relationships)
g Predicted Koy and CHI = aA+bB+sS+eE+vV+c
o acid-base properties
Qo
3 1 Substance descriptors:
3 Ms'gfegdrinc‘ii”;s“o“ A: H-bond acidity, B: H-bond basicity,
L ‘ S: polarizability and dipolarity,
(&)
€ . V: McGowan volume
2 retention
= o _
prediction Corresponding phase parameters:
a, b, s e v
final candidates L
\4

confirmation
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Retention prediction

1) Calibration

equation to
known CHI calculate CHlI
calibration from retention
standards tn,

-

CHI

CHI=4.95t, - 3.88

11 13 15 17 19 ) 2 55

time [min]
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Retention 2) phase
prediction characterization

known
descriptors
equation to training
known CHlI calculate CHI set
calibration %from retention /
standards phase

t
w CHI parameters

CHI = aA+bB+sS+eE+vV+c
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Retention prediction

known
descriptors
equation to training
known CHlI calculate CHI set
calibration Xfrom retention
standards phase
parameters
3) CHI prediction
CHI

pred predlcted
descriptors

CHI = aA+bB+sS+eE+vV+c

candidate
structures
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Retention prediction

known
descriptors
equation to training
known CHI calculate CHI set
calibration Xfrom retention
standards phase
parameters
unknown CHI CHlpred predicted
compounds / descriptors

4) chromatography

of unknowns _
candidate

structures
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Retention prediction

known
descriptors

equation to training
known CHlI calculate CHI set
calibration Xfrom retention
standards phase

param eters

unknown CH|<___>CH|pred predicted
compounds / descriptors

A%

cahgdidate
agreement?—=) (SN

5) candidate exclusion AELMHOLTZ
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Challenge to identify unknown toxicants!

Candidate selection

aromatic amines

offect-based

predicted mutagenic °
potential

|

predicted K~ and

Structure elucidation strategy is promising

Predictive models and computer tools of
5 Increasing importance (4th element in EDA)
2 “i“'basef'“pemes » However, advancement of predictive models
'l% MS-fragmentation urgently required

5 p’”“’f"’" » together with innovative analytical tools,
% retention
o predictinn

spectral databases, multivariate tools

(pattern recognition) and biodiagnostic tools
(omics)

final candidates

A
confirmation
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