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Identification strategies
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1. Target analysis of priority pollutants
2. Prediction of emerging contaminants — target analysis

3. Effect-directed analysis (EDA) to determine the key-
toxicants

4. Accurate mass screening of known unknowns

33 +8 priority cmpd’s in WFD

2  ++ -- - Different prediction strategies
3 - A i |dentifies key-toxicants
4 + ++ + Limitation is existing databases
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Toxicity profile of sediment samples — Modelkey Mldam

~——
Genotoxicity Endocrine Disruption
—

/éQ‘
Elbe-Par
Elbe-Plc
Elbe-Mst
Llobr-Al
Llobr-A3
Llobr-LI4 Dilution factor
Scheldt-SRV <11’3‘
Scheldt-SE 3-10
Scheldt-SHW . 1030
Scheldt-STR >100
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Effect- Dlrected Analysis (EDA) scheme i

Sample
extract

= Simplifies the matrix

= Single fractionation into several
fractions

= Multiple serial fractionations

R —— based on different
analysis

Active

Not active
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Androgenicity in sediment extracts
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Active fractions:

3 distinct groups of
compounds with
different polarity

(Weiss et al. 2009, ABC
394:1385-1397)
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Androgen|c|ty In sediment extracts N -
T T j—

Anti-androgenicity _ .
200 Anti-androgenicity decrease after

fractionation
150
Not due to low recovery

100 Presence of partial agonists, or low

50 | l sensitivity in the bioassay

Flutamide equivalents (nmol/g sed)

0 Extract RP fractionation NP fractionation

4500
Ee) ey .. .
2 Androgenicity Androgenicity increase after
29 3500 . .
g fractionation
g 2500 | Separation of disrupting antagonistic
- | compounds
& 1500 - _
g ] Screening of extract do not reveal the
€ s00 | full androgenic potency
T
&) 0

Extract RP fractionation NP fractionation
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Effect-directed analysis ixz.mA

| - N T -

Effect and analytical
confirmation \

Sample
extract

B|olog|cal
anaIyS|s

Identification
strategies

List of
toxicants
Chemical
analysis

Multistep
fractionation

N,

Not active
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Chemical analysis il

GC-MS
DB5 column, full scan mode (m/z 50-650)
Electron impact ionisation (El) = w "N
Mass spectra deconvoluted using AMDIS - | * -
NIST searched, match factor >80%

The Kovats Retention Indices (KRI) values
were used to identify the compounds to
Quality Peak Identification Database

(QPID)
Background subtraction with QPID

Il
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Weiss et al 2009 (ABC 394:1385-1397)
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Chemical analysis Nl .

T . T T L
Complex mixture despite OQQ )
fractionation aycee
O
Not sensitive using full-scan QiOM
mode A IS
RPSMPS M M
Limited to NIST SN
database k
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Chemical analysis N .
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LTQ-Orbitrap

C,g HPLC column, full scan mode (m/z 50-
600)

Accurate Mass Capabilities
Resolution 30 000

Data Dependent™ acquisition with
Dynamic Exclusion™

Background subtraction with SIEVE

EESEREEEH I E—I A : X{:ahbur - NIsT
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Chemical analysis Nt .

. . TS s T
1. Ratio >100 between mass in active and non-active fractions

2. Need to exist in NIST (~200 000 compounds)
3. Possible to purchase (high purity)

Selected masses ~ 2%
Compounds
confirmed 36%

Nr of masses

100000 7 14307
10000 - 3009
1000 - 259
95 27
100 - 10 8
v e e
1 \ \ \ \ \
SIEVE' Ratio) Tentatively Tested Analytical Bioassay
peaks 2-100 >100  jdentified Confirmed confirmed
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dentified compounds GC/MS and LC/MS ml»

T R -
PAH’s
l Nonylphenol (technical mixture) Phthalate’s
Tonalide Traseolide Galoxolide
Q 0
Androstenone
Tris(2-ethylhexyl) Tris(2- 0
_\:>j phosphoric acid chloroisopropyl)
5 ) .
O_IIIDI_O\_C\; Phosphoric acid Benzanthrone Nandrolone
O
]
0]

T oo

Cl
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Effect confirmation by GC-MS Target analysis

. . I T

Danube sediment average OCP levels in between 0.005-2.5 ng/g dw

The sum of the AR activity in the fractions was 60 nmol/g sed, 3% explained.
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EDA in polar bear plasma

L - =N NN 4=

Target analysis of known thyroid

EQI!IH[] E"lm_ hormone disrupters, i.e. OH-PCBs
éNce &lecinology == and OH-PBDEs by GC-MS

Blood Plasma Sample Preparation Method for the Assessment of
Thyroid Hormone-Disrupting Potency in Effect-Directed Analysis Polar bears (n=2) T,.Eq (nM)

Eszter Simon, Jenny Bytingsvik,” Willem Jonker, Pim E. G. Leonards," Jacob de Boer,” Bjorn M. Jenssen,”
Elisabeth Lie:,§ Jon Aars," Timo Hamers," and Marja H. Lamoree®"

Calculated TH-like activity ~1000

Measured TH-like activity ~1400

BLOOD Fusun,_m

(cow polar bear) ﬁ | ~70 % explained activity in the bears

] oioacn

- |'_|-l
==.*--—H "
pomameeore. 222 . con e

W

~40 % explained activity in the cubs
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EDA in polar bear cubs plasma -
E W [ . I T o
Clean chromatograms of the cub samples '
—fractionation (?) pos |

i.ﬂ_
—

LC-micrOTOF
(Bruker, Bremen)

Positive and
negative mode
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Accurate mass and Ilbrary search

Nr. of compounds Nr. of matches
Library “ ”
in library Suspects

Compounds analyzed in polar bear
+ AMDIS identified compounds

2  High production volume pharmaceuticals (P and/or B)

(Howard and Muir 2011, EST 45) 106 5
3  High production volume halogenated chemicals 594 25
(Howard and Muir 2010, EST 44)
4 TTR-binding compounds (based on literature studies) 175 20
Bruker library with dyes, pharmaceuticals, pesticides 225 20
Total tentatively id. 70

33 compounds selected for confirmation study (based on use, physical-chemical
properties and chemical structure)

17 compounds tested, 15 wrong RT and 2 need to be confirmed
8 standards are not available or too expensive
8 compounds not yet tested
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Experlence from EDA —the long way

e I T o
= Research for researchers = Need improvements
» Laborious » Bioassay sensitivity
e Time consuming e Chemical analysis
 Demands experienced chemists for * Fractionation strategies
the identification « |dentification strategy

» Database sharing
= | ow output

e A fraction of measured effects can be
explained

* Need identification of the remaining
responsible compounds

N
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Improved EDA- 96-well plate fractionation

B ..

Water samples
(active and passive sampling)

!

Extraction

!

Fractionation
96 wellplate (20 sec fractions)

Bioassay Chemical analysis
(Pulse Amplified LC/GC-micrOTOF-MS
Modulation fluorometry) pos and neg mode
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Improved EDA - 96-well plate fractionation
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= Bioassay - PAM determines the effect on Photosystem II
efficiency as a direct and quick measure for toxicity in
algae

= Chemical analysis with complementary methodologies:

LC-micrOTOF-MS (pos and neg mode)
GC-micrOTOF-MS (pos and neg mode)

= Chemical formula screen for possible effect-causing
compounds

= Using library search (NIST/plus available databases)
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Improved EDA - 96-well plate fractionation

. I o
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Improved EDA 96-well plate fractionation
B . I EE 0 s
| Intens. 6x10 3
| Intens. 4x10
) 4
1
! [
0 5 10 15 20 25 Time [min]
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Improved EDA - 96-well plate fractionation
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In conclusion

. I TN -

» An expanded fractionation before identification is promising

» Accurate mass determination is promising
> |s non-exclusive
» Chromatograms can be saved for future evaluation

» Complementary analysis available (pos/neg and LC/GC)
» Prediction lists need to be evaluated for their accuracy

» Database sharing is encouraged
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Examples of priority lists

= WFD - 33 + 8 compounds
= Norman priority list — 744 compound based on Scientific discussion

= Van der Ohe 2011 — 500 compounds based on occurrence (Elbe,
Danube, Scheldt and Llobregat)

= Diamond et al 2011 — 517 compounds based on occurrence (U.S.
Waters)

= Diamond and Howard 2011 — pharmaceuticals, 275 occurrence, 106 P
and/or B not yet analyzed in the environment.

= Weiss et al (unpublished) — ca. 180 compounds tested for their thyroid
hormone disrupting potency

= Andersson et al 2011 — ca. 100 drugs predicted to be of concern based
on their similarities to known compounds in PCA
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