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Endocrine Disruptors Compounds (EDCs) exposure is a major issue for
Toxicology / Ecotoxicology / Food Safety Sciences

Particularly, EDC’s in
water

Steroid Hormones are
very active EDC's

Estrogens (E1, EE2, E3& EE2)
are commonly detected in
surface waters and clearly

=1 implicated in fish feminization

i3

EE2 disappears during Drinking
water production

By-products (BPs)
:> formation?

Toxicology

Treatments monitoring

NORMAN’s Workshop, Nov. 18-19th 2009, Amsterdam NL



By-products Information Experiments Targets
Field of possible BPs

Cl

Water + EE2 + NaOCl|

HO

4-CI-EE2; 2,4-Cl,-EE2

4-Br-EE2; 2,4-Br,-EE2; 2-Br-4-CI-EE2...

|

Real conditions: ?
Water + EE2 + NaOClI + -
Salts + NOM + Humic acids Exhaustiveness!
+ Fulvic aids+ Colloids... Of BPs
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In “ u ctjp n:

Abuhdanée

Abundance

= v

|

Classical treatment applied to EE2-spiked
real water

Extraction:

Non selective extraction by SPE for polar
& apolar compounds

Liquid chromatography:

Non selective chromatographic gradient
from 0% to 100% Organic

High Resolution Mass spectrometry:
Use of Full Scan mode
Exhaustiveness of m/z

eComparison of groups of
samples (Treated Vs.
Untreated)

eComputational tool for data
yrocessing “‘fingerprints”
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‘LABERCA Methodology for BPs |dent|ﬂcat|on

V - Structure
(lit./frag.

I |
measurement

IV - raw formula
determination
“From shadow to light”
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‘LABERCA -

Methodology: sampling

-~ TP A 3 ; : - B VI,

Real water from

DWTP Spiking:
5 mg/L in Ultra
free from EE2 Pure Water
Chlorination:
NaOCl
Gr.1 “treated”: Gr.2 “"witnesses”:
EE2-spiked (5 ppb) chlorinated (0.8 mg/L) EE2-spiked & not-chlorinated

3 contact times: _ _
EE2-unspiked & chlorinated

e 10 min.
«30 min. EE2-unspiked & not-chlorinated
¢120 min. Ultra pure water

Each sample extracted twice

Each extract injected twice

=12 fingerprints =16 fingerprints
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EE2 (5ppb)
chlorinated 0.8 mg/L (10 min.)
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Data acquisition of samples:
Extraction: SPE on Oasis HLB cartridge (500 mL -> 100 uL)

HPLC: C18 50*2.1 mm (3um)
UPW + 0.1% Acet. Acid / Acetonitrile
(HR)MS: LTQ-Orbitrap in ESI-
Full scan mode 70-800 Da
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Intensity

Extracted lon Chromatogram: 504.96 - 505.14 m/z

_ ©
ssing MRS

TR Ly [

XCMS software:

Compares fingerprints of samples
(m/z; R, & abundance) inside the
group of samples and between groups.

Ions statistically different between
groups are listed by order of relevance
(p-value)

The software creates Extracted Ion

1e+05 +05

+00

)

d

Chromatograms (EIC) for each
relevant ion

— DC
— Temnuoinsg

Visual confirmation of ions relevance

List of ions that are

:> different (over- or under-
expressed) between

600

T
650

Retention Time {seconds)

M “treated” and “untreated”
samples
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III-Exact mass measurement & isotopic _Pgttern
3 R . ¥ (=] | Sl (]

TEER /1
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Methodology:

- 5l;; L‘__'-

M407T730 : m/z = 407 & R, = 730 sec (12.15min) in EE2-spiked chlorinated samples
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407.04470
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BP exact mass measurement & isotopic peaks
intensities registered (isotopic pattern)

407.0447 amu (3:4:1 [M]/[M+2]/[M+4])
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- Method_ology IV-Raw formula selection

Iy J

| 407. 0447 amu (3:4:1 [M]/[M+2]/[M+4])

Rt (min.) observed m/z raw formula theoretical m/z delta(mmu) R RDB eq.

C20H2202CIBr 407.0419 2.8 0.9994 9
C21H260BrClI 407.0784 -33.7 0.9993 8
C18H2404CI3 407.0892 -44.5 0.9788 6

12.15 407.0447 C20H19BrCI2 406.9973 47.4 0.9449 10
C19H2203CI3 407.0954 -50.7 0.9792 5
C18H1404CIBr 406.9689 75.8 0.9992 11
C18H180CBr2 406.9650 79.7 0.8951 9

Criteria of selection:
Limited nhumber of elements: C, N,O,H, Br,CI, P, S,

mass precision: Ammu<5 mmu
Isotopic pattern: R2 highest possible
RDBeq. Close to EE2 (9)

Nitrogen rules
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Isotopic pattern correlation
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I o
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©
dology: V-Structural elucidation M8

L

» Meth

LR

Propose a structure

Reduce the number of
hypothetical structure

Fragmentation MS2:

Any specific fragments?

Literature

Described compound?

olecular modeling:

Chemical reaction e (e-density)

already observed?

Transitional state

Final state
(thermodynamic)
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Results: Q.

Highlighted ions & raw formulae selected
. : b | 5 ik S A e T

B SR AR 3

X10 & X9 HO

CHj

. ‘\\\—CH

_\‘\\—CH

Br

Br eX10 decreased along the treatment. This is in
accordance with disappearance kinetic (Lee, 2009)

eBromination of EE2 already observed (Nakamura,

:> 2006; Lee, 2009; Flores, 2008)

eortho positions favored for halogenation (mol.
Model.)

Validation of the Identification process

407/409/411 C20H2202BrCl 0.99909

451/453/455 C20H2202Br2 0.99937
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Results: Q.

Hig_hlih’r_d ions & raw formulqe selected

LABERCA

R S 5 T e I | S

X3 10,32 379/381/383 yes C20H2203CI2 26.569 0.99900 9 *x *x =
X4 10,5 423/425/427 yes C20H2203BrCl 0.262 0.99795 9 ok *x =
X5 10,7 467/469/471 yes C20H2203Br2 0.221 0.99915 9 kx ok =
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Results:

Discussion of X3,X4 and X5 compounds
_HTETIER . LA TS .. I

%
o L',‘J“.!‘\

C20H2203BI‘XC|y
(withx&y=0,1,2 &x +y=2)
One more Oxygen, where?

2 halogens, Where?

Literature study:
Oxidation in position 2, 4, 6 & 10

Halogenation is an electrophilic
substitution on the A-ring

No reactions on the ethinyl moiety
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Results: 9,

Discussion of X3,X4 and X5 compounds

T~

C20H2203BI‘XC|y
(withx&y=0,1,2 &x +y=2)

One more Oxygen, where?

2 halogens, Where?

Molecular modeling:.

halogenations on the A-ring

> eTransitional state favored

eFinal state favored halogenations on
ethinyl group
eOxidation favorable in C2 position

Additional Hydroxyl- 1 2 4 6 10
group position on EE2
Heat of formation, AH®

-82,94) -85,67 | -83,06 -82,56 -60,23
(kcal)
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ey T -

090609004 #621 RT: 10.78 AV: 1 NL: 6.18E2

F: ITMS - c ESI Full ms2 468.95@cid40.00 [125.00-470.00]
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C7H402Br,Cl,

155.33775 178.99921
| 11 1l
T 1

201.07672

| 207.20093
L]

CARTRETES | | . 51

229.94296
| |
—r—

Con 2203 BrXC|y 387.13788
(withx &y

Fr_aq_)nentation data:

259.31033

e

0 e Vet - | W1/ ﬁ‘i“‘t‘ ‘L,

=0,1,2 &x +y=2)

4717

Loss of HBr
or HCI

425.25653

305.18829 407.23605 451.34381
291.35364 339.10709 377.31232

T
140

160 180

200

220

240

260

280 300 320 340 360 380 400 420 440 460
m/z

With previous

information, only

one possibility

OH

eHs ..——CH Br

HO
Br
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Results:

siQ_n of X3_,X4 qvn_d X5 compou_nds

—_—

X3.X4 & X5

C2oH2,04BryCl,
(With x &y=0,1,2 & x +y=2)

HO //CH

Cl
HO

HO
Br

m/z=467/469/471

I |

m/z = 423/425/427 Main By-products of
EE2

Cl

m/z =379/381/383
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‘LABERCA Conclusion

3k g tfe ] . [ » Y S SRR . N U ¥ p —— L A

X7 X8 X9
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Perspectives:

eDevelop targeted analysis of identified BPs to reach
observable amounts (<1 ng/L)

eConfirm these BPs in DWTP by (LC-MS/MS)

eApply this identification process to other kind of
treatment (ozonation, etc.)

eApply this identification process to other EDCs (Estrone-
sulfate, etc.)

eEvaluate BPs Toxicity (probably lower than EE2)

NORMAN’s Workshop, Nov. 18-19th 2009, Amsterdam NL



‘ [ABERC*\ NORMAN'’s Workshop, Nov. 18-19th 2009, Amsterdam NL O

VEOLIA

LABERCA. CAE: Anjou-Recherche:
Antignac Jean-Philippe Ingrand Valérie Roche Pascal

Laboratoire d'Etude des Résidus et Contaminants dans les Aliments
Ecole Nationale Vétérinaire de Nantes - France - www.laberca.org



Technigues for BPs Identification:

Structural elucidation

R T T
3 Q- LR

jl> If XCMS highlights 10 ompounds

v

Create 10 MS/MS functions centered on the isotopi pattern
of the parent ion with a 6 Da « Iso-width »
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amount (ng/L)

1000

100

10

EE2 amount measured during chlorination (*)

b

\ L

e

0O 10 20 30 40 50 60 /70 80 90 100 110 120

chlorination time (min.)

*data from CAE, VEOLIA Environment
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