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INTRODUCTION

The occurrence of steroids in aquatic environment and their effects on normal endocrine function in
aquatic organisms have been subjects of current concern. Several studies have shown that also
birds, reptiles and mammails in polluted areas undergo alterations of the endocrine-reproductive
system.

At present, a multitude of chemicals have shown to be endocrine disrupters. Among these, natural
and synthetic estrogens are already effective at the lower ng/L. Their efficient control in
environmental waters is made possible nowadays thanks to numerous analytical approaches
available in the literature. This is the case for estradiol (E2), estrone (E1), estriol (E3) and

hi adiol (EE2) 1ent. Esti Ifate (E1S) has also to be considered because of its
stability in the environment. But less papers are concerned with androgens, gestagens and their
phase | and phase Il metabolites (in particular E1S).

Two analytical methodologies dealing with 29 steroids at low ppt levels, based on isotopic dilution
are presented. The first one is dedicated to free steroids using two SPE preparation steps and a GC-
MS/MS detection. The second method is focused on estrone-3-sulfate. Identification relies upon
2002/657/EC decision to confirm unambiguously the steroid presence even at ultra-trace levels
(<1 ng.L-1).

Compound:s of interest

Ethinylestradiol Estriol (ot valdatea)

Estradiol

Testosterone

Norgestrel
He.

Analytical strategy for free steroids

250 mL water

Module of filtration

Internal standards
(deuterated compounds)
|

v
Filtration (optional)

Solid-Phase Extraction C18

Analytical strategy for estrone-3-sulfate

Large volume adaptator on SPE system 250 mL water

Internal standard
(boldenone sulfate d,)

|
\

Solid-Phase Extraction
On weak anion exchange

Solid-Phase Extraction SiOH
|

'
Derivatisation MSTFA/TMIS/DTE

GC-MS/MS analysis
(2 transitions per compound)

(MM4, Interchim, France)

v
LC-MS/MS analysis
(2 transitions per compound)

Analytical performances in GC-MS/MS

Analytical performances in LC-MS/MS

Monitored steroids in one aquisition run Validated compounds Identification at ppt level (2 transitions monitor:
s e Tramtn 1 T Tions S 7,y Compoun LOD (ng/L) _LOO (no/l) " .
@ T 5 Tordiol o T Blank sample 1ppt spiked sample 2 ppt spiked sample
> 9 -
b os sulfate d, (IS) i
3 ot 36833533 &\
05 - o .
p- B.17p-diol 03 E Ifate signal 2 ‘K/‘\AM\‘/
i 02
Sa-androstane-3.17j-diol s 18 MODUS2 [ i '& A: .
Sa-androstane-3,17a-diol 02 06 i
DHEA 02 03 Estrone-3-sulfate signal 1
i 02 20 349.2269.2 a /
So-androstane-3(,17p-diol 05 24 = ==
,17-dli 0.6 162
:Zzﬁ::‘;;’,"“ g:: 2; Linearity 0-5 ppt range on spiked samples
i 05 o7 ‘Sl L estione sufse | EE.
estrone 05 11 - N
4-androstene-3,17-dione 02 03 N
T[-testosterone o1 03 d
f-estradiol o1 oi .
i 02 03
: > o o yeazmeom
norgestrel 04 04
08 12
‘megestrol 6.5 92
o1 02 3 i o T : 3 3 : v
16 18 ‘ : .

Unknown samples lllustration with 4-androstene-3,17-dione

Diagnostic signals

0.4 ppt spiked sample Blank sample

o\
Ll A

unknown sample

Internal standard (1S)
4-androstene-3,17-dione d,

CONCLUSION

Two i analytical dealing with 29 steroids at low ppt levels, based on

isotopic dilution are presented.

The first one is dedicated to free steroids using two SPE preparation steps and a GC-MS/MS
detection. The acquisition is carried out in SRM mode on a Quattro Micro instrument (Waters, two
transitions followed per compound). In this way, DHEA, 4-androstenedione, testosterone and their
main  metabolif i eti ar 1e), estrone, tradiol,
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thi iol, p and various contraceptive gestagens are monitored.

The second method is focused on estrone-3-sulfate for which a specific combination between a SPE
preparation and a LC-MS/MS detection (Gemini column, Phenomenex, Agilent 6410 LC-MS/MS
system) has been developed.

Identification relies upon 2002/657/EC decision to confirm unambiguously the steroid presence even
at ultra-trace levels (<1 ng.L™).

These methodologies are currently used for the endocrine disruptors monitoring in water organised

in the field of the quadriennal National French Plan for Health - Environment (PNSE - Plan
National Santé Environnement) which will be drawing to a close at the end of 2008.
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