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Advantages of SPME... m

Traditional: Liquid-Liquid Extraction (LLE) or
Solid-Phase Extraction (SPE)

Torsten Schmidt

e Large volumes of often toxic organic solvents used per
sample

e Expensive because of required solvent purity (LLE) and
disposable extraction cartridges (SPE)

e Time-consuming sample preparation procedures, multiple
extractions required (LLE)

e Analyte losses during solvent evaporation for pre-
concentration

e Clogging of extraction cartridges (SPE)
e Formation of emulsions, difficult phase separation (LLE)

Slide courtesy of Torsten Schmidt, Univ. Duisburg-Essen



Solvent Volume Requirements for 1000 Samples

Liquid-Liquid Liquid Phase Solventless
Extraction Microextraction Microextraction
=S Methods

S~

None

Slide courtesy of Torsten Schmidt, Univ. Duisburg-Essen



Comparison of Sample Preparation Procedure using Solid-

Phase Extraction or Solid-Phase Microextraction

SPE

measurement of sample (e.g. by vqume)I

conditioning of the phase |

extraction |

adsorbent drying |
I

elution of analytes |

solvent concentration |

transfer of extract into autosampler vial I

start of GC-MS processl

SPME

transfering of samples into HS-vials

adding of salt I

start of GC-MS processl

Slide courtesy of Torsten Schmidt, Univ. Duisburg-Essen



Emerging Environmental Contaminants and SPME

* Pharmaceuticals

« EDCs

* DBPs

* New pesticides and pesticide transformation products
* Brominated flame retardants

 Chiral contaminants

* Musks

» Dioxane

* Algal toxins



Pharmaceuticals

46 million in U.S. have drugs in drinking water
Testing shows traces of meds in water greater than previously reported

Pharmaceuticals in & Tesied positive for pharmaceuticals O Test results pending
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esting prompted by an Associated Press story that revealed trace amounts of pharmaceuticals in drinking water
supplies has shown that more Americans are affected by the problem than previously thought — at least 46 million.
hat's up from 41 million people reported by the AP in March as part of an investigation into the presence of
pharmaceuticals in the nation's waterways.




Pharmaceuticals

Several included on the new CCL-3; will also
be included in new Water Quality Criteria

* Potential estrogenic effects on biota
(e.g., feminization of fish)

* Potential antibiotic resistance

- May affect aquatic organism populations
(decreased food sources)

 Transformation in drinking water treatment



S pA Emerging Contaminants What are They?
enironmen il Q1 @ Paradigm Shift?

gen y

An Example of a Whole Lake Ethynylestradiol
Dosing Experiment at Canada’s
Experimental Lake Area

Jim Lazorchak U.S. EPA,
NERL, Cincinnati, OH

Kidd, Blanchfield, Mills, Palace, Evans, Lazorchak, Flick. 2007. Collapse of a fish population after
exposure to a synthetic estrogen. PNAS 104, 8897-8901.

- Office of Research and Development
National Exposure Research Laboratory (NERL), Ecological Exposure Research Division (EERD), Molecular Indicators Research Branch (MIRB)



SEPA Summary - Fathead Minnow

United States
Environmental Protection

Agency *Spring 2001 - EE2 additions began
- Vg gene expression induction in deployed 114 fish in 260 in 24-hrs

—significant vitellogenin plasma induction after 7 weeks

*Fall 2001 (4 months)
—proteinaceous accumulation in kidney
—liver cell size increased

*Spring 2002 (12 months)
—disorganized testes, immature ovaries
—decreased spawning aggression, fewer & less-developed eggs
—reduction in secondary sex characteristics
— No fish population impacts observed

*Fall 2002 (17 months) - reproductive failure, few age 0 fish

*Spring 2003 (2 years) - only age 2 fish remaining
—one male found, females with large ovipositors

« 2006 (3 yrs post additions) — Fathead population recovered

Office of Research and Development
National Exposure Research Laboratory (NERL), Ecological Exposure Research Division (EERD), Molecular Indicators Research Branch (MIRB)
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Office of Research and Development
National Exposure Research Laboratory (NERL), Ecological Exposure Research Division (EERD), Molecular Indicators Research Branch (MIRB)



Tissue-specific In Vivo Bioconcentration of
Pharmaceuticals in Rainbow Trout Using Space-
Resolved Solid-Phase Microextraction

Mark Servos
Univ. Waterloc

SPME Coating Segment (1mm) in adipose

mixture of 3 ug/L each (atorvastatin,
bisphenol A, carbamazepine, diclofenac,
fluoxetine, gemfibrozil, ibuprofen, and
naproxen)

S - [ mature rainbow trout exposed to a PPCP
Steel Suppof Wire\

» Water samples collected throughout the 8
day exposure and analyzed by both SPME
and solid phase extraction (SPE).

« SPME samples taken every second day in
both adipose fin and dorsal-epaxial muscle

Xu Zhang, Ken D. Oakes, Shufen Cui, Leslie M. Bragg, Mark R. Servos, Janusz Pawliszyn




.
Drinking Water DBPs

* Formed by the reaction of disinfectants with
natural organic matter

Concern over possible human health risk:

« Epidemiologic studies: risk of bladder cancer
some cause cancer in laboratory animals

« Recent concerns about possible reproductive
& developmental effects (from epi studies)

* Huge movement toward alternative disinfectants
« Use of UV and membranes increasing dramatically

« By 2025, 70% of drinking water plants expected to use membranes



-
DBPs Requlated by the U.S. EPA

DBP MCL (pg/L)
Total THMs 80
5 Haloacetic acids 60
Bromate 10
Chlorite 1000

But more than 600 DBPs have been identified
Little known about occurrence & toxicity of unregulated DBPs



Measuring lodo-THMs
In Tap Water and Blood e

Ben Blount, CDC

“I have never met him but his SPME work has revolutionalized
my analysis of VOCs in biological fluids.

Automated SPME increased my throughput by an order of
magnitude while improving safety and reducing costs.”



Measuring lodo-THMs in Tap Water and Blood

1. Spike sample with internal standards (°H;- Vil i

iOdOTHMS) Ben Blount
2. SPME extraction (Carboxen/PDMS fiber)
3. GC (DB-624, 25m x 0.20mm x 1.12um)
« Cryotrapping and cryo-oven
High Resolution Mass Spectrometry

. MAT 95 magnetic sector mass spectrometer
. 10,000 Resolution

4. Quantify using stable isotope dilution

Slide courtesy of Ben Blount, CDC

SAFER*HEALTHIER+* PEOPLE"
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.
Blood THM Analysis

MTBE
x20

CHBIy4

CHCl,

IDCM
DBCM IBCM

BDCM

Slide courtesy of Ben Blount, CDC
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IDCM in Blood (19.8 pptr)

Quantitation lon
CH3CL,*

Internal STD
C2H35C|2+

Confirmation lon
CH3:CI3¥’CI*

SERVIC,
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‘53-
c Slide courtesy of Ben Blount, CDC
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NHANES Study—50 VOCs using SPME

SPME Headspace/
CwotrapéGC/ SIM MS
SPME ||
Syringe
'
il
Gas-Tight SPME
Syringe
Fiber
Vacutamer
i
Hermetically 3-mL Blood
sealed + internal standard
sample

Subjects
* Blood samples were collected from 4584 NHANES

2007-2009 study participants.

Sample Collection & Storage

* Blood is collected into a pre-cleaned VOC free,
evacuated blood collection tube

» Samples are stored at 10°C for under for 4 weeks but
no longer than 10 weeks

Sample Preparation

« Samples are equilibrated and mixed in 10-ml blood
collection tube at room temperature

* 3-ml of blood 1s drawn using a gas-tight glass
syringe and placed into a 10-ml headspace vial

* 40 ul internal standard is then pipetted into vial

* Vial is sealed with reprocessed PTFE barrier silicone
septum

Analyte Collection

* 75-um Carboxen-PDMS SPME fiber is exposed for
15 min at 40°C while agitating at 500 rpm

Slide courtesy of Ben Blount, CDC



Analytical System

CTC

PAIL, Autosampler

Agilent S973N

0

EI Source

Agilent 6890 GC

Method Parameters
* SPME adsorption: 15 min at 40°C
while agitating at 500 rpm

* SPME desorption: 1.5 min at 250°C
pulsed splitless, remaining in inlet
throughout GC run while GC is held
in splitless mode

* Cryofocusing: 1 min at -100°C then
ballistically heated to 225°C

* GC Program: 1.5 min at 0°C, ramp
7°/min to 140°C, 40°/min to 220°C,
hold 8.5 min (32 min total)

 MS Detection: Selective lon
Monitoring (SIM) mode

Slide courtesy of Ben Blount, CDC
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Pesticide Degradation Products

* May be more environmentally relevant than
parent species (and some more toxic than parent)

* Previously overlooked
* Most highly polar; require LC/MS or LC/MS/MS
* Some on the CCL-3:

= Alachlor ESA & OA

= Acetochlor ESA & OA
= Metolachlor ESA & OA

CCL-3: www.epa.gov/safewater/ccl



ﬂ:)hotodegradation of Quinalphos Iin water

~

SPME device

|
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€ > —1— Stirring
bar

85 um Polyacrylate fiber
Parathion 1 ppb int. std

4 ml sample, agitation
20 min, 60 °C
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Goncalves, C.; Dimou, A.; Sakkas, V.; Alpendurada, M. F.; Albanis, T. A.
Chemosphere 2006, 64 (8), 1375-1382. /

o id
Vasilis Sakkas

Slide courtesy of Vasilis Sakkas, Univ. of loannina, loannina, Greece




Photodegradation in water

o Water 20 mg 1”7 HA

1.0 T x Ground Water
0.9- o Lake Water
o Water 20 mg 1! NO7
0.8 - m Distilled Water
< 0.7
= A
~= 06
S 05- ; S
=)
O 04- =]
0.3- T \{l\ \Mﬁ
0.2 T3
0.1 - T
0.0 T T T ! ! ' !
0 5 10 15 20 25 30 35

Time (h)
Fig. 1. Typical first-order degradation plots obtained in the photolysis of
qummalphos 1n aqueous phase and under simulated solar irradiation

conditions.

Slide courtesy of Vasilis Sakkas, Univ. of loannina, loannina, Greece




ﬁ:’hotolysis by-products
|dentified by GC/MS

Table 4
Mass spectrum characteristics of tentative by-products as identified in photolysis studies carried out in water and soil matrices
Dregradation product R; (min)® At Main fragment ions [ m'z)
(11 0.0-diethyl-O-methylphosphorothicate g 16.4 124 156, 140, 129, 111, 107, 95, 79
1
O—pP—0
L~
_//C:I
{2) Triethylphosphorothioate IS 183 198 170, 154, 143, 126, 121, 115
— |
o— IT‘— o
/O
(3) 0.0 S-triethylthiophosphate o 22.1 198 170, 154, 142, 138, 126, 109
¥ phosp ~ i o
O— Il:'— O
SW
{4) 2-Hvdroxyquinoxaline M OH 325 146 118, 103, 91
s -
- -
™

Continued...
Slide courtesy of Vasilis Sakkas, Univ. of loannina, loannina, Greece




ﬂ:)hotolysis by-products

~

(5) Quinalphos M o_ N 41.3

(6) Desethylguinalphos 5 432
- M o A
N N -
| S0
S s OH
"'\-\._\_“_, N
(7) Quinalphos S-ethyl isomer O 453
M. o/
. S
~ ~ P
J/ S s T
— O

208

270

208

270, 241, 193, 173, 157, 146, 129, 118

241, 193, 178, 146, 129, 118

269, 241, 173, 157, 146, 129, 118

* R—retention time.

which is particularly important in this kind of studies

\_

v’ Due to its high sensitivity, SPME allowed to test a low pesticide concentration,
equivalent to environmental contamination levels, and using small sample volumes

Slide courtesy of Vasilis Sakkas, Univ. of loannina, loannina, GreecJ




1.4-Dioxane

* On CCL-3 (also for consideration on the new UCMR-3)

» High production chemical used as a solvent stabilizer in the
manufacture and processing of paper, cotton, textiles, automotive
coolants, cosmetics, shampoos, and for 1,1,1-trichloroethane
(TCA)—a popular vapor degreasing solvent

* Probable human carcinogen

* Widespread contaminant in groundwater (often exceeding water
quality criteria and guidelines)

* Highly water soluble; problematic to extract and measure



,4-Dioxane
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Relative abundan:

'i'orsten -échmidt
» Headspace-SPDE-GC/MS

« SPDE a variation of SPME (inside of syringe
needle coated with extraction phase)

Time in min

* 4-6x% larger extraction phase volumes than
100 yum SPME fibers

* Detection limits of 0.8 ug/L
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Slide courtesy of Torsten Schmidt, Univ. of Duisburg-Essen,
Germany

Jochmann et al., J. Chromatogr. A, 2008, 1179, 96-105.
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New EPA Method 522

EPA/600/R-08/101
METHOD 522 DETERMINATION OF 1,4-DIOXANE IN DRINKING WATER BY
SOLID PHASE EXTRACTION (SPE) AND GAS CHROMATOGRAPHY/
MASS SPECTROMETRY (GC/MS) WITH SELECTED ION
MONITORING (SIM)

Version 1.0
September, 2008

Jean W. Munch and Paul E. Grimmett

NATIONAL EXPOSURE RESEARCH LABORATORY
OFFICE OF RESEARCH AND DEVELOPMENT
U. S. ENVIRONMENTAL PROTECTION AGENCY
CINCINNATI, OHIO 45268

www.epa.gov/nerlcwww/ordmeth.htm




Perchlorate (ClO,)

Recent EPA Methods

« Developed to overcome matrix interferences in high
lonic strength waters and to lower detection limits

 EPA Method 314.0: IC-conductivity (MRL 4 ug/L)
 EPA Method 330.0: IC/ESI-MS (MRL 0.02-0.05 ug/L)

- EPA Method 331.0: LC/ESI-MS/MS (MRL 0.02 ug/L)

www.epa.gov/safewater/methods/sourcalt.hrml
www.epa.gov/nerlcwww/ordmethod.htm

CCL-3: www.epa.gov/safewater/ccl



Brominated Flame Retardants (e.g., PBDES)

on the UCMR-2

www.epa.gov/ogwdw/ucmr

e Found in human samples—worldwide

e Potential adverse developmental effects, cancer
e Global production: 200,000 metric tons (most used in U.S. and Canada)
e Added to plastics, textiles, particularly furniture, consumer electronics

e Environmentally persistent; ubiquitous

e QOcta- and penta- phased out in North America in 2004, but deca- still made
e EPA Method 527 (GC/MS; mid-ng/L detection limits)

www.epa.gov/safewater/methods/analyticalmethods ogwdw.html




Brominated Flame Retardants

Western Scheldt

The Hague /
Rottergdm

Ghent- Terneuzer Canal

SPME used with GC/NCI-MS

and GC/EI-MS to measure brominated flame

retardants in environmental waters

L}

Joumal nf Chramamgraply A, 1216 [2008) 134345

Contents lists svailable st ScienceDirsct

Journal of Chromatography A

jeurnal www.ol ema

Methods for the determination of phenolic brominated flame retardants,
and by-products, formulation intermediates and decomposition
products of brominated flame retardants in water

P. Lépez*, S.A. Brandsma, PEG. Leonards, |. De Boer

N2 o PR RO SIS (TVM), VU LAY Y AT iz, DSOS r 1067, 1041 KV ATRS T, The Neerarianas

ARTICLE INFO ABSTRACT

e
#sallable anline 15 Agust 2008

Brominated flame metardants (BFRs) are the chemicals of high importance withia the REAh frame-
work, In addiion 1o polybraminated digheryi ethers (PRDEs], hexabrmosyelododzcane [HBCD) and
(TBBPA). other BFRs such 25 bromophenals, intermediates in FR farmulation e

Eeywore

d their brominated and noo-braminated by-products such as bromaanisoles, bome-
tokuenes, beoenoalkanes and 158-cyclododscatriens, respectively should be monitared and controllsd
because of their toicicy and their very low odour and taste threshokls, below sub-nancgram.-per Liter
levels, [n the present study s=veral analytical methods far the simultaneous determination, L=, com-
bining ane single sample treatment and coe analysis step. of these compounds in water have been
developed, optimized and svaluated, The methods invalve a (pre-concentration)-extraction techrique,

uch s liquid-liguid (LLE), solid-phase (SPE), head o ar solid-phase
(SPME], allowed. i

+(ED)aslonizati iques, ECNL:

memn,m withmor than one m, HS and by means of 3
Exrramon d the i
InSPME

fiber, the
mode of ionand th E perature, il (PDMS)fbers appeared 12 be
more suitable AR-PDMS) for
with mane than ane broemine amm, The extracion of 2 pifet kil only ume\m in a direct
E_GC{ECHIIMS,
LLE-GC—[EI}MS, SPE-GC—[ECNIJMS, SPE-GC—EIJMS, HS-GC—EIJMS and SPM BG(—[EI]MS were evalu-
aied I term of linearicy, precison, detection lmits and trueness. All methods, with the exception of
H5-GC—(EMS, were linear

SPE-GC- (EC]
aod celiable mettod for the determication of mastofthe bramin compaunds, whereas SPE-GC-(EDMS
by isomers cF 1,
SEME_GC(HMS (for qualca ol
3 - P 8

where 2,
than their respestive odour thesholds,
©2008 Elszsier BV, All rights reserved,

1. Introduction

aim of REAch is to improve the protection of human health and
the environment through the better and earlier identification of

©n 28 October 2003, the European Commission adopted a pro-  the intrinsic properties of chemical substances, while maintain-
posal far a new EU rogulatory framework for chemicals called  ing the competitiveness and enhancing the innovative capability
REAch (Registration, Evaluation, Authorization and Restriction of  of the EUJ chemicals industry, A Chemicals Agency will act as
chemicals), which entered into force on 1st June 2007 [1]. The  the ceniral point in the REAch system: it will nun the databases

necessary to operate the system, co-ordinate the in-depth eval-
uation of suspicious chemicals and run a public database in

* Comesponding author Tel.: +31 20 SS8055S; fix: +31.20 SEB0553. which consumers and professionals can find hazard information,
Lépez,

£ maliaaTe prii I e ML P,

The Regulation also calls for the progressive substitution of the

001-0673)5 - sme ok mutter € 2008 Ekevier BV, All Aghtz resenved.

d0l:10, 1016} chroera 200 08,043

Lopez, P.; Brandsma, S. A.; Leonards, P. E. G.; De Boer, J. J. Chromatogr., A 2009, 1216 (3), 334—345.

Patricia Lopez, VU University Amsterdam




Algal Toxins

* Included on the new CCL-3
(microcystin-LR, anatoxin-a, cylindrospermopsin)

« EU: guideline (0.1 ug/L)

*« WHO: provisional guideline (1.0 ug/L)
for microcystin-LR

* Responsible for large fish kills, poisoning of
shellfish, illness in people

Examples:
* Microcystins, nodularins, saxitoxins, anatoxins, brevetoxins

« Some found in finished drinking water from Florida (2003)

CCL-3: www.epa.gov/safewater/ccl



Microcystins

Xingfang Li

A LIRS LN, 25 - SPME-microbore-LC-QTOF-MS
MC-RR: X=Arg, Z=Arg

* 0.6-1.6 pg detection limits
* 70-86% recoveries

» Small sample volumes (12 mL)

 Minimized the use of solvents

Slide courtesy of Xingfang Li, Univ. Alberta, Canada



SETEWAEWAIE

Spiked lake water
1 pg/L

Zhao, Y.-Y.; Hrudey, S.; Li, X.-F. J. Chromatogr. Sci. 2006, 44, 359-365.

Slide courtesy of Xingfang Li, Univ. Alberta, Canada



Musks

» Synthetic musks widely used as fragrance
additives in many consumer products, including
perfumes, lotions, sunscreens, deodorants, and laundry
detergents

* Widely present in environmental samples, including
wildlife and humans

« Accumulate in sediments, sludges, and biota

* Up to 190 ng/g lipid in humans




Musks

« SPME-GC/u-ECD used to measure musks in
wastewater and sewage samples at low ng/L
detection limits

Polo, M.; Garcia-Jares, C.; Llompart, M.; Cela, R. Anal. Bioanal. Chem. 2007

Carmen Garcia-Jares, Univ. de Santiago de Compostela, Spain

Anal Bicasal Chem 2007) 388:1T89-1798
DOT 101007500216 0071355

ORIGINAL PAPER

Optimization of a sensitive method for the determination
of nitro musk fragrances in waters by solid-phase
microextraction and gas chromatography

with micro electron capture detection

using factorial experimental design

Maria Polo - Carmen Garcla-Jares «
Maria Llompart - Rafael Cela

Recaved 23 February 2007 /Revised: 7 May 2007 [Accepted: 10 May 2007/ Pablished omline: 13 Jme 2007

) SpmingerVerhg 2007

Abstract A solid-phsse microexiraction mefod (SPME)
followed by gas chomabgmphy with micm electron
capture detection for determining race levels of niro musk
fragrances in residual waters was optimized. Four ni ks
sk xylene, musk moskene, musk tibetene and musk kenne,
were selected for the optimization of the method. Factors
affecting the extraction process were sindied wsing a nuiti.
variaie approach, Twe extraction modes (direct SPME and
hesdspace SPME) were tried st different extraction temper-
‘atures using twe fiber contings [Carboxen—polydimedhylsilox-
ane (CAR/PDMS) and polydimetylsilocane-divinylhenzens
(FDMS/DVE]] selected among five commercial tested fibers.
Sample agitfion and the sking-out effect were also factors
studied. The main effects and interactions between the factors
were studied for all the mrget compounds. An exaction
tempersture of 100 °C and sampling the headspace over the
sanple, using either CAR/PDMS or FDMSDVE s fiber
coatings, wene found to be the experiments] conditions that led
1 amore effective extraction. High semsitivity, with delection
limits in the low nanogram per liter range, and good linearity
amd repeatshility were achieved for all nitro musks. Since the
method proposed performed well for real mmples, it was
applied to different watker samples, inchiding wastewater and
sewage, in which some of the target compounds (mmsk xylene
and musk keione) were detected and quantified.

M. Polo - C. Gareia-Jares (1) - M. Liomgurt - . Cela
Departamento de Quimica Analitca, Newiciin y Bromaslgia,
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Tntroduction

In the last fiw years, increasing attention has been given to
2 class of emerging toxic substances like some components:
of the so-called pharmaceuiicals and personal care products
(PPCPs). Numerous products like saps, detergents, cos-
metics and other consumer products are being continuously
released into the environment. Since fragrances are constit-
uents of many of these products, their musk components
cam be characterized by their ubiquity [1]. Three Families of
musks, nitro musks, polyeyclic musks and macrocyclic
nusks, were developed to substitute the extremely expen-
sive natural musks.

Among the synfhetic musk compounds, the nitro musk
family includes five members: musk xylene (MX), musk
ambrette, musk moskene (MM), musk tibene (MT), and
nmsk ketone (MK) [2]. Tn particular, MX and MK are the
most widely used nitrommusks, mainly in detergents and
cosmietics, 50 fheir primary methed of release into the

i is through disch: of demestic
Since the time when nitro musk compounds were detected
by Yamagishi et al. [3, 4] in marine animals and humans
fom Japan, MX has no longer been used in that country.
Subsequendy, MX and MK were moatly deiected in Europe
in aquatic biot [5-7], s well s in human milk and adipose
tiszue [8], demonsirating e lipophilic natre and the high
bicaccunulation potential of nito musk compounds On
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388 (8), 1789-1798.




Chiral Contaminants

 Chiral contaminants are similar chemically,
but can behave differently in the

detection for the chiral spe on of the pesticide ruel
environmental samples§

environment and in biological systems ot i it o o
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Most chiral pesticides are used & racemsls dte the fact that the pesticidal sctivity & generally
e may have toxic df

SPME used with enantioselective GC-ICP- TRaEommen S
MS to measure chiral speciation of the
pesticide ruelene in environmental samples

superior i the ECD in terms of vity and sensitivity with excellent
3ng L™ a3 P)for each enantiomer of The final
xl samiples (river WL 0

Introduction of the environme ot of & OFPs il
4 o anly

Organophesphorus pesticides (OPPs) are widely used nowas o o radifionsl methods e be

days a3 they play an mportant role in agricullure

Protection. ()FPH are used a3 pesticides because of their

action.! n- large
resull in the presence ermination of OPPs in environmental
surface and ground waters, deinking waters snd spricullural e application of sample p
from the matrix, bring them Lo &
1 and remene postible interfe
dd-phase macro vnnrum

commodities including food and beverages, thus compromss-
ing the safely of such produets.

such & aming adids, sugars and

different biokgical responses Lo one of & pair of enantiomers
in drugs, pestickles, wasle compounds, ere. Numerous peiti-
cides such as OPFs are enanbiomeric compounds with phos-
phorus or carbon sloms & chiral centess. The

and neles. ino the environment s racemsls

ususlly different bioactivity, Loxici
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EDCs and Steroid Hormones

« Concern about possible estrogenic or
androgenic and other
effects, both to wildlife and humans

e SPME-GC-MS used to measure EDCs
and hormones in river water and fish
serum

* Diethylstibestrol (DES), octylphenal,
nonylphenol, dehydroisoandrosterone

(DEHA), estrone (E1), 17(-estradiol
(E2), testosterone, and pregnenolone
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Full automation of solid-phase microextraction/on-fiber
derivatization for simultaneous determination

of endocrine-disrupting chemicals and steroid hormones
by gas chromatography-mass spectrometry
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Abstract A fully sulomated method using direct immer-
sion solid-phase microetraction (DI-SPME) and headspace

on-fiber silylation for simultneous determinatons of

ly
exogenous endocrine-disrupting chemicals (EDCs) and
mdngmnns steroid hormones I environmental aqueous
l samples by gas chromatography-mass
(GC-MS) was :h\-c'ln]'l‘d and compared to a
previously reporied manual method. Three EDCs and five
endocrine steroid hormones were selected 1o evaluate this
method. The extraction and deriv
pH, incubation temperature,
solvent were optimized. Satisfactory results in pure water
f linearity calibration curve
1.0000), d\'n.mm mange (3 orders of magm—

These results were similar to those obtained using a mamual
method, and moreover, the precision was improved. This
new automated method has been applied to the determina-
tions of taget compounds in real samples usd in our
previous study on a mamal SPME method. Exogenous
octylphenol (OP), technical grade nonylphenol 3

serum, respectively. Natural steroid hommones estrone (E, )
17 |.\-csir3.1m'\ {Ea), and l:s(mmmlt 1T|\u:n: at 0.19,0.11,
and

applications in environmental analysis and the performances
shaon moved precision and a reduced amalysis time
compared to the manual method

Keywords Auwtomaied tion - Nonylphenol -
Octylphenol - Diethylstilbestrol - Steroid hormones -
Water and biokogical samples

Introduction

Endocrine-disrupting chemicals {EDCs), which include a
diverse range of synihetic and natural compounds, have
recently been attracting increased atiention due to ther
ahility & disrupt or alter the functions of the endocrine
system and consequently their adverse health effects in an
intact organism (1. Growig concens have alo been
voiced with respect to another group of biologically active
compounds, the so-called steroid hormones, which are low
molecular weight lipids naturally syntesized from choles-
terol [2]. In previous research, it has been shown that natural
steroid bommones excreted by humans or wildlife are
released into the aquatic environment through discharges
from sewage treatment and may act s EDCs [3, 4]
Moreover, the EDCs are delivered into target organs via the
blood flow and pose some adverse «ffects by disnupting the
balance of natural stemid hormones in blood Since
both kinds of compounds have been linked in nature,
simultaneous determinations of EDCs and steroid hormones
in water and blood are esential not only for monitoring
EDCs but also for clanifying their finctions in the
To achieve an efficient, practical, aml reliable method fi

the simultmecus determinations of EDCs and steroid
hormones, appropriatesample preparaton is very important.
Traditional sample prepamtions such as liquid-liquid
extracion (LLE) and solidphase extraction (SFE) have
been used for cleanup of the samples in the simultancous
determination of EDCs and steroid hormones However,
these methods are laborious, time-consuming, and use
relatively large amounts of sample and orgamc solvent;

Yang, L. H.; Lan, C. Y,; Liu, H. T.; Dong, J.; Luan, T. G. Anal. Bioanal. Chem. 2006, 386 (2), 391-397.
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