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Abstract

In this study, microwave-assisted extraction (MAE) followed by gas chromatography (GC)-mass spectrometry (MS) analysis has been
successfully developed for the simultaneous extraction and determination of contrasting endocrine disrupting chemicals (EDCs) including
17B-estradiol, estrone, bzethynylestradiol, 16-hydroxyestrone, 4-nonylphenol tért-octylphenol and bisphenol A in river sediments. For
MAE, the effects of various parameters on the extraction efficiency were investigated. It is shown that the most efficient extraction (recovery
>74%) of the target compounds was achieved by using methanol as the solvent, an extraction temperata afid 16 min of holding
time. The cleanup of extracts was carried out by passage through a non-deactivated silica gel column, and a satisfactory elution efficiency
of all compounds was achieved using a solvent mixture of ethyl acetate—hexane (4:6, v/v). The spiking experiments show that the mean
recovery of the target compounds exceeded 61% at a spiking level of 5ng/g dry mass, and 73% at 10, 40 and 100 ng/g dry mass with a good
reproducibility. The method developed was applied to the determination of target EDCs in river sediments collected from rivers Uck and
Ouse, UK, and results revealed the presence of the chosen compounds at low ng/g level.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction plastics, household products and industrial processes. In re-
cent years, there has been increasing attention toward the
Endocrine disrupting chemicals (EDCs) are defined as ex- potential effects of EDCs in aquatic environments on hu-
ogenous substances that alter the functions of the endocrinanan and wildlife endocrine systems, e.g. the feminisation
system and consequently cause adverse health effects in anf male fish, abnormal reproductive processes and the de-
intact organism, or its progeny. EDCs are of global concern velopment of testicular and prostate cancer even at the low
due to their widespread occurrence, persistence, bioaccumueoncentrations down to 1 ndi—4].
lation and potential adverse effects on ecosystem function- Reliable environmental analysis of EDCs is a prerequisite
ing and human health. These chemicals may originate fromfor their risk assessment. To date, most analytical efforts
natural processes and industrial activities. Natural hormoneshave focused on the determination methods for EDCs in
such as 1jB-estradiol and estrone are derived from exc- aqueous matricg®—8], which are primarily based on solid
reta of humans and livestock, andotiydroxyestrone from  phase extraction, silylation and detection by gas chro-
the hepatic metabolite of the natural estrone. Man-made matography (GC)-mass spectrometry (MS) or LC-MS.
substances include synthetically produced hormones, e.gHydrophobic organic pollutants in aquatic environments
17a-ethynylestradiol and industrial chemicals, e.g. bisphe- tend to deposit and accumulate on the solid phases such as
nol A, 4-nonylphenol and 4ert-octylphenol associated with  sediments, although the magnitude of which is dependent
on EDCs and sediment properties. Limited study is de-
mspon ding author. Tek:44-1273-877318; voted to the anglysis of EDCs from sqlid samples pecause
fax: +44-1273-677196. of the complexity of sample processing and requirement
E-mail address: j.zhou@sussex.ac.uk (J.L. Zhou). of low detection limit. Recently, different extraction and
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determination methods for EDCs in solid phases have beenbisphenol A from river sediment samples, followed by
developed using conventional extraction systems coupledGC—-MS analysis. Various extraction and elution conditions
with chromatography detection technique. Soxhlet extrac- were tested in order to achieve best conditions for the si-
tion is most commonly used in the extraction of organic multaneous extraction recovery of the EDCs. The newly
pollutants from solid matrices. The investigations into the developed method was also compared with sonication
guantitative extraction and determination of nonylphenol extraction technique, and applied to quantify the concen-
polyethoxylate surfactants in marine sedimd@isand xe- tration levels of target compounds from river sediments in
noestrogens 4-nonylphenol and bisphenol A from sewagethe UK.
sludge [10], using Soxhlet extraction system followed
respectively by normal-phase LC-electrospray MS and
high-performance LC-fluorescence detection, have been2. Experimental
described by Shang et al. and Naassner et al. Sonication
and LC-MS technique was used for the extraction and 2.1. Chemicals and standards
detection of estrogens (estriol, estradiol, ethynyl estradiol,
estrone and diethylstilbestrol) and progestogens (proges- All standards were of the highest purity commercially
terone, norethindrone and levonorgestrel) in sedimgrits available. 1B-Estradiol, estrone, X#ethynylestradiol,
and phenolic compounds (nonylphenol, octylphenol and 16a-hydroxyestrone,qH,]17B-estradiol (1B-estradiol-d)
bisphenol A) in sewage sludg&?]. By sonication extrac- and 4-nonylphenol were purchased from Sigma UK,
tion and GC-MS—-MS analysis, the two methods have beenand bisphenol A, 4ert-octylphenol, fHig]bisphenol A
proposed for the determination of estroneiestradiol, (bisphenol A-dg) and bis(trimethylsilyl)trifluoroacetamide
17a-ethynylestradiol and mestranol down to 2ng/g in acti- (BSTFA) containing 1% of trimethylchlorosilane (TMCS)
vated sludge and down to 0.2 ng/g in freshwater sedimentswere supplied by Aldrich (Dorset, UK).
[13]. Pressurised liquid extraction (PLE) has been described Stock solutions (1000 mg/l) for each of the standards
to be very promising in the recovery of 4-nonylphenol and were prepared by dissolving an appropriate amount of pure
4-nonylphenol ethoxylates from sedimefitg], and a new standards in methanol. Working solutions of mixture con-
method based on PLE followed by LC-MS has also been taining each compound at 10 mg/l (except for bisphenol A
presented for the simultaneous determination of alkylphe- at 5 mg/l) were obtained by diluting the stock solution with
nol ethoxylate and their degradation products, alkylphenol methanol. Internal standard solutions (10 mg/l) of bisphe-
and alkylphenol carboxylates in sediment samfles]. nol A-d;s and 1B-estradiol-d were prepared in methanol.
Meesters and Schréd§t6] have applied the different ex-  All the standard solutions were stored -al8°C prior to
traction techniques e.g. Soxhlet extraction, supercritical use. Distilled-in-glass grade solvents methanol, ethyl ace-
fluid extraction and accelerated solvent extraction followed tate, acetone, hexane and dichloromethane (DCM) were
by GC-MS to the simultaneous extraction and determina- purchased from Rathburns (Walkerburn, UK). High-purity
tion of 4-nonylphenol and bisphenol A. deionised water was supplied by a Maxima Unit from USF
Since the first application of a microwave oven to the ex- Elga, UK. The silica gel 40 (0.063-0.2 mm particle size was
traction of analytes from solid matrices using organic sol- obtained from Fluka, Buchs, Switzerland). Sodium sulphate
vents[17], growing interest has been attracted to the use of anhydrate was from Fisher Chemicals, UK.
microwave energy in the extraction of various organic pol-
lutants from various matrices, including the extraction of 2.2. Microwave-assisted extraction
polycyclic aromatic hydrocarbons (PAH4)8—-20]from soil
and marine sediments, pesticides from sediments and soils Sediment samples from River Ouse, East Sussex, UK were
[21-23] and polychlorinated biphenyls (PCBs) from soils used for spiking experiments. They were first of all extracted
[24—26] Furthermore, many articles have been published on to determine the levels of target compounds in the matrix.
the extraction of phenolR7,28] and herbicide$29] from The results show that except for @-éstradiol (2ng/g dry
environmental samples. The advantages of this technique in-mass) and 1d-ethynylestradiol (3.2 ng/g dry mass), all the
clude the reduction of solvent consumption and considerableother compounds were below the limit of quantification.
saving in processing time. However, little work has been Wet sediment samples (approximately 5g dry mass) were
completed on the microwave-assisted extraction of EDCs weighed into PTFE-lined extraction vessels and spiked with
from environmental particulate samples such as sediments.100 ng of bisphenol A and 200 ng of the other compounds.
In the previous work from our group, we developed The dry mass of each sediment sample was determined
an analytical method for EDCs from natural water based by drying in an oven at 100C for 4 h, and all concentra-
on solid-phase extraction and GC-M30]. In this study, tion values are reported on a dry mass basis. The samples
we focus our effort on the development of a reliable were carefully mixed with a spatula and allowed to stand
microwave-assisted extraction technique for the simultane-for 2h in the MAE vessels prior to addition of solvents.
ous recovery of 13-estradiol, estrone, hZethynylestradiol, Copper granules were added for removing sulphurous com-
16a-hydroxyestrone, 4-nonylphenol,tért-octylphenol and pounds. Extractions were performed by MARS-X (CEM
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Corp., USA) at 90, 110 or 13@ for 5, 15, 25 or 40 min with ~ Table 1

100% of power, 1200 or 600 W, and 200 p.s.i. (1378 kPa) lons for the quantitative analysis of silylation derivatives of target EDCs
with 25ml of a solvent or solvent mixture. After extrac- 2 internal standards _ _

tion, the vessels were cooled to room temperature beforeCompound Molecular  Confirmation  Quantitative

they were opened. The supernatants were transferred to the mass 1ons il
round-bottomed flasks (250 ml), and the sediment samples*&t-Octylphenol - 206.3 208.1 207
hed with 15 ml of the same solvent or solvent mix- &-Nonylphenol 2203 2922 179

were washea! _ Bisphenol A 228.3 358.1 357
ture for three times and centrifuged at 2500 rpm (%Qg) for Bisphenol A-dg 2443 369.3 368
5min. The supernatants were combined, then evaporated tcEstrone 270.4 257.2,218.2 342
nearly 1 ml by rotary evaporation, and subjected to clean-up 178-Estradiol 272.4 416.2,326.1 285

17a-Ethynylestradiol ~ 296.4 425.2,2322 285
procedure.

16a-Hydroxyestrone 286.4 429.9 286

178-Estradiol-¢ 274.4 418.1 287

2.3. Sonication extraction of sediment sample

Wet sediment samples (5g dry mass) from River Ouse . .
were spiked with 200 ng of the target compounds, and ex- (1% TMCS). After a reaction of 30min at 60-70, the
tracted for three times in an ultrasonication bath (Decon q§r|vat|ves were cooled to room temperature, apd &as
Lab., UK) with 25 ml of methanol. For each extraction step, injected for GC-MS analysis.
the sample was sonicated for 20min, and centrifuged at
2500 rpm (700« g) for 5 min. The supernatant was collected 2.5. GC-MSanalysis
in a 250 ml round-bottomed flask. The three solvent extracts
were combined and concentrated using rotary evaporation The separation and detection of analytes were achieved

to approximately 1 ml. using a gas chromatograph (Trace GC 2000, Themoquest
CE Instruments) coupled with an ion trap mass spectrom-

2.4. Preparation of silica gel column and cleanup of eter (Polaris Q, Themoquest CE Instruments, TX, USA)

extracts and an autosampler (AS 2000). The gas chromatograph was

equipped with A ZB5 (5% diphenyl:95% dimethylpolysilox-

The silica gel was heated in an oven at 180overnight ~ ane) capillary column of 30 m 0.25mm i.d. (0.2um film
(at least 18 h), and cooled down to room temperature. For thethickness). Helium carrier gas was maintained at a constant
purpose of deactivation, a desired amount of the silica gel flow rate of 1.5 ml/min.
was weighed in a conical flask, and stoppered immediately. ~ Following the injection of Ll extracts, the GC column
Different amount of high-purity water was added, shaken temperature was programmed as follows: 100isother-
for 10min, and stored at room temperature overnight for mal for 1 min, 10°C/min to 200°C, 15°C/min to 260°C,
equilibration. 3°C/min to 300°C and 300C isothermal for 2min. MS

Sodium sulphate anhydrate in ceramic dish was ashedwas by electron impact ionisation and operated in full-scan
at 450°C for 5h’ cooled and stored in a desiccator till mode fromm/z 50 to 600 for qualitative analysis or selected
use. Glass wool (pre-ashed at 5@for 3h) was inserted  ion monitoring mode for quantitative analysis. The inlet and
into the bottom end of a cartridge (6ml), followed by MS transfer line temperatures were maintained at“Z30
filling cartridge half full with ethyl acetate—hexane (4:6, @and ion source temperature was 280 The ions monitored
vlv). The slurry was made up by stirring 1g silica gel for each compound are listed Table 1
in ethyl acetate—hexane (4:6, v/v) and transferred to the
cartridge. Sodium sulphate (3 g) was packed to the top of 2.6. Analysis of environmental samples
silica gel. The column was conditioned with 25 ml of ethyl
acetate—hexane (4:6, v/v), and soaked in the solvent mixture Sediment samples were collected in pre-cleaned glass jars
for use. using a grab sampler from the sewage outfall, and from 30 to

The sediment extracts were quantitatively transferred to 50 m upstream or downstream away from the outfall along
the above column using a Pasteur pipette. The analytes wereivers Ouse and Uck, UK, in April 2003. The oxic fraction
allowed to pass into the column and eluted with 20 ml of was removed by a stainless steal spoon, transferred to the
ethyl acetate—hexane (4:6, v/v). The elutions were evapo-laboratory, and frozen at18°C till extraction. The wet
rated to nearly 0.5ml under a gentle nitrogen stream, andsediment samples (approximately 5g dry mass) were spiked
transferred to 3 ml reaction vials for derivatisation. The ex- with 100ng of internal standards (bisphenol fsdand
tracts in 3 ml reaction vials were spiked with 100 ng each of 173-estradiol-d), then well mixed with a spatula and left
bisphenol A-dg and 1B-estradiol-d as internal standards, to stand for 2 h. They were subjected to microwave-assisted
and further evaporated to dryness under a gentle nitrogenextraction, clean-up procedure, derivatisation and GC-MS
stream. The dry residues were derivatised by the addition of analysis. Examples of chromatograms for the identification
50pl each of pyridine (dried with KOH solid) and BSTFA  of target compounds are shownFig. 1
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Fig. 1. SIM chromatogram of target EDCs in (a) standard solution (1ng injection), (b) sediment sample spiked with 20ng/g dry mass of the target
compounds and (c) sediment sample. Peak numbers refer totédf}@ctylphenol, (2) 4-nonylphenol, (3) bisphenol Asd(4) bisphenol A, (5) estrone,
(6) 17B3-estradiol-d, (7) 173-estradiol, (8) 1&-ethynylestradiol and (9) X6hydroxyestrone.
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3. Results and discussion [methyl acetate:hexane (4:6, v/v) Bethyl acetate:hexane (2:8, v/v) |
160
3.1. Cleanup and elution of analytes 140 —
;\; 120+ T .

Environmental samples are highly complicated in terms & 100 : :
of chemical composition, so it is essential to remove un- § 80 : : = —
wanted matrix interferences from sample extracts prior & 60 1 : :
to derivatisation and GC-MS analysis. However, there is 40 + : : :
no universal method for the removal of all kinds of in- 20 1 : : : =
terference compounds. The purification of EDCs from 0 N N 2= . '\ '\ s
environmental matrices has been performed by means of & & & & 5 & &

. . . W \
deactivated neutral alumina phade!,16], LiChrolute Gg R qf&“ *\%‘ oﬁ&%
. . . Q S
cartrldg_es[lz] and silica gel sc_)rbe_nﬂ13]. In this study, @(«0 o2 Q \,\e} & ®&
the sediment extracts from sonication were passed through % & o
. . . N X

the columns of silica gel with different amount of water, N NS
and the recoveries of EDCs using ethyl acetate—hexane Compound
(4:6 or 2:8 v/v) as the elution solvent are showrfigs. 2 Fig. 3. The elution efficiency of EDCs in extracts from silica gel column

and 3 In the range of water content from 0 to 15%, N0 with two types of solvent mixture (sediment spike level: 20ng/g of
statistically significant differences were observed for the bisphenol A and 40ng/g of the other compounds).

recovery of 4tert-octylphenol, 4-nonylphenol, bisphenol A,

17B-estradiol and estrone (all mean recovery >100%). The )

recovery of 1@-ethynylestradiol was the highest with 6% Samples that may adversely affect the analysis of target
water in silica gel column. For t6hydroxyestrone, its re-  compounds. Furthermore, the elution efficiency of EDCs

covery reached the highest value with 0 and 15% of water in Nighly depends on the polarity of the eluting solvents and
silica gel column. The matrix of the primary silica gel par- €ompounds, as shown fig. 3. For 4+ert-octylphenol and -
ticle consists of a core of silicon atoms joined together with €Strone, their recovery is almost the same no matter which
oxygen atoms by siloxane bonds (silicon-oxygen—silicon _solvent mixture was used_for elution. For 4-nonylph_eno|,
bonds). On the surface of each primary silica gel particle, its recovery was higher with a less _polar solvent mixture
some residual uncondensed hydroxyl groups from the orig- (ethyl acetate—hexane, 2:8, vlv), whilst for _the rest of the
inal polymeric silicic acid remain and confer upon silica Compounds their recovery was enhanced with a more polar
gel its polar properties, which adsorb strongly polar com- Solvent mixture (ethyl acetate-hexane, 4:6, v/v).
pounds from matrices. As shown kig. 2, non-deactivated
silica gel column is a better choice for the cleanup of 3.2. Choice of microwave-assisted extraction conditions
extracts due to the relatively high recoveries, simple prepa-
ration of columns, and removal of potential interference  To achieve efficient extraction of the target compounds
compounds such as humic or fulvic acids in environmental from solid samples by microwave-assisted system, the
optimal extraction solvent should be selected, the polar-
ity of which matches that of the tested compounds. The

140 - four solvents or their mixtures evaluated for the extrac-
120 tion efficiency of the tested compounds in this study were
~ 100 50% (1) methanol, (2) ethyl acetate, (3) hexane—acetone (1:1,
< ¢ 83% v/v) and (4) hexane—acetone (1:4, v/v), and the results are
g m6% shown in Fig. 4 For 17R-estradiol, 1a-hydroxyestrone
g 607 | |=10% ;
S and to some extent bisphenol A and estrone (all mean
2 40 815% . .
recovery >100%), their recovery was similar between
20 1 different extraction solvents. For tt-octylphenol and
0 - 4-nonylphenol, the best recovery was achieved with
48 hexane—ethyl acetate (1:1) being used for their extraction.
05* The recovery of 1d-ethynylestradiol was the highest when
& methanol was used for extraction. This may be due to the

high polarity of this compound, which therefore favours

methanol as the solvent. Overall, the mean recovery of
Compound 4-tert-octylphenol, 4-nonylphenol, bisphenol A, estrone

Fig. 2. The effect of water content in silica gel on the recovery of EDCs and 1B'eStrad|O| was above 80%, whilst the mean recov-

from spiked sediment (sediment spike level: 20 ng/g dry mass of bisphenol €Y Of 17-ethynylestradiol and k&hydroxyestrone was
A and 40ng/g dry mass of the other compounds). generally above 70%.
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Fig. 4. The whole-procedure recovery of EDCs from sediments spiked
with target compounds (20 ng/g of bisphenol A and 40ng/g of the other
compounds), followed by MAE by different solvents, clean-up, derivatisa-
tion and GC-MS analysis. MAE conditions: 110, 15 min, 100% power,
600 W.

The water content of the samples has been found to be
very important for the increasing extraction efficiency, re-
sulting from the efficient heating of the samples as water
absorbs microwave enerd®81]. However, the use of wet
sediment samples in this work might also cause inefficient
contact between sample particles and solvent when ethyl ac-
etate or hexane—acetone (1:1, v/v) was used as the extraction
solvent. The satisfactory extraction efficiency (73—-122%) of
all the compounds was obtained using either methanol or
hexane—acetone (1:4, v/v). In summary, the recovery from
methanol as the solvent is comparable or even better than
from other solvents. In addition, methanol is miscible with
water, hence potentially more effective in mixing well with
wet sediments and enhancing extraction from sediment ma-
trices. Methanol was therefore chosen as the best solvent for
further studies.

The extraction temperature and duration are potentially
important parameters on the extraction efficiency of EDCs.
The choice of these parameters depends on the nature of the
solvent and its relative permittivity, as well as sample matrix
and the properties of compounds. To obtain higher recovery
and reproducible operating conditions, the extraction tem-
perature and duration were changed from 90 to“I3@or
5-40 min, and results listed ifable 2 Statistically insignif-
icant changes in the mean recovery of most analytes were
found in the temperature range from 90 to t80except
for 16a-hydroxyestrone, the recovery of which generally
decreased with increasing temperature. When the temper-
ature was increased from 90 to 13D, the mean recovery
of 16a-hydroxyestrone decreased dramatically from 105 to
50% with a holding time of 5min, from 77 to 67% with a
holding time of 15 min, and from 102 to 49% with a holding
time of 25 min. These results may be attributed to the degra-
dation of this compound at higher temperature. As shown

Table 2

Microwave-assisted extraction recovery (%) of spiked sediments at 90, 110 an€ 1@¢th different holding time

130°C

110°C

90C

Compound

15min 25min 5min 15min 25min 5min 15min 25min 40 min

5min

146+ 24.7
95.2+ 19.7

114+ 29.8

87.7+ 8.3

103+ 19.2
96.4+ 1.6
96.4+ 9.7

129+ 9.0 80.0+ 5.1 84.1+ 11.9 93.9+ 134 119+ 4.3
93.6+ 7.6
98.7+ 8.8

88.5+ 18.6

96.6+ 29.4

4-tert-Octylphenol
4-Nonylphenol
Bisphenol A
Estrone

108+ 5.6
84.9+ 7.8

92.0+ 21.1

89.0+ 13.6
718+ 7.1
70.5+ 6.7
60.2+ 8.0

88.8+ 21.9

101+ 19.1
98.5+ 7.9
95.6+ 3.6
89.2+ 1.8
823+ 7.9

90.14+ 14.2

135+ 19.8

94.2+ 10.6

86.2+ 244

123+ 1.3
99.0+ 3.8
94.6+ 5.6

130+ 7.8

123+ 5.7
89.0+ 2.1

1144+ 17.9 107+ 3.6 112+ 4.3
91.7+ 5.7 71.0+ 5.6

92.3+ 18.7

81.5+ 14.9

98.2+ 10.4

78.5+ 15.4
88.3+ 4.8

88.5+ 28.0
76.1+ 6.7

95.8+ 12.8

942+ 5.4

17B-Estradiol

107+ 3.8 86.1+ 16.3

49.1+ 2.2

102+ 2.9
67.1+ 9.5

71.2+ 31.0 74.1+ 184

774+ 7.3

75.1+ 23.3

86.8+ 29.8

17a-Ethynylestradiol

31.2+ 21.7

91.0+ 21.4 49.5+ 17.0

87.3+ 245

76.9+ 27.6 102+ 9.2

105t 29.6

16a-Hydroxyestrone
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Table 3

. , . — for 4-tert-octylphenol and 1d-ethynylestradiol, with-? >
Limits of detection (LODs) and limits of quantification (LOQs) for EDCs

0.99.
Compounds LOD (ng/g dry mass)  LOQ (ng/g dry mass) The limits of detection (LODs), calculated as the concen-
4-tert-Octylphenol 05 1.7 tration of three-times the standard deviation in 10 indepen-
4-Nonylphenol 0.5 1.7 dent blank performance, are givenTable 3 The limits of
Bisphenol A 1.0 3.4 quantification (LOQs) are the minimum concentrations of
Estrone 0.3 0.9 quantitative analysis, and determined as the analyte amount
i;ﬁ:g:ﬁ?gstradiol %i 01'3 related to a signal/noise ratio of 10. The results are also listed

16a-Hydroxyestrone 0.2 05 in Table 3 In all case, LOD fell between 0.2 and 1.0 ng/g
sediment, and LOQ varied from 0.5 to 3.4 ng/g.

The recovery tests were performed for the validation of
) o this method by spiking four different levels of standard mix-
compounds were achieved at 90 and 1¢Gor 5Smin of €x-  \Mean recoveries of all analytes in sediments ranged from
traction duration, and a slight increase in the recovery of all 61 5 1o 133% at the spiking level of 5-100ng/g, with
the analytes was found at 110 when holding time was in- R S p. less than 24.3%. For tért-octylphenol, bisphe-
creased from 5 to 25min. In addition, with the highest tem- o A estrone and i-ethynylestradiol, their recoveries
perature (i.e. 130C) and longest holding time (i.e. 40min),  were higher than 80% at four different spiking levels.
it is probable that the matrix materials from sediment sam- Therefore, the results show that the method developed
ples may have been co-extracted, resulting in material thatexhibits a satisfactory precision and reproducibility for
can interfere with the analysis of the target compounds. the separation and determination of EDCs from sediment
This may explain the rather high recoveries (e.g. 146 and gamples.
135%) observed for Zert-octylphenol and bisphenol A, Furthermore, compared with the results from ultrason-
respectively. As a result, a compromise must be made be-jcation extraction experiments (shown ifable 4, the
extraction temperature of 12C with 15 min of extraction similar for all the compounds. However, the advantages
period was selected as the best operating condition for theof microwave-assisted extraction include low solvent con-

extraction of all the analytes with mean recovery exceeding symption (25 ml) and short extraction time (15 min).
74%.

3.4. Analysis of environmental samples
3.3. Method validation
The method developed was then applied to the extraction

The analytical method was validated by the linear range, and analysis of EDCs from natural sediment samples, col-
limit of detection and precision. A series of injections of l|ected from rivers Ouse and Uck of UK. As showrTiable §
target compounds in the concentration range from 0.10 to the results revealed the presence of the target compounds in
100pg/ml and 1.Qug/ml of internal standards were used some river sediment samples in the low ng/g range, which in
to determine the linear concentration range of GC-MS in- many cases was below the LOQ, especially for River Ouse
strumentation. In the range between 0.10 andug/nl, the at Haywards Heath. For River Ouse at Lewes and River
method was found to be linear for 4-nonylphenol, bisphenol Uck at Uckfield, the concentrations of the target compounds
A and 1'B-estradiol with correlation coefficients from 0.96 were slightly higher in sediment samples from the sewage

to 0.99. The linear range was from 0.1 todg/ml for es- outfall than those upstream or downstream of the sewage

trone and 1G-hydroxyestrone, and from 0.10 to g@/ml outfall.

Table 4

Recovery (%) for EDCs from sediment samples={ 3) after subtracting background concentrations

Compound Microwave-assisted extraction, spike level (ng/g dry mass) Sonication extraction,
spike level

5 10 40 100 40 (ng/g dry mass)

4-tert-Octylphenol 1294+ 18.3 133+ 54 90.4+ 6.1 91.6+ 1.8 123+ 14.6

4-Nonylphenol 61.5+ 14.1 74.7+ 8.0 934+ 7.4 101+ 7.4 90.3+ 5.1

Bisphenol A 103+ 11.9 80.2+ 24.3 102+ 19.8 98.8+ 1.8 97.0+ 5.3

Estrone 935t 75 107+ 1.5 103+ 2.5 83.2+ 0.9 86.9+ 10.4

17B-Estradiol 92.3+ 134 109+ 1.4 83.5+ 2.9 771+ 7.2 102+ 4.8

17a-Ethynylestradiol 120+ 6.1 116+ 12.8 113+ 13.2 123+ 4.6 122+ 25.9

16a-Hydroxyestrone 80.G: 5.2 87.8+ 16.4 73.4+ 14.9 75.4+ 1.9 99.0+ 5.8
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Table 5
The mean concentrations (ng/g dry mass) and standard deviatien8) of the target compounds measured in sediment samples from Sussex rivers, UK
Compound Uckfield sewage outfall, Haywards Heath sewage Lewes sewage outfall,

River Uck outfall, River Ouse River Ouse

Upstream Sewage Upstream Sewage Downstream Sewage Downstream

of outfall outfall of outfall outfall of outfall outfall of outfall
4-tert-Octylphenol 2+ 0.7 12 <LOQ <LOQ 5 8+ 1.3 4
4-Nonylphenol 44+ 1.1 4 <LOQ <LOQ 2 5+ 15 <LOQ
Bisphenol A 8+ 1.9 8 <LOQ <LOQ <LOQ 9+ 27 5
Estrone 3+ 0.8 7 <LOQ <LOQ <LOQ 3+ 0.6 <LOQ
178-Estradiol 2+ 0.7 4 <LOQ 2 3 4+ 1.1 <LOQ
17a-Ethynylestradiol H 1.4 12 9 2 4 <LOQ <LOQ
16a-Hydroxyestrone <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
4. Conclusions [5] M. Petrovic, A. Diaz, F. Ventura, D. Barcel6, Anal. Chem. 73 (2001)

5886.

. ) . . _ [6] R. Espejo, K. Valter, M. Simona, Y. Janin, P. Arrizabalaga, J. Chro-
A method based on microwave-assisted extraction fol matogr. A 976 (2002) 335.

lowed by GC/MS has been developed for the accurate and [7] M.J. Rinken, Int. J. Environ. Anal. Chem. 82 (2002) 77.

precise determination of important EDCs in river sediments. [8] A. Diaz, F. Ventura, Anal. Chem. 74 (2002) 3869.

The best extraction conditions involve methanol as the sol- [9] D.Y. Shang, M.G. Ikonomou, R.W. Macdonad, J. Chromatogr. A 849
vent, an extraction temperature of XD and a duration of (1999) 467.

15 min. Reasonably low LOQ values are made possible by g/' 45N(a2%?2r;e{’32/' - Mergler, K. Wolf, 1. Schuphan, J. Chromatogr. A
an effective clean-up step with silica gel. The method devel- [11] M.J. Lépet de Alda, D. Barcel6, J. Chromatogr. A 938 (2001)
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EDCs from river sediments down to 0.5ng/g. In addition, [13] Tz-'gsz)egESé H. Andersen, D. Gilberg, M. Bonerz, Anal. Chem. 74
the determination of EDCs at trace levels in sediments is |, (s Valsecchi, S. Polesello, S. Cavalli, J. Chromatogr. A 925 (2001)
challenging as matrix interferences have to be removed by~ 197,

clean-up steps. The chemical composition and functional- [15] M. Petrovic, S. Lacorte, P. Viana, D. Barceld, J. Chromatogr. A 959
ity of sediments from different origins can vary enormously. (2002) 15.

Therefore, clean-up procedure is a key step for the quanti-[16] R.J.W. Meesters, H.F. Schroder, Anal. Chem. 74 (2002) 3566.

. L [17] K. Ganzler, A. Salgo, K. Valko, J. Chromatogr. 371 (1986) 291.
tative determination of the target compounds. [18] M. Letellier, H. Budzinski, Analyst 124 (1999) 5.

[19] L.E. Garcia-Ayuso, M. Sanchez, A. Fernandez de Alba, M.D. Luque
de Castro, Anal. Chem. 70 (1998) 2426.
Acknowledgements [20] S. Jayaraman, R.J. Pruell, R. McKinney, Chemosphere 44 (2001)
181.

The authors would like to thank the Leverhulme Trust [23 F- Onuska, K. Terry, Chromatographia 36 (1993) 191.

. . . . [22] C. Molins, E.A. Hogendoom, H.A.G. Heusinkveld, A.C. Van
for funding this project (Grant number: F/00230/H). A. Beuzekom, P. Van Zoonen, RA. Baumann, Chromatographia 48

Wilding’s contribution was supported by a DPhil Stu- (1998) 450.
dentship from the UK Engineering and Physical Sciences [23] K. Hummert, W. Vetter, B. Luckas, Chromatographia 42 (1996) 300.
Research council (award number: 00311789) [24] V. Lopez-Avila, J. Benedicto, C. Charan, R. Young, Environ. Sci.

Technol. 29 (1995) 2709.
[25] Z.C. Kodba, J. Marsel, Chromatographia 49 (1999) 21.
[26] K.K. Chee, M.K. Wong, H.K. Lee, Anal. Chim. Acta 330 (1996)

References 217.
[27] V. Lopez-Avila, R. Young, W.F. Beckert, Anal. Chem. 66 (1994)
[1] J.P. Sumpter, S. Jobling, Environ. Health Perspect. 103 (1995) 173. 1097.
[2] D.A. Crain, L.J. Guilletle, D.B. Pickford, H.F. Percival, A.R. Wood-  [28] A. Egizabal, O. Zuloaga, N. Etxebarria, L.A. Fernandez, J.M.
ward, Environ. Toxicol. Chem. 17 (1998) 446. Madariaga, Analyst 123 (1998) 1679.
[3] C. Desbrow, E.J. Routledge, G.C. Brighty, J.P. Sumpter, M. Waldock, [29] S.J. Stout, A.R. daCunha, D.G. Allardice, Anal. Chem. 68 (1996)
Environ. Sci. Technol. 32 (1998) 1549. 653.

[4] E.J. Routledge, D. Sheahan, C. Desbrow, G.C. Brighty, M. Waldock, [30] R. Liu, J.L. Zhou, A. Wilding, J. Chromatogr. A 1022 (2004) 179.
J.P. Sumpter, Environ. Sci. Technol. 32 (1998) 1559. [31] V. Camel, Trends Anal. Chem. 19 (2000) 299.



	Microwave-assisted extraction followed by gas chromatography-mass spectrometry for the determination of endocrine disrupting chemicals in river sediments
	Introduction
	Experimental
	Chemicals and standards
	Microwave-assisted extraction
	Sonication extraction of sediment sample
	Preparation of silica gel column and cleanup of extracts
	GC-MS analysis
	Analysis of environmental samples

	Results and discussion
	Cleanup and elution of analytes
	Choice of microwave-assisted extraction conditions
	Method validation
	Analysis of environmental samples

	Conclusions
	Acknowledgements
	References


