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Abstract

A microwave-assisted extraction (MAE) method for the determination of Irgarol 1051 (2-methylteitHdstylamino-6-
cyclopropylamino-s-triazine) and its main degradation product M1 (2-methylthio-4-tert-butylamino-s-triazine) in marine sediments by gas
chromatography—mass spectrometry (GC—MS) was developed. The key parameters of MAE procedure, including the amount of the sediment,
the volume of the extraction solvent, the duration and the temperature of the extraction procedure were optimized. The extraction procedure
was followed by solid-phase extraction (SPE) on reverse phasma@ridges. The isolation of the target compounds from the matrix was found
to be efficient when 3 g of marine sediment were extracted with 30 ml of water for 10 min aC1EHal determination was accomplished
by GC-MS. Quantification was performed with matrix-matched calibration using atragia®-idternal standard. Mean recoveries higher
than 85.4% were obtained for both compounds at three fortification levels with relative standard deviations R13%.)The limits of
detection (LOD) of the developed method were 0.9 and 1.7 hgigy weight for M1 and Irgarol 1051, respectively.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Compared with traditional extraction methods such as ul-
trasonication, MAE has many advantages: smaller volumes
The search for new sample extraction methods in envi- of solvents are needed, the extraction time is shorter due to
ronmental analysis which are simple, rapid and efficient has the direct heating of the solvents by microwaves and mul-
always been a challenge. Recently, as an alternative to contiple samples (up to 14) can be extracted simultaneously
ventional extraction methods, microwave-assisted extraction[2]. Moreover, the presence of water in the samples can
(MAE) has been developed. This technique is based on thebe a significant benefit in MAE procedurfd. Water im-
absorption of the microwave energy by extraction solvents re- proves the recoveries of the target compoufds$], helps
sulting in an increase of the temperature and pressure, thusnon-polar organic solvents to absorb the microwave energy
diffusion of the compounds from the matrix to the solvent [6], and by itself can be used for the extraction of some or-
can be achievefd]. ganic compound$3,7-10] However, the MAE has some
drawbacks as well. The extraction solvent must be able to
absorb the microwave energy. A clean-up step is needed
* Corresponding author. Fax: +30 210 7274750. due to co-extraction of matrix material in the sample, which
E-mail addressntho@chem.uoa.gr (N.S. Thomaidis). can cause interferences in chromatographic separgfigfis
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Moreover, if water is used as extractant, transfer of analytesdichloromethane, methanol and acetone were of glass dis-
into an organic solvent should be performed before GC/MS tilled grade (Rathburns, Scotland). Ultrapure water was
analysis. prepared in the laboratory with a Maxima HPLC/LS system
The triazinic compound Irgarol 1051, which is used in an- supplied by ELGA (UK). Stock solutions of Irgarol 1051 and
tifouling paints as booster biocide often in combination with M1 were prepared in methanol at 1000 m§ Wwhereas for
copper, and its main degradation product after biodegrada-atrazine-g, a stock solution at 500 mgt was prepared. The
tion, photodegradation and chemical hydroly$k-13]have stock solutions were kept at18°C, from which working
been extracted from sediment samples using several procestandard solutions were regularly prepared.
dures. Soxhlet extractioji4], supercritical fluid extraction
[15,16], mechanical agitatioil7,18] sonication[19-23] 2.3. Choice of the best parameters for the MAE
or both mechanical agitation and sonication have been usedprocedure
[24—26] However, up to now, no MAE procedure has been
developed for the extraction of these compounds from marine  Inorderto maximize the potential of MAE, various key pa-
sediments. rameters, which may affect the efficiency of extraction, were
Thus, the objective of this work was the development studied in detail. The first parameter, which was checked for
and optimization of a MAE method for the simultaneous the optimization of MAE, was the mass of the sediment. Ini-
determination of Irgarol 1051 and its main degradation prod- tially, the marine sediment was homogenized and weighed
uct, M1, from marine sediments by GC-MS. For this pur- (1, 2, 3, 5 and 10g dry weight, respectively) directly into
pose, water was used as the extraction solvent instead othe PTFE lined vessels. The internal standard and the target
the widely used organic solvents. The key parameters in compounds (100 ng each) were used for spiking the sediment,
MAE, including the amount of the extracted sediment, the to which acetone (2 ml) was added in order to form a slurry.
volume of water and the duration and temperature of the The vessels were leftin a fume cupboard overnight to remove
extraction procedure were carefully studied. Furthermore, the organic solvent, after which, ultrapure water (30 ml) was
the method developed was applied to natural samples fromadded and the vessels symmetrically placed on the microwave
the marine environment for the determination of Irgarol turntable. The extraction was carried out at 135or 3 min,
and M1. after which, the vessels were cooled to room temperature and
the supernatant decanted. The sediment was then rinsed three
times with 10 ml of ultrapure water and the supernatants were

2. Experimental combined. These were centrifuged for 5min at 2500 rpm
to separate supernatant from sediment fine particles, with

2.1. Sampling the supernatant being collected and directly extracted
by SPE.

For the spiking experiments, surface sediment samples The SPE procedure used in this study was developed and
were collected from Seven Sisters, which is located 16 miles described in detail in a previous wof&3]. Briefly, C;g car-
to the east of the city of Brighton & Hove (UK), with a hand tridges were activated with 10 ml of methanol plus 10 ml of
held Van Veen sediment grab. Using a stainless steel spoonultrapure water. The extraction was performed at a flow rate
the samples were transferred to solvent rinsed jars and storeaf 10 ml min~1. Then, the cartridges were washed wittx 4
in the dark at-18°C. Prior to spiking experiments, the sam- 2.5 ml of ultrapure water, dried for 3 min and eluted witk 3
ples were analyzed to ensure that they were free of the ana2 ml of methanol. The eluents were evaporated until dryness
lytes. under a gentle stream of nitrogen (35) and the compounds
Following successful development, the method was ap- were dissolved in 300l of ethyl acetate. The recoveries of
plied for the determination of Irgarol and M1 from natural the SPE procedure were quantitative for both the compounds,
sediment samples from Shoreham Harbour, southern Eng-as described previous[f23].
land. Sampling was performed in May 2003, after which The above procedure was followed so as to determine the

samples were kept at18°C until analysis. optimum values of the extraction solvent (10, 15, 25 and
40 ml of water), the duration of the microwave extraction (5,
2.2. Chemicals 10, 15 and 20 min) and the temperature of the microwave ex-

traction (100, 115, 120 and 13Q). Eventually, from all the

Analytical standard of Irgarol 1051 was supplied by extraction experiments the optimum value for each param-
Dr. Ehrenstorfer (Germany). M1 was a gift of both Center eter was chosen and the optimized method was applied to
for Environment, Fisheries and Aquaculture Science (Es- spiked sediments in order to confirm that the selection of the
sex, UK) and Ciba-Geigy (NY, USA). Deuterated atrazine values was appropriate. Significant differences between the
(atrazine-d) was purchased from QMX Laboratories (UK) recoveries from the optimization experiments were tested us-
and used as internal standard. Silica-based bondgdat- ing the least significant difference multiple range test (L.S.D.
tridges (Isolute, 1g) were supplied by International Sor- test)using the appropriate statistical software (SPSS for Win-
bent Technologies (UK). The organic solvents acetonitrile, dows, Version 11.0, SPSS Inc., 2001).
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2.4. MAE apparatus at a constant flow rate of 1 mlmin. A sample volume of
1wl was injected in splitless mode at an inlet temperature of

The microwave extraction of the target compounds was 220°C. The column temperature was programmed from 70
performed using a MARS-X laboratory microwave acceler- to 175°C at 20°C min~2, from 175 to 185C at 2°C min™1,
ated extraction system, with a maximum power of 1200 W, from 185 to 300C at 10°C min—! and maintained at this
operated in the close mode (CEM, Matthews, NC, USA). The temperature for 2min. The MS transfer line temperatures
instrument is configured with a 14-position carousel and the yas maintained at 28, whereas the ion source temper-
extraction can either be temperature- or pressure-controlled.ature was 220C. Electron impact (El) mass spectra were
During extraction, the temperature and the pressure are monobtained at 70 eV ionization energy.
itored in a single vessel (control vessel) by a sensor, while  For the qualitative analysis, the full scan mode was used,
another sensor monitors any solvent leaks in the interior of monitoring the mass range from 50 to 650. Quantitative anal-
the microwave oven. In the present study, the selected con-ysis was carried out using selected ion monitoring (SIM)
trol type was “ramp to temperature” while the pressure was mode. For each compound, the three most abundantions were
constant at 200 psi. The magnetron power was 100% (600 orselected from its spectrum. The chosen ions were 205 (100),
1200 W, depending on the number of samples simultaneously178 (41) and 220 (38) for atrazine;dL57 (100), 198 (77)
extracted). The time to reach the settings was setto 7min. and 213 (32) for M1 and 182 (100), 253 (61) and 238 (56)

for Irgarol 1051. The values in parentheses give the relative
2.5. GC-MS analysis abundance (%). Our EI-MS spectrum for Irgarol 1051 was
essentially the same as that reported previo[isty19,25]

For the quantitative analysis a Trace GC 2000 con- A typical chromatogram of the target compounds and their
nected to a Polaris Q ion trap mass spectrometer was usednass spectrum in SIM mode are showrfig. 1
(ThermoQuest CE Instruments, Texas, USA) supported by
an autosampler (AS 2000). The separation of the com- 2.6. Validation of the method
pounds was achieved by using a ZB-5 (5% diphenyl-95%
dimethylpolysiloxane) capillary column (30 m) with a film The instrument calibration was carried out using eight dif-
thickness of 0.2%.m and internal diameter of 0.25 mm (Phe- ferent concentrations (0.02, 0.05, 0.10, 0.30, 0.50, 0.80, 1.0
nomenex, UK). The carrier gas was helium and maintained and 2.5 mgt?) of each compound, with three replicates per
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Fig. 1. Chromatogram of a standard solution containing g0 ! of the target compounds (Irgarol 1051 and M1) and the IS (atrazhie&IM mode and
their mass spectra.
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concentration. Atrazinesdwas present as internal standard
at a concentration of 0.5mg? in every standard solution.
Matrix-matched calibration curve was also prepared with the

same concentrations in blank sediment extract to check any

difference in sensitivity. The latter calibration curve was used
for the validation experiments and quantification.

The LOD of each compound was determined as three times
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Table 3

Mean recovery and R.S.D. (%, = 3) of M1 and Irgarol 1051 after the
extraction of 1g of sediment with 30 ml of water by MAE at 1G5 for
various time periods

I.

the standard deviation of the response of 10 independen

replicate analyses of 3g of blank sediment samples spikeds

with 100 ng of atrazine«l Precision was assessed by per-
forming repeatability and reproducibility experiments by an-
alyzing six replicates of a sample during one day=(6,

intra-day precision), spiked at a level of 100 ng of the target

Time (min)  Substance
M1 Irgarol 1051
Recovery (%) R.S.D.(%) Recovery (%) R.S.D. (%)
986 7.66 868 7.35
110 136 110 105
10 921 325 932 259
15 7142 15.0 963 7.56
20 6882 183 861 151

2 Value(s) for which the optimized parameter statistically significant af-

compounds and the surrogate and two replicates at three diffected the recovery &=0.05 (L.S.D. test).

ferent daysit = 2, k = 3, inter-day precision), over a period
of one week. In order to evaluate the trueness of the method

marine sediment sample (3 g) was spiked at three fortification
levels (10, 100 and 1000 ng) for each compound.

3. Results and discussion
3.1. Optimization of the MAE procedure

The results from the optimization experiments are given
in Tables 1-4For all the tested conditions, satisfactory re-

Table 1

Mean recovery and R.S.D. (%, = 3) of M1 and Irgarol 1051 after the
extraction of various amounts of sediment with 30 ml of water by MAE for
3min at 105C

Sediment  Substance
amount (g)
M1 Irgarol 1051
Recovery (%) R.S.D.(%) Recovery (%) R.S.D. (%)
1 9862 7.66 868 7.35
2 121 864 871 260
3 112 830 107 4.31
5 117 217 820 156
10 8662 7.09 856 103

@ Value(s) for which the optimized parameter statistically significant af-
fected the recovery & = 0.05 (L.S.D. test).

Table 2

Mean recovery and R.S.D. (%, = 3) of M1 and Irgarol 1051 after the
extraction of 1 g of sediment with various water volumes by MAE for 3 min
at 105°C

coveries were observed for both compounds, ranging from

. . . '69 to 121%. The results obtained from this work are in
recovery experiments were performed. To accomplish this, a

general agreement with other studies regarding the extrac-
tion efficiency of triazine compounds from soil using MAE
[3,8,10,27]

The increase of the sedimentamountupto 5 g did not affect
the recovery of M1Table J). The recovery of this compound
was decreased only when 10 g of sediment was extracted. Per-
haps, this was due to the fact that the volume of the extraction
solvent remained constant to 30 ml, although the mass of the
sediment was increased. Thus, the wetting of the sediment
was not sufficient to extract the compounds to a greater ex-
tent. For Irgarol 1051, an optimum amount of sediment to
be extracted was observed to be around 3 g when the highest
(107%) recovery of the compound was achieved. In all of the
other cases, the recovery ranged from 82 to 87% with no sta-
tistically significant difference between them. From this set
of experiments, 3 g of sediment was chosen as the amount
of the matrix, which provided the best recoveries for both
compounds.

The increase in water volume affected the recovery of M1
only when 40 ml of the extraction solvent was usé&alile 2.

The recovery of the compound was lower (78.7%) compared
with the recoveries obtained when a smaller volume of water
was used during the extraction. This might happen because
of the insufficient stirring of the solvent during the extrac-
tion. Other researche[88,29]reported this phenomenon as

Table 4

Mean recovery and R.S.D. (%, = 3) of M1 and Irgarol 1051 after the
extraction of 1g of sediment with 30 ml of water by MAE for 3 min at
various temperatures

Water Substance Temperature Substance
volume (ml) (°C)
M1 Irgarol 1051 M1 Irgarol 1051
Recovery (%) R.S.D.(%) Recovery (%) R.S.D. (%) Recovery (%) R.S.D.(%) Recovery (%) R.S.D. (%)
10 115 846 954 126 100 973 9.08 812 110
15 892 6.12 795 148 105 986 7.66 8638 7.35
25 944 105 805 167 115 103 1% 106 342
30 986 7.66 868 7.35 120 973 194 863 0.79
40 787 8.70 849 7.97 130 105 536 801 9.77

2 Value(s) for which the optimized parameter statistically significant af-
fected the recovery & =0.05 (L.S.D. test).

2 Value(s) for which the optimized parameter statistically significant af-
fected the recovery & =0.05 (L.S.D. test).
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Table 5

Calibration equations, coefficients of correlatiétf) and limits of detection of M1 and Irgarol 1051 in marine sediments

Compound Standard calibration curve R2 Matrix-matched calibration curve R2 LOD (ngg~! dry weight)
M1 y=2.3k— 0.036 0.9995 y=2.6%— 0.044 0.9995 0.9

Irgarol 1051 y=2.8%—0.048 0.9991 y=3.7%— 0.064 0.999 1.7

Table 6 the sediment was extracted for longer than 10 riab(e 3.

Precision data of the MAE procedure at a level of 100ng of the target The recovery was reduced from 92.1% at 10 min extraction
compounds _ _ to approximately 70% at 15 and 20 min. According to the
Compound Intra-day precision,  Inter-day precision, literature, long extraction times can cause degradation of the

RS.D. (%)n=6 RSD. (#)n=2,k=3 thermolabile compoundig0]. Although M1 is not a labile
M1 5.13 9.80 compound at high temperatures, the results show that degra-
Irgarol 1051 6.51 8.00

dation of the compound probably can take place to some
extent under MAE conditions. For Irgarol 1051, the increase
well. The recovery of Irgarol 1051 was not affected by the in- of the extraction time from 3 to 15 min improved its recov-
crease of water volume. Recoveries higher than 79.5% wereery. Further increase in extraction time (20 min) was found
observed in all cases. From this set of experiments, 30 ml of to be problematic since the recovery of the compound was
water was selected as the best solvent volume for the MAE reduced from 96.3 to 86.1%. From this set of experiments,
of the studied compounds. 10 min of extraction was chosen as the optimum duration
The duration of the extraction procedure resulted in a sta- of the procedure. Other authors also suggest that a dura-
tistically significant decrease on the recovery of M1 when tion of 10 min is sufficient for the extraction of organic or

Iﬂib;i Zecoveries and R.S.D. of M1 and Irgarol 1051 from 3 g of sediments spiked at various levels of the compounds
Compound 10ngn(=5) 100ng 0 =4) 1000ng N =3)
Recovery (%) R.S.D. (%) Recovery (%) R.S.D. (%) Recovery (%) R.S.D. (%)
M1 85.4 808 95.7 112 103 573
Irgarol 1051 104 a3 101 140 114 669

Fig. 2. Sampling sites around Shoreham Harbour. (A) Aldrington Wharf; (B) The Canal; (C) Lady Bee Marina; (D) Surry Boat Yard; (E) Emerald Quay and
(F) Soldier Point.
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organometallic compounds (e.g. PAHs, phenols, organochlo-
rine pesticides, organotins) from soil and sediment
[5,31].

The increase of temperature had no influence on the re-
covery of M1 (Table 4. While the temperature was in-
creased from 100 to 13, its recovery remained high
(>97%). On the contrary, the recovery of Irgarol 1051 seemed
to be affected by the increase of the extraction temper-
ature. When the temperature was increased from 100 to
115°C, the recovery was increased, reaching its highest value
(106%). Further increase resulted in a decrease in the re-
covery of the compound (from 106% at 145 to 80.1%
at 130°C). It is worth noticing that the recovery was the
same at the lowest and the highest temperatures and also
was the same at the other two temperatures indicating that
there is only one intermediate temperature from 100 to
130°C, which provides best extraction efficiency for this
compound.

The optimized procedure (3g of sediment spiked with
100ng of each compound extracted with 30 ml of water
at 115°C for 10min) was repeated in ftriplicate to con-
firm the optimization results and satisfactory recoveries for
both compounds were obtained. Recoveries were found to
be 93.1 and 94.1% for M1 and Irgarol 1051, respectively,
with R.S.D. less than 10% (2.70% for M1 and 7.09% for
Irgarol 1051). The recoveries observed are in accordance
with other studies regarding the microwave extraction of
triazines from soils using water as the extraction solvent
[3,10].

3.2. Validation of the method

This is the first time that MAE and GC-MS are used to-
gether for the simultaneous determination of Irgarol 1051
and its degradation product M1 from marine sediments. The
method developed should be thoroughly evaluated. Calibra-
tion equations, coefficients of correlatioR?) and limits of
detection of M1 and Irgarol 1051 are given Table 5 A
slight increase in the response (peak area) of both target
compounds was observed in the sediment extracts, but not
in the response of atrazine:dTherefore, matrix-matched
calibration is preferred. The linear range is extended up to
2.5mg 1 for both compounds in the final solution, which
means up to 0.2agg~! in the sediment. The LODs ob-
tained are low enough taking into account the small amount of
the extracted sediment, and are sufficient for environmental
monitoring.

The LODs of the target compounds obtained in this study
are in the same range as or slightly better than those re-
ported in other studies using MAE procedure for extract-
ing triazinic compounds and their degradation products from
soils[1,7,32] Moreover, the LODs obtained in this study are
slightly better than those obtained for both compounds in a
previous study using HPLC-DA23] and in general are in
the same order as those reported before for both compounds
using LC-MY22,24] The previously reported LODs for the

Table 8

Comparison of the extraction procedure and efficiency of the various published methods for the determination of Irgarol 1051 in sediments &ddd\ameealso reported where this compound was studie

(]
o

{2004) 41-48

Refe

Recovery (%)

Preconcentration/clean-up

SPE (C18) + alumina + GPC

Extraction time

Solvent

Sediment mass

Extraction method

Soxhlet

[14]
[17]
(18]
[19]
[21]

61

8h

Acetone (n%ml)

409 ww

103
88
95

Florisil

60 min

8 50 ml hexane—acetone (85:15)
60 ml acetone + 50 ml DCM

%X 10miI DCM

20gdw
25gdw

Mechanical agitation

LLE>330 ml petroleum ether

Overnight

n.s?

5-10gdw

10gww
5gdw
2gdw

Sonication

90, 80 (M1)

SPE (C18)

30min

15 ml MeOH + 5ml HO

20 ml MeOH
20 ml MeOH

[22]
(23]
[24]
[25]
[26]
[26]
[16]

69, 86 (M1)

SPE (Isolute ENV+)

SPE (C18)

30min
30min

86-103, 88-96 (M1)

99, 123 (M1)

1h+10min

»2(50 + 50) ml MeOH + ethylacetate

50 ml acetone

2gdw

10gww
5gdw
5gdw

Mechanical agitation + sonication

82

LLE: 50 +225 ml DCM + florisil

SPME
SPME

30 min + 30 min
30 min + 30 min
30 min + 30 min

30 min

67
92

87

30 ml HhO—acetone (5%)

5ml acetone

Immunoaffinity column

SPE (C18)

CQ/20% MeOH, TFA
30ml HO

4gdw
3gdw

SFE

This work

94-114, 85-103 (M1)

10 min

MAE

2 n.s.: not specified.
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determination of Irgarol 1051 in sediments using GC-MS are Table 9

in accordance with the LODs reported in this study, although Concentration of the target compounds in marine sediment samples collected
. P . ’ . from Shoreham Harbor in the UK

the extracted mass of the sediment is higher in the previous

studies[14,16,17,25,26] Sampling site Compound concentration (ng giry weight)
Precision data of the extraction procedure are presented M1 Irgarol 1051

in Table 6 The results show satisfactory intra-day and inter- ajgrington wharf 74 @

day precision of the analytical procedure with R.S.D. less The canal 8.7 9

than 10%, for both target compounds, indicating the good Lady Bee Marina 4.4 12

precision of the developed MAE procedure and the advan- Surry Boat Yard <LOD 5

tage of the applied internal standard method. Injection re- ggslr:rligt‘fy i '61 ;

peatability (as R.S.Dn = 3) was 2.3% for M1 and 1.0% for
Irgarol 1051 of standard solutions containing 1api—* of
each compound and 5.7% for M1 and 4.2% for Irgarol 1051 solvent, can interact more effectively with the active sites on
of sediment extract containing 33 ng'gof each compound  the surface of sediment where the target compounds are ad-
(100pg 1=t in the final extract). sorbed, and promote their rapid desorption into the aqueous
For the estimation of trueness, recovery experiments werephase. The existing extraction procedures and their efficiency
performed at three fortification levels. The results obtained (given as recovery of Irgarol 1051 and M1) are compiled and
gave satisfactory recoveries for both compounds for all the compared with the results of this studyTiable 8 Most of the
fortification levels Table 7. The obtained recoveries ranged studies reported adequate recoveries for Irgarol 1051, even
from 85.4 to 114% with good reproducibility (R.S.D14%), if the extraction and clean-up methods varied. It is evident
indicating satisfactory isolation of the target compounds from from Table 8that there is a tendency of diminishing the use
the marine sediment with the MAE method developed. From of organic solvents in the more recent studie’ 21—-23,26]
the optimization and validation experiments it is evident that and the developed MAE method is the only one that uses
water is an efficient solvent for the extraction of Irgarol 1051 pure water as the extractant. Moreover, MAE is faster than
and M1 since it can easily absorb the microwave energy andall the existing methods. Only four studies have reported
transform it into thermal energy, thus increasing the solubil- recoveries for M1, three of which using ultrasonic agita-
ity of the compounds in water. Moreover, water, as a polar tion [21-23]and one combining mechanical and ultrasonic

1 Atrazine-d5
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Fig. 3. Typical chromatogram of a marine sediment sample taken from the Lady Bee Marina (a and b, unknown compounds). SIM spectrum is given for M1
and Irgarol 1051.
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agitation[24] showing similar extraction efficiencies to this
work.

3.3. Application to natural samples
The optimum MAE method developed in this study was

applied to marine sediments collected from six different sites
in Shoreham Harbor in May 2008i@. 2). Both compounds

were present in most of the samples and their concentrations

ranged from <LOD to 8.7 and <LOD to 12 ngffor M1

and Irgarol 1051, respectivelfgble 9. The concentrations

of the compounds found are in accordance with the levels in
marine sediments reported in other studi€s16,21,25,33]
Typical chromatogram of an extract of a marine sediment
sample taken from Lady Bee Marina is showrkig. 3. It is
clear that the SIM—EI-MS spectrum of M1 in the sediment
extract is identical with the mass spectrum of M1 standard
solution Fig. 1), with m/z157 being the base peak. A similar
EI-MS spectrum of M1 has been reported previou3Hj.

The SIM spectrum of Irgarol 1051 in the sediment extract,
with mz253 being the base peak, followedinz 182 (85%)
and 238 (48%), is somewhat different from the one produced

fromthe Irgarol 1051 standard. This difference has been men-

tioned in the literaturg35] and was attributed to the fact that
the SIM—-EI-MS spectra were obtained from different matrix
solutions.

4. Conclusions

An efficient and accurate MAE method, followed by SPE
GC-MS analysis, was developed for the determination of Ir-
garol 1051 and its main degradation product in marine sedi-
ments. Atrazine-¢glwas used as surrogate. Water was found
to be a satisfactory solvent for the extraction of the target
compounds. The use of water in MAE was preferred over the

currently widely used organic solvents because it is safe, en-

vironmentally friendly and economic as a solvent and results
in rapid extraction. In addition, solvent evaporation step is

not required. The aqueous extract obtained can then be di-

G. Gatidou et al. / J. Chromatogr. A 1046 (2004) 41-48

2000-00181) and a Leverhulme Trust Research Grantto J.L.
Zhou (Grant No. F/00230/H).
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