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1. Abstract

ENDIS-RISKS is a multidisciplinary, research project conducted by five
institutes. This project aimed to assess the distribution, exposure and effects of
endocrine disruptors in the Scheldt estuary, with specific attention to invertebrates.
The Scheldt estuary is known to be one of the most polluted estuaries in the world.
The industrial areas of Ghent and Antwerp are to a large extent responsible for this
pollution. To achieve these goals detailed knowledge of the distribution and long-term
effects of these substances is needed. This information is crucial for the development
of future-oriented policy measures at the national and European level. The project
can be divided into four different research phases. In Phase | the occurance and
distribution of endocrine disrupting substances in the Scheldt estuary was studied.
Water, sediment, suspended solids and biota were sampled 3 times a year for a
period of 4 years (2002-2006). In all these matrices, 7 groups of chemicals were
analysed: estrogens, pesticides, phthalates, organotins, polyaromatic components
(PCBs, PBDEs), polyaromatic hydrocarbons (PAHs) and phenols. All the analuzed
chemicals are on the OSPAR list of priority chemicals or are indicated as endocrine
disruptors on this list. The different water samples were also tested using in vitro
assays to assess their potential to bind to the (human) estrogen and androgen
receptor. Phase |l evaluated the exposure of biota occuring in the Scheldt estuary to
endocrine disrupting substances. Based on the results of the chemical analysis,
priority substances were selected. Phase Il studied the effects of endocrine
disrupting substances occurring in the Scheldt estuary on resident mysid shrimp
populations (laboratory and field studies). Substances of concern were selected and
tested in the laboratory to evaluate their effects on the estuarine mysid Neomysis
integer. In the context of this project, three new assays using invertebrate-specific
endpoints were developed to examine the effect of endocrine disrupting chemicals
(EDCs) on molting, embryogenesis and vitellogenesis of N. integer. Finally, in Phase
IV laboratory and field results were used to perform a preliminary environmental risk
assessment of endocrine disruptors in the Scheldt estuary.

Samples were collected along the salinity gradiént of the Scheldt estuary with
the RV Belgica. Water samples were taken with Teflon-coated Go-Flo bottles (10L),
sediment samples with Van Veen Grab, biota with a hyperbentic sledge, and
suspended particulate matter (SPM) was continuously sampled with an Alfa Laval
flow-through centrifuge. For the chemical analysis, protocols were developed to
analyse estrogens, organotriazine herbicides, organochlorine pesticides, phtalates,
organotins, PAHs, PCBs, and PBDEs in the different matrices: i.e. water, sediment,
SPM and biota.

SPSD II - Part 2 - Global change, Ecosystems and Biodiversity — North Sea 5



Project EV/22 — ENDIS-RISKS Endocrine disruption in the Scheldt estuary: distribution, exposure and effects

Experimental studies were performed to analyse growth, molting, embryogenesis and
vitellogenesis of N. integer. These studies were needed to develop ecotoxicological
assays to evaluate EDCs on these physiological processes. To study growth of N.
integer, organisms were individually transferrred in exposure solutions and molts
were collected to measure the growth after each molting. To study embryogenesis,
embryos were taking out of the marsupium and placed in multiwell plates. Each day
survival, developmental stages and hatching was analysed. To study vitellogenesis,
vitellin was isolated from eggs with gelfitration and polyclonal antibodies were
developed (in rabbits). With the isolated vitellin and the antibodies an enzyme-linked
immunosorbent assay (ELISA) was developed. Vitellin was quatified in ovigerous
females exposed to test compound in the laboratory and in females collected from
the different sampling sites of the Scheldt estuary. In addition to vitellin levels, energy
allocation and testosterone metabolism was examined in field collected mysids.
Finally, results from population study of the resident mysid shrimp in the Scheldt
estuary are compared to historical data.

Results from chemical analysis show that of the analyszed estrogens, estrone
was found most frequently and in the highest concentrations. The observed
concentrations were highest in the water samples and at the most upstream
sampling sites. The results of chlorotriazines (herbicides) analysis indicated that the
highest concentrations of atrazine, simazine and terbutylazine occurred in the
aqueous phase, in the summer months and at the upstream sampling sites. Also in
the sediment and suspended matter phases, residues of these target pesticides were
detected. The TBT concentrations detected in the estuary were in the range of
concentrations which indice adverse effects in laboratory toxicity tests with mysids.
Furthermore, mysids of the Scheldt estuary seem to be able to accumulate significant
amounts of TBT (> 2 mg kg dw™). Fluoranthene was the most abundant PAH in
sediment/SPM (av. 1 mg kg™ dw™). Pyrene, naphtalene and phenanthrene were the
most abundant PAHs in mysids and shrimps (av. 41 pg kg™ dw™). In biota, high
levels of PCBs were found (> 1 mg kg™ dw™ in mysids). From the PBDEs, BDE-47
levels were highest in biota. In general, concentrations of organochlorine pesticides
(OCP) were very low. All Ecotoxicological Assessment Criterias (EACs - OSPAR)
(water, sediment, biota) for TBT were exceeded. Also EACs for PAHs and PCBs
were exceeded, but almost none of the observed OCP and PBDE levels were higher
than the EACs.

In vitro evaluation of the estrogenic and androgenic potential of water samples
taken from the Scheldt show that that estrogenic potentcy of upstream samples was
higher than those taken at downstream sites. No detectable androgenic activity was
observed in any of the sites.

An in-depth study of the postmarsupial growth of N. integer revealed that
survival and growth were possible within the tested temperature range (8 — 25 °C)
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and salinity range (5 — 30 psu). Higher temperatures caused shorter intermolt
periods, but in general did not have an effect on the growth factor. The effects of
salinity were less clear and dependent on the water temperature. Methoprene
affected molting of N. integer at 100 pg/L. Atrazine and TBT, however, did not affect
mysid molting.

An in vitro technique to test the effect of both abiotic factors and (endocrine)
disrupting chemicals on the intra-marsupial development of N. integer was
developed. Survival, hatching success and development time appeared to be
adequate endpoints, while size and growth increment of the embryos/larvae were
unsuitable. The survival and hatching success are highly dependent on the salinity
conditions, while the development time was strongly affected by temperature. High
temperatures shorten the development time, but have an opposite effect on the
survival and the optimal salinity for in vitro embryonic/larval development was
established to be 14 — 17 psu. Embryos exposed to 1 and 100 ug methoprene/l had a
significantly lower hatching success and lower survival rates than embryos in the
control treatment. Nonylphenol had no effect on the duration of the three different
developmental stages, but it significantly reduced survival and hatching at the highest
tested concentration (100 ug/l) compared to the control. Estrone only affected
hatching at the highest tested concentration of 1 ug/I.

Analysis of an extensive historical database on hyperbenthic biota in the

Scheldt estuary and the hyperbenthic data collected in the context of the Endis-Risks
project is currently ongoing. This study will enable us to show trends in the Neomysis
integer population structure as a function of time and will allow us to exemine
relationships with the occurrence of environmental contaminants.
Mysids collected in the first two sampling campaigns exhibited a lower cellular energy
allocation at the more upstream (more polluted) locations. The subsequent
campaigns, however, did not confirm this trend. A more comprehensive dataset is
needed to confirm the spatial and seasonal trends observed from the results on the
energy allocation, testosterone metablisme, and vitellogenesis in field collected
mysids.

From the preliminary risk assessment conducted in the context of this project it
is concluded that that a considerable number of chemicals present in the Scheldt
estuary do pose a risk the ecosystem health in the Scheldt estuary. The studies
performed in the context of this project indicate that resident organisms experience
adverse effects, which probably includes endocrine disruption, from the contaminants
present in this waterbody.

SPSD II - Part 2 - Global change, Ecosystems and Biodiversity — North Sea 7
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2. Introduction

There is growing concern about the potential effects of various chemicals
which produce changes in the functioning of the endocrine system of humans and
animals. This issue presently attracts a lot of public interest and is subject to world-
wide discussions between experts, governmental organisations, academics and
industry. Known natural hormones as well as relatively unknown environmental
contaminants seem to have the ability to potentially disrupt the endocrine system of
man and animals in such a way that harmful effects on their development and
reproduction can occur. Causal relationships between the presence of potentially
hormone disrupting substances in the environment and their possible effects on
humans and animals are usually difficult to establish. However, especially for aquatic
organisms (certain species of snails, fish and fish eating birds and mammals)
disruptions of their reproduction, which is possibly related to exposure to this kind of
substances, have been observed during the last decade.

Estuaries belong to the most productive ecosystems in the marine
environment and are important breeding areas for many crustaceans and fish (Day et
al., 1989; Wiley, 1976). The first indications of possible effects of endocrine
disrupting substances and the presence of these substances in the Scheldt estuary
have been published (Bouma et al., 1999; Leonards et al., 1996). The industrial
areas of Ghent and Antwerp are to a large extent responsible for this pollution
(Belfroid et al., 1999; Bouma et al., 1999). Therefore, there is an need to investigate
the occurrence of endocrine disruption in the Western Scheldt. In addition, detailed
knowledge of the distribution and long-term effects of these substances is needed in
the framework of future-oriented policy measures at the national and European level
(CSTEE, 1999; EC, 1999; OSPAR, 1998).

Organisations like US-EPA, OECD, WWF, EMSG and WHO propagate and
support the world-wide networking of the current research efforts on endocrine
disruption. Due to the lack of standardised assays for evaluating the endocrine
disrupting potential of chemicals, the development of in vivo and in vitro test systems
allowing a clear screening is presently a major goal. This project provides
fundamental knowledge that can be used for the development and/or the application
of standardised evaluation assays. One of the main goals within OSPAR is the rapid
development of methods will allow identification of xenobiotics as endocrine
disruptors and to study the effects of these substances on the marine environment.
Among their priorities, OSPAR also mentions a series of actions to be undertaken
which are addressed in this project, e.g. the study of reproductive disruption in
marine organisms, fundamental research on the underlying mechanisms in
invertebrates. The European Parliament and the Council, in their Water Framework

SPSD II - Part 2 - Global change, Ecosystems and Biodiversity — North Sea 9
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Directive, are taking specific measures for combating water pollution caused by
specific polluting agents or groups of pollutants that pose a significant risk to or
through the aquatic environment. Within this framework the Commission has
proposed a list of priority agents (with a revision after every four years) and measures
aimed at the elimination or gradual termination of discharges and emissions of these
chemicals. This project creates a scientific framework for the above-mentioned policy
priorities.

The ENDIS-RISKS project aims to assess the distribution and the possible
effects of endocrine disrupting substances in the Scheldt estuary. Priority
substances, their physico-chemical partitioning (between the different compartments:
sediment, water, suspended solids), their concentration in biota and their geographic
distribution are assessed. The compounds that are analysed are on the OSPAR list
of priority chemicals or are substances indicated as endocrine disruptors on the
OSPAR list of candidate chemincals. In addition, short and long-term effects of these
substances are evaluated in the laboratory and in the field using selected
biomarkers. The resident mysid shrimp population, which is potentially exposed to
these substances, is studied and the results are compared with historical data. This
study will result in a preliminary ecotoxicological risk assessment of endocrine
disrupting substances in the Scheldt estuary.

The project can be divided into four different research phases:

2.1 Phase [: Distribution of endocrine disrupting substances in the Scheldt
estuary.

The Scheldt estuary was sampled three times a year (spring, summer and
winter) from 2002 until 2006. On each sampling station, sediment, water, suspended
solid and biota (mysid shrimp) were collected. Seven different sampling stations,
situated along a salinity gradient from Vlissingen near the mouth of the estuary up to
Antwerp were sampled (Fig. 1).

The different stations were selected from the sampling stations mentioned by
Mees and Hamerlynck (1992), the orientation study for the presence of endocrine
active substances in aquatic systems in the Netherlands (LOES-project; RIZA rapport
99.007, RIKZ Rapport 99.024), the homogenous measuring network of the
‘International Commission for the Protection of the Scheldt (ICBS)’ and the sampling
stations used by the ‘Administration of Sea and Waterways (AWZ)'. Samples were
taken using the research vessel Belgica. Simultaneously, temperature, salinity,
conductivity, dissolved oxygen, pH and Secchi depth were measured. From the
sampled biota, density, diversity, population composition (sex and developmental
stage) and fecundity were determined. Chemicals that were analysed in the different

SPSD II - Part 2 - Global change, Ecosystems and Biodiversity — North Sea 10
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matrices (water, sediment, suspended solid, mysid shrimp) were: different hormones,
organotin compounds, polyaromatic compounds (PCBs, flame retardants),
pesticides, polyaromatic hydrocarbons and phthalates.

The different water samples were tested in vitro to assess their potential to
bind with the (human) estrogen and androgen receptor. For this purpose, yeast
assays were used in which the respective receptor is cloned in such a way that the
estrogen or androgen binding potential of the extract can be quantitatively
determined.

BELGIUM

N

A

Figure 1: Scheldt estuary with indication of sampling stations (S01, Vlissingen; S04, Terneuzen; S07,
Hansweert; S09, Saeftinghe; S12, Bath; S15, Doel; S22, Antwerpen)

2.2 Phase II: Evaluation of the exposure of biota from the Scheldt estuary to
endocrine disrupting substances

Based on the results of the first sampling campaigns priority substances were
selected. These chemicals were selected based on their presence and their
concentrations found in the different matrices and compared to literature data on the
effect concentrations of these substances.

2.3 Phase lll: Ecotoxicological evaluation of the effects of endocrine disrupting
substances occurring in the Scheldt estuary on resident mysid shrimp populations
(laboratory and field studies)

Laboratory tests with mysid shrimps

To evaluate the possible effects of the pollutants (retained in phase Il) on the
mysid shrimps, acute and chronic test were performed in the laboratory. Biomarkers

SPSD II - Part 2 - Global change, Ecosystems and Biodiversity — North Sea 11
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that are used to evaluate potential endocrine disruption in mysid shrimp were related
to the ecdysteroid metabolism. Ecdysteroids are molting hormones and also play a
crucial role in the control of reproduction and embryogenesis. Therefore, assays with
three new invertebrate-specific endpoints were developed to assess the effect of
endocrine disrupting chemicals on important physiological processes like molting,
embryogensis, and vitellogenesis. First, fundamental studies of molting,
embryogenesis, and vitellogenesis of Neomysis integer were performed. The
influence of environmental variables (e.g. temperature and salinity) and age on these
processes as well as their optimal range was established in order to develop optimal
laboratory cultures and to differentiate between chemically induced variability and
natural variability observed in the toxicity testing. With this knowledge, endpoints
were developed to study endocrine disruption. The model test compound which was
used in the validation studies of these endpoints is the insecticide methoprene.
Methoprene is an insect growth regulator that is generally used to control mosquitos.

Population study of the resident mysid shrimp in the Scheldt estuary

The mysid shrimp population of the Scheldt estuary was sampled and studied.
The density, biomass, population structure and brood size were measured according
to previously published studies by Mees et al. (1994). In this way, the present
population dynamics can be compared to the available historical data and possible
changes can be detected. In addition, a more in-depth field study on the possible
endocrine disruption effects was conducted based on the results of the laboratory
toxicity experiments. Sensitive endpoints identified in the laboratory experiments, like
the energy metabolisme and the vitellogenesis, were validated in situ on the resident
mysid shrimp population in the Scheldt estuary.

The laboratory and field studies wer aimed at evaluating potential endocrine
disruption in mysid shrimp populations in the Scheldt estuary. This may possibly
result in an ecotoxicological surveillance system aimed at the detection of endocrine
disruptive effects.

2.4 Phase IV: Risk assessment

In the last phase, the results of the three previous phases are incorporated
into an preliminary risk assessment of the selected (Phase Il) endocrine disrupting
substances (for the Scheldt estuary). These results are the ones obtained from the
laboratory toxicity tests, the in situ field study and the ecological data from the
present study and from historical data.

SPSD II - Part 2 - Global change, Ecosystems and Biodiversity — North Sea 12
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3. Material and Methods

3.1 Phase I: Distribution of endocrine disrupting substances in the Scheldt estuary

3.1.1. Sampling (water, sediment, suspended solid, biota)

Samples were collected along the salinity gradient of the Scheldt estuary with
the oceanographic vessel RV Belgica. Upon arrival at the sampling location, an STD
(salinity, temperature, depth) profile was made, immediately followed by water
sampling. Samples for chemical analysis were taken with Teflon-coated Go-Flo
bottles (10L) at a depth of 3m. Samples for supporting inorganic parameters were
taken with a 51 Niskin bottle. Water sampling was followed by sediment sampling with
a Van Veen Grab or biota sampling (epibenthos and hyperbenthos) using a 2.7 m
beam trawl (6mm x 6mm) and a benthic sledge. STD profiles were made before and
after each fishing effort. Furthermore, during each sampling event, suspended
particulate matter (SPM) was continuously collected with an Alfa Laval flow-through
centrifuge. Samples were stored in the cooler or freezer as appropriate.

Next to STD profiles, oceanographic, meteorological, navigation and other
relevant data was collected on a continuous basis by the onboard measurement
devices linked to the Oceanographic Data Acquisition System (ODAS).

For more technical details about the RV BELGICA please refer to the PDF-
document:  http://www.mumm.ac.be/Downloads/Belgica_tech en.pdf. = Campaign
reports of all the ENDIS-RISKS campaigns are to be retrieved from the ENDIS-
RISKS web site: http://www.vliz.be/projects/endis/results.php#sampling. Other
information about the campaigns can be retrieved from the MUMM website by using
the link: http://www.mumm.ac.be/EN/Monitoring/Belgica/campaigns.php

3.1.2. Chemical analysis

Before analysis, sediment samples centrifuged to obtain the clay fraction (< 63
pm) using a flow-through centrifuge (Biofuge Stratos Heareus, Kendro Laboratory
Products, Hanau, Germany). Biota samples were mixed by a disperion tool (IKA-
Ultra-Turrax ® T25 basic, Staufen, Germany). All solid material was then freeze dried
with a Christ LMC-2 (Osterode, Germany), milled and homogenized with a Fritsch
Pulverisette (Idar-Oberstein, Germany). The samples were stored at —20°C priot to
further analysis.
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3.1.2.1. Estrogens

Water samples (2 1) were adjusted to pH 7 with HClI or NaOH (1M) and
extracted by elution through an octadecyl-bonded silica (C4gXF) adsorption phase
(Bakerbond Speedisk™, 50 mm, J.T. Baker, Deventer, The Netherlands). Prior to
extraction, the phase was preconditioned with 20 ml acetone and 20 ml methanol
(flow rate 10 ml/min) and rinsed with ultrapure water (2x 10 ml). The estrogens were
eluted with 5 ml acetone followed by 15 ml MeOH and the extracts were stored at
4°C. A further clean-up step consisted of passing the extract through a combination
of silica (Si, 500 mg, 10 ml, Sopachem nv, The Netherlands) and NH;, (100 mg, 1 ml,
Sopachem nv, The Netherlands) Solid Phase Extraction (SPE) cartridges, and elution
5 ml chloroform:acetone (4:1).

Suspended matter, sediment samples and biota samples were extracted by
Pressurised Liquid Extraction (PLE) with an ASE 200 system (Dionex, Sunyvale, CA,
USA) with a mixture of acetone and methanol (1:1). ASE extracts were further
fractionated by high performance liquid chromatography (HPLC) on a 10 mm x 25 cm
ODS Ultrasphere column (Beckman, USA). For the biota samples, HPLC
fractionation was preceded by Gel Permeation Chromatography (GPC), in
cooperation with the Institute for environmental studies (Free University of
Amsterdam, M.H. Lamoree).

The final extracts were, after derivatization with a mixture of MSTFA (N-
methyl-N-(trimethylsilyl)trifluoroacetamide), NH4l and ethanethiol (1h at 60°C),
analysed by gas chromatography-tandem mass spectrometry (GC-MS/MS) with a
Trace GC coupled to a Polaris ion trap MS (Thermofinnigan, Austin Texas, USA).
The separations were performed using a BPX-5 fused silica capillary column (SGE
Inc., Austin, TX, USA) with a length of 25m and I.D of 0.22 mm and a film thickness
of 0.25um. For this, 1 ul of sample was injected into a split-splitless injector (split flow
20 ml/min, splitless time 1 min) held at 250°C. The temperature program was as
follows: initial temperature 100°C, directly ramped at 17°C/min to 250°C. Second
ramp at 2°C/min to 268°C and finally ramped at 30°C/min to 300°C. Helium was used
as carrier gas at a flow rate of 1 ml/min. The ion source and transfer line temperature
were 200°C and 275°C, respectively. The MS was operated in Electron Impact Mode
at 70 eV. Further details can be found in Noppe et al. (2005) and Noppe et al. (2007).

3.1.2.2. Chlorotriazine herbicides (atrazine, simazine, terbutylazine)

The method for water samples used in this is based on a method developed
by the National Institute for Coastal and Marine Management (RIKZ) in the
Netherlands. After filtration, water samples (1 |) were extracted using SPE cartridges
packed with 200 mg styrene divinylbenzene copolymer (SDB) (Bakerbond, JTBaker,
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Deventer, The Netherlands). The analytes were eluted with ethylacetate (2x6 ml) and
the extract was further concentrated prior to injection in the GC-MS.

Suspended matter and sediment samples were extracted by PLE as described
above. The extracts were taken to dryness under a gentle stream of nitrogen
(Turbovap® LV evaporator, Zymark Co., Hoptkinton, MA, USA), reconstituted in 120l
ethanol and fractionated with HPLC as above. After HPLC-fractionation, samples
were taken to dryness and reconstituted in 100 ul ethyl acetate.

All chromatographic analyses were performed in EI mode with a Trace gas
chromatograph coupled to a PolarisQ quadropole ion trap mass spectrometer
(Thermofinnigan, Austin Texas, USA). Separations were conducted on a BPX-35
fused-silica capillary column, 25m x 0,22 ym ID; 0,25 pm film thickness, 35% phenyl
polysilphenylene-siloxane liquid phase (SGE Inc., Austin Texas, USA). The column
was held at 150 °C (2 min), ramped at 6°C.min™" to 280°C and held for 5 min. A
volume of 1 pl of sample was injected with a split-splitless injector (split flow 20
ml.min™", splitless time 1 min). Helium was used as carrier gas at a flow rate of 1
ml.min™. The ion trap was equipped with the variable damping gas option that
provided a control of helium damping gas flow in the ion trap. This flow was set at 1.5
ml.min”". The MS was operated in Electron Impact Mode at 70 eV. Fur further details
see Noppe et al. (2007b).

3.1.2.3. Organochlorine pesticides (endosulfan, chlordane, kepone, vinclozoline,
toxafene)

The method used for water sample analysis was based on a method applied
by the Flemish Environment Agency (Laboratory Organic Micropollutants, E. De
Wulf). Water samples (1 I) were shaken for 10 min with 100 ml petroleumether.
Afterwards, the organic layer was dried with sodiumsulphate and concentrated to 1ml
after addition of 1 ml of iso-octane as keeper.

Extracts were analysed with a GC equipped with an Electron Capture Detector
(ECD) (Thermo, Austin , USA). A volume of 2 ul was injected on-column in a fused-
silica precolumn (Varian) coupled to 2 chromatographic columns (HT-8, 50m, 0.22
mm i.d., 0.25 um film thickness, SGE Acrom, and CP-Sil, 50m, 0.25 mm i.d.,
Chrompack). The temperature program was as follows: the initial temperature was
60°C. Immediately after injection, the temperature was ramped to 110°C at 10°C/min
and held for 2 min. Finally, temperature was increased to 280°C at 3°C/min and held
for 2 min). Helium was used as carrier gas and the ECD make-up gas was
argon/methane.
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3.1.2.4. Phthalates

An extraction method for water samples was developed in cooperation with
the FEA (Laboratory Organic Micropollutants, E. De Wulf). Water samples were
extracted by placing a stir bar (PMDS coated, Gerstel GmbH) in a 10 ml sample,
followed by stirring for 60 min at room temperature. Subsequently, the stir bars were
introduced in a glass thermal desorption tube and desorbed (35°C to 300°C at
60°C.min™") in a thermal desorption unit (TDS2, Gerstel GmbH). The desorbed
compounds were cryofocused in a CIS4 (programmable temperature vaporization
inlet, Gerstel) at -50°C. After desorption the compounds were injected into the
analytical column of a GC-MS (Agilent 6890N GC coupled to a 5973 MS, Agilent
technologies) by increasing the temperature of the CIS4 from -50°C to 300°C at
10°C.s™, which was then held for 5 min. Separation was performed on a 30 m HP-
SMS column with an ID of 0.25 mm i.d and a film thickness of 0.5 pm (Agilent
technologies). The oven temperature was programmed to increase from 50 to 320°C
(hold 1.5 min) at a rate of 15 °C.min™". Helium was used as carrier gas at a flow rate
of 1.2 ml.min™". The mass spectrometer was operated in the selected ion-monitoring
(SIM) mode with electron impact ionization at 70eV.

3.1.2.5. Organotins

About 1 g of sediment or SPM was transferred to an amber 40 ml screw cap
vial (Alltech Associates, Lokeren, Belgium). Water samples (about 200 ml) were
transferred to amber glass 250 ml water bottles. The procedure for extracting
organotins from the samples was based on the use of acid reagents in methanolic
media (15 ml) by stirring with hexane (7 ml). Samples were buffered (pH 5) by adding
sodium acetate. A recovery standard, tributyltin, to control the ethylation process was
added prior to derivatisation. Ethylation was done with sodium tetraethylborate
(Sigma-Aldrich, Steinheim, Germany). A continuous desorption process was created
by adding 4 ml of reagent dropwise to vigorously stirred samples. For degradation of
boroxin, formed due to the intensive derivatization (Smedes et al., 2000), an aliquot
of 5 ml of sodium hydroxide was added to the samples. Finally, internal standards,
tetrapropyltin and triphentyltinpentyl, were added to the samples and the resulting
samples were centrifuged to separate the phases. All solvents used were of organic
residue analysis purity. Chlorinated and ethylated organotins were obtained from
Quasimeme (Aberdeen, UK). The internal standard and recovery standard
tetrabutyltin and tripropyltin chloride were purchased from Schmidt (Amsterdam, The
Netherlands).

Custom-made chromatography columns (200mm x 9mm ID) were used as low
density adsorption clean-up columns. For clean-up of water, sediment or SPM the
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column was filled with 4 g of neutral AIOx (J.T.Baker, Phillipsburg, NJ, USA) and
18ml of hexane was used for elution. For biota, 2 g of florisil (Merck, Darmstadt,
Germany) was used. Compounds were eluted from the columns with 25 ml of hexane
(Monteyne et al., in preparation). The extracts were stored at 4 °C until GC-analysis.

A large-volume injection (LVI) technique was developed for this analysis
(Monteyne et al., 2004). It consisted of injecting a volume of 50 pl with an
autosampler (Combipal, CTC Analytics, Italy) through a Programmed Temperature
Vaporizing (PTV) injector with a glass-sintered liner (Thermo Electron Corporation,
Austin, TX, USA) at a rate of 10 pl min™". The analytic system consisted of a Trace
GC coupled to a Finnigan Trace MS (ThermoQuest, Milan, ltaly). The analytical
column was a 20m x 0.25mm ID Rtx®-5 SILMS with a film thickness of 0.25 ym
(Restek, Bellefonte, PA, USA). After injection, the oven was kept at 35 °C for 4 min.
Subsequently, the temperature was increase at a rate of 20 °C min™ to 120 °C
(ramp1), at a rate of 7 °C min™" to 150 °C (ramp 2) and, finally, at a rate of 20 °C min™
to 300 °C (ramp 3) which was held for 5 min. Helium was used as carrier gas at a
flow rate of 1.5 ml.min™'. The mass spectrometer was operated in the selected ion-
monitoring (SIM) mode with electron impact ionization at 70eV.

3.1.2.6. PAHSs, PCBs, PBDEs and OCPs

Sample preparation

Water samples were extracted on board of the research vessel using solid-
phase extraction with Bakerbond Speedisk C18 extraction cartridges (JT Baker,
Deventer, The Netherlands) as described by Heininger et al. (2002). Extracts were
stored at —-20°C until further analysis. Before GC-analysis the extracts were
concentrated to 1 ml.

SPM and sediment were extracted by PLE (ASE, Dionex, Sunnyvale, CA,
USA) equipped with a solvent controller. One to 5 g of material was transferred to 11-
ml extraction cells. The solvent used was 3:1 (v/v) hexane/acetone. The extraction
cells were filled with solvent and heated within 5 min to 100°C. The materials were
extracted with 2 static cycles of 5 min. Between each static cycle, 60 % of the solvent
was renewed. At the end of the extraction, the cells were rinsed with solvent and
purged with nitrogen. The extracts of SPM and sediment were washed with water to
remove the acetone and polar co-extracts and concentrated to 3-5 ml. Prior to GC-
MS analysis other co-extracted material was removed by adsorption chromatography
on alumina. For this a 200mm x 9mm ID glass column was filled with 2 g of 5%
deactivated basic AlOx (J.T.Baker, Phillipsburg, USA) and the compounds were
eluted with 15 ml of hexane. Fina