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Salt marshes (intertidal grasslands) accumulate relatively undisturbed sediment profiles in coastal
zones. Chemical signatures of the conditions present during deposition (from both the atmospheric
and marine environments) can be preserved in the sediment record, and it may therefore be possible
to reconstruct the historical flux of certain elements to the marsh. This research project investigates
the distribution of a suite of geochemical parameters within sediment cores from Hythe Marsh,
Southampton Water. A variety of analytical techniques have been employed to provide detailed
concentration profiles of major and trace elements. The salt marsh sediments are composed of a
mixture of minerogenic particles, derived from the suspended estuarine load, and organic materials
produced in-situ by the marsh vegetation. The abundance of lattice-bound elements (Si, Al, K, Ti and
Cr) is controlled by the composition of the bulk sedimentary matrix, whereas redox-sensitive species
(such as Fe, Mn and S) are concentrated within particular depth horizons, according to the prevalent
redox climate. The vertical distributions of the latter three elements permit the identification of oxic,
sub-oxic and sulphidic diagenetic zones within several decimetres of the sediment prism. The
redistribution of different elements through diagenesis, as redox conditions change with depth in
response to the microbial demand for electron acceptors, takes place through the diffusion of ions
and complexes in solution. The construction and field-testing of a gel-based equilibration sampler
during this research has led to the retrieval of high resolution pore water samples which were
analysed for dissolved iron and manganese. These reveal that reduction of oxidised forms of both of
these elements takes place within the upper section of the sediment prism.

Activities of two radionuclides, *’Cs and ZIOPb, have been analysed throughout the cores and may
be interpreted to determine average accretion rates for the marsh sediments. Distinct sub-surface
activity peaks are observed for B7Cs, which may be correlated with the known fallout history of the
isotope, whereas 210py, profiles exhibit an approximately exponential decline with depth. The mean
accumulation rates yielded by the two independent techniques are in good agreement for all cores
studied and slightly lower than the estimated mean rate of sea-level rise across the region.
Extrapolation of the sediment accretion rate allows a chronology to be established for the prism
which may be used to attempt the reconstruction of pollution trends for trace metals. Inventories of
these isotopes contained within the salt marsh sediments are compared to their predicted flux
histories. This comparison is enhanced for 210py, through the continuous collection, over three years,
of local rain water samples for 210y, activity measurements. The depositional flux of this isotope,
determined here for the Southampton Water region, is in good agreement with previous
measurements of the mean annual atmospheric 219}, flux within the UK..

Differences arise in the behaviour of various trace elements to the changing conditions encountered
upon burial. The resulting competition between the preservation of a depositional record and the
removal of such by early diagenetic processes is considered. The historical introduction of
anthropogenic copper to the marsh can be related to the operations of the Esso refinery at Fawley and
the sediment record shows close correlation to the estimated discharge pattern. Other trace elements
(As, P, Zn and Ni) exhibit considerable diagenetic lability and are often found in association with
secondary phases (principally manganese oxides, iron oxyhydroxides and sulphides and organic
substrates). Stable lead isotope analysis is effective in revealing the probable sources which have
contributed to the accumulation of this element over time, although remobilisation of lead following
burial is implied by its observed association with diagenetic features of the sediment core
geochemistries. The mixing of natural lead in the study area with anthropogenic lead derived from a
range of sources is demonstrated by isotope ratio plots, thereby enabling source apportionment. The
influence of imported lead (such as that derived from Australian and Canadian Precambrian ores) is
evident throughout the sediments analysed.
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1.1 Research aims

1.1.1  Pollution trends

This research project contributes to a wider investigation of the geochemical nature of marine
sediments within the Solent region being conducted by members of the Southampton
Oceanography Centre. Salt marshes in general have previously been used to reveal useful
information concerning the geochemical nature of their surroundings through the reconstruction
of historical trends in the deposition of certain elements, particularly metals, on account of their
particle reactive nature (e.g. McCaffrey and Thomson 1980; Allen and Rae 1986). However,
the application of such techniques has received limited attention within the UK. and is
therefore considered to represent a valid investigation for an estuary as commercially important
as Southampton Water. Essentially, since salt marshes may accrete vertical sediment sequences
over periods of decades to centuries the inclusion of chemically-labelled particles from the
estuary into different layers of sediment at different times may result in the formation of a time-
dependent variation in sediment chemistry over depth. The retrieval and sectioning of sediment
cores from suitable regions may exploit this property of the accretionary prism to reveal local
historical trends in metal discharges from anthropogenic activities. For any such reconstruction
to be placed in a temporal framework it is essential to determine a chronology throughout the
sediment profile. A number of methods are available to achieve this and the present study uses
two independent radiometric methods based on detailed activity profiles of *'°Pb (a natural
radionuclide) and '*’Cs (an anthropogenic radionuclide). Additional information on the local
flux of atmospheric *'°Pb is obtained through the analysis of rain water samples collected

continuously for the three year duration of the research project.

1.1.2  Salt marsh chemistry

In order for historical reconstructions to generate meaningful results it is essential that the
movement of elements throughout the sediment profile following burial is relatively small
compared to the solid phase concentrations present. However, a salt marsh sediment prism
represents a system in which intense physico-chemical gradients and diagenetic changes exist,
driven by the burial and decay of organic materials, which may bring about changes in the
speciation of many elements. Diagenetic redistribution must involve the generation of dissolved
species and therefore the composition of the pore water phase is an important indicator of the
likely processes causing remobilisation. The behaviour of many elements within salt marshes is

incompletely understood and any investigation of their distributions in the solid and dissolved



phases may make significant contributions to our knowledge of the underlying geochemistry.
The competition which exists between the preservation of depositional flux trends and the

redistribution of different elements within the sediment prism is assessed throughout this

report.
1.2 The study region

1.2.1  Southampton Water

Southampton Water forms a north-westerly extension to the central Solent and may be
considered as an approximately rectangular water body 10 km long and 2 ki wide (Figure 1.1).
The rivers Test and Itchen contribute most of the freshwater input to the estuary (along with a
lesser amount from the River Hamble) although the total input from freshwater sources is
relatively small compared to the tidal influence. Sediments within this system typically consist
of mud or sandy mud derived from Tertiary deposits and are protected from the prevailing
south-westerly winds by the NW-SE orientation of the estuary itself and the shelter afforded by
the Isle of Wight against powerful waves. The tidal regime within the estuary is famous for its
double high-water stand which, combined with the short duration of the ebb flow, occupying
only 3% hours of the 12%2 hour tidal cycle (MacMillan 1952), yields a long ‘flood and stand’
period favourable to shipping. The particular tidal characteristics of this area are attributable to

a combination of its situation near to the nodal portion of the English Channel and the existence

of two passages into the Solent.

1.2.2  Salt marshes in the Solent

A considerable area of the Solent system is taken up by intertidal sediments, chiefly mudflats
but also comprising significant areas of salt marsh (Tubbs 1980). Many salt marshes within the
region owe their development to colonisation by Spartina species, in particular the vigorous S.
anglica which was able to colonise mudflat areas hostile to less halophytic plants. The origins
of this invasive species of Spartina lie in the accidental introduction, during the second half of
the nineteenth century, of an alien species from North America, Spartina alterniflora.
Hybridisation of this and native S. maritima produced an infertile strain, S. townsendii, first
recorded at Hythe in 1870 (Tubbs 1980). The formation of S. anglica appears to have resulted
from genetic development of S. rownsendii (through self-duplication of chromosomes).

Following initial colonisation of mudflats by S. anglica the subsequent increase in surface

elevation may provide conditions in which other plant species may thrive. Achieving an
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Figure 1.1:
Location of the Hythe Marsh study site, Southampton Water, within the Solent Estuarine System.




optimum surface height within the tidal range is an important requirement for the maturation
and survival of a salt marsh. These ecosystems are therefore the subject of much interest
regarding their future development on account of the predicted effects which
anthropogenically-increased atmospheric CO, concentrations may have on global sea levels.
Since marshes are highly effective at dissipating incident wave energy they may be a very
tmportant interface between terrestrial and marine environments which has so far been little

understood and generally ignored as increasing areas of this type of habitat are reclaimed for

purposes of human development.

1.2.3 Hythe Marsh

Local Spartina marshes typically date from the late nineteenth century, although marsh
colonisation by alternative plant species has been occurring for several centuries in many
locations (Tubbs 1980). In Southampton Water extensive salt marshes at the present time are
confined to the western flank, and much of this area has been reclaimed for human industrial,
residential and leisure purposes (Hooke and Riley 1987). The 1/10560 Ordnance Survey First
Edition County Series maps, mostly dating from around 1870, confirm that a salt marsh has
existed at Hythe for at least a century, although the intertidal zone has since narrowed
considerably (Hooke and Riley 1987). The greater portion of the marsh now consists of a
thriving mixed-plant community which has been responsible for the accretion of a prism of
fine-grained sediments up to several hundred metres wide (Figure 1.2). The sediment surface at
the study site is almost horizontal, gaining only 11 cm of height from the outer edge, at 4.44 *
0.1 m O.D,, to the landward limit, at 4.55 £ 0.1 m O.D. (Hubbard, 1994, pers. com.). This lies
very close to the mean height of high water spring tides, at 4.5 m O.D. (Associated British
Ports, Tide Tables), accounting for the dry nature of the sediment prism. The proximity of the
site (Figures 1.3 and 1.4) to areas under major industrial use (an oil refinery, power stations and
associated chemical industries all lie within a radius of several miles) and urban construction
(opposite the waterfront and docks of the city of Southampton) implies that the sediment prism
may contain distinguishable signals of materials discharged into the estuary from these

developments over recent decades.
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Figure 1.2:

Top: Hythe Marsh and mudflats from the 1963 aerial survey of Southampton Water.
Bottom: Wider view (from the 1940s) of the intertidal zone near Hythe.
Samples were retrieved from the narrow strip of salt marsh nearest to the observer.
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Figure 1.3:

Location of Hythe Marsh (red pointer) on the western shore of Southampton Water,
revealing the proximity of the site to petroleum and chemical industries,
as well as Southampton Docks (promontory at top left of figure).
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Figure 1.4:

Land-use patterns within the study region.
Woodlands and fields are coloured green and brown, built-up areas are grey and white.
Note major urban developments of Southampton (top-left),
Portsmouth (centre-right) and industrial developments at F awley (centre-left).



1.3

Thesis structure

Chapter Two is a description of the methods used in the collection and analysis of

sediment, rain water and pore water samples.

Chapter Three describes the sedimentary characteristics of the salt marsh cores and the
distribution of elements controlled by the composition of the sedimentary matrix (Cor, Si,

Al K, Ti, Cr, Na, Cl, Mg and Ca).

Chapter Four considers the routing of "Cs and *'°Pb through the environment and the
sediment accumulation rates determined at the study site using these techniques. The

measured rainfall flux of szbxs is discussed along with the salt marsh inventories.

Chapter Five introduces the diagenetic environment likely to be prevalent in salt marshes

and the distributions of iron, sulphur and manganese found within the sampled cores.

Chapter Six discusses the profiles of trace elements (As, Br, Cu, I, P, Pb, Ni, and Zn) and
analyses the apparent competition between the preservation of an historical flux and the

participation of elements in early diagenetic reactions.

Chapter Seven describes the stable isotope characteristics of lead present within two of the

sediment cores in terms of the possible origin and temporal deposition of Pb within the

prism.
Chapter Eight summarises the results and conclusions of the project.

Appendix A reviews the various methods which may be employed to collect pore water

samples from sediment sequences.
Appendix B is a compilation of the raw data obtained throughout this research.

Appendices C and D are copies of two publications from Environmental Science and

Technology to which the author has contributed. Further submissions to journals will be

made in due course.
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2.1 Sediment analyses

2.1.1 Sampling procedure

Sediment cores were retrieved from Hythe Marsh by the insertion of a 1m long plastic coring
tube, with an internal diameter of 10 cm, down through the surface of the salt marsh (Figure
2.1). Following return to the laboratory, cores were split vertically and X-radiographed with a
Hewlett Packard Faxitron X-ray machine. Core sections, placed in a sand-filled box to reduce
“edge” effects, were typically exposed to X-rays at 56 kV for 24 minutes. Photography of
example core sections and visual logging of the prominent sedimentary characteristics were
performed prior to the cores being sectioned at depth intervals of 0.5 - 1.0 cm. Individual

sediment samples were weighed wet, oven dried at ~90°C, weighed again and then ground to a

powder, within tungsten-carbide pots, using a TEMA® gyratory swing mill.
2.1.2 Radionuclide measurement

2.1.2.1 PCs

Homogenised sediment samples were analysed for caesium-137 activity using a Canberra 30%
N-type HPGe gamma ray spectrometer. Approximately 20 g sediment powder was placed in the
lead-shielded well detector and eounted for a period of at least 30000 seconds, depending on
the activity of the sample, in order to yield maximum counting errors of <5% for those samples
exhibiting the prominent activity peak. The detector is routinely calibrated using a mixed-
radionuclide source and all spectra were analysed by FITZPEAKS gamma analysis software.
The accuracy of *’Cs activities in sediments was verified through analysis of a standard Irish
Sea sediment (from the International Atomic Energy Authority; IAEA 135). The effect of
variable sample geometry (where insufficient material was available to completely fill the
counting vial) was accounted for through repeated counting of a single homogeneous powdér

sample having different geometries. The lower limit of detection for *’Cs is 0.5 Bq kg™
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Figure 2.1:

Hythe Marsh sediment cores:
Top: core retrieval at the study site.
Bottom: sediment core following vertical splitting.
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2.1.2.2 *%p

Lead-210 determination was carried out using a proxy method similar to that of Flynn (1968)
involving the measurement of *'°Po, grand-daughter of *'°Pb. Approximately 5 g of sediment
powder was subjected to acid reflux under aqua regia followed by concentrated (~12N) HCl
(Analar grade reagents). An internal standard of 0.5 ml **Po (4.86 dpm ml™") was added to the
mixture during the initial stages of the acid treatment to compensate for possible variations in
the recovery of *'°Po. The sediment suspension was centrifuged after each reflux stage and the
leachates were then combined and evaporated to dryness. Following dissolution of the
evaporafed residue in hydrochloric acid polonium was autodeposited on to freshly polished
silver discs (in 0.8M HCI solution with ~1 g ascorbic acid added to inhibit ferric oxide
deposition) and counted on 450 mm’ Passivated Implanted Planar Silicon detectors (Canberra
SPD-450-25-100-AM) under vacuum. Count times were typically 80000 seconds, sufficient to
reduce the counting error of each analysis to <7%. Due to the much longer half-life of the
parent isotope creating a secular equilibrium between *'°Pb and *'°Po, the activity of each of
these isotopes within sediment samples older than about two years (approximately five times

the half-life of the daughter 210Pov) ought to be equal. Detection limits for *°Po are 0.1 Bq kg™

2.1.3 Major and minor element analysis

The major and trace element composition of the sediments was determined by X-ray

fluorescence analysis using a Philips® PW1400 automatic sequential wavelength dispersive X-

ray spectrometer.

e Major element measurements were made on fused beads using sediment subsamples (0.4 g
ignited powder) dissolved, at 5:1 dilution, in a eutectic flux composed of 4 parts lithium
metaborate 1 part lithium tetraborate. Absorption and enhancement matrix effects were
corrected for using the influence coefficients supplied by Philips. For elements well above
their detection limit the precision is typically less than 1% r.s.d (relative standard
deviation). During processing of the samples careful weighing prior to and after ignition at

970°C permitted determination of the loss on ignition (LOI).

e Trace elements were determined on 10 g non-ignited powder pellets (40 mm diametér)
pressed to 12 tonnes per inch. Standard reference materials were included in the sample
measurements to assess accuracy. The precision of the determinations is typically about 5%
r.s.d. and the lower limit of detection is nominally 1-5 ppm for trace elements.

13



2.1.4 Lead isotope determination

Lead isotopic abundances were measured using a VG Elemental PQ2+ ICP-MS (inductively-
coupled plasma mass spectrometer). In order to maximise the precision of this analytical
technique for the determination of lead isotopes the abundance of solutes other than lead within
the sample solutions should be reduced as much as possible. Furthermore, the possible
contamination of samples with additional lead must be strictly avoided through the use of clean
laboratory techniques and high purity reagents. Triple distilled, deionised water (Millipore
MQ+ system; 18.2 MQcm resistivity) was used at all times for rinsing labware and diluting
solutions. Procedural blanks were included within each group of samples and treated in exactly

the same manner as the samples themselves in order to control possible contamination resulting

from reagents and laboratory practice.

The aqua regia and hydrochloric acid reflux digestions (as described above) effectively remove
a wide range of elements (including lead) from the sediment surfaces. Following evaporation to
dryness an aliquot of the leachate residue was converted to bromide salts, rather than chloride,
through the twice-repeated addition and evaporation of 0.5 ml of concentrated HBr (Analar
grade). The final residue was then dissolved in 3 ml 0.2M HBr. Anion exchange columns were
prepared using 0.5 g Dowex 1X8 200-400 mesh chloride form resin in a standard laboratory

Pastette® (providing a 1.5 cm column of resin). The resin was cleaned with 5 ml 50% HNO; and

then preconditioned with 3 ml 50% HBr followed by 5 ml of 0.2M HBr (all reagents of Analar
grade). An apparatus able to hold 48 small ion exchange columns, greatly increasing sample
turnover, was specially constructed for these experiments and also incorporated an aluminium

heat block suitable for performing the evaporations.

Samples (3 ml 0.2M HBr) were loaded on to the columns followed by two vial rinses and a
column wash, each of 3 ml 0.2M HBr. Distribution coefficients (Ky) for lead in 0.2M HBr are
approximately 3 x 10° (Korkisch 1989). Undesirable elements (such as iron and manganese) are
flushed through the column during the rinsing stages and the effluent becomes clear. Elution of
lead from the resin was effected with 9 ml of 0.5M HNOs, the first millilitre of which was
discarded in order to reduce the bromide content of the final solution. From the Pb
concentration data derived from the XRF the probable lead content of the eluent was calculated
and the solutions diluted accordingly (with Aristar grade HNOs3) to yield final solutions with
~10 ppb Pb. These were introduced into the ICP-MS, set to peak jumping mode across the mass
range 204-208, and run along with a standard reference material (NIST 981) to calibrate the

lead isotope ratios and correct for any temporal drift in sensitivity. Internal standards (*®*Th

14



and *Bi) were added during analysis of the second sediment core to enable the application of a

mass-dependent drift correction.

2.1.5 Organic carbon measurement

Sediments for carbon determination were divided into two subsamples, one of which was
treated with hydrochloric acid to remove the calcium carbonate component and then neutralised
by repeated flushing with distilled water. All samples were oven dried immediately prior to
analysis and stored in a desiccator until ready for introduction into the analytical system. A
Carbo Erba Instruments CHNS-O EA1108 Elemental Analyser was used to determine the
carbon content of the powders. Both normal and decalcified samples were weighed (20 mg),
sealed into tin capsules and oxidised at 1000°C by flash pyrolysis. Gas chromatography is used
to separate the products and detection is achieved via flame ionisation. The percentage of
carbon present within each powder is calculated by the software of the equipment (Carbo Erba
"EAGER) and may be interpreted as % total carbon (untreated samples), % organic carbon

(decalcified samples) and % carbonate carbon (difference between untreated and decalcified

samples).
2.1.6 Scanning electron microscopy

A sediment core was obtained during the latter part of the project for investigation by Scanning
Electron Microscopy (SEM) to determine the crystalline nature of the iron sulphide present at
depth. Fresh wet sediment samples from several depth intervals were initially dispersed in a
cylinder of deoxygenated water to separate the heaviest fraction through gravitational settling.
After about ten per cent of the initial material had settled to the bottom of the cylinder the
fraction remaining in suspension was decanted and discarded. The slurry at the base of the tank
was freeze-dried, mixed with resin in a mould, agitated to remove bubbles of air and then
allowed to set. The surface of this resin block was polished and coated with graphite prior to
loading into the sample chamber of a JEOL 6400 Scanning Electron Microscope. Backscattered
electron imaging of the specimens was used to identify the most dense particles at relatively
low magnification followed by quantitative and qualitative energy dispersive X-ray
microanalysis (with a spatial resolution of ~5 um) to identify iron sulphide minerals.

Photographs were obtained of interesting features.
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2.2 Rainfall sampling

2.2.1 Collection

The collection of rainfall samples on the roof of the Geology department, Building 44 at the
Highfield Campus, was initiated in March 1993 by Dr. Andrew Cundy (PhD 1992) and used
clean polypropylene funnels connected to HDPE flasks (2.5 litre capacity) via a short length of
tube. Typically two to four of these collectors were in use at any given time and each flask was
acidified with 50 ml SM HNO; prior to deployment. The turnover period of the collection was
arbitrarily determined to allow sufficient precipitation to collect in the flasks and yet not
overfill them if avoidable. The collection period for individual samples ranged from 3 to 72
days, with a mean of 18 days. Sample volumes collected were typically of several litres
(minimum ~0.5 1, maximum ~10 1). The acidified collectants were stored prior to analysis

according to the procedure outlined below.

2.2.2 Analysis

In order to analyse the polonium and lead content of the samples it was first necessary to
concentrate the isotopes of interest into a more suitable medium. This was effected through
chemical scavenging of these elements from the rain water via the in-situ precipitation of
manganese dioxide. A radiotracer (**Po) and lead carrier were both added to the samples prior
to scavenging to assess the experimental yield of each element. Two litres of collectant
(acidified rain water) were measured into a clean HDPE flask along with 100 pl **Po solution
(4.86 dpm ml™), 4 ml 0.2M KMnO, and 1.00 ml 0.122M Pb(NOs), carrier following which the
flask was shaken peridically and allowed to equilibrate for at least six hours. Procedural blanks
were prepared according to the same methods using two litres of MQ+ deionised water instead
of rain water. With continuous monitoring, the pH of the solutions was then adjusted from its
mitial value (typically 0.5-1) to a pH of 8-9, under which conditions the precipitation of MnO,
effectively scavenges both polonium and lead from solution (Eakins and Morrison 1975). This
latter stage of the procedure is achieved by the careful addition of an excess of Mn”* ions in the
form of 4 ml 0.3M MnCl,. The flasks were stirred throughout this addition, shaken and left
overnight for the brown solid to settle. The mixture was passed through a 0.45 pm cellulose
nitrate membrane filter, from which the precipitate was then dissolved with 10 ml of 1.5M HCI
and 0.2 ml of 30% H,0, solution. Two beaker rinses, each of 5 ml 1.5M HCI, were combined
with the solution to yield a final volume of about 25 ml into which a freshly polished silver disc

was placed along with ~0.5 g of ascorbic acid. Polonium was allowed to autodeposit onto the
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Elution profiles of lead and manganese for the rainfall analyses,

determined by Flame Atomic Absorption Spectroscopy.
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2.3  Pore water sampling
2.3.1 Thin-film gel sampler

2.3.1.1 Method development

Having opted for the collection of samples via the equilibration of an artificially-introduced gel
phase with salt marsh pore waters (see Appendix A) laboratory trials were initially conducted
to establish the ability of an acrylamide gel to reproduce accurately the concentration of
analytes from test solutions. The manufacture of these gels must be done with great care in a
fume-extraction cupboard due to the toxicity of the acrylamide monomer. In addition, clean
laboratory practice was maintained to avoid contamination of the sensitive samples handled.
This involved the use of high purity reagents and MQ+ deionised water at all times. Details of
the method followed to manufacture the polymer gel are given in Davison et al (1994). The
monomer (acrylamide) and cross-linker (acrylaide) solution is well mixed with initiator and
catalyst solutions (ammonium persulphate and TEMED, respectively), then pipetted carefully
into a suitably shaped mould and allowed to set in warm (~40°C) conditions for 15 minutes.
Hydration of the gel in water causes it to expand (complete after 24 hour immersion) after

which it may be stored under water until required.

Trial pieces of this gel material were immersed in standard solutions containing a range of
dissolved species for variable periods of time, then removed and weighed. Dissolved iron
within the gel polymer was immobilised via immersion of gels in 10 mM NaOH for two hours
and later extracted into solution once more with 3 ml 5% HNO; (Aristar grade). These solutions
were analysed by graphite furnace atomic absorption spectroscopy (GFAAS), after dilution to
the appropriate concentration range, along with suitable standards. In other experiments the
fixing stage was omitted, in favour of equilibration followed by immediate back-extraction into
dilute nitric acid, so that the equilibration of other elements (not fixed by the alkaline

conditions) could be assessed.
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2.3.1.2 Assembly

The field device initially constructed during this project was based on the similar, though
smaller, apparatus described in Davison et al (1991). A Perspex block of dimensions 5 x 2 x
104 cm formed the backbone of the equipment and this was milled along one face to create a 1
mm high, 2 mm wide, raised border around the edges. The central recess held a full-length gel
strip (4.6 x 0.08 x 100 cm) covered by a 0.45 pm pore size membrane filter. The filter and gel
were then held in place by a Perspex cover plate, fixed with Nylon screws, which had a 3 cm
wide window running the length of the apparatus to allow aqueous exchange between the gel
and pore waters (Figure 2.3). Prior to deployment in the field the equipment required
deoxygenation, effected through the 48 hour immersion of the fully-asssembled rig in MQ+

water being rigorously bubbled with nitrogen gas through a sintered glass diffuser.

2.3.1.3 Sampling

The first deployment of the sampling device at Hythe Marsh was conducted on August 2nd
1995. The deoxygenated apparatus was transported to the marsh without exposure to the
atmosphere, rapidly removed from its containment tank and pushed down through the sediment
surface. After 90 minutes the device was retrieved and rinsed with MQ+ water, then
disassembled and the gel sheet sliced as quickly as possible at depth intervals of 1 cm. The
individual gel pieces were placed into pre-weighed acid-washed vials and returned to the
laboratory where, after weighing, they were acidified with 2.5M HNOs. A second deployment
was performed on August 15th 1995 and on this occasion the probe was left to equilibrate with
the marsh pore waters for 48 hours before being removed. Upon retrieval the gel was not sliced
in the field, as in the previous trial, but was immediately fully immersed in a solution of 10 mM
NaOH to fix iron within the gel phase (Davison et al 1991). The rig was later dismantled in a
clean-lab before extraction of the metal load, again from 1 cm wide gel pieces, with 1.00 ml

2.5M HNOs; under centrifugation and overnight swirling on an automatic shaking table.
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2.3.1.4 Analysis

The acid leach solutions obtained from the two deployments of the thin-film gel sampler were
analysed using GFAAS to determine iron concentrations. Trial runs of leachate solutions led to
their subsequent dilution by a factor of between 5 and 100 in order to bring them into the
optimum analytical range of the spectroscope. Calibration and measurement (injecting 10 pl
subsamples) over the range 0 - 200 ppb was conducted at 248.3 nm wavelength with matrix-
matched standards. Ramp and flash times for the furnace were in accord with the
manufacturer’s recommendations. Analytical drift was monitored and corrected for through
repeated runs of a standard with intermediate concentration. The preparation of all samples and

standards during dilution and analysis was carried out in a filtered laminar flow hood.
2.3.2 Chambered sampling device

2.3.2.1 Assembly

A second gel-based sampler, consisting of segregated chambers to contain individual gel pieces
rather than employing a continuous sheet, was fashioned from a Nylon block on the Geology
department milling machine. Ninety-four cells, each with a horizontal length of 3.5 cm, a
vertical height of 0.8 cm, and a depth of 1.3 cm, were milled from one side of the slab. The
surface was then stripped away down the centre to leave three raised edges, two on the long
sides and one across the base, approximately 3 mm high. These were cut with an angled milling
tool, triangular in cross-section, which was also used to cut the outer edges of a covering plate
(with a 2.5 cm wide diffusion window). The trapezoid cross-section of both the covering plate
and the Nylon backbone allow the apparatus to be assembled simply by sliding the cover plate

between the grooved walls (Figure 2.4).

2.3.2.2 Method development

Further method development became necessary when it was discovered that acrylamide gel
pieces could not be cast (as had been intended) using the cells themselves as moulds, even if
incompletely filled with the reactant mixture, due to the later expansion of the gel in three
dimensions under complete hydration. A number of experiments, incorporating different
proportions of monomer, cross-linker and water, failed to produce a gel with the required
physical properties; absorption of more water appears inevitable following the polymerisation

and setting of the fresh gel material. As an alternative to attempting the casting and transfer of
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to accomodate pieces of gel for pore water dialysis.
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acrylamide gel pieces from separate moulds, via a hydration stage, into the chambers of the
sampler an alternative gel, TreviGel™ 5000 (also commercially available for electrophoresis
purposes), was given trial. Manufacture of this material is readily achieved through the simple
microwave heating of a dispersion of the powder product in water. Initial tests soon verified
that blocks of this material (cast as 1 part gel : 99 parts water) exhibit negligible physical
expansion during later immersion in water and, although not as durable as the acrylamide gels,
are of sufficient strength to survive the necessary handling procedures. An additional benefit of
the gel is its non-toxic polysaccharide composition, as opposed to the neurotoxic acrylamide,
making it safer and thus easier to employ. Later experiments yielded a method for effecting the

almost complete dissolution of the gel. This involved heating the gel to about 70°C in loosely-

sealed vials containing 50% nitric acid (Primar grade) in the ratio 2 parts gel : 1 part acid.

Following verification of the physical properties of TreviGel™ 5000 it was necessary to
investigate whether the material could also reproduce solute concentrations accurately through
equilibration. A radionuclide source solution (in 0.1M HNOs), containing a mixture of gamma-
emitting isotopes (**' Am, '¥Ba, '%Cd, *°Ce, *'Co, ®Co, *’Cs, '*°Eu, *Mn, ?Na, *Y and **Zn)
at different specific activities, was mixed with filtered coastal seawater (1 ml source + 15 ml
seawater) to provide a radiolabelled standard. Pieces of TreviGel™ material were immersed in
this saline solution for an arbitrary 35 hours (Figure 2.5). Both the gel and the final solution
were then counted in the gamma spectrometer described previously. In addition to this end-
point determination a second experiment was designed to assess the time taken for the complete
equilibration of gel units held within the chambered apparatus. Eighteen of the cells at one end
of the device were filled with warm TreviGel™ solution and allowed to set (30 minutes
refrigeration). The apparatus was then submerged in 750 ml 1M nitric acid labelled with %Zn
radiotracer. Gel samples were removed from the rig over a period of 187 hours, placed into

preweighed counting vials and analysed for ®Zn activity (Figure 2.6).
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2.3.2.3 Sampling

The fully assembled sampler consists of the gel-filled Nylon block, covered by a membrane
filter and windowed Nylon plate, sealed around the edges against particle contamination with
waterproof plastic tape. The unit was immersed in a tank of deoxygenated MQ+ water for at
least six days immediately prior to field use. Deployment at Hythe Marsh was carried out on
two occasions, with the probe being left to equilibrate for twelve days in each case. Upon
withdrawal from the sediment prism the device was cleaned with MQ+, drained and then
wrapped with plastic film during transportation. Once back in the laboratory, the pieces were
removed from their cells with a clean Perspex spatula and placed into preweighed acid-washed
vials. Gels were dissolved under heating with 1.75 ml 50% HNO; in loosely-capped vials and
then diluted by the addition of 12.25 ml MQ+.

2.3.2.4 Analysis

2.3.2.4(2) ICP-AES

Dissolved gel solutions, diluted to one tenth the original pore water concentration, were
analysed for iron and manganese using inductively-coupled plasma atomic emission
spectroscopy (ICP-AES) within the Challenger Division, Southampton Oceanography Centre.
Blanks and multi-element standards were prepared in a Class 100 laminar flow hood and
matrix-matched to the composition of the samples, including the addition of a similar

proportion of dissolved gel material.

2.3.2.4(b) GFAAS

GFAAS analysis attempted for Zn encountered high background signals, only removed by a
long ashing stage which also caused unavoidable loss of Zn from the furnace (probably as
volatile zinc-chloride). Matrix modification with Pd failed to yield meaningful spectra.
Repetition of samples for Cu also yielded spurious results (standard absorbances not in same
order as concentrations) attributed to similar interferences from the salt content. The attempted
removal of the interfering solutes is described below (ICP-MS section) but unfortunately did

not lead to the acquisition of meaningful results with either of these two techniques.
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2.3.2.4(c) FAAS

Dissolved gel solutions (diluted ten times from pore water concentration) in a matrix of 5%
HNO; were analysed using flame atomic absorption spectroscopy (FAAS) for iron only, as a
independent check on the data obtained from the ICP-AES analyses. This involved injections of
0.5 ml volume subsamples into a mixed air-acetylene flame calibrated with matrix-matched
standards and blanks (incorporating both dissolved gel material and an artificial saline
component). For a limited number of samples further dilution was necessary to bring the iron

concentration into the optimum analytical range.

2.3.2.4(d) ICP-MS

The introduction of samples containing relatively high levels of total dissolved solids (>0.2 %)
into an ICP-MS instrument may result in the build-up of residual deposits and blockages within
the apparatus. Furthermore, the diverse elemental composition of the samples creates
interferences across a wide range of mass numbers, due to the presence of multiple ions such as
ClO'". Consequentially, the sensitivity of the detector to many analytes is reduced considerably
(McLaren et al 1985). The dissolved gel samples from the second deployment of the chambered
device were diluted by a factor of fifty from their pore water concentration to reduce the likely
TDS concentration to <0.1%. These were analysed in the ICP-MS along with suitable multi-
element standards, internal standards and blanks containing dissolved gel material and artificial
sea water. Interferences were observed during these analyses, and a programme of laboratory

work was consequently undertaken in an attempt to purify the sample solutions of the saline

component.

The removal of unwanted dissolved solids from marine solutions prior to analysis by ICP-MS
(and other techniques) is problematic but may be achieved with a number of different
procedures (McLaren et al 1985). The method adopted to attempt separation during this study
was through the use of ion exchange columns as these are well suited to the processing of a
large number of small volume samples and suitable apparatus had already been constructed to

contain 48 customised ion exchange columns. A dithiocarbamate resin was prepared by stirring

the following reactants together in a conical flask at 20°C:
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10 g flash silica (modified with trimethoxy-silyl-propyl-ethylene-diamine),
50 ml MQ+ H,0,

25 ml 0.25M NaOH,

20 ml propanol,

25 mi carbon disulphide, CS..

Testing of the flash silica with CuSOy solution prior to reaction yielded a deep indigo colour,
due to Cu-amine complexation, thus verifying the presence of amine groups on the modified
resin. After filtering and washing with propanol the dithiocarbamate resin produced in the
reaction vessel was tested, again with CaSQO,, and yielded a dark-brown colouration (due to Cu-
sulphide complexation). At a pH of 8-9 there is strong complexation of a wide range of metals
with the active groups of this resin (Taylor 1991). Trial experiments, using a mixed
radionuclide source of gamma emitting isotopes, established the ability of the resin to retain
many metals of interest whilst allowing sodium and chlorine to flush through the column.
However, upon further experimentation with lower concentrations of analytes in the test
solutions (5 ppb metal concentration in the nitric acid eluent) and analysis by ICP-MS a
significant contamination of all eluents, including blanks, was discovered. This was likely to be
due to contamination of the initial reactants (silica, propanol or CS,) since all apparatus and
later procedures were carried out under clean conditions. To counteract this problem the
propanol and CS, reagents were purified by sub-boiling distillation prior to repeating the
experiments. However, contamination of the solutions continued to be a problem throughout
the remainder of the experimental period and due to time constraints on the duration of the

project it unfortunately became necessary to abandon this avenue of research prior to obtaining

the intended results.
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( Chapter Three '
l Sediment Facies '
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The chemical transformations investigated during this project take place within a system
composed of sediments and pore waters. Minerogenic particles are incorporated into the
sediment prism along with organic materials produced by the marsh plants, and saline waters
regularly inundate the pore interstices. Those elements considered in this chapter are those
whose abundance is primarily dictated by the detrital mineral phase (Si, Al, K, Ti and Cr) or the

presence of saline pore fluids (Na, Cl, Mg and Ca). The distribution of organic material within

the sediments is also considered.

3.1 Normalisation of data

Normalisation of certain data to the aluminium content throughout the cores is effective in
revealing whether differences in bulk concentration are due to variations in the abundance of
the detrital mineral phase. Aluminium is often used as a proxy parameter for mineralogical
variation (Loring 1991) and has been shown to be representative of the clay mineral content of
Southampton Water sediments by Cundy (1994). The normalisation of data must be carefully

scrutinised since the results obtained may incorporate artifacts from the normalisation process.

Consider a sedimentary material which is composed only of organic carbon detritus and clay
mineral grains. The mineral lattice may contain many elements which are absent from the
surface of the organic materials and whose abundance is therefore strictly controlled by the
proportion of clay minerals within the sediment. Peaks in the element concentration may be
attributable to increased abundances of the carrier phase (in this case clay mineral particles)
and therefore normalisation of the data to this phase will effectively remove variations in
element concentration which are caused by the variable sediment composition. In a sample with
twice as much organic material as a reference sample, implying that the element concentration
and the abundance of mineral particles are therefore both halved, the ratio of element to
aluminium remains constant (Figure 3.1). If, however, there is no valid reason for assuming that
the element concentration profile is controlled solely by the abundance of minerogenic particles
then such normalisation may produce misleading results. For example, a sediment sample
incorporating a third sedimentary phase, such as a carbonate mineral, which also contributes
some of the element under study, may not be suitable for normalisation to aluminium. In such
cases, variations in the concentration of the desired element may not be proportional to the
abundance of the normalising parameter (see Figure 3.1 for a diagrammatic representation).

This is known as the ‘closed sum’ problem and needs to be considered prior to normalisation to

avoid generating misleading results.
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