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ABSTRACT

The thesis presents the results of a research into the processes of TBT

decomposition under tropical conditions with particular emphasis on determining the

degradation rate of this contaminant. The investigation was begun in 1994, due to a

serious local contamination problem with TBT using a then current analytical system

available, which could be established with the laboratory facilities at the University of the

South Pacific (USP), in Fiji. The analytical system developed was a hydride generation

technique with cold trapping and atomic absorption detection using a quartz furnace.

(HG/AAS). An experimental mesocosm paradigm to provide TBT-loaded sediments,

obtained both locally from the contaminated site and spiked with TBT, was implemented.

Samples were taken at intervals from the mesocosm tanks, and analysed for TBT using the

above system. A half-life (tin) of 122 days was determined for the silty/clayey sediments

collected from the mesocosm tanks. A much shorter half-life of 39 days was also

calculated for the much grainier, sandy sediments collected from the Sandbank. The

slipway in Walu Bay recorded the highest TBT concentration of 360ug g'1, which is

almost ten times the concentration recorded in the same place in 1991*.

Sediment samples.from other ports in Fiji were also collected to ascertain the level

of TBT contamination. This included a site for a proposed marina operation with the

intent to provide a background TBT level which could be used later to assess its impact

TBT concentration was measured using a different method



once it is operational. The results do indicate that there is a serious problem of

contamination with TBT in these ports.

Concurrently, there have been a number of instrumental developments for TBT

analysis in laboratories specialising in such work. Opportunity has been taken to compare

the results obtained from the locally-used analytical system (HG/AAS) with the later-

available instrumentation which employed gas chromatography with flame photometric

detection (GC/FPD). The latter analytical exercise was carried out using the facilities at

the Ocean Chemistry Section of trie Institute of Ocean Sciences (IOS), Sidney, British

Columbia, in Canada. The results obtained from the GC/FPD method proved to be more

reliable than the HG/AAS as it has a better reproducibility and higher percent recovery. It

was for these reasons that the calculations for the degradation rates were based on the

data obtained from the GC/FPD method.

The contamination of marine sediments by TBT is a serious matter since this

contaminant is quite toxic to molluscs, as known from the shell deformation in oysters

(Appendix 3) and maseulinisation of female snails (Appendix 3). Some of the shell-bearing

molluscs (eg., Anadara), are an important food source in Fiji. The sediments at the Walu

Bay slipway appear to be severely poisoned by TBT and this would have very serious

consequences on the biota of the area if it is not promptly addressed.
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CHAPTER 1

GENERAL INTRODUCTION

1.1 INTRODUCTION TO TBT AND ITS ROLE IN ENVIRONMENTAL PROBLEMS

Tri-n-butyltin (TBT) compounds are synthetic, multipurpose chemicals which are

extremely poisonous to mollusc fishery resources (oysters, clams, scallops, etc.) and

particularly so at low concentrations; down to between O.lOOng TBT cm"3 (Mensink et ah,

1996) and 0.659ng TBT g'1 (O'Connor, 1996). These compounds gained notoriety in the

early 1980s resulting from their use as the active biocides in anti-fouling paints on ship

hulls (Evans et al, 1996; Stab et al., 1996). Their extensive usage as antifoulants on

commercial and pleasure craft has had detrimental impact on the coastal environment

(Mee and Fowler, 1991). Their potency ensures efficient fuel usage by ships and long

lifetimes between repainting both for boats and structures used in mariculture. Of

particular importance in its adverse biological effects on non-target organisms are the shell

deformations observed in oysters and the masculinisation of female marine snails, also

known as imposex. In dogwhelks, imposex is induced by TBT levels of less than half part

per trillion (Dowson et al., 1992b). A study of an area near a marina in Alaska showed a

strong correlation between imposex and TBT concentration in the snail tissue of Nucella

lima. Imposex thus appears to be a highly sensitive bioindicator of TBT contamination. In

N. lapillus, very high concentrations of TBT rendered the females sterile, which in turn



has caused massive declines in dog-whelk populations in the intertidal areas of the south

of England (Bright and Ellis, 1990). As of December 1994, imposex has been reported in

more than 70 species of gastropods around the world (Horiguchi et al., 1995). In the

periwinkle, Littorina littorea, the presence of TBT resulted in alterations to the pallial

oviduct, termed intersex. This pathological condition was quantified by the intersex index,

based on a scale of five stages of the gradual modification of the female pallia! organs by

male characteristics. In the last three stages, the snail becomes sterile (Minchin et al.,

1996).

TBT has been called the DDT of the 1980's because of its potentially deleterious

impact on the environment (Wade et al., 1990). The deleterious effects as observed

especially in molluscs, has caused a number of countries to impose restrictions on the use

and sale of marine paints containing TBT.

The environmental persistence also poses a problem in that these undesirable

biological effects are likely to continue for some time to come. The TBT half-lives in the

water are known to be of the order of days while they seem to be more persistent in the

sediments. Degradation half-lives for TBT ranging from 100 to 800 days have been

reported in sediments and water-sediment mixtures (Watanabe et al., 1995). The

persistent nature of these compounds in the environment was witnessed in the UK, when

restrictions on its use were placed in 1987 and by 1994, there were still symptoms of TBT

in the environment. This was clear indication that the imposed restrictions were not
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completely success&l in curbing the contaminant from polluting the environment (Minchin

etal, 1996).

Tributyltin is not a compound in its own right; rather it is a chemical moiety which

is part of a tributyltin compound. Some examples of these compounds include bis-

tributyltin oxide, generally known as 'TBTO', tributyltin fluoride and tributyltin

methacrylate which exhibit different physical and chemical properties. The common

feature in all these compounds is the tributyltin moiety, 'TBT', which can be released by a

hydrolysis reaction in aqueous media. Subsequently, other tributyltin species are formed

when this moiety combines with other anions in a complex system of equilibrium

reactions. Therefore in most situations, the 'TBT' moiety is not freely available as a

cationic species (de Mora, 1996).

Concentrations of TBT in sediments in Fiji have been reported to be as high as

38ug g"1 (Stewart and de Mora, 1992), which in fact was the highest recorded TBT

concentration in the literature at the time. Nevertheless, there are still no pollution controls

placed on its use in marine paints in Fiji and also other island countries of the South

Pacific. This appears then to be the main source of the loadings of this contaminant in the

Fiji marine environment. The absence of legislation in restricting the sale of TBT-based

paints is the main reason for the continual usage of this antifoulant. The maximum level

detected in this work is almost ten times that reported in the 1991 study (Stewart and de

Mora, 1992).
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The national need for more information on (i) the levels of TBT contamination in

Fiji, and (ii) the nature and rate of TBT detoxifying (degradation) processes in the tropical

environment (sediment sinks), were the prime factors in initiating this project. The

emphasis in this research has been on the physical approach in determining the half-life of

the contaminant, with only a limited mention of the geochemistry, based mainly on

theoretical information. The approach was considered as being fundamental in

understanding geographical scale surveys of TBT and its decomposition products.

1.2 MESOCOSM EXPERIMENT

In order to determine the degradation rate of TBT in the sediment, it was

important that a relatively undisturbed sampling site with an initial TBT loading was

identified. Knowing the complexity of conditions in the natural environment, it was not

possible to do this .in the field. Thus, a mesocosm set up was an ideal alternative, as the

experiment could be set up in a laboratory and sub-samples collected over a period of

time. The artificial set up in the laboratory meant that the disruptions in the natural

environment caused by wind, wave and current action, and also a constant input of TBT

from the vessels on dry dock are eliminated. Despite these deficiencies, the mesocosm

approach was still preferred as there is greater control on the physical conditions. This was

the reason for the use of the mesocosm experimental approach in this study'The details of

this set up are given in chapter 2. Some guiding thoughts on Quality Assurance were
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obtained from Kramer's journal article titled What about quality assurance before the

laboratory analysis? (Kramer, 1994).

1.3 PURPOSE AND OUTLINE OF THE PRESENT W O R K

1.3.1 Objectives of the study

The major objective of the study was the determination of the degradation rate of

TBT in a tropical marine sediment. Other related objectives are given here in the form of

questions; ii) would different sample collection frequencies affect the rate of degradation?;

iii) which sediment type results in faster degradation, the silty/clay or the sandy type?; iv)

is there any difference in the degradation rate for TBT in doped as opposed to undoped

sediments?; v) would the tank size used for the mesocosm experiments and the actual sub-

sample size collected.affect TBT degradation?; vi) is there any significant difference

between the data obtained from the two analytical techniques, HG/AAS and GC/FPD?

It was important to initiate this study in Fiji for several environmental reasons; (i)

Suva Harbour is one of the most seriously contaminated locations anywhere in the world

(Stewart and de Mora, 1992), (ii) the toxin can biomagnify through edible molluscs (Iwata

et ah, 1995) which are a subsistence and artisana! food resource in Fiji, (iii) the toxin is

known to have some serious effects on humans (WHO, 1990), and there may possibly be

undocumented other effects, (iv) there has been no previous work on the topic in tropical
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regions with average sea water temperatures in the range 23-29 C. Most of the previous

degradation studies (Shizhong et a!., 1989; de Mora et al, 1989; Seligman et a!., 1986;

Olson and Brinckman, 1986; de Mora et al, 1995; Stang et al, 1992; Watanabe et al,

1995; Yonezawa et al., 1994) were done in sea waters with temperatures of ^20 C. The

recent work by Sujatha et.al (1996) although carried out in a tropical environment was on

the induced physiological and biochemical changes in clams.

Following the introduction chapter, the outline for the remaining 3 chapters is as

given. Chapter 2 covers the experimental work involved in the whole study plus the

HG/AAS results. Chapter 3 discusses the mesocosm data obtained from the GC/KPD

analysis while the fourth and final chapter focuses on the data obtained ftom the field

study. The final chapter also includes a summary of the project, concluding remarks and

recommendations for future research.

1.4 BACKGROUND CHEMISTRY

1.4.1 Tin and organotins

Tin (Sn) is a metal in group 14 (IV) of the Periodic Table. The most usual

coordination numbers for its tetravalent compounds are 4, 5 and 6, although examples of 7

and 8 coordination are also known (Patai, 1995). Tin naturally occurs mainly as

cassiterite, (SnCy, and this has been the only important source of the element from
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earliest times. Organotin compounds are characterised by the presence of covalent bonds

between carbon atoms and a tin atom (Greenwood and Earnshaw, 1993). In tributyitin

compounds, the covalent bonds are between three carbon atoms and a tin atom. They

conform to the general formula («-C4H9)3 Sn-X, where X is an anion or a group linked

covalently through a heteroatom. The physico-chemical properties, notably the relative

solubility in water and non-polar solvents and the vapour pressure are influenced by the

nature ofX (WHO, 1990).

The organotin compounds differ from inorganic tin both in reactions and effects.

An important member of the group is tributyitin oxide (TBTO), which has a purity

generally above 96%. The principal impurities in this compound are dibutyltin derivatives

and to a lesser extent, tetrabutyl or dibutylalkyl tin compounds. Other industrially

important tributyitin derivatives include tributyitin fluoride, tributyitin methacrylate

(monomer or copolymer), tributyitin benzoate, tributyitin linoleate, tributyitin naphthenate

and tributyitin phosphate (WHO, 1990).

1.4.2 Reactions and synthesis of organotins

TBTO is flammable but does not form explosive mixtures with air. It is a mild

oxidising agent. It reacts quantitatively with bromide or iodide with cleavage of the Sn-0

bond. It has been suggested that TBTO in aqueous solution dissociates with the formation
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of a hydrated tributyltin cation, which can undergo reactions with anions present

(Maguire, 1984; Laughlin et al., 1986).

TBTO, (Bu3Sn)2O, can react with normal constituents of sea water at pH 8 in the

following ways (Laughlin et al., 1986):

(Bu3Sn)2O + H2O -» 2Bu3Sn0H

Bu3SnOH + HsO* - • Bu3SnOH2
+ + H2O

Bu3Sn0H2
+ + HOCCV ->• Bu3SnOCO2' + H3O+

Bu3Sn0H2
+ + Cl' -> Bu3SnCl + H2O

These compounds are usually synthesised by the following methods (organotins

shown in bold):

Grignard: SnCU + 4RMgCl -> SnRt + 4MgCl2 (also with AlMgCl)

OrganoAl: ' 3SnCL, + 4A1R3 + 4NRj -> 3SnR4 + 4AJC13.NR3

Direct (Rochow): Sn + 2RX -> R2SnX2 (and RaSnX4.n) (alkylonly)

In the direct method above, a general formula of RnSnXi.,, is given where R is an

alkyl or aryl group (e.g., butyl for TBT), and X refers to an anion; often a halogen

(Greenwood and Earnshaw, 1993).
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1.4.3 Uses of organotin compounds

Tin is unsurpassed by any other metal in the number of applications of its

organometallio compounds (Cai et al, 1993). TBT compounds have been widely used in

many industrial, chemical and agricultural applications, such as PVC stabilisers (Maguire

et al., 1993), pesticides (Harino et al, 1992), on aquaculture cages (Randall and Weber,

1986), on docks in the late 1950s (Dowson et al, 1992b), catalysts for silicones and

polyurethane foams (Iwata et al, 1994), industrial and agricultural biocides (Valkirs et al.,

1987), wood preservatives (de Mora and Phillips, 1992., Cai et al, 1993), bactericides,

fungicides (Sasaki et al, 1988), miticides (Muller, 1987) and as slimicide in cooling water

(Huggett et al, 1992). TBT has also found a wide application in marine anti-fouling paints

since the early 1960s. In this case the TBT was used as the anti-fouling agent to prevent

the growth and attachment of fouling organisms such as algae, barnacles, tubeworms

(Huet et al, 1996), mussels (Huggett et al, 1992) and wood worm borers (Greenwood

and Earnshaw, 1993) on ship and boat hulls. It has been established that an increase of

10um in hull roughness due to fouling organisms, can lead to a 1% increase in fuel

consumption. After six months of fouling, this represents a 40% increase in fuel

consumption (Maguire, 1987) and could even amount to as much as 50% of total

operating costs for bulk carriers (Champ, 1986).
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1.4.4 Biocidal properties of TBT

An antifouling paint is composed of a film-forming material

(matrix/binder/resin/raedium) and a pigment. These two components can affect the

properties of the paint; strength, flexibility, water absorption and colour. The antifouling

paint is biocidal in nature due to the properties of either the pigment or the matrix. The

mechanism of its action is such that it releases small amounts of biocide at the paint

surface so that the settling stages of fouling organisms are killed. Some of the TBT

compounds that have been used in antifouling paints include bis(tributyltin) oxide,

bis(tributyltin) adipate, tributyltin acetate, tributyltin methacrylate and tributyltin acrylate

(Anderson and Dalley, 1986).

The duration of the effectiveness of an antifouling paint depends to a great extent

on the type of paint formulation and the kind of biocide in use. Since the middle 19th

century, cuprous oxide has been the main "work-horse" biocide employed. Despite its

wide toxicity to animal fouling, the main drawback for cuprous oxide is that many plants

are resistant to it. Furthermore, in sea water, it gradually forms insoluble salts (often green

in colour) within the surface layers of the paint film, which interferes with the release of

fresh biocides, thus limiting the lifetime and effectiveness of the paint (Anderson and

Dalley, 1986). The biggest problem with copper-based paints is the stimulation of

electrolytic corrosion with aluminium components (de Mora, private communication).

singh_al
Pencil



12

It was in the search for mote effective biocides to boost the performance of

cuprous oxide that organotins first came into use in the early 1960s. Their main advantage

over the far more toxic mercury, lead and arsenic compounds which had also been used

previously was the well-known toxicity in low concentrations to both plants and animals

coupled with low mammalian toxicity. An added attraction over cuprous oxide was that

they were colourless, more reactive chemically and some were soluble in organic solvents.

Being colourless means they can be used in brightly coloured antifoulings and their

reactivity enabled them to be chemically bonded to form higher molecular weight species,

notably the acrylic copolymers. The high molecular species cannot penetrate the skin

easily and are therefore inherently safer to humans during preparation and application

(Anderson and DaUey, 1986).

1.4.5 TBT in marine paint formulations

1.4.5.1 Free-association or Contact leaching paint

The earliest formulations for TBT-based paints involved the mixing of the TBT

compound into the paint. This was referred to as free association paints. An example of

the free association paint is Conventional "Contact Leaching" antifouling paint, which is

composed of a tough insoluble film-forming resin within which biocides (e.g., TBT or

cuprous oxide) are physically dispersed (i.e., free associated) in the hard'matrix. In one

formulation, the resin was chlorinated rubber which was filled to a relatively high density
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with particles of tributyltin fluoride. When the paint is newly immersed in water, the free

associated TBT present near the surface of the paint is able to diffuse easily out of the

matrix of the film. With more leaching out of the biocidal pigment, microscopic pores are

left behind within the paint matrix which are slowly penetrated by the surrounding sea

water. The slow ingress of seawater into the body of the paint encourages further

dissolution and release of the TBT biocide from beneath the surface layers of the film. As

time goes on, however, the skeletal matrix of the paint film becomes clogged up with

insoluble material, and it progressively becomes more difficult for the biocide deeper down

in the coating to reach the surface. The disadvantage of this type of formulation is that the

rate of release is initially fast and then it slows down and eventually becomes ineffective.

Consequently, the effectiveness of the paint is relatively short (1-2 years). In addition,

when the paint fails, there is still a large amount of unused biocide trapped deep in the

film. This creates a problem of disposal of the unused residual biocide when it comes to

dry dock (Anderson and Dalley, 1986).

1.4.5.2 Soluble Matrix/Ablative paint

A subclass of the above formulation is the "Soluble Matrix/Ablative" type where

the biocide is added to a soluble matrix. The JUm_matrjx.Js_aL mixture of jnsg.luble-.aad

soluble material-designed tt> break down (ablate) over time,. thus aUowjngjhebiocide to be

..released. As in other conventional paints containing free-associated TBT, it is still difficult

to control the release of the biocide over long periods of time. These paints possess a
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1.4.5.3 Copolvmer TBT paints

The discovery of the self-polishing copolymer paint was considered a major

breakthrough for two reasons: (i) the biocide is chemically bound in the paint film, and (ii)

paint manufacturers are able to control the release of the biocide. This meant that the paint

could now be effective for longer periods in either killing or inhibiting fouling organisms.

In a particular formulation, the film-forming resin, a copolymer of tributyltin

methacrylate/methyl methacrylate, is the source of the organotin biocide. This copolymer

which is hydrophobic, prevents the ingression of sea water to the depths of the film. At the

surface of the paint, however, seawater is able to interact with the hydrophobic

copolymer, initiating a saponification reaction which cleaves the TBT from the copolymer

backbone releasing it into the sea (see Figure 1.3(a) below, Anderson and Dalley, 1986)

MMA TBTM

•«r-f
• b.=c—OCH,

?. C l v _e

c=o
o n

0=C—OCH,
Blocld*

n

Figure 1.3(a) The saponification reaction between the copolvmer and seawater

(Anderson and Dalley, 1986)
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becomes water soluble and dissolves away. It is evident that: (a) the breakdown of the

paint film is hydrolytically controlled, (b) the hydrophilic leached layer of spent methyl

methacrylate polymer and inorganic pigments are acting as barriers, controlling the release

of the TBT cation, (c) the paint film is "polishing", thus resulting in a hull surface that

becomes and remains smooth over time (Anderson and Dalley, 1986).

1.4.5.4 Alternatives to TBT antifouling paints

The current tin-free antifoulings cannot be guaranteed to last for >3 years and thus

find it difficult to compete with the 5-year guarantee of the TBT self-polishing paints.

Alternatives to tin-antifoulings are still being sought with research being carried out by

Mitsubishi Heavy Industries and Japan's Ship and Ocean Foundation to develop a special

electrical conduciiY-a-CQatingjghich can-prevent-marine organisms from settlmjjjmtlieiEill

surface, The system known as Marine Growth Prevention System by Electrolysis

Technology uses the concept that when a small electrical current is passed through the hull

coating, it temporarily ionises sea water next to it. The hypochlorous acid so formed

covers the surface which repels marine organisms from settling on the hull surface.

Currently, the coating lasts for 2 years and is available for small ships only. However,

research is continuing on this system (Editorial, 1994).

Copper-based antifouling products date back to the use of copper sheeting on ship

hulls. Copper speciation is governed by pH, salinity and dissolved organic matter. In
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seawater, the predominant forms of dissolved copper are expected to be Cu2+, CuOH* and

CuCl+. At pH 8.2, the solubility is low and copper is precipitated and found in sediments

where it is considered to be relatively nontoxic.

Copper is not lipophilic and only shows a slight tendency for bioaccumulation.

From an environmental impact point of view, there are definite advantages of copper-

based antifouling products over TBT-based ones (de Mora, 1996).

1.4.6 Toxicity of TBT

Owing to the high toxicity of TBT to marine organisms, as compared to DBT and

MBT, which are at least one to two orders of magnitude less toxic (Grovhoug et al.,

1986), there was a great interest in TBT determination (Le., speciation), and not just

simply in total tin or total organotin determination in environmental samples (Astruc et al.,

1989). Reporting data as total organotin or as inorganic tin, severely limits the assessment

of the actual amount of toxic TBT present (Valkirs et al., 1986). The speciation data is

essential to provide a rational, equitable and effective basis for regulation (Blair et ah,

1986). TBT has a high affinity for lipid-containing tissues, thus marine organisms can

become contaminated even at low concentrations in the water column. In a study carried

out in New Zealand, oysters were found to contain TBT, even those in areas about 10km

away from large sources of TBT (King et al, 1989). Tributyltin chloride, a'representative

TBT active ingredient, may be chemically described by the following structural formulae
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to show the undissociated (neutral) pure form and for the water dissociated (positively

charged) form:

?
C4H9 — Sn — C4H9 H9C4 Sn+ : C4H9

C4H9 C4H9

Neutral form Water dissociated form

Elemental or inorganic forms of tin appear to cause negligible toxicological effects

in humans and wildlife. As a matter of fact, inorganic tin may be required as an essential

trace element in animals and humans (Matthias and Bellama, 1986). In contrast, TBT

displays an increased fat solubility and an enhanced ability to penetrate biological

membranes, thereby posing greater toxicity and environmental risk. In a study carried out

to evaluate TBT's risk on humans, Schweinfurth and Gonzel (1987), revealed from the

data collected that these compounds produce severe irritation of the skin and mucous

membranes. However, there was no evidence of the damage to the central nervous system.

They also concluded that TBT compounds are not mutagenic, teratogenic or carcinogenic

hazards to humans. Although, no adverse human-health effect has been observed, a

continuous intake of foods and exposure to TBT may exert toxic effects in humans j

(Kannane/a/., 1995).
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Organotin compounds are known to exhibit toxicity towards many non-target

organisms (Krone et al., 1991) and the toxicity is thought to increase with the number of

butyl substituents from one to three, and then to decrease with the addition of a fourth

butyl group (Maguire et ah, 1983). The toxic properties of organotins in general are

related to the number and nature of organic groups in an R^SiiX^.,,) compound (R and X

denote alkyl and anion, respectively) (Shizhong et at., 1988). The high toxicity of TBT

towards aquatic organisms and in particular, molluscs, e.g., the shell chambering effects

and high mortality of the commercially valuable oyster species, Pacific oyster Crassostrea

gigas, was first reported in the Bay of Arcachon, France, in the early 1980's (Garcia-

Romero et al., 1993., Sarradin et al., 1994). Similar effects were later observed in the UK.

In Portugal shell thickening was observed in the oyster Crassostrea angulata in the Sado

estuary in 1990 (Cortez et al., 1993). TBT concentrations as low as 50 parts per trillion

have been known to cause reduced spatfall, shell malformations, poor growth and reduced

vigour in oysters. Exposure to higher concentrations can kill oysters and other aquatic

organisms as well (Environment Canada, 1995). The shell malformation in oysters and

imposex (a condition characterised by the development within the females of a penis and

pallial vas deferens similar in position, and morphology to those of the male in snails), are

the two most documented and extensively researched cases showing the consequences of

TBT usage (Bright and Ellis, 1990). Other non-target organisms affected by TBT include

amphipod larvae, lobster larvae, zoeal shore crabs, sheepshead minnows and mysid shrimp

which are affected by TBT at ppb levels. At sub-ppb levels, TBT causes sub-lethal effects

in zoeal mud crabs, mussel larvae and copepods (Matthias and Bellama, 1986). The
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highest TBT concentrations occur in marinas, harbours and shipping channels where levels

of several ppm (|jg dm'3) have been observed. Outside marinas, levels rarely exceed 1 (J.g

dm'3 (Stewart and de Mora, 1990) and a typical open ocean concentration is ~0.001]xg

dm"3 (Cocchieri eta!, 1993).

The TBT cation which is the active constituent in some of the antifouling paints is

perhaps the most toxic chemical ever deliberately introduced into natural waters (Stewart

and de Mora, 1990). It is introduced into the marine environment during both boat

painting and paint stripping operations. The contaminant can also be bioaccumulated

(Hasan and Juma, 1992). High levels of organotin compounds have also been detected in

fish (Kanano et ah, 1996; Suzuki et al., 1992). TBT has also been found to cause a zero

germination of the zygote of a brown macroalgae, Phyllospora comosa (Burridge et al.,

1995). One study considered the determination of toxicity (LC50 value) for a structurally

distinct series of di- and triorganotin compounds. The Hansch n parameter (an index of

hydrophobicity) was used to test correlations between structure and LC50. It was

observed that within a homologous series, diorganotin was less toxic than the

corresponding triorganotin (Laughlin et al., 1985).

1.4.7 Persistence of TBT in the environment

Another important factor in the toxicity of TBT is its persistence in the marine

environment, which should not be defined with respect to the anion exchange, but in the |i
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loss of butyl groups. The toxicity is largely independent of the nature of the counter-ion

but declines greatly with decreasing number of butyl groups (Maguire, 1987). The half-life

of TBT in water is shorter (few days) as compared with the much longer values recorded

for sediments (months to several years) (Sarradin et al., 1994). The reported half-life of

TBT in sediments varies from 16 weeks to 3.5 years. The latter is now believed to be

representative (Ko et al, 1995).

1.4.8 Restrictions on TBT paints

In a bid to protect its oyster fisheries, the French Government in 1982, banned the

use of paints containing more than 3% TBT by weight on boats less than 25m in length

(Alzieu, 1991). Initially, the regulation only covered the Atlantic coast but was later

extended to the whole French coastline. All use of organotin compounds in antifouling

paints on small boats, at any concentration, is now banned in France (WHO, 1990).

Realising its widespread detrimental ecological effects, other countries began to take

similar steps (Valkirs el a/.,1990).

In the U.K., regulations setting limits on the TBT content of paints became

effective in 1986 (Waite et al, 1991). A regulation was enforced that prohibited the retail

sale and supply of antifouling paints with a total tin concentration greater than 7.5% by

weight in co-polymer paint (reduced to 5.5% in January 1987) or 2.5% in other paints.

The regulations were meant to control the use on small pleasure craft, ban the sale of "free
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association" paints containing high levels of organotin and set an upper limit on organotin

compounds in co-polymer paints (WHO, 1990). With a monitoring programme in place to

determine the effectiveness of the legislation, a total ban on the use of TBT paints on small

boats (<25m) and fish farming equipment was implemented in July 1987 (Abel et al.,

1987). An environmental quality standard of 0.002u.g dm"3 in sea water has been set

(WHO, 1990). The effectiveness of these controls on TBT usage are still being monitored

(Evans et al, 1994).

In 1986, the Federal Republic of Germany issued a renunciation on the use of

monomeric organotin compounds in antifouling paints and a restriction to 3.8% TBT in

co-polymeric paints. However, together with Switzerland, they have banned the use of

TBT coatings on vessels in freshwater (Laughlin and Linden, 1987; Champ and Pugh,

1987).

The use of TBT paints by the US Navy was restricted in 1986 when Congress

withheld funding until EPA had determined its risks on the marine environment (Laughlin

and Linden, 1987; Wade et al., 1991). Some states have passed their own regulations.

Washington and Virginia, for instance, have banned the use of TBT antifouling paints on

boats of <25m in length, exempting those with aluminium hulls. In April 1988, both the

US House of Representatives and the Senate passed bills to restrict the use of TBT in

antifouling paints. The bill came into effect in December 1988 (WHO, 1990).
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In Japan, a voluntary ban on the use of TBT compounds for nets in fish culture

was imposed in 1987 by the National Federation of Fisheries Cooperative Association of

Japan. In 1988, the Japanese Ministry of Health and Welfare and the Japanese Ministry of

International Trade and Industry "designated" eight TBT compounds on the basis of their

persistence, accumulation and toxicity. "Designated" meant that the compounds have a

recognised hazard but no final decision has been taken on the regulation. The Japan Paint

Manufacturers Association voluntarily reduced the upper limit for TBT in paints to <10%

weight for monomers and <15% wet weight for polymers (WHO, 1990).

In 1987 the Canadian Department of Agriculture served notice to the effect that

antifouling uses must conform to the following conditions: a maximum short-term (first 14

days) cumulative release - rate from paint formulations of !68ug cm"2; a long - term

average daily release of 4|ag cm"2; and a minimum hull length of 19.5m for the use of TBT

antifouling paints on non-aluminium vessels (Maguire, 1987). The regulations for TBT

controls in Canada were well established in 1989 (Tester and Ellis, 1995).

In Ireland, a by-law was instituted in April 1987, banning the use of organotin

compounds on boats and other aquatic structures (Minchin et al., 1987).

In Norway the regulation to prohibit the use of TBT in antifouling paints except

for boats longer than 25m and those with aluminium hulls, became effective in January

1989 (Evans et al., 1995b). The sale, manufacture and importation of paints containing
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TBT without a specific permit was also prohibited. The Baltic States under the Helsinki

Convention have an agreement on the banning of TBT paints on small boats and have also

set up a joint monitoring programme (WHO, 1990). The ban of TBT usage was on boats

<25m, but vessels >25m were still allowed to continue using TBT paints because of the

lower levels of TBT in offshore waters (Ten Hallers-Tjabbes et al., 1994). Seeing the

benefits of the TBT ban on usage on boats <25m, Italy soon followed suit (Cardellicchio

et al., 1992). These measures to restrict the use of TBT since 1990 were proving to be

successful in a number of European countries (News Section, 1994).

In December 1988, the New Zealand Government announced partial restrictions

on organotin antifoulants, which prohibit the use of all high-release and non-copolymei

paints on vessels greater than 25m in length and/or with an aluminium hull or outdrive.

The Pesticides (Organotins Antifouling Paints) Regulation 1989 came into force on 1 July

1989 (Stewart et al, 1992) but has since been amended in 1993 (deMora, 1996).

Australia had the controls established in 1989 in the States of New South Wales

and Victoria (Foale, 1993; Wilson et al., 1993). TBT is prohibited for use on boats with a

hull length of less than 25m, while a leaching rate of 5.0|xg cm"2 per day was set for hulls

of 25m or more. Aluminium vessels are not exempt from the ban (WHO, 1990).
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Many countries opted for stricter control on the use of TBT paints, especially on

the percent composition and the type and size of boat. None of the above-mentioned

countries opted for total ban altogether.

1.4.9 Sorption behaviour of TBT

The chemical properties of TBT in particular, its lipophilic nature and poor water

solubility have been studied. When TBT in the form of TBTO is introduced into water,

repartition occurs where TBTO leaves the aqueous phase and preferentially adsorbs onto

particles (Hinga et al., 1987). Adsorption and desorption are dependent on the nature of

the sediment. Little is known about the bioavailability of adsorbed TBT. Different authors

using various conditions have estimated that between 10% and 95% of TBTO introduced

into water is adsorbed onto particles. There is general agreement however, that the

compound remains strongly adsorbed. It has been stated that sediments remain

contaminated for at least 10 months; progressive disappearance of TBTO is not due to

desorption but to degradation (WHO, 1990). Adelman et al, (1990), however put

forward a contradictory view. They argued that the sorption process is reversible,

indicating that TBT-contaminated sediments can act as sources for dissolved TBT and that

the TBT sorption-desorption process is rapid.
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There is also uncertainty in relation to the bio-availability of TBT adsorbed onto

sediment. Some researchers considered that the effects of adsorbed TBTO were partially

masked, i. e., that the compound was unavailable to organisms (Salazar et al., 1987).

It is generally agreed that part of the TBTO accumulates in the surface monolayer

of natural waters. This TBTO will also be adsorbed onto organic matter and lipid material

present on the surface (WHO, 1990).

Stang and Seligman (1987), in their in situ study of the Pearl Harbour sediment,

calculated the rate of adsorption of TBT derivatives to be 0.57ng TBT cm"2 per day. No

apparent desorption of TBTO was evident, but dibutyltin derivatives formed by

degradation desorbed with rates varying between 0.16 and 0.55ng DBT cm"2 per day.

1.4.10 Bioaccumulation of TBT

Bioaccumulation of TBT in the apolar lipids of organisms is one of the reasons for

its toxicity and this is attributed to the feet that these compounds exhibit lipid solubility

which consequently enhances their ability to penetrate biological membranes. The highest

levels of TBT were found in fiiuess porpoises from Japanese coastal waters with a

concentration of 770ng g'1 on wet weight basis (Hisato et al., 1994). The TBT in these

porpoises were found in the liver, blubber and muscle tissues with the liver containing up

to lOppm butyltin. In oysters it can accumulate from 1 000 to 6 000 fold (Hisato et al.,
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1995). Fent and Hunn (1995) also observed this phenomenon in zebra mussels Dreissena

polymorpha. Oligochaetes, among other benthic organisms, were also found to

accumulate considerable sediment-associated TBT (Maguire and Tkacz, 1985).

Bioconcentration of these compounds to toxic levels through the ingestion of

contaminated particles or via bioaccumulation increases the risk above that expected for

ambient levels (Dowson et ah, 1992b). The tendency of TBT to bioaccumulate is probably

due to its hydrophobic nature which is imparted by the three butyl groups (Stewart and de

Mora, 1990). The uptake of TBT from ambient water has been observed in oysters,

mussels, scallops, salmon, algae and eelgrass (Francois et a!., 1989). Observed

bioaccumulation factors range from 1 000 to 30 000 (Stewart and de Mora, 1990).

The ratio, [MBT]/total [butyltins] can also be used to determine whether the

discharge is recent. Low ratios (0.03-0.1) indicate recent discharge of TBT. Ratios as low

as 0.03, show TBT "hot spots". In sediments with low TBT concentrations, the ratio was

as high as 0.9. In Hong Kong, measured ratios correlated with the recent release of TBT

into the sediments in marinas and shipyards which were heavily contaminated (Ko et ah,

1995).

The [TBT]/[DBT] ratio is another parameter that has been used previously as a

first estimate of the stability of the organotin (Tolosa et a!., 1992). This is because the

organotin compound degradation occurs via a successive cleavage of the alkyl or aryl

substituents (Maguire et a!., 1986). In sediments, the higher ratios were found in enclosed
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systems, which had slower anaerobic degradation processes prevailing. In biota, the ratio

decreased according to the degree of pollution from 12.5 to 18.3 in pristine areas to 1.06

in the heavily polluted locations. The trend in the ratio is a relative decrease from

organisms to sediments to seawater and this is thought to be due to a lower stability of

TBT in water and/or a higher affinity for biota and sediments (Tolosa et ah, 1992).

Overhauling and paint stripping activities were the main sources of the heavy

contamination (Ko et ah, 1995), which appear to originate from marinas, boatyards, and

heavily used anchorages where TBT seems to concentrate in sediments (Maguire, 1987).

In one study, the data showed that TBT is highest in areas with the most human activity.

The station was located in an area surrounded by marinas in which several hundred boats

were moored year-round, and extensive commercial and naval activities occurring. The

ocean side displayed the lowest TBT concentration in both sediments and oysters. This

was probably due to the more efficient flushing by the ocean water (Espourteille et ah,

1993). Sediments showing levels below the detection limit ( lug kg"1) came from remote

stations having little boating activity or direct access to open sea (Espourteille et ah,

1993). One study found that TBT appeared to be adsorbed moderately strongly to

sediment and very little was desorbed from undisturbed sediment over a 10-month period.

The researchers in this same study also observed that oligaete worms can degrade TBT

and also accumulate the sediment-associated TBT, thus making it potentially available to

bottom-feeding fish (Maguire et ah, 1986). Removal and application'of TBT-based

antifouling paints on slipways, or runoff from boatyards result in the contamination of the
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marine environment. There is also a possibility that paint chips in the sediment which

contain TBT could give an artificially high value for TBT concentration in sediment.

Differential mobility, which is based on sorption behaviour, is also possible among the

butyltin moieties. It is generally agreed that DBT is more weakly sorbed than TBT. MBT

on the other hand can be strongly and specifically adsorbed on certain clay minerals

through a cation exchange process (Stewart and Thompson, 1994). Previous studies have

suggested that the TBT contamination in water was very often due to desorption of TBT

from the contaminated sediments (Cortez et al, 1993; Maguire et al, 1996; Garrett and

Shrimpton, 1996).

1.4.11 Degradation of TBT

TBT is not very stable in the natural environment and it degrades over time to the

less toxic DBT, MBT (Kubilay et al, 1996) and finally inorganic tin (Stewart and de

Mora, 1990). A number of studies have shown that the degradation pathway exists in the

environment which involves progressive debutylation which is theoretically completed

with the liberation of tin oxide (SnC^).

R3SnX -> R2SnX2 ->• RSnX3 -> SnXa

A number of researchers have tried to look for evidence for this breakdown

sequence, the cause and mechanisms, and an understanding of the kinetics under different

environmental conditions (Seligman et al, 1986; WHO, 1990).
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Degradation of TBTO proceeds via splitting of the carbon-tin bond, which can be

caused by various mechanisms occurring simultaneously in the environment. These include

physico-chemical mechanisms (hydrolysis and photodegradation) and biological

mechanisms (degradation by microorganisms and metabolism by higher organisms).

Studies on sediments containing high silt and clay contents showed that the

dealkylation reactions are primarily chemical and not biological since there were only

slight differences in degradation rates between sterile and untreated sediments (Stang et

al, 1992).

The hydrolysis of the tin-carbon bond occurs under extreme pH conditions,

therefore it is barely evident under normal environmental conditions. The results of

previous studies have shown that TBTO remains stable for 11 months in distilled or

natural water at 20°C in the dark, and in a sterile medium (Maguire et ah, 1983; Maguire

and Tkacz, 1985).. Under various conditions of pH, between 2.9 and 10.3, there was no

change observed in TBTO over 63 days. Slight degradation, however, had been apparent

in TBTO after 94 days in darkness when formalin was used as a sterilising agent (Seligman

et al., 1986).

It is, therefore, considered that degradation occurs either not at all or only very

slowly in normal environmental conditions of pH and temperature, when monitored in the

dark and in a sterile medium (WHO, 1990). Other possible degradation pathways include a
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number of possible redistribution reactions, which are believed to be catalysed by

environmental molecules such as amines, sulphides or other reactants (Matthias and

Bellama, 1986). Examples of redistribution reactions are shown (Thompson et al., 1985):

2R3SnX -» RiSn + R2SnX2

3R4Sti+3SnCL, -> 2R3SnCl + 2R2SnCl2 + 2RSnCl .

The energy required for the cleavage of the carbon-tin bond is 190-220kJ mol"1 and UV

light with a wavelength of 290nm possesses an energy of 3O0kJ mol"1. In addition, TBTO

absorbs in the UV region at 300nm and less strongly, at 350nm. Therefore, theoretically,

photodegradation of TBTO is possible.

Field and laboratory results have supported this mechanism which resulted in the

formation of DBT derivatives. However, the laboratory studies vary considerably,

depending on the source of UV used (natural or artificial). According to Maguire et al.

(1983), photolysis under natural light conditions in distilled or natural water is limited,

leading to a half-life in excess of 89 days. Under experimental conditions of strong UV

light, degradation is apparent. At 300nm, the half-life of TBTO is 1.1 days whereas at

35Onm, it is more than 18 days. The role of humic acids, and in particular, falvic acid, is

also demonstrated to augment the speed of photolysis. Under such conditions, the half-life

of TBTO falls to 0.6 days at 3G0nm and to 6 days at 350nm (WHO,. 1990).

Published studies of observations made both in the field and in the'laboratory have

shown definite evidence of biological degradation of TBTO, in particular, the role of
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bacteria in the degradation. It appears that aquatic organisms are involved in the

degradation process which is thought to occur through a sequential debutylation pathway

(Francois et al., 1989). The mechanism probably involves hydroxylated butyltin

intermediates which are unstable and which lose butene, yielding, for example, dibutyltin,

monobutyltin or tin species (Maguire, 1987). Laughlin and Linden (1987) observed that

micro- and macroalgae are capable of degrading TBT fairly rapidly and extensively. The

biological degradation of TBT in both water and sediment seems to be the most important

process that limits its persistence. Thus, besides the photochemical cleavage, biological

cleavage of the Sn-C bond by microorganisms is also occurring (Stewart and de Mora,

1990). This again was confirmed by Suzuki et al. (1996) in their work on the degradation

of the tributyltin compounds in seawater. Biodegradation kinetics depend on

environmental conditions such as temperature, pH, oxygenation, level of mineral elements,

the presence of biodegradable organic substances, and the nature of the microflora. It also

depends on the concentration of TBTO being lower than the lethal or inhibitory threshold

for bacteria (WHO, -1990).

Degradation of TBTX was observed to be very stow in sandy sediments and this

was attributed to the lack of microbial activity. Faster degradation was observed in silt and

clay sediments. It has been observed that there is preferential accumulation of butyltins in

the fine grained (<60|j.m) sediments, thus, the use of this fraction is logical for the

assessment of environmental contamination with TBT (Hermosin et al., 1993; Cortez et

al, 1993). The high levels of the breakdown products, MBT and DBT led Goldberg to
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propose that effective degradation processes were in operation, thus limiting the

persistence of TBT in the aquatic environment. However, due to its accumulation in

sediments, TBT degradation is more likely to control the overall persistence of the

contaminant in the environment (Stewart and de Mora, 1990). The high level of DBT in

sea water, is evidence of recent introduction of toxic TBT (Michel, 1987). Adelman el al.

(1990) observed that butyltins in sediments did not appear to degrade. They believed that

it was probably the cold temperatures during much of the time of the experiment that may

have been partly responsible for the slow degradation. Available environmental data show

that in areas of high boat-painting activity, sediment concentrations of TBT greatly exceed

apparent equilibrium levels. This is probably due to the presence of paint chips (Unger et

al., 1988).

In an earlier work, organic carbon was not considered to be a good indicator for

TBT sorption in sediments (Unger et al, 1988). A much later study showed that the

concentration of TBT correlated with organic carbon (Yonezawa et al., 1993). However,

a very recent study by Meador et. al (1997) show that there is stronger associations of

TBT with sediment as TOC declined. Light and heat help catalyse the degradation process

and neither of these are abundant on the bottom of ships, or deep in the ocean (Stewart

and de Mora, 1990).

At low concentrations in sea water, TBTO forms chemical speciation products

with all major sea water anions. Thus the equilibrium distribution of these products is
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mediated by anion concentration and this can easily be displaced by salinity variation

(Laughlin et al., 1986), particularly in study areas which include estuaries, where salinity

varies greatly. In sediments, TBT has often been associated with elevated concentrations

of DBT and MBT, As observed in the sediments of Poole Harbour, England, 5 out of 7

survey periods, showed DBT concentrations exceeding TBT concentrations (Stang et al.,

1992). The authors suggested that microbial degradation of TBT to DBT was occurring.

In the study of sediments of Lake Buiva, Japan, TBT was detected in 3 out of 4 sediment

samples analysed, and DBT in all the 4 samples. In a San Diego Bay study, (Stang et and

Seligman, 1986), MBT, DBT and TBT were present in sediment samples, with TBT being

the dominant butyltin compound only in the vicinity of vessel/dry dock facilities (Stang et

al., 1992). In most published reports, DBT was found to be the primary degradation

product in water, but this varied in sediments; e.g., it was DBT in Toronto harbour

sediments and MBT in San Diego Bay sediments (Stang et al., 1992; Stang and Seligman,

1986). Butyltins tend to accumulate preferentially in the fine grained (<60|im) sediments.

The use of this fraction may be considered as a good tool for the assessment of

environmental contamination. It was also suspected that the TBT contamination in water

was very often due to the desorption of TBT from the sediments (Cortez et al., 1993). In

eelgrass, rapid degradation from TBT to MBT occurred. The authors noted that the

hydrophobic TBT and DBT sorbed to the eelgrass from the water but the more

hydrophilic MBT sorbed into the sea water from the plant. TBT appeared to sorb onto the

sediment and a significant fraction of the MBT after its formation, entered the water phase

(Francois et al., 1989). This was one reason why ratios of [MBTX3]/[TBTX] were.
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significantly higher in bottom water than surface water in a San Diego marina (Stang et

ah, 1992).

For a fresh water harbour sediment, the half-life was around 4 months. One marine

sediment studied had a half-life of around 5.5 months (Stang et al., 1992). Still longer

half-lives have been observed, e.g., 1.85 years for a Tamaki Estuary sediment in Auckland,

New Zealand. The TBT degradation generally conforms to first order kinetics. This was

the case observed in the New Zealand study (de Mora et al., 1989).

Organotins are one of the most studied groups of orgariometallic chemicals in

terms of their industrial and agricultural uses and applications. This is exemplified by, (i)

the Organotin Symposium of the Oceans conference, 1986, Washington, D.C; (ii) the

Organotin Symposium of the Oceans conference, 1987, Halifax, Nova Scotia, (ii) the

Third International Organotin Symposium, 1990, Monaco,(iii) a 2-day workshop on

Organotin Compounds in the Canadian Aquatic Environment, Sidney, British Columbia,

1996, (iv) the several interlaboratory exercises which have been organised by the

Community Bureau of Reference on TBT (Martin et al., 1994), (v) and, of course, the

numerous publications on the topic, including two books in 1996.
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1,4.12 Summary of the TBT degradation as reviewed in the literature.

• TBT degrades fast via debutytation but is quite stable in the dark and when the

sediment is sterile

• TBT degradation is mainly by photodegradation

• The TBT degradation could also be by redistribution reactions

• In biological degradation, the role of bacteria seems to limit TBT persistence

• Preferential accumulation of butyltin is in the fine grained (<60^m) sediment

• MBT/TBT ratio is important; expect the bottom ratio to be higher than surface water
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CHAPTER 2

EXPERIMENTAL

2.1 INTRODUCTION

This chapter has information on the two analytical systems (HG/AAS and

GC/FPD), the design of the mesocosm experiments, methods of sample collection for both

the field as well as the mesocosm samples, preservation and storage of samples through

freeze drying, extraction procedures for the butyltin species from sediments, the procedure

for the determination of total organic carbon (TOC), and the X-ray diffraction analysis. In

addition, the study sites selected for collecting samples, and finally the mesocosm results

arising from the HG/AAS method are also included in this chapter.
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2.2 DETERMINATION OF ORGANOTINS

2.2.1 Hydride Generation/Cold Trapping and Quartz Furnace/Atomic Absorption

Spectrometrv

2.2.1.1 Introduction

A variety of techniques has been employed successfully for the separation and

determination of alkyltin compounds. These include multiple extraction schemes,

followed by graphite furnace atomic absorption spectrophotometry (GFAAS), hydride

purge and trap followed by flame atomic absorption spectrophotometry and high

performance liquid chromatography with a GFAAS detector. Gas chromatography,

usually after suitable derivatisation, can separate alkyltins, which can then be detected

by flame photometric detectors (Michel and Averty, 1991), flame atomic absorption

spectrophotometry; mass spectrometry, and a variety of other non-specific detectors

(Dooley and Vafa, 1986).

The system developed in this work was a version of the widely-used hydride

generation/cold trapping/AAS technique described in detail by other researchers

(Hodge et al, 1979., Donard et al., 1986., Andreae and Byrd, 1984., Astruc et al,

1992., Dowson et al, 1992a, Cai et al, 1993., Ritsema et al, 1995). The technique

combines four basic stages: on-line aqueous derivatisation of the analytes;

preconcentration by cryofocussing; chromatographic separation and detection by

atomic absorption spectrometry (Donard and Ritsema, 1994). Some researchers have
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achieved some form of automation with this system (Michel, 1987; Clavell et al.,

1986).

The extraction of the analytes from the sample matrix is achieved by the

derivatisation of the butyltin compounds in sediment extracts to the corresponding

butyltin hydrides by reaction with sodium borohydride. Besides removing the analyte

from the matrix, the derivatisation also allows the on-line preconcentration which is

fundamental for attaining the appropriate sensitivity. The derivatisation reaction

performed under favourable conditions will minimise the amount of trapped elements

on the column which in turn will simplify the potential matrix interferences later at the

detection stage (Donard and Ritsema, 1994). The helium carrier gas, purges the

volatile hydrides from the reaction vessel in their order of bulkiness as shown in Figure

2.2; MBT hydride first and TBT hydride last. These hydrides are trapped on the

chromatographic packing in a cold trap and subsequently controlled heating separates

them as they are swept through the electrically-heated quartz furnace and detected by

AAS. The system is one of the most widely used methods for the speciation of

organotin compounds. The reasons for its success are its simplicity, low-cost and the

relatively short time analyses taken to complete. The sensitivity of the method is

enhanced if hydrogen and oxygen are added to the helium flux prior to the introduction

into the heated quartz furnace (Desauziers et ah, 1989).
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2.2.1.2 Development of system.

In 1991, a study was carried out on TBT (as hexane-extractable tin) in

sediments and shellfish from the Suva Harbour (Stewart and de Mora, 1992). The

analysis however, used graphite furnace atomic absorption spectroscopy (GFAAS)

which could not measure the three organotin species, MBT, DBT and TBT, but only

TBT after MBT and DBT have been removed by backwashing with NaOH. Since the

major objective of this study was to look at the degradation rate of TBT and its

degradation products, it was imperative that an analytical means of measuring the three

butyltin species was employed. The hydride generation method was an obvious choice

for this study in 1994 for various reasons: (i) this was the current method used at the

Institute of Ocean Sciences, Canada where I had a 6-week training attachment , (ii)

AAS was the basic equipment needed as the detector and this was available in the

Chemistry Department at USP, (iii) the accessories required to be connected to the

basic AAS instrument were relatively inexpensive and within the scholarship budget.

In November 1994 at USP and with the assistance of Dr. Carol Stewart, whose

instrumental set-up I had used in Canada, the hydride generation system was assembled

and trial runs were made using the extracts of the NBS reference material, PACS-1. A

2-day workshop followed, based on the analysis of TBT by this method. This

workshop was attended by the technicians and staff members of the' Chemistry

Department and the Institute of Applied Sciences of The University of the South

Pacific. There was no problem with the elution of MBT and DBT as indicated by the

peaks visible on the chromatogram (see Figure 2.2). However, the TBT peak
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presented great difficulty in getting and this was to become the subject of the work

over the next 8 months. Finally, after much effort on trying different suggestions on the

gas flow rates, heating programme, quartz furnace alignment, etc., TBT was finally

eluted but the recoveries of the species, particularly, DBT and TBT were quite low

(see Table 2.4).

2.2.1.3 Extraction for HG/AAS analysis

Approximately Ig of freeze dried sediment was digested in 20cm3 concentrated

ethanoic acid in Teflon centrifuge tubes at room temperature. Samples were shaken

mechanically overnight. The extracts were centrifiiged at 4000 r.p.m. for 10 minutes,

the supernatant was decanted and stored frozen in polypropylene vials until analysis.

The formation of the alkyl tin hydride which occurs on adding sodium borohydride is

shown below;

+ Bff4

where n = 1-3

From the above reaction, MBT being the lightest is expected to elute first from

the packed column into the quartz furnace for detection, followed by DBT and lastly

TBT, which is the heaviest. This was the case in this work as the chromatogram shows

in Figure 2.2.
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The diagrammatic representation of the apparatus used for the hydride

generation method is shown in Figure 2.1 and Plate 2.1.
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2.2.1.4.1 Reaction vessel

A pear-shaped Teflon separating funnel ( approximately 100cmJ capacity) was

used as the reaction vessel. The lower fitting was modified so that a stream of helium

could be bubbled through the solution via an injection port containing a Teflon-lined

rubber septum. Sodium borohydride was introduced through a. second injection port

with a 5cm3 syringe. Connections were made using Teflon Swagelok© fittings. The

reaction vessel was connected to the cold trap with 6.25mm id. Teflon tubing. Alt

transfer lines were gently warmed with nichrome wire connected to a variable

transformer, to approximately 50°C to reduce the chance of butyltin hydrides from

adsorbing onto the tubing walls.

2.2.1.4.2 Chromatographic trap

The cold trap was made from 6.25mrn o.d. x 4.70mm i.d. x 250mrn glass

tubing bent into a U-shape, The trap was silanised with 2% dimethyklichlorosi'lane in

dichloro me thane to deactivate the internal surface. The lower portion only of the trap

was packed with approximately Ig Chromosorb W-HP, SO-100 mesh coaled with 3%

OV-101. The packing was held in place by plugs of silanised glass wool. Connections

to the trap (i.e., Teflon transfer lines to glass U-trap) were made with short lengths of

silicone rubber tubing. As short a length of 6.25mm o.d. Teflon tubing as possible was

used to connect the reaction flask to the U-trap and the U-trap to Ihe quartz furnace.
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2.2.1.4.3 Cooling of trap

Dry ice (either purchased from BOC Gases or produced in the laboratory) in

methanol was used to cool the trap to approximately -75°C.

2.2.1.4.4 Heating of trap

Initially, the trap was wrapped with 24-gauge nichrome wire connected to a variable

transformer. A voltage was chosen that heated the trap at approximately 100°C min"1

to a final temperature of 250°C. This heating system worked perfectly well at the

beginning but gradually the heat output dropped and at one stage the temperature was

only 93°C, even on the highest setting on the transformer. This was despite the

periodical replacement of the wire. Eventually, a commercial toaster, which had to

undergo a little modification to connect it to a variable transformer, was used and this

proved to be a much more successful heater.

2.2.1.4.5 Quartz furnace

The furnace was constructed by a glassblower to the specifications (based on a

design by Dowson et al., 1992a) provided. This consists of a quartz tube 60mm long x

10mm i.d. x 12mm o.d., with an inlet of approximately 5mm width located in the

centre. Inlets for hydrogen and air are also plumbed into the helium inlet arm. Silicone

rubber tubing was used to connect the gas lines so as to provide greater flexibility in

the whole assemblage. The furnace was covered with asbestos, then approximately
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0.3m of the 17-gauge nichrome wire was wrapped around it. The ends of the wire

were connected to a variable transformer which was the source of electrical heating. A

layer of furnace cement was placed over the asbestos to provide insulation to the

furnace. The furnace could be heated to a temperature of 1200°C with the help of

electrical heating. The optimal temperature was around 950°C, measured with a

thermocouple. At this temperature, the hydrogen burned with a steady blue flame.

2.2.1.4.6 Gases

Gas flow rates were monitored with Cole-Parrner flow meters, mounted in a

single frame. Optimal gas flowrates were determined to be, 500cm3 min*1 for hydrogen.

150cm3 min'1 for helium and 250cm3 min*1 for air. These flowrates depend on the

furnace geometry and need to be optimised for each set up. The tubing used for gas

lines was the 3mm o.d. Teflon.

2.2.1.4.7 Detection by AAS

Tin compounds were detected with a Perkin Elmer 2280 Atomic Absorption

Spectrophotometer, using a Sn hollow cathode lamp run at 8mA current. The quartz

furnace was aligned in the optical path of the AAS and held in position with a clamp.

The AAS monochromator was operated at 283.6nm with a slit of 0.7nm. The signal

was recorded with a Hewlett-Packard Model 3395 integrator, connected to the

recorder outlet of the AAS.
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2.2.1.5 Reagents and standards

Mono-, di- and tributyltin chlorides obtained from Strem, were used as

received. Methanol (J. T. Baker Inc) was anhydrous while ethanoic acid (J. T. Baker

Inc.) was of ultrapure grade. Sodium borohydride (Ajax Chemicals) was the only

chemical of low grade (laboratory grade). All other reagents were Analar grade or

better.

Organotin stock solutions were prepared at concentrations of approximately

lmg cm"3 as tin in methanol. They were stored in the dark at 4°C and remained stable

for several months. Mixed organotin working solutions were prepared daily, by

diluting the stock solution with methanol to concentrations of approximately

10p.g cm"3. These solutions were stored in ice during daily use. If this precaution was

not observed, degradation of TBT and DBT occurred. Fresh solutions of 5%NaBH4 in

l%NaOH were prepared daily.

2.2.1.6 Analytical procedure

For standards, 50cm3 of distilled, deionised water (DDW) and 20cm3 cone,

ethanoic acid were added to the reaction vessel. The organotin standard was added

with a Hamilton microsyringe. The reaction vessel was immediately sealed and purged

with helium for 1 minute. The cold trap was cooled to -75°C in a dry ice/methanol

bath. At t=0, 5cm3 sodium borohydride solution was slowly (over about a minute)

introduced through an injection port with a hypodermic syringe, so that a steady
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evolution of hydrogen bubbles was observed. After 3 minutes, the cold trap was

removed and the excess moisture wiped from the exterior of the trap. The integrator

was started, then the toaster installed and the trap heated to a final temperature of

250°C. After all the three butyltin peaks appeared, the trap was baked at a higher

temperature to renew the column. At the end of the sample run, the flask was rinsed

three times with tap water and three times with DDW. For analysis of sediment

extracts, the same procedure was followed except that 2cm3 of extract was added

instead of 2cm3 pure acid; and the addition of the standard was omitted. Under these

conditions, the chromatographic packing needed to be renewed every five or so

samples; more frequently for oily samples.

2.2.1.7 Quantification

Integrated absorbance values (area counts) were used for quantitation. Data

were entered in a Microsoft Excel Spreadsheet, and algorithms written to calculate the

final dry-weight concentrations. Peaks in the chromatogtams were assigned to

individual organotin compounds on the basis of retention times.

2.2.1.8 Performance of system

Using the above conditions, MBT, DBT and TBT peaks were well separated.

Chromatograms are shown in Figure 2.2. Retention times were found to be : MBT (0.3

± 0.1)min; DBT (1.0 ± 0.1)min; TBT (1.5 ± 0.1)min.
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et ah, 1992). This section discusses the highly sensitive determination of butyltin

compounds by gas chromatography with flame photometric detection (GC/FPD). The

flame photometric detector equipped with an interference filter selection has several

advantages due to its widespread availability, sensitivity, and specificity for organotin

compounds (Cai et al., 1994). The FPD is equipped with a 610nm cut-off interference

filter which selectively detects tin-containing compounds. This is done by burning the

column effluent in a tuned flame and measuring a selected portion of the emission

above the flame. Light emission at a wavelength characteristic of the molecular species

(Sn-H) selected passes through the 610nm optical filter to a photomultiplier tube

where it is converted to a current and amplified. The output is a chromatogram which

is printed out by a laser printer (see Figure 2,6).

2.2.2.2 Development of system

The instrument used for this analysis was a Hewlett Packard 5890 Series TI Gas

Chromatograph equipped with an FPD (see plate 2.2). An autosampler was also

employed for consistency in injecting volumes and recording time. The separation was

carried out on a DB-5MS (apolar methyl silica), 30m x 0.25mm capillary column by

ramping the temperature from 30°C to 200°C. The gas flow rates used were 120cm3

min"1 for air, 160cm3 min"1 for hydrogen and 1.4cm3 min' for helium as measured at

the detector. These flow rates were adopted from the work by Harino et al., (1992).

The complete settings required for the GC are given in Appendix 1. Quantification was

achieved by comparing the peak areas of the butyltins in the samples with the peak area
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of a known amount of tetrapropyltin which was added to the samples as an internal

standard.

The GC/FPD equipment used for this work was for the Contaminant Section of

the Institute of Ocean Sciences, B. C , Canada. In an attempt to find a suitable

sediment preparation protocol, two extraction methods were tried out. The first

method was based on the work by Krone, (1995), while the second one was by Chau

etal, (1996).

2.2.2.3 Extraction for GC/FPD Aanalvsis

Two extraction procedures were tried out in this work. These were slightly

modified from the originally designed procedures (Krone, 1995; Chau et al. 1996). The

two methods are outlined below.

2.2.2.3.1 Krone extraction method

In this method, the sediment sample (0.5 -lg) was first acidified with 5cm3

cone. HC1 and then extracted into 20cm3 methylene chloride containing 0.1%

tropolone. Anhydrous sodium sulphate (5g) was added to the extraction vessel to

remove any moisture from the added acid. Activated copper (lg) was used to reduce

any sulphide interferences. The extraction mixture was placed in a 30cm3 amber bottle

with a screwed lid and sonicated for an hour. The methylene chloride layer was

decanted and a further 5cm3 methylene chloride added for a second hour of sonication.
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The combined extracts were concentrated to lcm3 by rotary evaporation. Hexane

(10cm3) was next added and further rotavaporated to 5cm3. This was then passed

through a NajSCU micro-co lumn into a 10cm3 V-bottom test tube.

Derivatisation was done with pentyl magnesium bromide by adding 0.5cm3 of

the Grignard reagent to the extract. The reaction was carried out in a rumehood in an

atmosphere of nitrogen in a glove box. The reaction produced tetra-alkylated

organotins which are more volatile and less polar compounds than the chlorides,

therefore more suitable for GC analysis. The proposed reaction of alkyltin compounds

with pentyl magnesium bromide is shown (Suzuki etal., 1992):

BunSnCL|.n + *PeMgBr -> BunSnPe4.n

where n = 1-3

* Pentyl Mg bromide, the Grignard reagent

The order in which the OTs are eluted is now reversed to that observed in the

HG/AAS chromatogram. The MBT (BuSnPe3) is the last to elute while the TBT

derivative (Bu3SnPe) will be eluted first. This is because Pe is larger than Bu and

therefore BuSnPe3 will be more bulkier than BujSnPe (see Figure 2.6).
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Quenching was carried out with 2cm3 double milli-Q purified water (DMQ)

followed by concentration and drying over another micro-column of sodium sulphate.

The final clean up of the sample was done by passing it through a small silica column

and eluting with hexane into a 5cm3 volumetric flask. Silica does not retain the alkyltin

compounds but does retain some of the more polar contaminants. Finally, an aliquot

was injected onto the GC for analysis (Krone, 1995).

Two standards were run along with each of the sediment samples. Diethyltin

(DET) as the dichloride was used as an internal control to assess the success of

recovery from the Grignard reaction. This was added directly to the sediment or to the

methylene chloride prior to extraction. Tetra-alkylated standards (both tetrapropyltin

and tetrabutyltin) were used as internal calibrants. A known amount was injected onto

the GC column with every sample. By comparing the area of this known peak to that

of MBT, DBT and/or TBT, the amount injected and therefore the recovery was

calculated.

2.2.2.3.2 Chau et al. extraction method

In this method, the sediment sample (0.5-1.0g) was weighed into a 500cm3

amber bottle with 20g sodium chloride, 20cm3 glacial acetic acid for acidification,

20cm3 DMQ water, and the extraction was done in 15cm3 toluene containing 0.1%

tropolone, which is achieved by shaking the sample for an. hour on a sediment shaker.

An aliquot of the extract (l-10cm3) was accurately pipetted out into a 12cm3

graduated centrifuge tube and this was evaporated to dryness under nitrogen at about
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30°C. A solvent exchange from toluene to hexane was achieved by adding lcm3 hexane

to the dry tube. This was necessary, to avoid the solvent peaks interfering with the

analyte peaks of the chromatogram. Sonication was used to help break up the dried

sample following evaporation (Chau et al, 1996).

For derivatisation, the same procedure as for the Krone method was used

except that dilute sulphuric acid was used for quenching. Further sonication following

derivatisation, produced a clear top layer which was subsequently passed into a silica

micro-column for the final clean up. Finally a suitable aliquot was injected onto the GC

for analysis. Quantification was achieved by using the same standards that were used in

the Krone method.

2.3 MESOCOSM EXPERIMENTS

As mentioned in the introduction, it was necessary to work with a design of

this type to eliminate the natural environment's uncontrollable forces. These mesocosm

experiments are commonly used by researchers to study events that take place in the

natural environment, in a laboratory situation. Certain parameters may differ as a result

of this study being carried out in a laboratory setting. Although this may not reflect the

genuine natural conditions in the field, these mesocosm experiments have often

provided scientists with useful data and information which could be used to draw

meaningful conclusions or assumptions about the changes occurring in the natural

environment. The San Diego degradation study (Stang and Seligman, 1986) was

performed using a mesocosm laboratory experiment similar to the one carried out in
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this work. In fact, the design and sampling procedures in my study were based on this

work by Stang and Seligman. The mesocosm used by Adelman, et al. (1990) was

slightly different from this set up in the way the sediment was collected.

2.3.1 Mesocosm Design

There were two designs of the mesocosms used in this study. One as mentioned

above, was based on the work by Stang and Seligman (1986) studying the San Diego

harbour sediment, while the other was newly designed for this study (own). Table 2.2

summarises the two methods.

Table 2.2 The design and sampling schedule for the San Diego mesocosm and

this work.

Design

Sampling

schedule

San Diego Design

Large glass tank (40cm x 28cm

x 53cm) with sediment (10kg)

and seawater, aerated, diffused

light; sub-samples taken from

large tank

Sub-samples collected on days

1,22, 44 & 140

This work

Small tanks (25cm x 11 cm x

25cm) with sediment (2kg) and

seawater, aerated, diffused light

sediment in small tank becomes

the sub-sample

Sub-samples collected daily for

7 days, weekly for 4 weeks &

monthly for 4 months
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The glass tanks that were used in the mesocosm experiments consisted of large,

and small sizes. The sediment samples were collected from the different sites by a

ponar grab, placed in the tanks and filled to about three quarters full with seawater

obtained from the same site. The entire mesocosm was placed in a diffused light

location in the laboratory and aerated with aa air pump. The tanks were covered with

glass to minimise evaporation and the volume of water was maintained constant during

the duration of the study with distilled water.

Thus, the three mesocosm designs implemented are as given below:

A. San Diego design and sampling schedule

B. San Diego design and own sampling schedule

C. Own design and San Diego sampling schedule

Purpose of A:

To repeat the experiment carried out by Stang and Seligman (1986) with the

following differences:

Parameters This work San Diego work

Temperature 28°C 15°C

Light condition diffused dark

Purpose of B:

To consider more data points especially during the first 7 days. It was observed

by Stang et al, (1992) that the degradation of TBT occurs in two phases, with a rapid

degradation in the first 2 days and a much slower one in the ensuing 5-7 days. In A, the
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sub-samples were collected on days 1, 22, 44 and 140. In B, the collection of sub-

samples was on days 1, 2, 3,4, 5, 6, 7, 14, 21, 28, 35, 65, 95, 125 and 155. Days 1 to

7 were to provide more data points on the graph.

Purpose of C:

The third Walu Bay mesocosm set-up comprising the Own design and San

Diego sampling schedule was aimed at eliminating the error of collecting sub-samples.

In this mesocosm, smaller sub-samples were taken from a well-mixed sediment sample

and placed in smaller glass containers, which then become sub-samples on the day of

collection. This should be compared to A, as the only difference between the two (A

and C), is in the collection of the sub-samples.

The sediments used in the mesocosm experiments consisted of two types. One

lot was doped with a known amount of TBT while the other was undoped.

2.3.1.1 Undoped sediments

A contaminated sediment from Walu Bay, was used without any further

addition of TBT. This particular site was known from a previous study to have a high

loading of TBT (Stewart and de Mora, 1992). This was used in the mesocosm

experiment with an initial sub-sample taken, then further sub-samples collected over a

period of time according to the devised sampling protocol (Table 2.2).
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The Walu Bay sediment was collected from the Government slip-way in Walu

Bay (Figures 2.8 and 2.9). Two methods of setting up the experimental mesocosms

were used for this particular sediment. The two methods differ in their design and

sampling schedule.

The collected sediment samples were immediately frozen until they were ready

for freeze-drying. Following freeze-drying, the samples were sieved through a 150um

mesh and stored in polyethylene bags in the dark, till analysis.

The undoped Walu Bay sediment, was used in three mesocosm experiments

carried out in the laboratory in duplicate. The three experiments are outlined below.

2.3.1.1.1 San Diego design and sampling schedule mesocosm

In this experiment, the subsample collection was made on days 1, 22, 44 and

140 as was the procedure followed in the San Diego study (Stang and Seligman,

1986).

2.3.1.1.2 San Dieeo design; own sampling schedule mesocosm

In this case, the set-up is exactly the same as for 2.2.1.1.1 but the subsample

collection schedule was daily for a week, weekly for 4 weeks and monthly for 4

months. The intent was to include more data points for plotting, especially between

days 1 and 22.
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2.3.1.1.3 Own design; San Diego sampling schedule mesocosm

In this experiment, the collected sediment sample was manually mixed (with

latex gloves) in a large glass tank for about an hour and four equal amounts of the

sample (~50g), were set aside. The objective in mixing is to obtain a "homogeneous"

sample. One of these subsamples became day 1 subsample, while the other 3 were

placed in 3 small glass tanks and labelled 22, 44 and 140, to correspond with the days

when they were due to be collected. The whole sediment sample in each tank became a

subsample on collection. This procedure was designed to minimise the error of

subsample collection. The process was done in duplicate.

The other differences in the two designs were due mainly to the environmental

conditions prevailing in the field sites from where the samples were collected. The San

Diego experiment was not aerated and the mesocosm set up was placed in the dark.

This was to mimic.the conditions in the deep San Diego harbour where the sediment

was obtained from, i.e., dark with very little oxygen. Aeration, however, was used in

this study and the tank was placed in a location with diffused light condition since the

sample was obtained from an intertidal zone (below knee deep) where there is

appreciable amount of air and light reaching the sediment.

2.3.1.2 Doped sediment samples

Samples collected for doping were taken from areas assumed to contain

relatively low levels of TBT. The sediment samples were placed in small glass tanks
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which were filled with sea water collected from the same site. A known amount of

TBT in methanol was added to the overlying water. The intent in adopting this method

of adding the TBT standard to the water above the sediment sample is to closely

resemble the way the contaminant enters the sediment in the environment. The process

is envisaged to begin with the finer particles from the scraped-off paint from ship hulls.

These get washed down the sloping slipway until coming into contact with the sea.

TBT gets suspended in the water column and adsorbs onto the finer particulate matter

in the water which eventually finds its way to the sediment below. The passage to the

sediment will be influenced by various environmental factors such as wave action,

wind, etc. There is also the airborne component that could come from the painting

process. This would not be present in the mesocosm experiment, but the contribution

from this source could be assumed to be negligible taking into consideration the

particle size and the lightness of the fraction. Whether it reaches the sediment layer or

not will be determined by the prevailing environmental conditions. This is where the

mesocosm and the actual environment differ greatly. Nevertheless, it is a method with

closer resemblance to the actual situation occurring in the natural environment than

one where the TBT standard was added to the sediment and allowed to age. A total

concentration of 100jag kg"'. TBT in methanol was added to these tanks.

The two sites which were considered to have no or very low TBT

concentrations, and from which the sediment samples were collected were the

Sandbank and the mouth of the Rewa River in Laucala Bay on the eastern side of the

Suva Peninsula (Figure 2.9). The bases for choosing these sites are as follows: (i) very

low to even complete absence of TBT contamination in these sediments and (ii) the
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nature of the texture of the sediment. It was observed that the Walu Bay sediment

closely resembled the Rewa River sediment in texture; (i.e., more muddy and consists

of finer particles) than the Sandbank which was mainly calcareous.

2.3.1.2.1 Sandbank sediment

As mentioned above, this site is in Laucala Bay on the eastern side of the Suva

Peninsula (Figure 2.9). There are no major sources of organotin known in this bay

except for a shipping route that runs through this bay. It is sometimes used by inter-

island vessels especially during bad weather. There is also a dredging operation going

on in the vicinity of the Sandbank by the Fiji Industries Limited which collects sand for

its cement factory in Lami. The operation goes on seven days a week and it consists of

a huge barge towed by a tug. These would be the only possible sources of TBT if there

is any, in the Sandbank sediment. The sediment is very sandy in nature and little passed

through the 150umsieve after freeze drying. In fact it would take a considerable time

to obtain the required amount of sieved sediment, thus, the particle size used in the

analysis of these samples was <500um, rather than <150nm as used in the rest of the

samples.

2.3.1.2.2 Rewa River sediment

The Rewa River sediment as mentioned already, is finer and muddy in texture

and more comparable to the Walu Bay sample than to the Sandbank sample. The

sample was collected from the mouth of the Rewa River, again assumed to be TBT-
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free. The doping method of this sediment was the same as that for the Sandbank

sample, which follows the procedure outlined in 2.3.1.2.

2.4 SAMPLE COLLECTION, STORAGE AND TRANSPORT

The samples collected were from two kinds of environments; the mesocosm

tanks which were set up in the laboratory and the field samples which were from

selected sites both from Viti Levu and Vanua Levu. Mesocosm samples on collection

from the tanks, were stored in clean polyethylene bags and immediately frozen in a

deep freezer at a temperature of approximately -10°C. The field samples were

immediately frozen in dry ice and transported back to the laboratory in that form.

2.4.1 Mesocosm samples

Sediment subsamples (~40-60g) were collected periodically from the

mesocosm tanks following the sampling schedule (Table 2.2), using a small plastic

strainer. The strainer was found to be most suitable for subsample collection as the

water is immediately drained off when the sample is removed. A small plastic scoop

was also tried out initially but there was some difficulty encountered when it is taken

out of the water. The trapped water which is being removed with the sediment spills

over the scoop and carries with it part of the removed sediment. The scoop also causes

a lot of disturbance to the sediment surface compared with the strainer. To avoid bias

in the collection of subsamples, care was taken to ensure that there was consistency in

the amount taken out and that the same sampling spots were used each time. This was
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assisted by evenly marking the two sides of the glass tank so that it is easier to pinpoint

the location of the sampling site with an imaginary grid.

Each collected sub-sample consisted of about 90% of the top 2cm of the

sediment layer. After the collection of each subsample, a small disturbance in the water

was created for about 3 minutes, by the use of the scoop which swirls the water

column to allow redistribution of the remaining surface organotin in the sediment. The

idea was to mimic the wave and wind actions in the natural environment, although this

would only be for a short time. The obvious difference here would be the degrees of

magnitude of these actions.

2.4.2 Field samples

For the field samples, a ponar grab was used in the case of the Rewa River

sample, two of the.Savusavu samples, the two Labasa samples and the two Lautoka

samples. The Walu Bay samples, the Sandbank samples and the third Savusavu sample

were collected by hand as these locations permitted hand collection. Usually with hand

collection, the top 2cm layer was collected with a plastic scoop and stored in

polyethylene bags.

2.5 FREEZE DRYING AND SIEVING

The frozen sediment samples are then fteeze dried in the laboratory, sieved

through a 150um stainless steel sieve and stored in polyethylene bags in the dark until
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ready for extraction and analysis. Freeze drying is essential as the sediments can be

kept for months before they are analysed. Wade et ah (1990) observed that the

measured TBT in freeze dried sediments was about twice the concentration obtained

by wet sediment extraction. In freeze drying, water is removed as vapour from a frozen

substance. One advantage of this method of preservation is that there is rapid transition

of any local region of material being dried from a fully hydrated to a nearly completely

dehydrated state and the rapid transition minimises degradation reactions (King, 1971).

2.6 ANALYSIS FOR TOTAL ORGANIC CARBON

2.6.1 Introduction

In analysing for total organic carbon, the method by Walkley and Black was

utilised (Allison, 1965). Organic matter comprises largely of the breakdown products

of animals and plant remains. Organic carbon content in soils, can be quantified by

oxidising it in solution, since organic matter contains approximately 58% carbon. This

method has been used to determine the carbon content of marine sediments (Morrison,

private communication).

Potassium dichromate is used to oxidise any oxidisable matter in sediment. The

reaction is facilitated by the heat generated by the addition of cone, sulphuric acid. The

excess dichromate is determined by titration with standard FeSO4 and the quantity of

substances oxidised is calculated from the amount of dichromate reduced.
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2.6.2 Reagents

Potassium dichromate (M/6) was prepared by dissolving 49.035g AR grade

K2Cr207 (dried at 105°C) in distilled water and diluted to 1dm3. Concentrated

sulphuric acid was used with Ag2SO4 added (15g dm"3) to precipitate the chloride from

the samples. Concentrated orthophosphoric acid was also used as purchased. The

ferroin indicator was made up by dissolving 14.85g o-phenanthroline monohydrate and

6.95g FeSO4.7H2O in distilled water and diluting to ldm3. The ferrous sulphate (0.5M)

was prepared by dissolving 14.85g reagent grade FeSO,(.7H2O in water, adding 15cm3

cone. H2SC>4, cooling and making up to ldm3 with distilled water. This needs to be

standardised daily by titrating with standard potassium dichromate solution.

2.6.3 Method

A 0.2-0.25g sample of sediment was weighed accurately into a dry 500cm3

Erlenmeyer flask. Then 10cm3 of K2Cr2C>7 (M/6) solution was pipetted into the flask

and swirled gently to disperse the sediment. To this was added 20cm3 cone, sulphuric

acid (containing Ag2SO4), swirled to mix and then allowed to stand for about 30

minutes. Then 200cm3 distilled water, 10cm3 phosphoric acid and 10 drops indicator

were added to the same flask. This was then titrated with 0.5M F e S d . As the end

point is approached, the solution changes from yellowish to greenish blue, with a sharp

end-point. Addition of further titrant produces a dark red colour.
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The calculation of the percent organic carbon was done by the use of the given

formula (Allison, 1965).

% C = (meq KaCfaQ? - meg FeSCV) x 0.003 x 100 x f
mass sediment

where f is the correction factor (in this case=1.15).

2.7 X-RAY POWDER DIFFRACTION ANALYSIS

An X-ray powder diffraction analysis was used to identify crystalline minerals

in the Walu Bay, Rewa River and Sandbank sediments. The data collected are available

in Appendix 14.

2.8 STUDY SITES

The study sites that have been selected for this research are shown in Figures

2.7 and 2.8. The major site which was used for both the mesocosm and field study was

the busy Government slipway at Walu Bay, Suva, Fiji (labeled as Slipway site in Figure

2.9) which handles close to 200 vessels (100-1000 tonnes) annually (Appendix 1). This

site is also shown in Plates 2.3 and 2.4. Apart from mechanical and other hull repairs

that vessels undergo while on dry dock at this slipway, the old paint coating on the hull

is stripped off and new coatings applied. Local and foreign vessels are serviced at the

slipway. Shown in Plates 2.3 and 2.4 are two foreign ships, the Pacific Mariner

(registered in Fiji but Australian owned) and Nei Momi from Kiribati. The Pacific

Mariner is ready to leave the slipway after being repainted. Nei Momi had just had her
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hull water-blasted to remove the fouling organisms. The water from the process drains

into the sediment which is located in the foreground of Plate 2.4. This is the same site

from where the sediment samples have been collected for the undoped mesocosm

experiments and also for the field experiments. The contaminated paint once removed

from the hull of a vessel on dry dock eventually finds its way into the sediment bed

which is some 200m seawards, either through deliberate washing, washing by the rain,

blown by the wind or by action of the high tide.
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The number of vessels serviced at this slipway in 1995 is given in Table 2.3

(Appendix 2). The sediments from this site were known from a previous study to be

heavily contaminated with TBT. Imposex was also reported from neogastropods in the

vicinity of this site (Stewart and de Mora, 1992).

Table 2.3 Statistics for the Walu Bay (Shipbuilding Fiji Limited) slipway in 1995.

Size of vessel (tonn es) Number of vessels serviced

Too? 74

500 75

200 6

100 30

The other two sites in the Suva area where sediments were collected from for

the doping experiments are shown in Figure 2.9. These are labeled as the Rewa river

site and the Sandbank site. These sites were accessed by boats.

The Lautoka sites as shown in Figure 2.10 are from the Lautoka Kings wharf.

These are labeled as LWl and LW2. The site LWl was from a mooring area for small

boats. LW2 was next to a non-operational mini slipway.
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Savusavu sites are shown in Figure 2.11. SVSV1 was from the main jetty

where the inter-island ferries are often moored. SVSV2 was further inland and was a

smaller wooden jetty for smaller boats. The third site, SVSV3, was much further inland

and was the proposed marina.

The two Labasa sampling sites (LBSl and LBS2) are represented in Figure

2.12. It is at this port also that the big sugar and fuel container ships call from time to

time to collect sugar and deliver fuel respectively.
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2.9.3 Analytical performances of the two methods

A sediment reference sample (PACS-1), was used for the determination of the

recovery of the methods involved. This was analysed five times with the GC/FPD

method and eight times using the HG/AAS technique. Some statistical parameters for

the two methods have been calculated and are presented in Table 2.4.

The uncertainties calculated at 95% confidence interval (Harris, 1995) enabled

the determination of the experimental range which can then be compared with the

known or certified range for the reference standard, PACS-1. As indicated in the table,

with the HG/AAS method, all the experimental ranges for the three organotin species

fell well outside the certified ranges for PACS-1. With the GC/FPD, MBT and TBT

are within the range while DBT is about 9% out of Tange. It is clear from this

confidence interval consideration that the GC/FPD method produces results that are

more reliable than the HG/AAS in its current status. It can be concluded that the

HG/AAS method produces values which are systematically low. As for the GC/FPD,

higher confidence in the conclusion could be obtained if more than five data points

(which is the current number in this work) are used.

It is evident from the summarised data in Tables 2.4 and 3.1 that the HG/AAS

method has: (i) a very low percent recovery when compared with the GC/FPD method

and in particular the TBT recovery of 9.3% against 75.4% by the GC/FPD method.

Another study using the same HG/AAS method achieved recoveries of TBT 75%,

DBT 77%, MBT 85% (Stewart, 1994); (ii) a very poor reproducibility as reflected by
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The detection limits for the three organotin species with respect to the

HG/AAS, are not good at all by modern standards. Astruc et ah, (1992) in using a

similar set up as used here had detection limits of 1.4 , 0.8 and 1.8ng g"1 for MBT,

DBT and TBT respectively. The most sensitive detection limits are obtainable with the

GC-MS system with reported detection limits as low as 0.2, 0.3 and 0.2ng g'1 dry

weight for tri-, di- and monobutyltin (Stewart, 1994). The detection limit for the

GC/FPD method was certainly better than the HG/AAS method. It is for these reasons

that the rest of the discussion in this thesis will consider only the GC/FPD data.

Despite the low recovery with the HG/AAS method as shown in Table 2.4 the

results are still used in the discussion. This is because in the determination of the half-

life of TBT in sediments, it is the slope of the plot of log [TBT] vs time that is used,

and therefore, the recovery does not interfere with the calculation. Had the results been

more reproducible, i.e .a more consistent percent recovery obtained, the slopes of the

graphs from the 79% TBT recovery (GC/FPD) and that from only 9% (HG/AAS),

should have been much closer, if not the same. This, however, was not the case in this

study probably due to the lack of precision of the instrument which led to a much

lower calculated mean half-life for TBT of 73 days by the hydride method in the Walu

Bay mesocosm sediment, as compared with 123 days by the GC/FPD method. The

coefficient of variation (CV) shows that the hydride method has a very high variability,

(155%) as compared with the much lower one (48%), for the GC/FPD method. The

hydride generation method showed very poor reproducibility. However, since the

experiments were done in duplicate, there was a tendency to take the average of the

two results, although in some cases, there was a vast difference in the values. In cases
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where the Un from the two experiments differ greatly, (eg. A in the above table), a

paired-samples t-test, (Osei, private communication) was performed. The test can not

be done on the single tia values, thus the concentrations which were used to determine

the half-lives were the values used. Since the TBT concentration was decreasing with

time, the differences between the two concentrations (obtained from the two

experiments) were determined. At 95% confidence interval, a minitab programme was

run to determine the probability of accepting or rejecting the null hypothesis, Ho where

Ho refers to the difference between the two sets of data being zero. Ho is rejected when

p<0.05. The calculated p values for the San Diego design and sampling schedule; and

Own design and San Diego sampling schedule were 0.48 and 0.53 respectively. This

showed that the two tm values obtained from the San Diego design and sampling

schedule as well as the ones from the San Diego design and own sampling schedule

can be averaged. The calculated means were 152, 150 and 68 days. It should be noted

that the large variability in the half-lives does not necessarily mean that the analytical

method is not performing well. This possibility can be assessed by carrying out more

analyses and calculating the mean and standard deviation. The huge variation in the

TBT concentrations which is reflected by the corresponding big difference in the Ua

could also be an indication of the heterogeneous nature of the sediment samples.
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CHAPTER 3

MESOCOSM STUDY

3.1 INTRODUCTION

This chapter presents and discusses the mesocosm results obtained from the

GC/FPD method, the TOC data from the mesocosm sediments and the X-Ray diffraction

data which were used to ascertain the similarities between the three sediments, viz, Walu

Bay, Rewa River and Sandbank.

3.1.1 Half-life (W)

Frequently, the rate of a first-order reaction is expressed in terms of the half-life ,

of a substance, which is the time it takes for the concentration of the substance to fall to

half the initial value. The substance of interest in this discussion is TBT. The advantage of

using the term, half-life, is that an order of magnitude or "feeling" for the rate at which the

reaction proceeds, is more readily interpreted (Wentworth and Ladner, 1972). The time

for [TBT] to decrease from [TBT]0 to l/2[TBT]0 in a first-order reaction is given by the

equation:
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kti/2 = -Inl/2[TBT]O = -In 1/2 = In 2
[TBT]0

where k : rate constant
im: half-life

[TBT]o: initial concentration of TBT

Hence, tin = In2 = 0.693
k k

and k, the rate constant can be determined from the slope of the line obtainable from the
plot of log [TBT] vs time, by utilising another equation:

Slope = _k
2.303

The main point to note about this equation is that, for a first-order reaction, the

half-life of a reactant is independent of its initial concentration (Atkins, 1994).

3.2 ANALYTICAL RESULTS AND DISCUSSION

The analytical results presented in this chapter include the organotin (OT)

concentrations for MBT, DBT and TBT and the total organic carbon (TOC). The X-ray

diffraction results are given in Appendix 14 and only the discussion is found in this

chapter. The presented OT and TOC results are for both the undoped and doped

mesocosm samples.
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3.2.1 Organotin concentrations

The OT results are presented graphically to ease the visualisation of trends and

correlations of interest. The data from which the plots were derived font are presented as

appendices.

3.2.1.1 Undoped sediments

For the undoped samples, the sediment from the heavily polluted Walu Bay

slipway was used. The data collected from these experiments are plotted in Figures 3.1 to

3.3. The mesocosms were set up in duplicate. In the discussion, they are referred to as

experiments 1 and 2.

3.2.1.1,1 San Diego design and sampling schedule mesocosm

The results for the above mesocosm are presented in Appendix 4 b and plotted in

Figure 3.1 below. The plots gave tia values of 215 and 89 days.
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abiotic is much slower (let us say it is equivalent to a tin of 122 days). In the absence of

inhibition then, a faster degradation arising from biodegradation would be expected which

would imply a tin for TBT of less than 122 days when measured by the GC/FPD method.

Thus, it seems that the effect of the relatively high sea-water temperature is being masked

by the inhibition of biodegradation by the high TBT content present in these sediments

(i.e., high temperature E fast degradation = low t\a vs high TBT content = slow

degradation due to inhibition = high ti/2). It would be improper then to conclude at this

stage that the tin of 122 days as measured by the GC/FPD method is due exclusively to

the relatively high temperature prevailing in these mesocosm experiments. Further

research work is definitely needed to establish the effect of these two parameters

(temperature and high TBT content) and perhaps light as well, on the half-life of TBT.

It is apparent from Figure 3.2 that the points corresponding to the first seven days

do not follow a pattern but are clustered randomly which basically showed sample

variability. It was only after day twenty that a negative linear correlation pattern began to

emerge. Thus, it can be concluded that the initial daily sub-samples collected for seven

days were not really necessary. In fact the 22 days as used in A was quite adequate. The

average Ua for the two mesocosms were very close, 152 days for A and 150 days for B.

There is however, a vast difference between the Un for the two mesocosms; A and

C, calculated as 152 and 68 days respectively. Could this much lower ti/2 for C mean that

the size of the sample in the tanks affects the degradation? That a much smaller sample
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samples, indicate the apparent resemblance of the Walu Bay with the Rewa River

sediments, with respect to texture and particle size. On the hand, there was a marked

contrast between the Walu Bay and Sandbank samples. The X-ftay data supports these

observations (Appendix 14). The Rewa River sediment went through the 150(j.m sieve

with ease, whereas there was great difficulty encountered in sieving the Sandbank

sediment. As mentioned earlier, the Sandbank sediment was extracted and analysed

without sieving but as coarse sandy particles. It is important to consider the identity and

composition of the sediment as highlighted by Hamilton, (1993). The use of the X-ray

diffraction analysis enabled the determination of the mineral type in these sediments.

Hence, with the average tin for TBT in the Walu Bay sediments of 123 days and 121 days

for the Rewa River, these two values were then averaged, since the two sediments

resemble each other more closely as indicated by the X-Ray result. The resultant

calculated tin was 122 days. The Sandbank sediment gave a TBT tm of 39 days which

indicates that TBT decomposition is faster than in the Rewa River and the Walu Bay

sediments.

The two results for the clayey/silty and sandy sediments could possibly mean that

the TBT decomposition is being retarded (Un=\22 days) by adsorption onto the surfaces

of clay particles and that in the coarse materials, such as the Sandbank sediments, the rate

is faster (ti/z=39 days) because TBT is primarily occurring in the aqueous phase, which

may in fact degrade faster than for the adsorbed material (de Mora, 1996).
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The results from the doped sediments could have been used to ascertain the effect

of temperature on TBT degradation as the initial TBT concentration of lOOppb added to

the sediments would have been low enough to inhibit biodegradation (refer to

experimental section, chapter 2). However, these results could not be used for this

purpose as it is noted that the measured levels far exceeded the doping amount (Sandbank

845-17 300ng g"1; Rewa River 26 400-55 300ng g"'). The presumption that the sediment

samples from the Sandbank and Rewa River were relatively TBT-free could not be

confirmed before setting up the experimental mesocosms due to the non-operational status

of the HG/AAS method then. This problem could easily be alleviated in future work by

measuring TBT levels in several sediment samples collected from areas considered to be

relatively TBT-free.

It had also been demonstrated in earlier studies that there is preferential

accumulation of butyltin compounds in the fine grained (<60nm) sediments (Hermosin et

ah, 1993., Cortez et ah, 1993) or silt/clay fraction of the debris-free sediments

(Quevauviller et ah, 1991). The Sandbank sediment which is quite grainy and coarse has a

small amount of fine particles, which implies less TBT adsorbed and more dissolved. It is

the dissolved TBT that would decompose fester and would correspond to the lower TBT

half-life observed in these samples. The results generated are more reproducible with a

higher percent recovery, thus would be considered to be more reliable (refer to chapter 2).

For future development of this analytical technique at USP, the use of the GC/FPD is

being seriously considered in the department.

singh_al
Pencil



109

The work by Stang et al., (1992) showed that TBT degradation was slower in

sandy sediments (i.e., longer ti/2) than in silt and clay, which is contrary to the findings in

this work. They also found that only DBT was detected as the degradation product. In this

work both MBT and DBT were detected. The lack of microbial activity in the sandy

sediments was put forward by Stang et al., to be the main reason for the slow degradation.

Furthermore, the same researchers found that the sediment with a high content of silt and

clay rapidly degraded TBT under both sterile and untreated conditions to form MBT.

They concluded that the dealkylation reactions occurring in these kinds of sediments

appeared to be primarily chemical and not biological since there were only slight

differences observed in the degradation rates between sterile and untreated sediments.

However, these researchers did mention that due to the potential for physical changes

incurred on the sediment during sterilisation, the possibility of similar rates of biologic and

abiotic degradation cannot be ruled out (Stang et al., 1992). The second observation,

however, seems to contradict the first one. If indeed, the dealkylation reactions (which in

effect compose the degradation process), are chemical, then the reason given for the

slower degradation in sandy sediments as being the lack of microbial activity cannot be

true as microbial activity is considered a biological process. In any case, the latter

observation tends to coincide with the trend observed in this work. If the degradation is

strictly chemical and not biological, then the size of the sediment fraction analysed would

affect the rate. It seems that the degradation rate is faster in sandy sediments because of

the smaller amount of the finer fraction it contains.
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In their study of the San Diego sediments, Stang and Seligman (1986), calculated

the TBT half-life to be 162 days, a little longer than the half-life of 122 days (by the

GC/FPD method) observed in this work. The long t\a according to the authors was

attributed mainly to the colder temperature of 1ST as compared with the much wanner

average temperature in this work of around 28°C. As mentioned already in this chapter,

the shorter X\a of 122 days cannot be attributed solely to the high average temperature of

28°C, as it could also be affected by the high TBT content especially with respect to

inhibition of bio degradation of TBT and also the effect of light. Further investigation is

required in these areas. The half-life of TBT in water is shorter (few days) as compared

with the much longer values recorded for sediments (months to several years) (de Mora,

1996). Other studies have reported half-lives of TBT in the sediment as varying from 16

weeks to 3.5 years with the latter now believed to be the more representative for

sediments (Ko et al, 1995). The analysis of sediment cores was suggested as a means to

provide a more definitive, unambiguous information, on the half-life of TBT as the

presence of TBT at depths was not due to the reworking of the sediment (Stewart and de

Mora, 1990). There were no sediment core samples analysed in this work, although this

was seriously proposed at one stage of the project. The main reason for not implementing

the proposal was the unavailability of a suitable corer. However, the mesocosm

experimental set up would have offset this problem of resuspension, by eliminating the

effects of disturbances arising from bioturbation and turbulence caused by waves and wind

which are normally encountered in the natural environment.
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3.2.4 [MBTI/Total TOT! and [TBTl/nDBTI ratios

The ratios, [MBT]/Total [butyltins] and [TBT]/[DBT] can also be used for reasons

mentioned already in the introduction (chapter 1, Ko et ah, 1995). The ratios are

considered for the different types of mesocosms used, as given below.

3.2.4.1 Walu Bay mesocosm using the San Diego design and sampling

schedule

The data (ratios) for this component of the study are given in Appendix 10 and

displayed graphically in Figures 3.7 and 3.8.

Plot of MBT/Tot OT & TBT/DBT vs Time

iMBTrrolal

-TBT/DBT

Figure 3.7 Plot of [MBT]/Tot [OT] and [TBT]/[DBT] ratios against Time (days)

for a Walu Bay mesocosm
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Except for 0.47 in the above table, for the [MBT]/Total [OT] ratio in the Walu

Bay mesocosm using the San Diego design and sampling schedule, the other initial values

of the range all showed values (0.085-0.14), indicative of recent discharge of TBT into the

sediment (Ko et al, 1995). This is expected as these day 1 samples were all collected from

the contaminated Walu Bay site. Once placed in the tanks in the laboratory, the

contaminated sediment would be the only known source of TBT in the mesocosm

experiment which tends to degrade over time. Thus, the calculated [MBT]/Total [OT]

ratios for the sub-samples collected according to the schedule (Table 2.1) used, showed

this degradation i.e. ratios in the order of 0.5-0.6. Using the criterion given by Ko, et al.

for "hot spot" (i.e., [MBT]/Total [OT] ratio of <0.03), none of the sampled areas can be

considered a "hot spot". However, the TBT levels determined in this study are the highest

in the literature and also an order of magnitude-higher than previously determined four

years earlier. Therefore, there is some justification in calling the Walu Bay slipway, a "hot

spot" for Fiji. The ratios at the beginning were small and then increased and ended with a

value usually higher than the initial value. The graphical representations are as shown in

Figures 3.7 to 3.12 above.

As for the [TBT]/[DBT] ratios, the calculated values showed a general decrease

during the duration of the experiment. The high ratios at the very beginning of the

experiment (except for the first experiment in the mesocosm using the San Diego design

and own sampling schedule in Appendix 6), were indicative of a continuing input of TBT
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into the sediment or a very low degradation rate of TBT. The first sample in each

mesocosm (day 1), was the same one collected from the Walu Bay site on the day of

sample collection. With respect to what was (and is still) going on in this site, (slipway),

there is continual addition of TBT into the sediments from the marine paint that has been

removed from the hulls of the dry-docked vessels. The trend observed follows a similar

decay pattern except for the San Diego design and own sampling schedule mesocosm as

shown in Figure 3.9. This decrease however, showed a meandering trend with an

obviously high ratio like 4.91 at day 22. As TBT degrades, the concentration is expected

to decrease over time, which is generally the case in these experiments. With a more or

less constant DBT concentration, the decline in the TBT concentration will bring about a

decrease in ratio. Therefore the observed trend is as expected since there is no

replenishment of any degraded TBT in this tanks as may be the situation in the Walu Bay

site in the case of field samples. The low ratios also indicate high degradation rate of TBT.

Generally, the ratios are low (Table 3.4) as compared with ratios of 12.5 to 18.3 for biota

in pristine areas (Tolosa et al, 1992) but these are expected for sediments in well-

oxygenated areas. The sediments in these mesocosms are aerated by an air pump during

the entire course of the experiment. The lower ends of the ranges shown for this ratio vary

from 0.18 to 1.78.
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than the silty, muddy type from the other sites. This is probably the reason for the lower

%C values. The rest of the mesocosms had average values in the range 2.96-4.22 which is

expected for such type of blackish, muddy sediments, which should have a fair amount of

organic matter.

The calculated correlation coefficients (Table 3.5) show a range from -1 to 1,

therefore the TBT content is unrelated to TOC levels. This would certainly be

understandable in the Walu Bay case because of the close proximity of the sampling site to

the indubitable source. It would be difficult to argue that organic matter plays a role in

accumulating TBT or retaining TBT in this case. The findings by Meador et at, (1997)

and Yonezawa et ah, (1993) showed correlation between TBT concentration in sediments

and TOC. In an attempt to explain the accumulation of TBT in sediments, Yonezawa et

al., (1993), suggested that this is due to the transportation of the suspended particulate

matter (which had adsorbed TBT in the water column) to the bottom. The findings in this

work of no correlation between TBT concentration and TOC agree with the study by

Tolosaetal, (1992).
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3.2.6 Other physical parameters measured

During the collection of samples in the field or sub-samples from the tanks, there

were other physical measurements carried out as well. These included pH, temperature,

D.O., conductivity and salinity. The probes for these meters were placed as close to the

sediments as possible except for the pH meter which had a short cord for the probe. In this

case, it was more a measure of the pH of the water column. The pH values recorded

varied from 7.9 to 8.8 which is the expected pH range for seawater. The salinity varied

from about 35psu {practical salinity unit) in the seawater to <10psu in the more estuarine

waters around the Rewa River mouth. This parameter normally correlates well with the

conductivity measurement where the 35psu seawater had a conductivity measurement of

50 OOOfimhos while a salinity of 7psu corresponded to about 118 OOOfimhos,

Temperatures vary from a low of 22°C to close to 30°C while the dissolved oxygen ranged

from 1.8 to 5.4mg dm'3 in well flushed, mixed waters. These physical parameters however,

have not been discussed in relation to the organotin concentrations since the

measurements were more relevant for the water column rather than the sediments.

Nevertheless, their measurements are still useful for at least indicating the kind of

conditions prevailing in the overlying water column at the time of sample collection. The

phy.sica] conditions in the water column and the interstitial waters are known to vary

grently (Thompson, private communication).

singh_al
Pencil



127

3.2.7 X-rav diffraction analysis

The results for the X-ray diffraction analysis are given in appendix 14. The data

obtained was used to ascertain the association between the three different sediments; Walu

Bay, Rewa River and Sandbank.

3.3 CONCLUSIONS

Some useful conclusions can be drawn from the mesocosm study in the laboratory.

The degradation rate of TBT in sediments was determined in terms of half-life.

This was calculated for the GC/FPD method to be 122 days. The data from the HG/AAS

work had to be abandoned for the purposes of discussion as it was established that these

were less reliable due to the lower reproducibility and recovery for the OTs. Although the

high temperature of 28°C may have been responsible for this relatively low tia, the role of

the high TBT concentration in inhibiting the biodegradation could not be ruled out but

should further be investigated. Light would also be a factor to consider as this also

enhances degradation. The results suggested that the degradation pathway is probably via

debutylation. The initial level of TBT should be ascertained before the amount to be added

is calculated.



No emphasis in the discussion was given in including the physical parametei

were measured with every collection of sample which included pH, temperature, s:

dissolved oxygen and conductivity. This was because the measurements were done

water column rather than the interstitial waters. As mentioned already, the conditi

the interstitial waters and the water column differ greatly.

X-ray analysis provides a convincing proof about the difference between thf

Bay and Sandbank sediments. Furthermore it gives a hint on the possible miners

exist in the Rewa River and the Walu Bay sediments. The Sandbank sediment is con

mainly of calcium carbonate while the Rewa River and Walu Bay samples had th

minerals which explains the higher tic and closeness in the values observed in the

sediments.
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No emphasis in the discussion was given in including the physical parameters that

were measured with every collection of sample which included pH, temperature, salinity,

dissolved oxygen and conductivity. This was because the measurements were done in the

water column rather than the interstitial waters. As mentioned already, the conditions in

the interstitial waters and the water column differ greatly.

X-ray analysis provides a convincing proof about the difference between the Walu

Bay and Sandbank sediments. Furthermore it gives a hint on the possible minerals that

exist in the Rewa River and the Walu Bay sediments. The Sandbank sediment is composed

mainly of calcium carbonate while the Rewa River and Walu Bay samples had the finer

minerals which explains the higher tw and closeness in the values observed in these two

sediments.
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CHAPTER 4

FIELD STUDY

4.1 INTRODUCTION

The results for the field samples obtained from the different sites (Figure 2.8) are

presented and discussed in this chapter. The sites included in this discussion are the

Walu Bay slip-way (Figure 2.9), Lautoka Kings wharf (Figure 2.10), Savusavu jetties

which includes a proposed marina site (Figure 2.11) and the Labasa port area at Malau

(Figure 2.12). Note that the sites chosen were the major ports in the two major islands

of Fiji. The sites in Viti Levu i.e., Walu Bay and Lautoka were sampled much more

frequently than the sites in Vanua Levu. This was due mainly to the time and expense

involved in sampling the Vanua Levu sites. It was felt important to include some sites'

from Vanua Levu, (although they were single samples only) to ascertain the TBT levels!

in these ports. Once again, only the GC/FPD data are being considered in the

discussion, for reasons mentioned previously. ;

4.2 RESULTS AND DISCUSSION \

The analytical results which consist of the organotin concentrations and the TOC data

are presented for the different areas.
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4.2.1 Walu Bay field data

The Walu Bay site was monitored over a period of several months. There were 8

samples altogether collected from this site covering a 9 month period (Table 4.1). The

site used in this field study is the same one where the samples for the mesocosm

experiments were obtained from. It was decided to monitor the OT levels from this site

over a period of time to determine if there was any trend or correlation existing

between the OT levels and the activities going on at the slip-way, in particular, the

number of vessels coming in for dry-dock and painting.

The field data collected from this site, including some of the calculated ratios and the

quantity of vessels serviced, are presented in Table 4.1.

Table 4.1 Results of the field samples from Walu Bay showing the OT and

Sample "Date TBT DBT MBT Total MBT/O TBT/DBT TOC # Ships ;
# (fig g1) (fig g') (Mg g ' ) OT T r a t ' ° (%C) serviced

: (fig g ' ) rat'°
10 24/4/9 116 40.4 48.4

5
28 25/5/9 132 45.4 97.7

5
37 29/6/9 72.2 19.5 7.97

5
42 12/7/9 360 91.1 45.2

5
63 24/8/9 196 86.7 90.2

5
77 1/10/9 106 17.3 45.9

5
88 2/12/9 223 175 66.5

5
92 2/2/96 91.9 26 15.5

205

275

100

496

373

169

465

133

0.236

0.355

0.079

0.091

0.242

0.271

0.143

0.116

2.87

2.91

3.7

3.95

2.26

6.13

1.27

3.53

0.72

4.89

4.66

3.95

3.8

0.68

3.47

2.16

13

17

21

15

21

13

12
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A plot depicting the OT data with time is represented graphically in Figure 4.1!

below.

4.2.1.1 Organotin concentrations

Plot of OT concentrations over time

BTBT(ugfe)

HDBlWg)

DMBT(ug/g)

Figure 4.1 Plot of OT concentrations over time at Walu Bay.

It is apparent from the above figure that July recorded the highest TBTj,;

concentration with a value of 360ug g"'; the highest ever recorded TBT concentration

in this study and also in the literature. This seemed a big increase over a two wee!

period and is almost 10 times higher than that recorded in the same area in 1991

assuming the two data can be compared legitimately. This is most likely the result of aiit

increased input of TBT into the sediment. There was no record of the number of
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vessels serviced at this slip-way in the 1991 study. The highest concentration records

during that study was 38|ig g'1 for TBT as hexane-extractable tin (Stewart and d

Mora, 1992). ;

Whilst the concentrations as indicated in the above plot vary over the time of tb

study, August and December also showed marked elevated TBT levels. The vaxiabilit

may be attributed to the introduction rate of butyltin pollutants, which no doubt woul

have varied over time, depending on the number of vessels serviced. Th

hydrodynamical conditions (tides, storms) of the Bay and possible random bioturbatio

may lead to physical mixing of the top few centimetre layer which is the layer that;

being sampled. Such variabilities have also been observed in other studies (Astruc i

at, 1989., Quevauviller and Donard, 1990). >

The sample collected at this site in June showed the lowest TBT content »

72jig g"1 but which is still considered high by international standards. For exampl

maximum values of 1 000 -1 700ng g'1 were observed in Hong Kong (Ko et al, 199*

In Axcachon Bay, France, the most polluted harbours had mean total butyji

concentrations ranging from 400 to 750ng g"1 with TBT being the dominant spedi

(Sarradin et al, 1994). In all samples collected in this study, the dominant sped

observed was TBT while the other two breakdown products (MBT and DBT) v/f
i

considerably less (Figure 4.1). This is quite logical as the input of TBT into j
I!

sediment must be high considering the feet that the marine paints in use in the court!
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still contain the antifouling chemical. This observation is in agreement with the results \

ftom a previous study where TBT was found to be the dominant species in the vicinity i

of dry-dock facilities (chapter 1; Stang et ah, 1992). No clear pattern was observed for;

the dominance of the two degradation products. In four out of eight cases, DBT was ;

the dominant species while another four showed MBT to be dominant. This was also •

observed previously in a similar work where DBT dominated in Toronto harbour and ;

MBT in San Diego Bay ( chapter 1; Stang and Seligman, 1986). :

The variation in concentrations of these OTs as shown above (Figure 4.1) is also .

dependent on the input from the source which in this case is the paint that is being

removed from the hull of ships on dry-dock. The number of ships dry-docked for the

months in which the samples were collected is also shown above (Table 4.1, Appendix

1). However, this data on the ship numbers does not coincide with the observed

concentration level particularly for July. As a matter of fact, July recorded the lowest

number of vessels serviced at this slip-way, but the TBT level recorded was the highest.

This discrepancy could be explained in terms of the conditions occurring in the natural

environment. Since this is a field sample, the sediment is exposed to the natural physical

conditions in the environment. These include wind, waves, rainfall, etc which vary from

time to time and the variations can drastically alter the distribution of the OTs in the

area. The sediment is known to act as the sink for TBT and other suspended

contaminants in the water column. Any disturbance to the sediment bed could result in

the release and resuspension of any contained TBT into the water column (Yonezawa
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et al, 1994). The high concentration of TBT in July could have been the result of a:

turbulent sea water which would have given rise to a better mixing environment. It:

could have also been due to heavy rains which would have initiated the washing away

of the TBT arising from the paint into the sediment. There could also be a lag time or

some delay between the servicing of the boats and the TBT accumulation in the

sediments. The increasing number of ships in April, May and June leading to an

increased wash out and TBT movement into the sediment in July could also be used to

explain the high concentration observed.

Plot of TBT concn. & # ships serviced against time

« # Shipsservired

Figure 4.2 Plot showing the relation between the TBT concentration and the

number of ships serviced in the Walu Bay slip-way.

It is evident from the above plot (Figure 4.2) that there is no obvious correlation

between TBT concentration and the number of ships slipped. With the exception of June
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and December, the concentrations of TBT seemed to follow a general increase culminating

in a peak in July then a decline, This however, was not the trend for the number of ships

slipped. As a matter of fact, the number of vessels serviced dropped in July, This again

was the result of a single analysis. An average of many more samples analysed for that

month may have produced a more accurate value for the concentration. The trend in the

plot also showed the lag-time in accumulation of TBT in sediments. The degree of

additivity of the shipping input can also be observed.

4,2,1.2 Organotin concentrations versus TQC

It is well established that particulate organic carbon of the sediment constitutes one

of the preferential supports for trace metals (Quevauviller et al, 1991). The relationship

between OT and TOC is being considered here and the plots are given in the following

Figures (4.3-4.5), The purpose of these plots was to establish if there was any linear

relationship between the two parameters.
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The data as presented in the Table 4.1 and Figure 4.6 indicate that June and July

have the lowest [MBT]/Total [OT] ratios (0.079 and 0.091 respectively), although not

low enough (0.03) to be considered "hot- spot" months. Since the samples were

collected from the same site, the calculated ratios were used to discern the timing of the

discharge of TBT into the sediment bed. A low ratio is associated with recent TBT

discharge (see chapter 1 and Ko et al., 1995).

The ratio for June coincides well with the large number of vessels which were dry-

docked at the three slip-ways during that month. The marine paint used on these vessels

contained TBT. This assertion is confirmed by the information obtained from one of the

salesmen of a leading paint company in Fiji, where he disclosed that the marine paints

sold locally by his company still contained TBT (Taubman's Paints, private

communication). The salesman, however, did point out that he was filUy aware of the

dangers and harmful effects that the contaminant poses to marine organisms, especially

molluscs. Despite his awareness of the ill-effects of TBT to molluscs, the paint

company, being a business enterprise, still continued to sell and promote the product so

long as there was no Government legislation against its use. The lack of legislation to

control the use of these paints means that paint companies will continue to sell them

indefinitely.
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The TBT marine paint is still by far superior as a repellent in keeping out fouling

organisms from boat hulls than the newer substitutes. This accounts for the continued

preference for its use by many boat owners. The lack of control on TBT use by the Fiji

Government as seen in this case was the same in Indonesia (Evans et ah, 1995a), Fiji

supplies many neighbouring island states with commodities and paint is no exception.

According to one local paint company, TBT paints are manufactured in Fiji and are

supplied to neighbouring countries including Vanuatu, Tonga and the Solomon Islands

(Taubman's Paints, private communication). Knowing the situation in these countries in

the South Pacific to be generally slack when it comes to legislation, or non-enforcement

of legislation if ever there is one in place, and with finance often a limitation, it would

be fair to comment that the control over TBT use in the region is virtually non-existent.

The ratio of 0.091 for July as mentioned above suggested that there was high

recent discharge. However, the data obtained from the slip-way manager (Appendix 2),

did not support this contention. The reason for this discrepancy has been explained

above (see 4.2.1.1).

August was another busy month in terms of vessels serviced, in fact, this was the

busiest month in the whole year of 1995 (Appendix 2). The ratio value of 0.242

however, does not folly support this. The rest of the months seem to show a good

correlation between the ratios and the number of vessels serviced. The ratio for these

months range from 0.116 to 0.355 which would generally be considered low.
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4.2.1.4 [TBTI/rDBTI ratio

The [TBT]/[DBT] ratio has been used as an estimate of the stability of TBT. A

tow ratio was associated with a high degradation rate. A ratio of >1 assumed that there

was a continued input of TBT and/or the degradation rate was really low (Jeff

Thompson - personal communication). From the tabulated and plotted data (Table 4.1,

Figure 4.7), the ratios all exceed one with an average ratio of 3.33 and a range of 1,27

(December sample) to 6.13 (October sample). It may be that the high TBT levels may

actually be inhibiting bacterial activity in the sediments, thus slowing down degradation.

It would be interesting to look at the levels of bacterial activity and the general diversity

and number of all taxa existing in the sediments.

Plot of ITBTI/[DBT] w time

24/4#5 25/5/95 29/6/95 12/7/95 24/8/95 1/10/95 2/12/95 2/2/96

lime

Figure 4.7 Graph of [TBT]/|T>BT] ratio at different times for Walu Bay.
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the contaminant. The only possible source for TBT, would be the marine paint from the

numerous boats which were moored at this wharf. Because of the sheltered nature of

these sites from wave action and winds, the only factor that may affect the TBT

mobility in the sediment would be the diurnal tidal movement.

There is little correlation between the two ratios (TBT/DBT & MBT/Tot. OT), as

visually evident in Figure 4.9 (below). This was confirmed by the calculation of the

correlation coefficient using an Excel 7.0 statistical application, which turned out to be

0.069. It is also evident from the plots that there is a general decrease in the two ratios

with time. For TBT/DBT, the ratio decreased from around 20 to 5 which once again

confirms either a continued input or low degradation rate. The calculated tin from the

mesocosm experiments of 122 days shows that this rate is relatively fest with respect to

the international accepted value of the order of years. Therefore a continued input of

the contaminant into the environment is most likely the reason for the obtained

TBT/DBT ratios. The MBT/Total OT ratio also showed a decrease from 0.35 to 0.15.

The low ratio values reaffirm that there is recent TBT discharge.
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site was at a standstill due to unknown reasons to the author, nevertheless, it was felt

that a sample from this site would provide a baseline level for TBT before the marina

was completed and operational. The data collected for this site would be invaluable in

the future assessment of the impact of the marina on the environment especially with

respect to TBT arising from yachts and boats. The [MBT]/Total [OT] ratio of 0.235

for the area was reasonable since there was no obvious source of TBT, then.

The Labasa samples showed different ratios also. The ratios were more to the

lower end, 0.056 and 0.121, which once again imply recent addition of TBT to the

sediment. LBS2 showed a much lower ratio of 0.056 than LBS1 which was 0.121.

Sample LBS2 was obtained from a site where the petroleum tankers often moor to

deliver foel. Although these tankers would be from abroad, they are likely to have TBT

as in many countries where there are TBT restrictions, boats >25m in length are

normally permitted to use TBT based paints (Wuertz et ah, 1991). This port is also

where other huge vessels call to collect sugar produced from the Labasa sugar mill. The

vessels, are once again assumed to have used paint containing TBT. These sources

would explain the presence of TBT in these samples.

In terms of actual concentrations, the levels in these sediments are still very high by

international standards. The previous highest recorded TBT value of 38 OOOng g'1 as

hexane extractable tin ( Stewart and de Mora, 1992), comes from the Walu Bay site

which is the main site studied in this work, both for field and mesocosm work. The
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The MBT/Total OT ratio showed relatively low values, although not low enough

(O.03) to be considered "hot-spots". The values suggested recent discharge of TBT into

the sediment, which is logical considering the large number of vessels being serviced at

this slip-way.

For the TBT/DBT ratios, values.of >1 were common, suggesting continual input

of TBT into the system. This again is expected from a site such as this especially when

TBT-based paints are being used on vessels that come here for repainting.

The levels of TBT at the Lautoka wharf are not as high as those recorded in Walu

Bay. This is probably due to the absence of a major source of TBT like in Walu Bay,

due to vessels coming for dry-dock at the slip-way. The obvious source of TBT at

Lautoka wharf was the marine paint from the numerous small boats moored there.

From the available data, both Savusavu and Labasa samples showed relatively

lower TBT levels when compared with the Walu Bay data. The levels, however, are

still extremely elevated when compared to the literature values from other parts of the

world. The inclusion of the site for a proposed marina in Savusavu is an invaluable

exercise as the measured TBT level can be used as "background" in assessing the

impact of the marina once completed and fully operational.
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It appears from this study that the major ports in Fiji are extensively contaminated

with TBT. Although the Vanua Levu sites were sampled once, the data obtained is

enough to indicate the extent of the contamination. The data obtained from the Laucala

Bay samples proved the perception that the area is relatively 'TBT-ftee".

4.4 SUMMARY OF THE WHOLE PROJECT

The study has shown that TBT is present in extremely high concentrations in the

sediments of the major ports of Fiji. As TBT is known to be toxic to molluscs, there

should be grave concern by both the local population and authorities about these

elevated levels, especially in a situation such as seen here, where there is still a heavy ;

dependence on shellfish fisheries by many people. In actual fact, there are indications :

already that the shell growth anomaly observed in oysters could also be true for

Anadara species collected along the Suva Point shoreline. A few shells with some form

of growth defect along the shell lip are now being kept for possible analysis for tin and ;

TBT, A thorough biological investigation of these molluscs would elucidate the impact '

of this contaminant. As already mentioned in the introduction, imposex has been ;

observed for some snail species around the slipway region (Derek Ellis, private j

communication). !

i
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4.5 CONCLUDING REMARKS

The major objective of the project was to ascertain the degradation rate of TBT in

tropical sediments. This has been accomplished successfully for the Fiji marine

sediments, with the tm of 122 days in the silty/ckyey sediments and 39 days for the

more grainier sandy sediments. These results were based on the GC/FPD method which

proved to be the more reliable method (in this work), than the hydride technique.

Besides the accomplishment of the major objective above, the findings for the

other related objectives as given in 1.3.1, are listed below.

(ii) No difference was observed in the tic as arising from the different sample

collection frequencies. In fact, for the more frequent sampling schedule, eg., the San

Diego design and own sampling procedure, there was no obvious trend seen for the

first seven days (see Figure 3.2) of sample coEection. Thus the San Diego procedure of

1,22,... days would suffice.

(iii) It seems that TBT degrades faster in sandy sediments (tia =39 days) than in the

clayey/silty type (122 days). This is probably due to the ability of the finer clay/silty

particles to adsorb TBT onto it as compared to the sandy sediments.
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(iv) The difference in the degradation rate for TBT in the doped and undoped

sediments was more related to the type of sediment rather the doping/undoping

process, The average Ua obtained from the undoped Walu Bay sediment (123 days)

was quite similar to that obtained from the doped Rewa River sediment (121 days).

These two sediment types resemble each more closely than the sandy Sandbank

sediments which had a Un of 39 days.

(v) No obvious difference was observed in the Un based on the tank sizes (large tank-

San Diego method; small tank-Own method).

(vi) There were some problems encountered with the HG/AAS method. A low percent

recovery (9.3%) was obtained (Table 2.4) when an NBS Reference material, PACS-1,

was analysed. The poor reproducibility as reflected by the high Coefficient of Variation

of 155% (as compared with 48% for GC/FPD), were reasons against using the data

obtained by this- analysis. The eventual t1/2 calculations were based on the GC/FPD data.
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Other components of the project have provided some useful information on TBT

in Fiji. These include:

• Lack of legislation on the use of TBT is the major cause of the escalated levels

of the contaminant in the marine sediments. The values measured are the

highest in the literature. This is in contrast to the trend in other countries where

the use of TBT in marine paints is strictly controlled and where in some cases

indications of its decline in the environmental samples have been observed.

Except for July, the levels of TBT in sediments at the Walu Bay slipway for

other months of sampling showed some form of correlation with the number of

vessels that were serviced. The data did show that there was some time lag

from the servicing of the boats to when it showed up in the sediment.

• No correlation is evident between TOC and TBT as the r values ranged from

- l t o + I .

• The concentration ratios (MBT/Total OT and TBT/DBT) are useful indicators

of existence and input of TBT into the environment. These ratios showed that

TBT is continually and recently added into the sediment samples, particularly

at the slipway in Walu Bay.
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• The measured level of TBT from a proposed marina can provide useful

comparison to the levels when the marina is operational. This could be

considered as background TBT level which could then be used to assess the

impact of the contaminant Horn vessels using the marina's services when fully

operational.

4.6 RECOMMENDATIONS FOR FUTURE RESEARCH

A. There is great potential for further work with TBT in Fiji and in the South Pacific

region, since the use of this chemical is still unrestricted in marine paints. Even if the

use of TBT is stopped, the amount trapped in the sediment will take yet a while before

it is all removed (eg., in France, TBT was still present even 10 years after banning its

use. This was believed to be from the sediments which release the contaminant when

reworked). The hydride technique of analysis is not intended to be developed as a

method of choice. Instead, the GC/FPD would be adopted as it has shown in this work

that it is much more reliable and generated reproducible results. The acquisition of the

flame photometric detector is being explored in the USP Chemistry Department.

B . A detailed study looking at the fauna of the Walu Bay site and surrounding areas

should be initiated where the technique discussed in A could be used as a tool to

determine TBT levels both in the sediments and possibly in the flesh of the animals.

Protocols for imposex studies are available and so are geographic scale survey
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methods. These methods could be employed if there is a need to detennine the state of

the biota with respect to the high TBT levels. A potential mollusc that could be

studied in this area is the Anadara species which is an edible shellfish quite popular in

Fijian cuisine.

C. TBT concentrations in the interstitial waters should be measured as well as in the

surface microlayer since these provide a better measure of what the biota are "seeing".

This also goes for the physical parameters (e.g., pH, temp., D. O., conductivity) which

were measured in the overlying water column in this work.

D. The project could be extended to other member countries of the University of the

South Pacific to assess the extent of contamination of their mollusc fisheries. Like Fiji,

much of the rural population in these countries depend heavily on the available

shellfish resources for their livelihood. TBT use is known to continue in these

countries, and the impact around ship painting sites is likely to be significant.

singh_al
Pencil

singh_al
Pencil



161



162

BIBLIOGRAPHY

ABEL, R., HATHAWAY, R. A., KING, N. 1, VOSSER, J. L. and WILKINSON, T. G.

(1987) Assessment and regulatory actions for TBT in the UK. In: Proceedings of the

International Organotin Symposium, Oceans '87 Conference, Halifax, Nova Scotia,

Canada, September 28-October 1, 1987. New York, The Institute of Electrical and

Electronics Engineers, Inc., Vol. 4. pp 1314-1319.

ADELMAN, D., HINGA, K. R. and PILSON, M. E. Q. (1990) Biogeochemistry of

butyltins in an enclosed marine ecosystem. Environ. Sci. & Technol. 24, 1027-1032.

ALLISON, L. E. (1965) Methods of Soil analysis. Part 2 Chemical and Microbiological

Properties. American Society of Agronomy, Inc., U. S. A.

ALZIEU, C. (1991) Environmental Problems caused by TBT in France: Assessment,

regulations, prospects. Mar. Environ. Res. 32, 7-17.

ANDERSON, C. D. and DALLEY, R. (1986) Use of organotins in antifouling paints. In

Proceedings of the Organotin Symposium of the Oceans '86 Conference; Marine

Technology Society: Washington, DC, pp 1108-1113.



163

ANDREAE, M. 0. and BYRD, J. T. (1984) Determination of tin and methyltin species by

hydride generation and detection with graphite-iumace atomic absorption or flame

emission spectrometry. Anal. Chim. Acta. 156, 147-157.

ASTRUC, A., LAVIGNE, R., DESAUZIERS, V., PINEL, R. & ASTRUC, M. (1989)

Tributyltin determination in marine sediments: a comparative study of methods. Appl.

Organomet. Chem. 3,267-271.

ASTRUC, M , PINEL ,R and ASTRUC , A. (1992) Determination of Tributyltin in

sediments by hydride generation / GC / QFAAS. Mikrochim. Acta. 12, 73-79.

ATKINS, P. W. (1994) Physical Chemistry 5th edition. Oxford Universsity Press.

BERRY, L. G., POST, B., WEISSMANN, S., McMURDIE, H. F. and McLUNE, W. F.

(eds) (1972) Inorganic index to the powder diffraction file. Joint Committee on powder

diffraction standards.

BLAIR, W. R., OLSON, G. J. and BRINCKMAN, F. E. (1986) ) Speciation

measurements of butyltins: Application to controlled release rate determination and

production of reference standards. In Proceedings of the Organotin Symposium of the

Oceans '86 Conference; Marine Technology Society: Washington, DC, pp 1141-1145.



164

BRIGHT, D. A. and ELLIS, D. V. (1990) A comparative survey of imposex in NE Pacific

neogastropods (prosobranchia) related to tributyltin contamination and choice of a suitable

bioindicator. Can. J. Zool. 68, 1915-1924.

BURRIDGE, T. R., LAVERY, T. and LAM, P. K. S. (1995) Effects of tributyltin and

formaldehyde on the germination and growth of Phyllospora comosa (Labillardiere) C.

Agardh (Phaeophyta: Fucales) Bull Environ. Contain. Toxicol. 55, 525-532.

CAI, Y., ALZAGA, R. and BAYONA, J. M. (1994) In situ derivatisation and supercritical

fluid extraction fer the simultaneous determination of butyltin and phenyltin compounds in

sediment. Anal. Chem. 66,1161-1167.

CAI, Y., RAPSOMANIKIS. and ANDREAE, M. O. (1993) Determination of butyl

compounds in river sediment samples by chromatography - atomic absorption

spectrometry following in situ derivatisation with sodium tetraethyl borate. Anal Atom.

Spectr. 8, 119-15.

CARDELLICCMO, N., GERACI, S., MARRA, C , and PATERNO, P.(1992)

Determination of tributyltin oxide in coastal marine sediments and mussels by

electrothermal atomic absorption spectrometry. Appl. Organomet. Chem. 6,241-246.



165

CHAMP, M. A. (1986) Organotin Symposium: Introduction and Overview. In

Proceedings of the Organotin Symposium of the Oceans '86 Conference; Marine

Technology Society: Washington, DC, Introductory pages.

CHAMP, M. A. and PUGH, W.L. (1987) Tributyltin antifouling paints: Introduction and

overview. In: Proceedings of the International Organotin Symposium, Oceans '87

Conference, Halifax, Nova Scotia, Canada, September 28-October 1, 1987. New York,

The Institute of Electrical and Electronics Engineers, Inc., Vol. 4. pp 1296-1308.

CHAU, Y. K., YANG, F. and MAGUIRE, R. J, (1996) Improvement of extraction

recovery for the monobutyltin species from sediment, Anal. Chim. Acta 320,165-169.

CLAVELL, C , SELIGMAN, P. F. and STANG, P. M. (1986) Automated analysis of

organotin compounds: A method for monitoring butyltins in the marine environment. In:

Proceedings of the Organotin Symposium, Oceans '86 Conference, Washington, DC,

USA, 23-25 September, 1986, New York, The Institute of Electrical and Electronics

Engineers, Inc., Vol. 4, pp 1152-1154.

COCCHIERI, R. A., BIONDI, A., ARNESE, A. and PAANNACCIONE, A. (1993) Total

tin and organotin in seawater from the Gulf of Naples, Italy Mar. Poll Bull. 26(6), 338-

341.



166

CORTEZ, L., QUEVAUVILLER, P., MARTIN, F. and DONARD, 0. F. X. (1993)

Survey of butyltin contamination in Portuguese coastal environments. Environ. Poll. 82,

57-62.

DAHAB, O. A., EL-SABROUTI, M. A. and HALIM, Y. (1990) Tin compounds in

sediment of Lake Maryut, Egypt. Environ. Poll. 63, 329-344.

de MORA, S. J. (ed.) (1996) Tributyltin: case study of an environmental contaminant.

Cambridge University Press.

de MORA, S. J. and PHILLIPS, D. R. (1992) The concentration of tri (n-butyl) tin in

sediments from the Waikumete Stream and Henderson Creek following an accidental spill

from a timber treatment works in West Auckland: a resurvey 6 months after the discharge.

Auckland Uniservices Report for the Auckland Regional Council #4560, 11 p.

de MORA, S. J., KING, N. G. and MILLER, M. C. (1989) Tributyltin and total tin in

marine sediments: profiles and the apparent rate of TBT degradation. Environ. Technol.

Lett. 10, 901-908.

de MORA, S. J., STEWART, C. and PHILLIPS, D (1995) Sources and rate of

degradation of tri(n-butyl) tin in marine sediments near Auckland, New Zealand. Mar.

Poll Bull. 30 (1), 50-57.



167

DESAUZIEB.S, V., LEGUILLE, F., LAVIGNE, R., ASTRUC. M. & PINEL, R. (1989)

Butyltin speciation in sediments and biological samples by hydride generation, gas

chromatography, quartz furnace atomic absorption spectrometry; a study of acid leaching

procedures and hydride generation. Appl. Organomet. Chem. 3,469-474.

DONARD, 0. F. X. and RITSEMA, R. (1994) Hyphenated techniques applied to the

speciation of organometallic compounds in the environment. Environmental Analyses

Techniques: Applications and Quality Assurance. Chapter 16, 549-601.

DONARD, 0. F. X., RAPSOMANIKIS, S. and WEBER, J. H. (1986) Speciation of

inorganic tin and alkyltin compounds by atomic absorption spectrometry using

electrothermal quartz furnace after hydride generation. Anal. Chem. 58, 772-777.

DOOLEY, C. A. and VAFA, G. (1986) Butyltin compounds and their measurement in

oyster tissues. In Proceedings of the Organotin Symposium, Oceans '86 Conference;

Washington, DC, USA, 23-25 September, 1986, New York, The Institute of Electrical

and Electronics Engineers, Inc., Vol. 4., pp 1171-1176.

DOWSON, P. H., BUBB, J. M. and LESTER, J. N. (1992b) Organotin distribution in

sediments and waters of selected East coast estuaries in the UK. Mar. Poll. Bull. 24 (10),

492-498.



168

DOWSON, P. H., PERSHKE, D., BUBB, J. M. and LESTER, J, N. (1992a) Spatial

dktribution of organotins in sediments of lowland river catchments. Environ. Poll. 76,

259-266.

EDITORIAL (1994) Anti-fouling news. Mar. Poll. Bull. 28 (3), 134.

ENVIRONMENT CANADA, 1995 Tributyltin (TBT) Facts. Information Pamphlet.

ESPOURTEILLE, F. A., GREAVES, J. and HUGGETT, R. J. (1993) Measurement of

tributyltin contamination of sediments and Crassostrea virginica in the Southern

Chesapeake Bay. Environ. Toxicol. & Chem.. 12, 305-314.

EVANS, S. M., EVANS, P. M. and LEKSONO, T. (1996) Widespread recovery of

Dogwhelks, Nucella lapillus (L.), from Tributyltin Contamination in the North Sea and

Clyde Sea. Mar. Poll. Bull. 32 (3), 263-269.

EVANS, S. M., DAWSON, M , DAY, J., FRID, C. L. J., GILL, M. E., PATTISINA, L.

A. and PORTER, J. (1995a) Domestic waste and TBT pollution in coastal areas of

Ambon Island (Eastern Indonesia). Mar. Poll. Bull. 30 (2), 109-115.



169

EVANS, S. M., HAWKINS, S. T., PORTER, J. and SAMOSIR, A. M. (1994). Recovery

of dogwhelk populations on the isle of Cumbrae, Scotland following legislation limiting

the use of TBT as an antifoulant. Mar. Poll. Bull. 28 (1), 15-17.

EVANS, S. M., LEKSONO, T. and MCKINNELL, P. D. (1995b) Tributyltin pollution: A

diminishing problem following legislation limiting the use of TBT-based anti-fouling

paints. Mar. Poll. Bull. 30 (1), 14-21.

FENT, K. and HUNN, J. (1995) Organotins in freshwater harbours and rivers: Temporal

distribution, annual trends and fate. Environ. Toxicol. Chem. 14 (7), 1123-1322.

FQALE, S. (1993) An evaluation of the potential of gastropod imposex as a bioindicator

of tributyltin pollution in Port Phillip Bay, Victoria, Australia. Mar. Poll. Bull. 26, 546-

552.

FRANCOIS, R., SHORT, F. T. and WEBER, J. H. (1989). Accumulation and persistence

of tributyltin in eelgrass tissue. Environ. Sci. & Technol. 23 (2), 191-196.

GARCIA-ROMERO, B., WADE, T. L., SALATA, G. G. and BROOKS, J. M. (1993)

Butyltin concentrations in oysters from the Gulf of Mexico from 1989 to 1991. Environ.

/. 81,103-111.

singh_al
Pencil

singh_al
Pencil


singh_al
Pencil

singh_al
Pencil

singh_al
Pencil



170

GARRETT, C. L. and SHRIMPTON, J. A. (1996) Chemicals in the environment. VII

Organotin compounds. Environ. Can. Rep.

GREENWOOD, N. N. and EARNSHAW, A. (1993) Organometallic compounds

(Chapter 10). Chemistry of the elements, Pergamon Press, Oxford.

GROVHOUG, J. G., SELIGMAN, P. F., VAFA, G. and FRANSHAM, R. L. (1986) )

Baseline measurements of butyltin in U. S. harbours and estuaries. In: Proceedings of the

Organotin Symposium, Oceans '86 Conference; Washington, DC, USA, 23-25

September, 1986, New York, The Institute of Electrical and Electronics Engineers, Inc.,

Vol. 4. pp 1283-1287.

GRUBBS, F. E. (1969) Procedures for detecting outlying observations in samples.

TechnomeMcs 11 (1), 1-21.

HAMILTON, E. I. (1993) Sediment- what is being measured? Afar. Poll Bull. Editorial

Comment. 26 (2), 58-59.

HARMO, H., FUKUSHIMA, M. and TANAKA, M. (1992) Simultaneous determination

of butyltin and phenyltin compounds in the aquatic environment by gas chromatography.

Anal Chim. Acta. 264, 91-96.



171

HARMS, D. C, (1995) Quantitative chemical analysis-4th edition. W. H. Freeman and

Company. United States.

j HASAN, M. A. and JUMA, H. A. (1992) Assessment of tributyttin in the marine

environment of Bahrain. Mar. Poll. Bull. 24 (8), 408-410.

HERMOSIN, M. C , MARTIN, P. and CORNEJO, J. (1993) Adsorption mechanisms of

monobutyltin in clay minerals. Environ, Sci. & Technol. 27,2606-2611.

HINGA, K. R., ADELMAN, D. and PILSON, M. E, Q. (1987) Radiolabelled butyltin

studies in the MERL enclosed ecosystems. In: Proceedings of the International Organotin

Symposium, Oceans '87 Conference, Halifax, Nova Scotia, Canada, September 28-

October I, 1987. New York, The Institute of Electrical and Electronics Engineers, Inc.,

Vol. 4 . pp 1416-1420.

HIS ATO, I., TANABE, S., MIYAZAKI, N AND TATSUKAWA, R. (1994) Detection of

Butyltin Compound Residues in the Blubber of Marine Mammals. Mar. Poll. Bull 28

(10), 607-612.

fflSATO, I., TANABE, S., MIZUNO, T. and TATSUKAWA, R. (1995) High

accumulation of toxic butyltins in marine mammals from Japanese coastal waters. Environ,

Sci. & Technol. 29,2959-2962.

singh_al
Pencil

singh_al
Pencil

singh_al
Pencil



172

HODGE, V. F., SEIDEL, S. L. & GOLDBERG, E. D. (1979) Determination of tin(IV)

and organotin compounds in natural waters, coastal sediments and macro algae by atomic

absorption spectrometry. Anal Chem. 51 (8), 1256-1259.

HORIGUCBE, T., SHIRAISHI, H., SHIMIZU, M., YAMAZAKI, S. and MORTINA, M.

(1995) Imposex in Japanese gastropods: Effects of tributyltin and triphenyltin from

antifouling paints. Mar. Poll Bull. 31 (4-12), 402-405.

I
i
j

HUET, M., PAULET, Y. M. and GLEMAREC, M. (1996) Tributyltin pollution in the

s coastal waters of West Brittany as indicated by imposex in Nucelia lapiHus. Mar. Environ.

Res. 41 (2), 157-167.

HUGGETT, R. J., UNGER, M. A., SELIGMAN, P. F. and VALKIRS, A. O. (1992) The

j marine biocide tributyltin. Environ. Sci. & Technol. (26), 233-410.

IWATA, H., TANABE, S., MYAZAK, N. and TATSUKAWA, R. (1994) Detection of

j butyltin compound residues in the blubber of marine mammals. Mar. Poll. Bull. 28 (10),

607-612.

singh_al
Pencil

singh_al
Pencil

singh_al
Pencil

singh_al
Pencil



1

173

1WATA, H., TANABE, S., MIZUNO, T. and TATSUKAWA, R. (1995) High

accumulation of toxic butyltins in marine mammals from Japanese coastal waters. Environ,

Set. & Techno!. 29, 2959-2962.

JACKSON, J. A. A., BLAIR, W. R , BRINCKMAN, F. E. and IVERSON, W. P. (1982).

Gas-chromatographic speciation of methylstannanes in the Chesapeake Bay using purge

and trap sampling with a tin-selective detector. Environ. Sci. & Technol. 16, 110-119.

KANANO, A., BABA, T., MIZUKAMt, Y., ARIZONO, K. and ARIYOSHI, T. (1996)

Acute effect of organotin compounds to red sea bream and red carp using biofogical

parameters. Bull. Environ. Contam. Toxicol. 56, 774-781.

KANNAN, K,, TANABE, S. and TATSUKAWA, R. (1995) Occurrence of butyltin

residues in certain foodstuffs. Bull. Environ. Contam. Toxicol. 55,510-516.

KENIS, P. and ZIRINO, A. (1983) Quantitative measurement of tributyltin oxide in

seawater by differential pulse anodic stripping voltammetry. Anal. Chim. Ada. 149, 157-

166.

KING, C. J. (1971) Freeze drying of foods, CRC Press.

singh_al
Pencil

singh_al
Pencil

singh_al
Pencil



174

KING, N., MILLER, M. & de MORA, S. J. (1989) Tributyltin levels for seawater,

sediment and selected marine species in coastal Northland and Auckland, New Zealand. N.
l

\ I J. Mar. & Fr. Res.. 23, 287-294.

KO, M. M. C , BRADLEY, G. C , NELLER, A. H. and BROOM, M. J. (1995)

Tributyltin contamination of marine sediments of Hong Kong. Mar. Poll. Bull 31 (4-12),

249-253.

s KRAMER KEES, J. M. (1994) What about quality assurance before the laboratory

analysis? Mar. Poll. Bull. 29 (4-5), 222-227.

KRONE, C. A., BROWN, D. W., BURROWS, D. G., BOGAR, R. G., CHAN, S-L. and

VARANASI, U. (1989) A method of analysis of butyltin species and measurement of

butyltins in sediment and English sole livers from Puget Sound. Mar. Environ. Res. 27, 1-

18.

KRONE, C. A., CHAN, S. L. and VARANASI, U. (1991) Butyltins in sediments and

benthic fish tissues from the East, Gulf and Pacific Coasts of the United States. In

Proceedings of the Ocean Technologies and Opportunities in the Pacific for the 90's

Symposium of the Oceans '91 Conference; Oceanic Engineering Society of IEEE:

Honolulu, Hawaii, pp 1054-1059.

singh_al
Pencil

singh_al
Pencil

singh_al
Pencil

singh_al
Pencil



175

KRONE, F. (1995) Butyltin sediment extraction procedure. Unpublished report.

• KRUIX, I. S., PANARO, K. W., NOONAN, J. and ERICKSON, D. (1989) The

\ (Jetermination of organotins in fish and shellfish via direct current plasma emission

speotroscopy. Appl. Organomet. Chem 3,295-308.

KUBILAY, N-, YEMENICIOGLU, S., TUGRUL, S. and SALIHOGLU, I. (1996) The

distribution of organotin compounds in the north-eastern Mediterranean. Mar. Poll. Bull.

32 (2), 238-240.

LAUGHLIN, B. JR. and LINDEN, O. (1987) Tributyltin - Contemporary environmental

| issues. Ambio 16 (5), 254-256.

LAUGHLIN, R. B (JR).( GUARD, H. E. & COLEMAN, W. M. (1986) Tributyltin in

seawater: Speciation and octanol-water partition coefficient. Environ. Sci. & Techno!. 20,

201-204.

LAUGHLIN, R. B., JOHANNESEN, R. B., FRENCH, W., GUARD, H. &

BRINCKMAN, F. E. (1985) Structure-activity for organotin compounds. Environ.

Toxicol. & Chem. 4, 343-351.

singh_al
Pencil

singh_al
Pencil



176

]

j LEE, R. F., VALKIRS, A. O. and SELIGMAN, P. F. (1989) Importance of microalgae in
]

Kodegradation of tributyltin in estuarine waters. Environ. Sci. Technol. 23, 1515-1518.

I
j LOBINSKI, R.; DIRKX, W. M. R., CEULEMANS, M. and ADAMS, F. C. (1992)

J Optimization of comprehensive speciation of organotin compounds in environmental

samples by capillary gas chromatography helium microwave-induced plasma emission

spectrometry. Anal. Chem. 64, 159-165.

I

i

j MAGUIRE, R. J. (1984) Butyltin compounds and inorganic tin in sediments in Ontario.

Environ. Sci. Technol.,18, 291-294.
I
»i
•s

i
I MAGUIRE, R. J. (1987) Review: Environmental aspects of tributyltin. Appl Organomet.

Chem. 1, 475-498.

MAGUIRE, R. J. and TKACZ, R. J. (1985) Degradation of the tri-n-butyltin species in

water and sediment fiom Toronto Harbour. J. Agric. Food Chem. 33, 953-957.

MAGUIRE, R. J., CAREY, J. H. and HALE, E. J. (1983) Degradation of the tri-n-

1 butyltin species in water. J. Agric. Food Chem. 31 (5), 1060-1065.

MAGUIRE, R. J., LONG, G., MEEK, M. E. and SAVARD, S. (1993) Canadian

Environmental Protection Act. Priority substances list assessment report-non-pesticidal

singh_al
Pencil

singh_al
Pencil

singh_al
Pencil

singh_al
Pencil



177

oiganotin compounds. Department of the Environment, Commercial Chemicals

Evaluation Branch, Ottawa, Ontario, KIA0H3, 32 p.

MAGUIRE, R. J., TKACZ, R. J., CHAU, Y. K., BENGERT, G. A. & WONG, P. T. S.

(1986) Occurrence of organotin compounds in water and sediment in Canada.

Chemosphere 15 (3) 253-274.

MAGUIRE, Y. K., CHAU, Y. K. and THOMPSON, J. A. J. (1996) In: Proceedings of

the workshop on organotin compounds in the Canadian aquatic environment, Sidney,

British Columbia. February 19-20,1996. NWRI Contribution No. 96-153.

MARTIN, F. M., TSENG, C , BELIN, C, QUEVAUVILLER, P. and DONARD, 0. F.

X. (1994). Interferences generated by organic and inorganic compounds during organotin

speciation using hydride generation coupled with cryogenic trapping gas chromatography

separation and detection by atomic absorption spectrometry. Anal. Chim. Ada. 286,343-

! 355.

MATTHIAS, C. L. and BELLAMA, J. M. (1986). Comprehensive method for

determination of aquatic butyltin and butylmethyltin species at ultratrace levels using

simultaneous hydridisation/extraction with gas chromatography-flame photometric

detection. Environ. Sci. & Technol. 20 (6), 609-615.

singh_al
Pencil

singh_al
Pencil

singh_al
Pencil

singh_al
Pencil

singh_al
Pencil



178

.\1EADOR, J. P., KRONE, C. A., DYER, D. W. and VARANISI, U. (1997) Toxicity of

sediment-associated tributyitin to infaunal invertebrates: species comparison and the role

of organic carbon. Mar. Environ. Res. 43 (3), 219-241.

, MEE, L. D. and FOWLER, S. W. (1991) Special Issue on Tributyitin. Mar. Environ. Res.

\ U, 1-292.

MENSINK, B. P., ten HaUers-Tjabbes, C. C , KRALT, J., FRERIKS, I. L. and BOON, J.

• P. (1996) Assessment of Imposex in the Common Whelk, Buccinum undatum (L.) from

': lie Eastern Scheldt, The Netherlands. Mar. Environ. Res. 41 (4), 315-325.

i

N3CHEL, P. (1987) Automatization of a hydride generation/A.A. S system - An

improvement for organotin analysis. In: Proceedings of the International Organotin

Symposium of the Oceans '87 Conference; Marine Technology Society: September 28-

i October 1, 1987. Halifax, Nova Scotia, Canada, pp 1340-1343.

i

i

MICHEL, P. and AVERTY, B. (1991) Tributyitin analysis in seawater by gas

, chromatography-flame photometric detection after direct aqueous-phase ethylation using

: sodium tetraethylborate. Appl. Organomet. Chem. 5, 393-397.

|
j
| HINCHIN, D., DUGGAN, C. B. and KING, W. (1987) Possible effects of organotins on
i

' scallop recruitment. Mar. Poll. Bull, 18, 604-608.

singh_al
Pencil

singh_al
Pencil

singh_al
Pencil

singh_al
Pencil

singh_al
Pencil

singh_al
Pencil

singh_al
Pencil



179

StlNCHTN, D., STROBEN, E., OEHLMANN, I , BAUER, B., DUGGAN, C. B. and

KEATING, M. (1996) Biological indicators used to map organotin contamination in Cork

Harbour, Ireland. Mar. Poll. Bull. 32 (2), 188-195.

•' MULLER, M. D. (1987) Comprehensive trace level determination of organotin

compounds in environmental samples using high-resolution gas chromatography with

flame photometric detection. Anal. Chem. 59, 617-623,

. NAGASE, M. and HASEBE, K. (1993) Determination of tributyltin and triphenyltin

I compounds in fish by gas chromatography with flame photometric detection. Anal Sci. 9,

[ M 7-522.

NEWS SECTION (1994) TBT on the way out. Mar. Poll. Bull. 28 (9), 519.

O'CONNOR, P. T, (1996) Trends in Chemical Concentrations in Mussels and Oysters

Collected Along the US Coast from 1986 to 1993. Mar. Environ. Res. 41 (2), 183-200.

OLSON, G. and BRICKMAN, F. E. (1986) Biodegradation of tributyltin by Chesapeake

bay microorganisms. In: Proceedings of the Organotin Symposium, Oceans '86

Conference, Washington, DC, USA, 23-25 September, 1986, New York, The Institute of

Electrical and Electronics Engineers, Inc., Vol. 4., pp 1196-1201.

singh_al
Pencil



180

PATAI, S. (ed.) (1995) The Chemistry of organic germanium, tin and lead compounds,

John Wiley & Sons, An Interscience Publication

QUEVAUVILLER, P. and DONARD, 0. F. X. (1990) Variability of butyltin

determination in water and sediments from European coastal environments. Appl Organo.

Chem. 4, 335-367.

QUEVAUVILLER, P., ETCHEBER, H., RAOUX, C. and DONARD, 0.(1991) Grain-

size partitioning of butyltins in estuarine and coastal sediments. Oceanologia Acta sp (11),

247-255.

RANDALL, L. and WEBER, J. H. (1986) Adsorptive behaviour of butyltin compounds

under simulated estuarine conditions. Sci. Tot. Environ. 57,191-203.

RITSEMA, R., MARTIN, F. M. and QUEVAUVILLER, PH. (1995). Hydride generation;

for speciation analyses using gas chromatography and atomic absorption spectroscopy.

Quality Assurance for Environmental Analysis. Elsevier Science. B. V., 489-5G3.

SALAZAR, S. M., DAVIDSON, B. M., SALAZAR, M. H., STANG, P. M. and;

MEYERS-SCHULTE, K. J. (1987) Effects ofTBT on marine organism: Field assessment1

of a new site-specific bioassay system. In: Proceedings of the International Organotin I

Symposium, Oceans '87 Conference, Halifax, Nova Scotia, Canada, September 28-\

singh_al
Pencil



181

October 1, 1987. New York, The Institute of Electrical and Electronics Engineers, Inc.,

Vol. 4. pp 1461-1470.

SARRADIN, P. M., ASTRUC, A., SABRIER, R. and ASTRUC, M. (1994). Survey of

butyltin compounds in ArcachonBay sediments. Mar, Poll Bull. 28 (10), 621-628,

SASAKI, K., ISfflZAKA, T., SUZUKI, T. and SAITO, Y. (1988) Detennination of tri-n-

butyltin and di-n-butyltin compounds in fish by gas chromatography with flame

photometric detection. J. Assoc. Off Anal Chem. 71 (2), 360-363.

SCHWEINFURTH, H. A. and G0NZEL, P. (1987) The tributyltins: Mammalian toxicity

and risk evaluation for humans. In: Proceedings of the International Organotin

Symposium, Oceans '87 Conference, Halifax, Nova Scotia, Canada, September 28-

October 1, 1987. New York, The Institute of Electrical and Electronics Engineers, Inc.,

Vol. 4. pp 1421-431.

SCOTT, B. F., CHAU, Y. K. and RAIS-FIROUZ, A. (1991) Determination of butyltin

species by GC/atomic emission spectroscopy. Appl. Organomet, Chem. 5, 151-157.

SELIGMAN, P. F., VALKIRS, A. O. and LEE, R. F. (1986) Degradation of tributyltin in

marine and estuarine waters. In: Proceedings of the Organotin Symposium, Oceans '86



1

Conference, Washington, DC, USA, 23-25 September, 1986, New York, The Institute

Electrical and Electronics Engineers, Inc., Vol. 4, pp 1189-1195.

SHIZHONG, T., CHAU, Y. K. and LIU, D (1989) Bio degradation of bis(tri-n-butylti

oxide. Appl. Organomet, Chem, 3, 249-255.

STAB, J. A., FRENAY, M., FRERIKS, I, L., BRINKMAN, U. A. T. and KOHNO, \»

P. (1995) Survey of nine organotin compounds in the Netherlands using the zebra mussi

(Dreissenapolymorphia) as biomonitor. Environ. Toxicol. Chem. 14(12), 2023-2032.

STANO, P. M. and SELIGMAN, P. F. (1986) Distribution and fate of tributyltin in th

sediment of San Diego Bay. Inf. Proceedings of the Organotin Symposium, Oceans '8

Conference, Washington, DC, USA, 23-25 September, 1986, New York, the Institute o

Electrical and Electronics Engineers, Inc., Vol. 4. ppl256-1261.

STANG, P. M. and SELIGMAN. P. F. (1987) In situ adsorption and desorption o

butyltin compounds from Pearl Harbour, Hawaii, sediment. In: Proceedings of th

International Organotin Symposium, Oceans '87 Conference, Halifax, Nova Scotia,

Canada, September 28-October J, 1987. New York, The Institute of Electrical anc

Electronics Engineers, Inc., Vol. 4. pp 1386-1391.

singh_al
Pencil

singh_al
Pencil



1!

STANG, P. M., LEE, R. F. and SELIGMAN, P. (1992) Evidence for rapid, nonbiologic

degradation of tributyltin compounds in autoclaved and heat-treated frne-graine

sediments. Environ. Sci. & Technol. 26, 1382-1387.

STEWART, C. (1994) Hydride generation/cold trapping/quartz furnace AAS contraptio

for analysis of organotin compounds. Unpublished report and the references therein.

STEWART, C. and de MORA, S. J. (1990) A review of the degradation of tri(n-butyl) ti

in the marine environment. Environ. Technol. 11, 565-570.

STEWART, C. and de MORA, S. J. (1992) Elevated tri (n-butyl) tin concentrations :

shellfish and sediments from Suva Harbour, Fiji. Appl. Organomet. Chem. 6 507-512.

STEWART, C. and THOMPSON, J. A. J. (1994) Extensive butyltin contamination in Ŝ
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Appendix 1: (3 pages)

Parameters and settings for the HP GC/FPD instrument.
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21 Mar 96 11:02 AM " ' page 3

Method: C:\HPCHEM\1\METHODS\OTIN3 .MTH

Packed Column Information.:

Equation:
Calibration Parameters :

Pres. Plow
(psi) , (ml/min)

"1 . . — — — — —

2
Last pressure c a l i b r a t i o n :

Packed Column Flow S e t t i n g (ml/min) : 0.0

Signa l P lo t Information

Signal At tn . (2") Offset (%) _ Time (Min.)

1 7 10 30
2 0 10 5



Appendix 2: (4 pages)

Data on the number and size of vessels serviced at the Walu Bay slipway as

provided by Shipbuilding Limited.



Shipbuilding Fiji Limited

4 June 1996

The U.S.P
Chemistry Department,
P.O.Box 1168,
Suva.

Attention: Mr. Mqata.

Enclosed please find a list of number of vessels together with their lengths in
meters si ipped on lOOOton; SOOton, 200ton and lOOton si ipways for the period
January 1995 to December 1995.

Thank you for enquiring.

Yours Faithfully,

Martin Ryan
StIFWAY MANAGER

Sannergren Road, Walu Bay, PO Box 16695, Suva, Fiji. Ph (679) 314 699 Fax (679) 303 500
A05I.DOC/1

• • • * : %
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Appendix 3: (2 pages)

Fact sheet from the Institute of Ocean Sciences, B. C , Canada.
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Appendix 14:

Instrumental and Analytical Procedures for X-Ray Diffraction

The sample was ground to a fine powder in a mortar and transferred into the cavity

of an aluminium specimen holder which was then placed in the compartment of the

diffractometer. The sample was then irradiated with X-rays from a Philips PW 1729 X-ray

generator which was linked to a Philips 1840/11 dif&actometer and a Philips PM8071 XYt

strip chart recorder. The diffracted beam of the sediments was initially scanned over a

range of 26 of 0 -120 °. This was later changed to 23 to 52 ".The other parameters were

set as given: speed 0.02, chart 10, slit 0.2, range 2.4 and TC 1.0.

The plots obtained gave the 26 values as degrees. By using the "Tables of

Interplanar spacings for Angle 26 ", the d value is obtained and this is corrected by

multiplying by 0.99798. The 3 d values are obtained for the first 3 most intense peaks. The

calculated d values are then used with the "Inorganic Index to the Powder Diffraction

File" (Berry et ah, (eds), 1972) to find the matching d values from the index. This enables

the identification of minerals or other chemical species present in the sediments.






