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Abstract

The Ministry of Agriculture, Fisheries and Food (MAFF) is a government department
which has responsibility in England and in Wales (acting on behalf of the Secretary of State for
Wales) for controlling deposits in the sea, including approving the use of dispersants in oil spill
response. MAFF also has responsibility in relation to the management of sustainable commercial fish
and shellfish fisheries. Following the grounding of the tanker Sea Empress on 15 February 1996, over
72,000 tonnes of crude oil and bunker fuel was lost. This paper summarises the involvement of
MAFF staff in the response phase, and in the subsequent assessment of the environmental impact of
the oil spill and the associated clean up operations on commercial fisheries. After two and a half
years of environmental monitoring and complementary research, it is concluded that the oil spill has
had an insignificant impact on these fisheries beyond their closure during the incident response
phase. Suggestions for further work are discussed.

1. INTRODUCTION

Following the grounding of the tanker Sea Empress at the entrance to Milford Haven, west
Wales, on 15 February 1996, approximately 72,000 tonnes of Forties crude oil and 480 tonnes of fuel
oil were spilt. This gave rise to an extensive clean-up operation, the closure of fisheries, a monitoring
programme which was conducted in support of the assessments of impact and recovery, and
associated research projects. The overall assessment of environmental impact was made by the Sea
Empress Environmental Evaluation Committee (SEEEC), an independent body to which the results of
all studies flowed, and this has been summarised both in the final report of the committee, and in the
proceedings volume of a scientific conference held in Wales in 1998 [1, 2]. In this paper, we outline
the role played by MAFF and CEFAS at all stages of the incident response and in the subsequent
assessment of the environmental impact of the oil spill.

2. ROLE OF MAFF

The Ministry of Agriculture, Fisheries and Food (MAFF) is a government department
which has responsibility in England and in Wales (acting on behalf of the Secretary of State for
Wales) for controlling deposits in the sea, including the approval of the use of chemical oil
dispersants applied in response to oil spills. In doing so it helps to implement the UK's international
obligations under the global London Convention and the OSPAR Convention for Protecting the
Marine Environment of the North East Atlantic. In order to fulfil these obligations effectively,
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MAFF seeks to understand and assess the potential impact of relevant activities on the marine
environment through its extensive monitoring programme and through the Aquatic Environment
Research and Development commission. This is divided into a series of programmes: which includes-
'Biological effects and impact assessment' and assesses the overall impact of pollutants to establish
whether, individually or in combination, they are having an adverse effect on the environment. Other
organisations (such as the Environment Agency, and the Department of Environment, Transport and
the Regions) also have complementary environmental responsibilities.

3. ROLE OF CEFAS

CEFAS (the Centre for Environment, Fisheries and Aquaculture Science) is a government research
agency and a major research contractor for MAFF. The role of CEFAS in the event of an oil or
chemical incident around England and Wales is to provide advice to MAFF (and, for Wales, to the
Welsh Office) regarding likely effects on commercial fish and shellfish, the conduct of the response
operation, the need for fishery controls in order to protect consumers, and to design and operate any
environmental monitoring programme necessary to underpin such controls.

3.1 Advice relating to the response operation

Chemical oil dispersants are only licensed for use by MAFF following testing for efficacy
and toxicity [3]. Specific MAFF approval must also be obtained each time before dispersants are used
in response to a particular spill. In many cases, dispersant use will not be appropriate, particularly if
the spill is small or of a light oil product. However, in certain circumstances the most effective
response will involve the carefully controlled aerial application of chemical dispersants [3, 5]. As
fresh crude oils weather and emulsify on the sea surface, and so may no longer be amenable to
dispersion after 24h at sea, then aerial dispersant spraying must be undertaken as soon as possible
after release. Most of the oil spilt from the Sea Empress was lost as the tide ebbed and falling water
levels allowed oil to escape from the damaged tanks, so that fresh oil was initially carried to the south
where dispersant applications were made over deeper waters more than 1 km from the coast [4-6]. In
all, 446 tonnes of dispersants were applied to slicks at sea, mostly between 18-22 February 1996.
Consultations took place before each application began, and approval to spray was given by MAFF
following advice from the MAFF District Inspector of Fisheries and CEFAS on fishery resource and
contamination implications, and in liaison with nature conservation organisations such as the
Countryside Council for Wales. As part of this process, "no spray" zones were agreed around the bird
sanctuaries of Lundy, Skokholm and Skomer Islands and along parts of the South Wales coast so as
to protect areas of shallow water, commercial shellfisheries, and environmentally sensitive areas.
Following dispersant treatment, the chemically-dispersed oil mixed rapidly into the upper 10 m of the
water column as fine droplets and was then transported away from the spraying site and rapidly
diluted, due to the dynamic nature of the waters off south-west Wales [5]. The dispersed oil would
subsequently have been biodegraded by bacteria which are naturally present in seawater, particularly
in areas such as Milford Haven and the Bristol Channel which have been subject to low-level inputs
of oil for many years.

3.2. Fishery closure and environmental monitoring programme

Immediately after the grounding, when oil began to be released, local fishermen
implemented a voluntary fishing ban until the extent of the problem could be assessed. Once the
likely spread of the oil and the area within which fish and shellfish were likely to be contaminated
could be predicted with some degree of certainty, controls were implemented under the 1985 Food
and Environment Protection Act (FEPA). The restriction was a precautionary measure, intended to
protect consumers from potential danger from eating contaminated seafood. The limits of the zone
were set on the basis of substantial observational information of the spread of oil from the Sea
Empress, supplemented by the results of computer modelling forecasts of the movement of surface oil
and dispersed oil in the water column, and the information on contamination of local fishery
resources by uptake of hydrocarbons and PAH derived from the CEFAS monitoring programme. The
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closure area implemented under FEPA banned fishing in approximately 2000 km2 of coastal waters
[1,2].

Monitoring of contaminant levels in fish and shellfish began as soon as the scale of the
spill became clear, with the first samples being collected on 19 February. Although water and
sediment samples were also analysed, the main focus of the CEFAS work was the monitoring of the
uptake and loss of hydrocarbons and polycyclic aromatic hydrocarbons (PAH) by fish and shellfish.
This was primarily in support of the FEPA closure order (to inform decisions on the easing of fishery
restrictions), but also provided information which was used in the overall impact assessment [1]. To
this end both commercial and non-commercial species were taken and analysed. The waters around
south-west Wales support a diverse fishery for both fish and shellfish species, with extensive cockle
and mussel beds in some intertidal areas. In the absence of comprehensive pre-spill data on levels of
contamination in local seafood, the monitoring programme was designed to allow estimation of
background levels by reference to areas outside the closure area (and so unaffected by the spill), and
also to cover the majority of commercially exploited species. In all 880 bulked samples of fish and
shellfish have been analysed from within and beyond the boundaries of the closure area, with a
number of sites being sampled repetitively in order to provide "time-trend" information [2]. The
locations of the fishery closure area and of the sites mentioned in the text are shown in Fig 1.
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FIG. 1. The coast of south-west Wales affected by oil spilled from the Sea Empress. The line
indicates the outer boundary of the fisheries closure area designated under the Food and
Environment Protection Act, 1985, and the star symbol marks the grounding site at St. Ann's Head.

The criteria established for the removal of fishery restrictions were similar to those used
earlier following the stranding of the Braer in 1993; that concentrations of hydrocarbons and PAH
should be at background levels, that edible tissues should be free of taint, and that the Department of
Health agreed that current levels posed no risk to consumers. The fishery restrictions were removed
progressively over the 19 months following the spill. Finfish (both marine fish and salmonids) were
only lightly contaminated following the spill, and controls were removed within 3 months.
Restrictions on shellfish were removed over a longer time period, molluscs generally retaining
contamination longer than crustaceans [2, 5]. It had been possible to lift the FEPA ban on the most
important commercial and recreational fisheries within 200 days of the spill, and all fisheries were
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open within two years of the grounding of the Sea Empress. This can be compared with the Amoco
Cadiz and Braer oil spills, where closures for some species and areas were still in place seven years
and over five years after the incident respectively. In the case of the Exxon Valdez, oiling of mussels
persisted for at least four years following the spill due to recontamination by oil trapped in sediments
underlying mussel beds in Prince William Sound [7].

There were no obvious mortalities of adult finfish as a result of the Sea Empress oil spill.
Large numbers of dead or moribund shellfish (mostly bivalve molluscs) were washed ashore in
various locations during the weeks following the oil spill, but none of the major commercial
shellfishery areas were affected [2]. Low concentrations of PAH were observed in tissues of finfish
and Crustacea, generally low molecular weight (2- & 3-ring) compounds absorbed directly from the
water column via the gills. Much higher concentrations of a wider range of PAH (2- to 6-ring
compounds) were found in bivalve molluscs, particularly those close to the grounding site within
Milford Haven (e.g. at Dale and West Angle Bay; respectively more than 100,000 \xg kg'1 wet weight
as the sum of the nineteen individual PAH and groups determined, and 6,800 mg kg"1 as Forties crude
oil, in both cases around 8 days after the initial grounding). These high concentrations resulted from
direct uptake of dispersed oil droplets whilst feeding [2], Given the locations of these animals, these
were probably derived from oil dispersed naturally in the turbulent flows found around the entrance
to Milford Haven. The equivalent background concentrations of summed PAH and oil in mussels
from Dale in June 1997 were 75 ug kg'1 and 19 mg kg'1 respectively. Particularly high concentrations
of the alkylated PAH (such as derivatives of naphthalenes, phenanthrenes and pyrenes) predominant
in crude oil were attained within 1-2 weeks of the grounding, and thereafter concentrations of these
components declined rapidly once the bulk oil had moved eastwards under the influence of winds and
tides. PAH and oil concentrations were elevated in mussels taken throughout the closure area from
Whitesands Bay, St. David's in the north, to Whitford Point in the Burry Inlet to the east, the highest
concentrations of oil (up to 3,300 mg kg"1 ) occurring at Skrinkle Haven, a small beach at which oil
became entrained in sediments below the low water mark. A small elevation in tissue concentrations
was also observed in mussels from Oxwich, to the east of the closure area, indicating that some oil
did pass out of the closure area (probably within the water column, as it was not observed on the
surface). However, the defined closure area did in practice include all the areas where PAH
concentrations were of potential significance in health terms, and did not need to be extended.
Statistical analysis of the PAH data for bivalve molluscs also revealed a seasonal cycle of combustion
PAH concentrations apparently unrelated to the incident, with the highest concentrations being
observed in the early spring and the lowest values occurring in midsummer [2]. This cycling has
continued through 1998 although the maximum values vary both year by year and by location, and
this process must be borne in mind when developing future monitoring programmes and assessing the
potential for effects on human consumers.

4. SUPPORT FOR R&D PROJECTS

The MAFF Chief Scientist's Group (CSG) commissions research in response to policy
needs, and this includes studies of the impact of pollution in the marine environment. As part of the
initial environmental assessment, SEEEC recommended numerous research initiatives and a CSG
representative was invited to join the SEEEC Marine Task Group in August 1996. Following
discussions and agreements with other potential funders, such as the Environment Agency and the
Department of the Environment, all the SEEEC requests were accommodated. For MAFF, six
projects were commissioned, and these were in many cases extended or revised in the light of the
initial findings so as to maximise the information obtained. The commissioned research included
enhancement of the oil spill modelling capability, as well as fishery stock assessment studies and
investigations of sub-cellular impacts on fish and molluscs [2]. Results from the research programme
helped assess the short-term impact of the oil spill on commercial fish stocks and their recovery over
a two year period.

The juveniles of the commercially important fish species the sea bass (Dicentrarchus
labrax) spend much of their early life in very shallow water. During 1996, sampling of bass indicated
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the late arrival of adult fish relative to earlier years, delayed spawning times, and a reduced
abundance of O-group (young of the year) bass in oil-affected areas compared with unaffected areas
nearby. Concern was expressed that this may be a result of exposure to Sea Empress oil, and
sampling continued in 1997 to assess spawning dates, arrival times, distribution, condition and
growth rates of O-group and 1-group (i.e. fish spawned in 1996 and 1997). It was concluded that the
anomalies observed were more likely to have been due to natural phenomena, with a small possibility
that the oil spillage and associated clean-up operations had had some impact on bass eggs and larval
stages [8, 9]. For herring (Clupea harengus) the stock is of minor commercial importance, but the
adults migrate in February and the eggs of this fish are deposited close to the site of the oil spill, and
so these fish were considered to be a good environmental indicator. Studies undertaken in 1997 and
1998 to assess the stock concluded that there was no demonstrable effect from the oil spill. [10, 11].
A study of the new whelk (Buccinum undatum) fishery off South Wales had provided extensive catch
per unit effort (CPUE) data for these molluscs. The limited data available on resumption of the
fishery did not show that there was a significant reduction in CPUE, and by inference therefore no
significant reduction in the population density of the whelks [10].

To complement research undertaken by the Environment Agency, the possible effects of
the spilled oil or of the use of oil dispersants on the olfactory system of salmonids (Salmo salar L.)
was studied. The olfactory system is used during the spawning migration to identify the fishes' home
rivers, and electrophysiological tests conducted in the laboratory on young fish exposed to Sea
Empress oil had shown that a pheromone and an amino acid were significantly reduced or abolished,
suggesting potential homing difficulties for wild fish [12].

Research funded jointly by MAFF and the Department of the Environment (latterly the
Department of the Environment, Transport and the Regions) on the occurrence of DNA-adducts had
demonstrated that some genetic damage had occurred in fish and mussels during 1996, but a
significant recovery was seen in 1997 [2, 13, 14]. It was therefore not clear that the exposure to Sea
Empress oil would result in the eventual generation of tumours in commercial species of fish, as the
damage may have been repaired in the interim period. Further sampling of biota will be undertaken in
1998 and 1999 for analysis of PAH in tissues, in order to assess any longer term impact of the oil
spill.

5. CONCLUSIONS

Interpreting environmental impacts is often difficult because of the natural variability
inherent in biological systems. To overcome this problem would require extensive (and expensive)
long-term monitoring of key species. From the environmental monitoring programme and
complementary research undertaken on behalf of MAFF, we conclude that the Sea Empress oil spill
did not significantly impact commercial fisheries beyond their closure during the incident response
phase. The environmental effects of the Sea Empress oil spill were less severe than could have been
expected on the basis of the quantity of oil spilt and in comparison with other spills of a similar
magnitude. This was at least partly due to the timing of the spill in February 1996, as the activity
level of many species is low at this time of year and feeding is reduced. Many lessons have been
learnt and will be taken forward in readiness for future incidents. Within MAFF, as part of the
continuous improvement in our emergency response capability, improvements in information
technology gathering and transfer should mean that computer models which are used to forecast the
movements of spilled oil and chemicals may in future include biological, chemical and physical
parameters so as to also assist in prediction of the impact of spillages. Generally the modelling should
be targeted on key areas, such as ports with oil refineries and terminals, busy waterways such as the
Dover Strait, and restricted navigational areas off rocky shores where incidents are more likely to
occur. The SEEEC committee has suggested in its report that an Impact Assessment Group (IAG)
should be established when responding to future major spills, to carry out the necessary monitoring
and environmental measurements. The IAG would need to focus on both the short-term needs and
longer-term assessments and to co-operate with the public health authorities, as well as to co-ordinate
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inputs from interested bodies including MAFF, the Environment Agency, and conservation bodies.
The SEEEC committee report also indicates that there have been very few major long-term
environmental effects as a result of the spill [1, 2]. Additional environmental monitoring will be
required in order to derive adequate background data for use in future incidents, and work was
undertaken in 1996/97 by MAFF and CEFAS to determine PAH concentrations in shellfish from
commercial beds around England and Wales (as yet unpublished data). A review of the availability
of baseline environmental data and the adoption and validation of standard sampling and analytical
methods would also be undertaken in preparation for future incident response, and these
arrangements are expected to be formalised within the revised UK National Contingency Plan. This is
currently being updated by the Marine Pollution Control Unit in the light of lessons learned during
the Sea Empress incident.
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