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Introduction and Summary
R. R. Dickson (Chairman)

Ministry of Agriculture, Fisheries and Food
Directorate of Fisheries Research

Fisheries Laboratory

Lowestoft, Suffolk NR33 OHT

(a) 1Introduction

At its meeting in March 1985, the UK Marine Pollution Monitoring
Management Group (MPMMG) agreed that a review should be undertaken of 'the
state of knowledge on the Irish Sea in relation to the impact of pollu-
tion, monitoring information and monitoring needs'. Some other guidelines
were also laid down which supplemented and, in one important way, changed
these terms of reference. The review was not to consider radioactive
pollutants since a separate Monitoring Management group has responsibility
for those. Contributors were to be from the UK only at present but with
the intention of expanding the review into a full international study at
some later stage following review by the ICES Advisory Committee on Marine
Pollution, the Working Group on Shelf Seas Hydrography, the Working Group
on Irish Sea/Bristol Channel Fisheries, and others. The review was to be
structured along the guidelines recommended by Bewers et al. (1982) for
the preparation of regional assessments, which had the effect of broaden-
ing the terms of reference to include not only pollution but past, present
and prospective anthropogenic effects on physical oceanography, pollution
and biology. No specific deadline was laid down but it was suggested that
the first draft should be available in about a year.

Most of these terms of reference have been met in compiling this
‘report. However, there are some differences. In contrast with Bewers
'guidelines' we stressed completeness rather than brevity for its own sake
and leave it to subsequent reviewing groups to recommend deletions as well
as additions. Second it is not, in the usual sense of the word, an
'assessment' but a status report; the difference is of course that the
former implies that adequate knowledge exists to make the assessment
whereas the latter makes no such claim and may merely, for example, iden-—
tify remaining areas of ignorance. The study is not an attempt to sum-—
marise all that we know about the Irish Sea, but to summarise relevant
present knowledge in the three main subject—areas of physical oceano-
graphy, pollution and biology and to identify uncertainties and gaps in
our knowledge. By 'relevant' we mean that a knowledge of one subject area
is important to the understanding of another, in a way that provides some
measure, however qualitative, of the anthropogenic contribution in any one
of these subject areas. Needless to say, if a particular worrysome trend
or fluctuation can be shown to be entirely natural, then that too quanti-
fies the anthropogenic contribution (as zero).

Anthropogenic effects are, therefore, the key reason for the present
study and a summary of our conclusions in each subject area is given
below.

(b) Summary

(i) Physical effects While the physical environment is of great
relevance to the observed distribution of pollutants and biological
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productivity, direct anthropogenic effects on physical oceanography are
understandably slight. The principal potential effect is via the influ-
ence on the density field (and hence on the density-driven circulation) of
the various coastal barrage schemes that have been mooted in the past,
since these could significantly lower the freshwater input at the coast.
None of these schemes is proceeding at the present time and even if they
were, it is unlikely that all would go ahead together.

(ii) Biological effects Under the 'general biology' heading the
anthropogenic effects may be summarised as follows. For general phyto-
plankton and zooplankton we have no reason to suppose that the observed
fluctuations and trends are anything but natural. For what are currently
described as 'abnormal plankton blooms' anthropogenic influences have been
claimed from time to time, but we describe these claims as unconfirmed or
speculative at present. When we consider the benthos, anthropogenic
effects become both obvious and significant but are of restricted
distribution, close to urbanised estuaries, dredging and dumping grounds;
more widespread changes in the benthos have of course been noticed, and
although regional variations may include an anthropogenic contribution
(directly, through intensive fishing activity at certain locations and
times for example, or indirectly through the changes in the level of pre-
dation on benthos due to fishing activity) there is no evidence that the
observed variations are due to anything other than natural changes in the
environment. As in other areas of the shelf the Irish Sea has sustained
its share of significant, demonstrable and widespread anthropogenic
effects on fish stocks through commercial fishing. It can be shown that
although all the major demersal fish are being exploited at levels of
fishing mortality greater than is needed to take the maximum yield per
recruit, there is no compelling evidence that total yields have diminished
as a result of heavy fishing. Due to their low fecundity, high age at
first maturity and large size at hatching, skates and rays serve as a
sensitive indicator of overfishing; though the common skate has been
fished to 1local extinction in the Irish Sea, the ray species have,
encouragingly, maintained a high, steady catch rate. Fish disease preva-
lence is often held to be an indicator of environmental stress. In multi-
aim cruises up to 1985 the prevalence of disease appeared to be no higher
in the Irish Sea than in the North Sea, but these opportunistic cruises
were not sufficiently standardised to comment usefully on trend. The
first dedicated fish disease cruise in the area in 1986 did deploy a suf-
ficiently focussed observing effort to resolve the prevalence of a limited
range of epidermal diseases in a limited range of species unambiguously.
However, even if and when a series of such cruises have been mounted, it
will be extremely difficult to distinguish natural temporal and spacial
changes from the percentage incidence that may be due to pollution. The
anthropogenic contribution to fish disease in the Irish Sea is therefore
best described as unknown at present and may be unknowable. The few
available analyses of seal carcasses (found dead) suggest that the Irish
Sea seal populations are accumulating heavy metals and other persistent
contaminants but not at councentrations likely to cause death. Seal culls
do not take place. Finally, the text describes a range of potential or
actual anthropogenic effects suffered by various components of the bird
population at various places and times, ranging from fatalities attributed
to lead pollution, eggshell thinning possibly due to PCB's, mass mortali-
ties of auks due to oil spills, botulism attributed to refuse-feeding, and
the potential restriction of habitat if any of the barrage schemes go
ahead. Though many of these incidents have been both dramatic and alarm—
ing, they have so far presented a temporary rather than a permanent threat
to the affected bird populations.




(iii) Chemical contamination and inputs While anthropogenic effects
and influences of various kinds have been identified in (i) and (ii)
above, they have, by and large, been of relatively minor importance or if
more serious, their effects have been either localised and/or temporary.
Section B describes a further range of anthropogenic effects in listing a
wide range of pollutant inputs to the Irish Sea. Accepting that any sea
area has an assimilative capacity for almost any potentially harmful sub-
stance, many of these inputs are more properly described as contaminants
rather than pollutants and fall into much the same non-serious/localised/
temporary category as others listed above.

However, Section B also includes the case of Liverpool Bay where the
effects of contaminant inputs are anything but localised and temporary.
There are two grounds for concern there: first the general concern that
multiple-loading by individually - ‘'harmless' contaminants may still
result in the type of environment that we rather vaguely describe as
'under stress'. Second, and more particularly, Liverpool Bay does support
concentrations of mercury in fish which are close to the Environmental
Quality Standard laid down under EEC Directive 82/176/EEC which states
that '"the concentration of mercury in a representative sample of fish
flesh chosen as an indicator must not exceed 0.3 mg kg'l wet flesh'.

The various components of 'the mercury problem' are as follows.

¢ First, this Greater Liverpool Bay area is a relatively shallow,
relatively non—-dispersive 'backwater' of the Irish Sea, the area
with the longest flushing time, floored in places by muddy
sediments with a high adsorptive capacity for contaminants and with
an estuarine (coastward) deep mean circulation tending to return
dumped material to its source rather than export it out of the
region.

® At the coast the most heavily urbanised and industrialised sector
of the Irish Sea coastline contributes mercury through industrial
and sewage discharges to the estuary (where they adsorb onto
sediments), through river discharge and dumping of dredge spoil
(which, transfers these sediments to the Bay), and through direct
offshore dumping of sewage sludge, which short-circuits the
river—route.

® Since these industrial and urban practices have been in operation
for decades, the 'flywheel' effect of the accumulated mercury
'reservoir' in sediments of the Bay must represent a further source
of exposure to fish that would persist even if the present coastal
inputs were stopped completely.

® The spin-down time for this flywheel effect is unknown, though
major reductions in all controllable mercury inputs to the Bay
since the early 1970's have been accompanied by a reduction in the
mercury body-burdens of fish. So over this period the reservoir
has coantributed to, but does not appear to have dominated, mercury
uptake.

® The reduction of Hg in fish flesh from the vicinity of the dumpsite
follows the decline in the totality of Hg inputs to Liverpool Bay.
Mercury body-burdens are, therefore, assumed to reflect exposure
from the totality of inputs to the Bay plus the reservoir effect of
Bay sediments. However, we do not know how the observed fish body
burdens are partitioned in terms of the various sources and if we
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reduce a particular input or source we do not know how much of the
problem we are dealing with.

® To some extent this is academic since (a) mercury body-burdens are
close to the EQS and (b) there is 1limited scope for further
reductions in inputs in the short term if port and industrial
facilities are to be maintained. 1In such a situation you reduce
where you can.

® Successive stepwise reduction of 0.8, 1.4 and ultimately 4.2 kg a-1
in the long—term (10 years) outlook period are both possible and
desirable to increase the margin of safety between the levels in
fish and the EQS 1limit, and even if reductions in inputs are
maximised the reservoir already present will ensure that the
decline of Hg levels in fish will be slow.

® If in fact industrial or urban expansion prevents the achievement
of maximal reductions in inputs, some relocation of part of these
inputs may be necessary to a site which lies outside the present
contaminated zone, whose own characteristics would neither permit
the physical or biological transfer of mercury back to Liverpool
Bay nor permit mercury levels to approach the EQS at the second
site itself.

® In this context it is instructive to note that the 'present
contaminated zone', as defined by the most important single
criterion (mercury 1levels in fish), is not restricted to the
vicinity of the dumpsites but occupies the whole of the area south
and east of the Isle of Man, presumably because the fish affected
range freely over this area, though concentrations decrease some-
what towards the north.

This summary has emphasised the Liverpool Bay mercury problem simply
because - within our restricted terms of reference — it is arguably the
most important single problem in the Irish Sea under any of the three
subject areas considered here. Evidence for the secondary concern that
Liverpool Bay is showing more general signs of environmental stress is of
course much less tangible and the conclusion itself much more subjective.
The point worth making here is that any measure of what constitutes
'environmental stress' should include consideration of radioactive as well
as non-radioactive contaminants. While the reasons for our present, more
restricted, brief are understood and accepted by the group, it neverthe-
less recommends that due consideration be given to organising this comple-
mentary study.



SECTION A. PHYSICAL OCEANOGRAPHY

R. R. Dicksonl, J. A. Durancel, M. J. Howarth? and E. Hil13

1. Ministry of Agriculture, Fisheries and Food
Directorate of Fisheries Research, Fisheries Laboratory,
Lowestoft, Suffolk NR33 OHT

2. Institute of Ocanographic Sciences, Bidston,
Birkenhead, Cheshire L43 7RA

3. University College of North Wales
School of Biological Sciences
Menai Bridge, Anglesey, Gwynedd LL59 5EH
North Wales

1. General description
1.1 Volume and bathymetry

For the purpose of the present study, the term 'Irish Sea' is taken
to mean the semi—-enclosed sea area bounded by latitudes 52° and 55°N or
from St Davids Head to the Mull of Galloway (Figure 1). West of ~ 4.5°W
this sea area forms a deep channel 300 km in length and 30-50 km in width,
with a minimum depth of 80 m and a maximum of > 275 m at Beauforts Dyke in
the North Channel (Figure 1). The deep trough of the western Irish Sea is
open—ended, connected to the Celtic Sea via St George's Channel in the
South and the Malin Shelf via the North Channel in the north; it receives
Atlantic water influences and inputs through both entrances. To the east,
the deep channel is fringed by two relatively shallow embayments of depth
< 50 m - Cardigan Bay in the south and the Eastern Irish Sea in the north.
The width of the Irish Sea varies between 75 and 200 km but decreases to
30 km in the North Channel. The total volume of the Irish Sea, thus
defined, is 2 430 km3 equivalent to only 6% of the volume of the North
Sea; 807 of this volume lies west of the Isle of Man.

1.2 1Inputs aund outputs

'Oceanic' inflow to the Irish Sea via St George's Channel is variable
in time; our first estimate of this is due to Bowden (1950) who deduced a
net northward transport of 2.2 km?® d7! from the salinity distribution in
the western Irish Sea (Figure 2).

We have a wider range of estimates of net outflow via the North
Channel. Based on Bowden and Hughes' 1961 study, telephone—cable esti-
mates for the period 1970-81 suggest that the net flow through the North
Channel was as often inward as outward. More modern estimates are based
on analyses of Cs distributions and their changes with time. Jefferies,
Steele and Preston (1982) deduce a net northward flux of 2.7 km3 d7! from
November, 1974-January 1976 but rising thereafter 3-fold to the
~ 8 km3 d~! in 1977-78, which is similar to the 7.8 km? 47! suggested by
McKay and Baxter (1985) for the period 1978-81.

While these Cs—based estimates and the broadscale distribution of Cs
to the west of the British Isles give confidence that the long-term net
transport through the North Channel is unambiguously 'outward', they can-
not provide information on the separate outward and inward components of
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flow which exist side by side within the North Channel. Craig (1959)
suggests 5 km? d-! outward compared with 0.5 km® d-! inward along the
Irish coast, but the first actual measurements were those by MAFF in

1984-85, The successive 1ll- and 6-mooring deployments over 45 days in
March—June 1985 (Flgure 3) provided flgures of 'out' = 10.3 km3 d71; 'in'
= 3.0 km3 d_l; 'net outward' = 7.3 km3 d~!. While these are in good

agreement with the Cs—based estimates quoted above, it must be stressed
that these are relatively short-term measurements and that a 99-day
single-mooring deployment in July-November 1984 showed a predominantly
southward flow through the deep Beaufort Dyke in the east-central part of
the Channel suggesting a large—amplitude, short—term variability in
addition to the long—term inter—annual variability described above.

In the absence of sufficient long-term measurements, it is tenta-
tively concluded that the net transport through the North Channel is of
the order of 2-8 km® d~! in the long—term mean but that much of the
throughput may occur in short—-periodic bursts of outflow peaking
especially during winter; i.e. a variable outflow through the deep east
side of the Channel 1is partially balanced by a more steady and
directionally very stable (but lesser) inflow along the Irish Coast.

In the modelling of residence time to be described below the values
for the northward water flux through the Irish Sea are assumed to be 3.0
km3 d~1 pre~1976 and 6.6 km® d”! post-1976.

For an estimate of coastal freshwater input, Bowden (1955) suggests a
total river discharge of 6.2 km3 yr_l and 24.9 km? yr"l along the western
and eastern margins of the Irish Sea respectively, coupled with a direct
addition (precipitation mlnus evaporation) of 10.6 km3 yr -1 to give a net
freshwater input of 41.7 km3 yr 1, Since the main river discharges are
grouped along the English coast (Dee, Mersey, Ribble and Solway Firth) the
lowest salinities (~ 32-32.5%/00) are found along the eastern Irish Sea
(Figure 2). More recent values of annual discharge for the main river
inputs are provided in ICES Cooperative Research Report No. 77 (Anon.,
1978) for each sector of the Irish Sea coastline and are annotated in
Figure 2. These more recent estimates are in broad agreement with
Bowden's (1955) figures but suggest a smaller relative influx along the
English and Welsh coasts and a larger relative influx along the Irish
coast. As a result, the ratio of English and Welsh to Irish inputs falls
from 4:1 (Bowden) to 2:1. [Table 12 contains the most recent discharge
figures available but for only a part of the coastline (England and
Wales). While these figures differ in detail from those listed in the
ICES report, the total England and Wales discharge differs by only about
2% from that quoted by ICES, (Anon., 1978) so that the above statement
remains valid].

1.3 Sediments

No consistent representation of surficial sediment—type is yet avail-
able for the whole area covered by this study. However the Institute of
Geological Sciences (IGS), Continental Shelf Division, Keyworth,
Nottingham have kindly provided published maps for three areas of the
Irish Sea, an unpublished draft of a fourth area and the raw survey data
for the fifth. 1In Figure 4, this detailed information has been simplified
into 6 broader categories of sediment-type to provide a preliminary
description of the whole area under review. These categories comprise the
three end-members mud, sand, and gravel plus 'muddy' (sM, (g)M, (g)sM and
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