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FOREWORD

This is the fifth report of the Group Co-ordinating Sea Disposal Monitoring (GCSDM), a sub-group of the Marine
Pollution Monitoring Management Group (MPMMG).

The Group was established in 1987 to co-ordinate UK effort and resources applied to monitoring the impact of
sewage-sludge disposal at sea.

It directly addressed the problems of inconsistent and unco-ordinated monitoring by laying down a set of environ-
mental quality objectives (EQOSs) together with a set of descriptive environmental quality standards (EQSs) by
which fulfilment of these objectives could be judged. Detailed guidelines and procedures for certain types of
monitoring were also provided. Work continued with the EQOs and EQSs being further developed and numerical
values set which take into account the different characteristics of disposal sites.

The Group has produced reports on an annual basis, detailing its progress and that of its Specialised Task Teams.
Each report also contains a review of monitoring carried out in the previous year and assesses the extent to which
the methods used complied with the GCSDM guidelines. It also assesses the extent to which the results show that
the defined EQOs and EQSs are being met.

In 1991, the MPMMG extended the remit of the Group to cover other sea disposal operations such as dredged
material disposal. The Group has found that the similarities between dredged material disposal and sewage sludge
disposal mean that, with some amendments, the objectives previously identified for sewage sludge should be
equally applicable to dredged material. EQOs and EQSs for dredged material disposal have been proposed on this
basis.

P. W. Greig-Smith
Deputy Director
(Aquatic Environment Protection)
Directorate of Fisheries Research
Ministry of Agriculture, Fisheries and Food






EXECUTIVE SUMMARY

In this fifth report, the Group Co-ordinating Sea Disposal Monitoring (GCSDM) details the activities of its Task
Teams, continues its evaluation of the monitoring of sewage-sludge disposal sites by the assessment of the results
from programmes undertaken in 1991 and summarises monitoring activities carried out during 1992.

In June 1992, the GCSDM established a new Task Team to aid the Department of the Environment (DoE) in the
implementation of the Urban Waste Water Treatment Directive. The Team was charged with defining comprehen-
sive studies to predict ‘no adverse effects’ in support of proposals for less sensitive areas under the new Directive.
Preliminary studies have been proposed for Coastal Waters.

In view of the similarities between the disposal of dredged material and the disposal of sewage sludge, the Group
has proposed EQOs and EQSs for dredged material based on those previously defined for sewage sludge. The
GCSDM will continue to develop the standards with a view to the inclusion of relevant parameters and recom-
mending appropriate numerical limits.

Work was completed in 1992 on the development of a biotic index which could be applied to marine situations.
Proposed by the GCSDM, the work was undertaken jointly with financial support from the Scotland and Northern
Ireland Forum for Environmental Research (SNIFFER) and the National Rivers Authority (NRA). The results
clearly show that there is scope for classifying areas of seabed in terms of the pollution status of the benthic
communities, based on the Infaunal Trophic Index (ITl) values. It is recommended that the ITI is applied along-
side existing measures of pollution stress to allow further development of the index.

Work has continued on the setting of EQSs for organic components at sewage-sludge disposal sites. Participation
in analytical inter-comparison exercises is essential in order to demonstrate adequate quality control by which
suitable EQSs can be set. Continued reluctance of licensees to participate in these exercises is of increasing
concern and steps must be taken to rectify this situation.

At sewage-sludge disposal sites, no evidence of significant accumulation of sludge contaminants was found at any
of the dispersive sites sampled. At Garroch Head, the only accumulating site in the UK, effects of organic enrich-
ment were again confirmed.

GCSDM considers that large detrital material of sewage origin should not be found to occur in the area of disposal.
The occurrence of litter should therefore, be assessed at all sites using appropriately selected gear.

Fish disease and population studies should be conducted according to International Council for the Exploration of
the Sea (ICES)/GCSDM recommendations, using adequate sized fish samples. The use of fish as a means of
indicating faecal contamination of a disposal site is not effective and in future studies, the GCSDM recommends
that sediments should be used in preference to fish gut contents.

More attention should be given to the recording and reporting of physical indicators of sewage contamination,
especially tomato pips, within sediments.

For compliance testing against proposed EQSs for benthos, sampling procedures are not always adequate, and
modifications (notably increased replication at ‘representative’ stations) will be required at certain sites in order to
facilitate comparisons between stations or station groups near to and distant from contaminant sources.

Long time-series of contaminant data provide a firm basis for assessing year-on-year fluctuations in context and
every effort should be made to continue to collect time-series data.

A multiple method approach to assessing the impact of sewage sludge disposal is desirable as this gives a clearer
picture of the extent of contamination.

The technique of normalisation of metals in sediments shows considerable promise but the question of sensitivity
needs to be addressed.
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1. INTRODUCTION (if) to develop detailed guidelines for monitoring

using microbiological determinands, biological
effects techniques, sediments, biota and water;

Following a review in 1985 of monitoring as it was then q
an

conducted at the various sewage-sludge disposal sites
around the UK (Figure 1), the Marine Pollution Moni-
toring Management Group (MPMMG) concluded that
proper goals for the monitoring needed to be specified
and that standards were required against which it woul

be possible to assess whether or not detectable effects-r?‘e GCSDM has since published four reports — in the
tumn of 1989 (MAFF, 1989), the spring of 1991

occurred and whether they were acceptable. In order X

achieve this task and to co-ordinate monitoring as far 84AFF: 1991(a)), the spring of 1992 (MAFF, 1991(b)),
practicable, it was agreed that a Co-ordinating Group 2nd the autumn of 1992, (MAFF, 1992(a)).
on Monitoring of Sewage-Sludge Disposal Sites

(CGMSD) should be established. (In 1992, following gl he first rep_ort Ia_id d'own a set of common gnviron-
change in its remit to cover other disposal activities inmental quality objectives (EQOs) and described a set of

the marine environment, the Group was renamed anden\(ironmental quallity ;tandards (EQ.SS) by which the
its new title is the Group Co-ordinating Sea Disposal fuIﬁIment of.the. objectives (.:OUId be judged (Annex 1.
Monitoring (GCSDM)). Following discussions with theDetalled guidelines were laid down for certain types of

then Water Authorities Association and others, the monitoring, particularly for those parameters for which
GCSDM met for the first time on 3 September 1987 the method used determines the results such as Eh and

with the following terms of reference: organic carbon. Guidance was also provided on the
procedures to be followed for certain types of biological
(i) to continue to evaluate sewage-sludge monitor Monitoring (benthos and prevalence of fish disease)
ing programmes, and advise on their develop and for metals in sediments. A brief outline was also
ment and co-ordination, to make best use of  provided of the monitoring being carried out at sew-
available resources, expertise and techniques age-sludge disposal sites in 1988.
where appropriate, recommendations should be
made for the termination of ineffective pro- The second and third reports described the progress
grammes, being made with the actual definition of EQSs and
gave further detailed guidance on the methods to be
used in monitoring compliance with these standards.
The reports also contained a detailed review of the
(iii) to verify methods, develop standard protocols Monitoring conducted in the preceding year, 1989 —
and intercalibrate analyses used in monitoring Peing the first full year for which the GCSDM recom-
programmes; mendations on methods and objectives were available.
A brief outline was also provided of the monitoring
(iv) to formulate environmental quality standards conducted at sewage-sludge disposal sites in the
(EQSs) against which monitoring programmes reporting year.
could be designed and results assessed;

(iii) to produce a report on monitoring conducted in
1987 and 1988.

(i) to identify and report upon those areas where
research is necessary in support of monitoring;

) L .. The fourth report detailed the progress achieved in the
(v) to advise on responses to technical issues ar'S'%szelopment of standards for assessing change in the
g'; \t/Cae Sgssloata 23 aL(og:jeoar: gﬁgﬁrlt'ggﬁigggrﬁpos enthos, and the significance of levels of metals and
1972(a)(b)): '’ organics in the environment particularly in the
sediments at sewage-sludge disposal sites. As with the
(vi) to encourage the production of regular reports WO previous reports, a review of the results of work
on the progress and results of monitoring by conducted in 1990 was included together with an
those responsible for the conduct of the pro-  outline of the monitoring conducted in 1991.
grammes; and

Throughout 1992, the GCSDM continued to pursue the

(vii) to produce an annual review of monitoring goals originally assigned to it and also to establish new
carried out at all sites, which would be made  ogjs in the areas of dredged material disposal sites
widely available. and Urban Waste Water Management. This, the fifth

report, details the progress on all three of these fronts
and, following the format of previous reports, reviews
the results of monitoring work at sewage-sludge

(i) to define environmental quality objectives disposal sites during 1991 and outlines the monitoring

(EQOs) to be met at sewage-sludge disposal Work carried out in 1992.

sites and the development of standards by which . o
the meeting of those objectives could be veri- A list of the members of the GCSDM in 1992 is given

fied: at Annex 2.

Arising from these terms of reference the GCSDM set
itself the following aims:



2. TASKSUNDERTAKEN BY A marine water body or area can be identified as a less
sensitive area if the discharge of waste water does not
THE GCSDM IN 1992 adversely affect the environment as a result of morphol-
ogy, hydrology or specific hydraulic conditions which
exist in the area. This will include open bays, estuarine
uand other coastal waters with good water exchange and
Rhich are not subject to eutrophication or oxygen

2.1 Mode of operation

From the start, the GCSDM was intended to be a gro
which advises MPMMG on policy and demonstrates : . . "
depletion. Discharges in less sensitive areas may be

through its reports the extent to which its advice is . . . )

. . subject to less stringent treatment provided the dis-

implemented, both by the licensees and by the regula- ; :
: 7 charge receives at least primary treatment and that

tory agencies (for England and Wales, Ministry of

Agriculture, Fisheries and Food (MAFF): for SCOtIand,comprehenswe studies indicate that the discharge will

Scottish Office Agriculture and Fisheries Department not adversely affect the environment.

(SOAFD); and for Northern Ireland, Department of the

Environment (Northern Ireland) (DoE(NI)). That It is therefore necessary to establish the nature of the
being so, the main group has a restricted membershippomprehensive studies required to demonstrate that
and meets only two or three times a year. Much of thecoastal (and estuarine) areas qualify for consideration

detailed work is therefore undertaken by specialist TagkS 1€SS sensitive areas. It was for this reason that
Teams. This allows input by a wide range of organisa®CSDM was authorised to convene a Task Team on

tions with relevant expertise, including several not ~ Comprehensive Studies which was duly established in

directly associated with monitoring of disposal sites. June 1992 and met on two occasions during 1992.

By this means every effort is taken to ensure the work

undertaken is kept outward looking. The three Task As a result of its discussions throughout the year on

Teams established in previous years remained active dredged material disposal sites, the Metals Task Team

during 1992: a Metals Task Team (Sub-Section 3.1); recommended to the GCSDM that a Task Team on

an Organics Task Team (Sub-Section 3.2); and a biotesting of sediments at dredged material disposal

Biology Task Team (Sub-Section 3.3). sites be formed to carry out a study of methods, particu-
larly taking into account those currently used in pre-

Two new Task Teams were established in 1992, one agcence tests. The GCSDM duly accepted the recom-

a result of direct authorisation by the GCSDM’s parentyendation and a Sediment Bioassay Task Team was

group MPMMG and the second as a result of recom- estaplished. There was some delay in completing the

mendations by the Metals Task Team. Team and it was therefore unable to meet during 1992.

In the course of 1992, the GCSDM met on three ] ) . .
occasions to review the progress of the Task Teams, 2.3 Co-ordination of monitoring of

finalise its fourth report and to discuss the applicability other sea disposal operations
of its existing objectives to assessing the impacts of
dredged material disposal sites. In discussions on the extension of its remit to cover

other disposal activities, the Group recognised that the
disposal of dredged material bears a number of simi-
larities to the disposal of sewage sludge. It was agreed
that the Group review the objectives previously identi-
fied for sewage sludge (Annex 1) and consider their
applicability to dredged material disposal.

2.2 The need for new Task Teams

In June of 1992, the GCSDM was authorised by its
parent group the MPMMG to establish a new Task
Team to assist The Department of the Environment
(DoE) in the implementation of Directive 91/271 EEC
(European Communities, 1991), concerning Urban
Waste Water Treatment. The objective of the Directivelhe physical nature and quality of dredged material

is to prevent the environment from being adversely ~means some impact on the immediate zone of deposi-
affected by the disposal of insufficiently treated urban tion is unavoidable. The scale of effect will depend
waste water. It requires that discharges of waste wateWpon the size of the dredging operation and the

and disposal of sludge from relevant waste water timescale over which disposal takes place. The objec-
treatment plants are subject to general regulations tives defined need to allow for, but seek to minimise,
including the possibility of tertiary treatment, by the ~ the physical impact within the disposal zone and avoid
year 2005 at the latest. Receiving waters are to be  adverse effects outwith the area. Their overall aim
classified into one of three groups: sensitive, ‘normal’should be to preserve conditions that as closely match
or less sensitive areas. Member States are required tdatural conditions as is practicable, given the uses in
identify both sensitive and less sensitive areas by 31 the area and to avoid significant effects upon species of
December 1993. Areas designated as sensitive must €conomic and conservation interest.

include freshwaters, estuaries and coastal waters which

are found to be, or are likely to become, eutrophic.  Wjith some minor amendments and additions, the
Discharges to these areas will be subject to a require-sewage sludge objectives fulfilled these requirements
ment to remove appropriate nutrients. and formed the basis of the following proposed EQOs.
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Use Objective Notes

1. Coastal zone As a consequence of the dredged This assumes that under most
maintenance material disposal, the coastline circumstances the existing
should not be more or less subject coastline is to be maintained.
to coastal erosion than previously Occasions may arise where coastal
nourishment is regarded favourably
(in which case disposal would be
regarded as “beneficial use”)

2. Basic amenity use Dredged material disposal should
not result in changes to the nature
of a nearby bathing beach, nor
should recreational diving, other
water contact sports, nature
conservation or sites of historical
interest in nearby areas be affected
by increased turbidity or siltation.
Extraneous material e.g. wires,
cables, scrap iron etc. should not
be allowed to litter the seabed

3. Navigational use The dredged material should not Observance of this requirement
be deposited near to or in areas will need to take account of
where navigational use would be marginal restoration and
prejudiced overall benefit

4. Fishing There should be minimal inter- This implies no major physical
ference with normal fishing activity, change in the nature of the
and the quality of the product in seabed and no diminuation

terms of safety for human consump- of the suitability of the product
tion should not be adversely affected for human consumption

5. Protection of Preservation of the general Probably little different in
commercial species well-being of commercially practice to Use 6
exploited species

6. General ecosystem Outwith the immediate deposition  This includes avoidance
conservation zone aquatic life should not be of import of pest species
adversely affected and the and disease and excludes
ecosystem should be typical of change if it is regarded as
coastal water of similar physical beneficial

characteristics and latitude

7. Preservation of the Outwith the immediate deposition  This requirement stems from
natural environment zone the quality of the environment North Sea Conference agreements.
should be indistinguishable from In practice it will be little
that of the adjacent estuarine or different to Use 6

marine environment

The means of demonstrating whether the above uses The standards are essentially based on those previously
are maintained in an area is by comparison with defined for sewage sludge, with appropriate amend-
standards. It is not possible at this stage to assign  ments and, as for sewage sludge, apply to the area
numerical standards in all cases. Accordingly, the  outwith the mixing zone. GCSDM will continue to
GCSDM has listed the criteria and the basis on whichdevelop these standards with the inclusion of relevant
the standards are expected to be judged. parameters.

11



EQO

1. Coastal zone
maintenance

2. Amenity use

3. Navigational use

4. Fishing

5. Protection of
commercial species

6. Ecosystem maintenance

AND

7. Protection of the
environment

Criteria

Position Mean High Water
Springide (MHWST) and
nature of shoreline

Turbidity

Siltation

Litter

Depth

Seabed

Microbiological contamination

Chemical contamination

Water column and
benthic habitat

Fish disease

Benthic diversity

Water quality

Sediment texture and quality

Benthic fauna

Basis of Standard

No significant change without
perceived benefit

No significant increase

No siltation cover of seabed
artefacts/wrecks

No material extraneous to seabed
material to be deposited

Depth of water in navigable
/navigated areas to be within
defined limits

Trawl grounds not to be
physically altered/obstructed

Measured levels in the product to
be below those prescribed by public
health authorities/MAFF
and EC legislation

Measured levels in the product to
be below prescribed limits

No significant siltation of
habitat and no toxic effects from
dredged material

No significant increase in prevalence
compared to normal

Deviation from control site(s) to
be within normal limits

Dissolved oxygen levels not to
be significantly suppressed and
toxic substances not to be released
into water column at harmful
concentrations

No significant change in grain size
distribution. No toxic effects on
benthic species. No persistent
increase in concentration of
contaminants.

No deviation from control sites

12



2.4 Development of a biotic index 3. PROGRESSBY THE TASK

TEAMS
In its fourth report the GCSDM included details on the

progress of work undertaken to develop a biotic index a |ist of the various Task Teams (and their member-

for the assessment of the pollution status of marine  ghip) operating in 1992 is given in Annex 3.

benthic communities. The work was undertaken and

funded, jointly by the Scotland and Northern Ireland 3.1 The Metals Task Team

Forum for Environmental Research (SNIFFER) and the

National Rivers Authority (NRA). During 1991, the Metals Task Team developed numeri-
cal values (proposed action limits) for EQSs for Metals

The objective of the project was to develop an index (MAFF, 1992(a)). The Team has been reviewing their

from existing data, either by the adoption of an existingPplication in 1992.

index or the development of a new index. o .
The second phase of the analytical intercomparison

_ exercise was also undertaken in 1992 and consideration
By the end of 1991, a data base had been compiled as given to monitoring techniques for dredged
consisting of 8 suitable data sets from around the UK. paterial disposal sites.

A review of existing indices had also been completed

and had identified the Infaunal Trophic Index (ITl) 3.1.1 Intercomparison exercise

(Word, 1979) as having the most promise. As a result

of this, significant effort was applied to adapting it for The second phase of this exercise involved the analysis

use in UK waters. of a sediment sample. Early difficulties in obtaining
uniform sized sub-samples were finally resolved and

The index was applied to each of the eight data sets %nples were distributed to all participating laborato-
its performance assessed in relation to other methods ##S Py the end of June. The results so far are very
determining pollution status in marine benthic commuPromising. For each of the first three stages, sieving,
nities. The effects of pooling to higher taxonomic digestion and analysis, the coefficients of variation

levels on the performance of the index was also as- Were generally less than 20% indicating that the
sessed. sediment splitting technique worked well. The final

stage, which tests all aspects of sediment treatment, is

. ~not yet complete. A full report is expected in early
The ITI successfully reflected known pollution gradi- 1993,

ents for each of the pollution types in the database (i.e.

sewage sludge, oil drilling by-products and, sewage argl1 .2 Monitoring at dredged
industrial effluents). It was consistently among the best material disposal sites
methods of discriminating between sites and, in

comparison between sites, the ITl was amongst the \wjth the intercomparison exercise drawing to a close

most statistically powerful measurements. Potential the Task Team turned its attention to this new area of
was also shown for classifying areas of seabed as  gtyqy.

normal, changed and degraded, based on the ITI

values. There are ‘Oslo guidelines for the management of
dredged material’, which are used to harmonise
The identification of all taxa to the level of family dredged material assessment throughout the Oslo

prevented the allocation of some key families to trophi€onvention area. The Task Team concluded that
groups. The elimination of these families from the advice should be in broad agreement with these guide-

calculation of the index resulted in different index lines and that the criteria used to test the suitability of a
values, but there is scope for reducing the taxonomic Waste for disposal (whether physical, chemical or
effort once sufficient information is known at the biological) should also be used as part of the environ-

species level in the form of a standard taxonomic list. mental assessment of the disposal site. In view of this
the Team recommended that the GCSDM convene a

) o task team to carry out a detailed study on biotesting
Clearly, there is scope for classifying areas of seabed ipethods. The range of disposal operations varies from
terms of the pollution status of the benthic communi- regular deposit of maintenance material to one-off
ties, based on the ITI values. However, further infor- capital operations. The Team suggests that details of
mation on its response in a wider range of conditions igonitoring will need to be decided on both a site-
required. Applying the ITI alongside existing meas-  gpecific and disposal operation-specific basis and that
ures of pollution stress, to marine data sets, will pre-disposal monitoring should be carried out wherever

provide the necessary information to allow further possible at both treatment and reference sites.
development of the index.

13



3.2 The Organics Task Team toxicity, or combinations thereof. Both the nature of

the deposited material and that of the receiving area
The Organics Task Team has continued to assess thewill determine the type of biological response to be
analytical intercomparison exercises and to make  expected together with its severity and will also influ-
further progress with the development of environmentaince the techniques and monitoring methods to be used
quality standards. at any one site.

3.2.1 Intercomparison exercises The monitoring strategy supported by the Task Team

] . favours the development of ‘impact hypotheses’ (as
The Task Team had intended to begin the fourth roundiescribed in the Oslo Commission’s guidelines),
of the intercomparison exercise in spring 1992, but in together with the construction of generic models for the
view of the poor response in the previous exercise it responses of the benthos to different categories of
was decided to delay it until questionnaires were  gredged material. However, for these to be effective,
returned, which would enable the Team to assess the they will need to be versatile in order to account for the
commitment to future exercises. With the encouragingariability in the nature of the receiving environment,
response of 21 laboratories agreeing to participate in the dredged material and the disposal practices. The
the next round, samples of sediment were duly distrib-task Team is currently working on this matter.
uted in the new year. However, to date only 9 of the 21
laboratories have made retumns. This is yet again @ - Gyidelines for the design of sampling programmes and
disappointing and regrettable result. for sampling methods should largely be met by those

icipation in th . . il in ord devised for sewage-sludge disposal sites, although
Participation in these exercises is essential in order toSpecial importance will be attached to the physico-

demonstrate adequate quality control by which suitabley, o ica) assessments of sediments in the receiving

environmental quality standards can be set. Ifthe o irosnment and of transport pathways. The frequency

situation does not improve early in 1993 itwill be ¢ oo jing will be determined on a site-specific basis
necessary for the GCSDM to consider the means by but should rarely exceed once per year

which compliance can be ensured.

3.3.2 Environmental Quality

3.2.2 Development of EQSs Standards

The Task Team has continued to pursue the equilibriu

partitioning model approach for setting provisional ) : -
EQSs for organic components. Some values have beéwa“ty standards recognise the _I|kgl|hood .Of adverge
consequences at the seabed, within the disposal site

proposed based on data from the USA but some revi- tself. arising f the i diat i f sedi :
sion is required to allow for the water quality measure s€ll, ansing from he immediate Settiing of sediments
ollowing bulk discharge. Therefore, the main objec-

in operation in European waters. The effect of differe L il be to minimise the intensit d ial |

tial toxicities of PCB congeners on standards is also |\f/ef}rN| ‘ i 0 mlcrjntr;]ns? ne intenst ,y ?FT] §I_pa |a, scale

under consideration and it is suggested that, using th&' €ltec f] teyon i € rf‘mx:gg ;one. i € ea_rﬁ];

worst case approach, the partitioning coefficients for approach to sampiing for QS compliance will be

the most toxic congeners are used to derive standardss'_mllar N prmmple to_that develqped for sewage-sludge

The Team is currently reviewing the available data, dlsp(t),sal jlfesf’ |nvoIv!ngtcomgar|sclJn between_ trleat-f

including comparison of the proposed standards with ment and Teference sites. Reguiar reappraisals of |
sampling design will be necessary to ensure the contin-

existing levels of contaminants found in the sludge d effecti f toring for EOS i )
disposal areas. Provisional standards should be ued etlectiveness of monitoring for QS compliance; a
critical factor in this respect will be any temporal

available early in 1993. This will make it doubly - bility in th " d ity of th terial
important that the licensees are capable of determininﬁ‘fJlrla ity in the nature and quantity of the materia

CB congeners accurately. isposed of.

Iﬂwe GCSDM’s draft specifications for environmental

3.3 The Biology Task Team 3.4 The Comprehensive Studies
Task Team

The Biology Task Team has addressed the question of ) )
dredged material disposal sites and has made signifi- When established in June 1992, the Task Team was

cant headway in identifying the factors to be consideregharged with defining comprehensive studies to predict
in deciding upon biological monitoring approaches and"0 adverse effects’ in support of proposals for less

sampling for EQS compliance. sensitive areas for the Urban Waste Water Directive. In
approaching the task, the Team has concentrated on
3.3.1 Biological monitoring establishing suitable predictive modelling and assess-
approaches ment techniques.

There are a number of possible effects of dredgings In view of the nature of the discharges concerned, the
disposal operations ranging from simple blanketing Team regards the relevant parameters for consideration
(physical effects) to organic enrichment and chemical in any proposed studies to be oxygen demand, nitrogen
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and particulate organic carbon and that the main Where estuaries as defined include coastal waters or
considerations regarding the potential effects of dis- large drying areas then the problem becomes more
charges to an area are: complex.

(a) Overall loading to the sea area and its effects. Tlg‘éomprehenswe studies in coastal waters

area may be as large as the North Sea or as small

as for example the Thames estuary; In multiple discharge locations, particularly in confined
waters, there is no alternative to full scale hydrody-
namic modelling incorporating transport, deposition
and decay sub-models. Such a model will allow
prediction of effect and tests of significance.

(b) Far-field but ‘local’ effects such as enhanced
phytoplankton growth and solids deposition
remote from the outfall;

On open coastlines and/or single discharge locations
(c) Local effects in the vicinity of the outlet, e.g. simpler methods could apply:
deposition of particulate organic matter.

() Far-field conservative parameter effects: Only

The discharges in question already exist, generally applicable to nitrogen in this case. Using a
discharging without primary or secondary treatment. simple model based on tidal excursion and

The effects of overall loading to the sea area can phytoplankton growth rates an area of effect can
therefore be dealt with by considering current water be predicted. The model will also provide
quality and basing predictions on load reduction. In information on transfer of pollutants to adjacent

proposed less sensitive areas where discharges already areas.
receive primary treatment, a relatively simple environ-
mental assessment should establish whether or not ‘no (ii) Effects of nitrogen in the defined area: To

adverse effects’ occur. In all other cases the compre- assess whether the area has potential for unde-
hensive study will need to be predictive and then sirable trophic effects, use can be made of a
verified by post operational monitoring. Predictions simple model converting nitrogen to phyto-
based on the overall loading of an area means that the plankton chlorophyll.

consideration of any single discharge will require an
assessment of the cumulative effects of all relevant
discharges into the water body. However, the status of
water can be altered by the length of outfalls. For
instance, a primary effluent can have a significant
effect in shallow water, if the initial dilution is not high
enough. The Task Team is therefore proposing that a
minimum initial dilution of 50 is imposed on all

(iii) Far-field sedimentation: This can be predicted
from a simple dynamic model giving critical
depositional stresses over a tidal cycle. This
gives a second area of effect which may differ
from that in (i).

primary discharges to coastal waters. (iv) Environmental Quality Standards: These_ may
apply throughout an area or refer to specific
zones. Compliance can be easily predicted from
The Team has agreed that each comprehensive study simple dilution and transport models. No EQS
needs to be site specific as the hydrography and can be exceeded.

substrate type which determine the studies are likely to
vary Wlde|y Bearing this in mind the Team has made (V) Local effects on benthos: The meth0d0|ogy

the following preliminary proposals to the GCSDM. developed for Southern California Coastal Water
These proposals are being worked on and a final report Research Project (SCCWRP) can predict worst
to DoE is due by late Summer 1993. case local deposition and effects based largely

upon mass emission rates (Mearns and Word,
1982). The significance of this can be assessed
through comparison with reference sites and, it
is hoped, use of the Infaunal Trophic Index
Estuaries have not yet been considered in detail. currently being developed.

Estuarine assessment is simple for the marginal load

differences between primary and secondary treatmentThe suite of studies described will allow assessment of
Because the difference in nutrient loads is considered probable change once measures of significance are
only marginal, the only effects anticipated relevant to developed. They will also generate the hypotheses

Comprehensive studies in estuaries

the Directive would be on dissolved oxygen and necessary for investigative field work and for the
sediment enrichment. Predictive models exist or can leentinuing monitoring essential for fulfilment of
adapted to deal with this. Article 6.
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4. REVIEW OF MONITORING Table 1 lists the sewage-sludge disposal sites surveyed
AT SEWAGE-SLUDGE in 1991 (see Figure 1 for locations) and the techniques

used. Further details of this work can be found in the
DISPOSAL SITES fourth report of GCSDM (MAFF, 1992(a)). Some areas
DURING 1991 are surveyed only every second or third year and
therefore no samples were taken in 1991. This report
aims to show examples of monitoring and therefore not
all work is described. Time-series studies, where
relatively few samples are collected in any particular
ear, are not reported after each sampling occasion.

4.1 Introduction

This section follows the format of earlier reports in thi
series and assesses whether various monitoring pro-

grammes meet the goals described in the first report The following discussion is arranged according to the

(MAFF, 1989). It considers examples of monitoring various EQOs set by GCSDM (see Annex 1) and any

undertaken in 1991 although, where appropriate, relevant EQSs are given at the start of each section.
reference is made to other work. Nearly all the surveys

followed the GCSDM guidelines for analytical method-4 2 EQO: Prevention of aesthetic

ology (MAFF, 1989). In some cases, where consistency’ problems and interference with
with earlier work was judged more important than other uses of the sea

comparability with other sites, long-established proce-
dures were retained. Notable examples of this were 3 its first report the GCSDM noted that this objective

the St Abbs Head and Bell Rock sites. It is encourag- related to the possible presence of a surface slick, an

N9 t_o npte thz.it some studies, while complymg with th‘"?ncrease in the turbidity of the water column, contami-
monitoring guidelines, also attempted to achieve

- i . ) .. nation of the seabed with plastic and other persistent
comparability with earlier work by carrying out special materials, and the fouling of fishing apparatus. In
studies (e.g. the Forth River Purification Board ’

: ) . practice surface slicks and an increase in turbidity do
g:b%':?é;%t)h'an Regional Council (LRC) survey of St not occur outwith the immediate mixing zone.

Table 1. Summary of techniques used in surveys at sewage-sludge disposal sites in 1991

AeaAutaty Sedmert Barhos Fh Litte
qhats sy At

Mess P etidds/ Machoogy
PCBs

Tye
MAFF + + +
Nortumbri aW ae + + + +

Humber
MAFF +

Roughs Towe
AgnW a e + +

Bar row (T hames)
MAFF + +

Nab
Saban W ae + + +

Beer
ShW eg W ate + + +

LiverpodBay
MAFF +
Nort hW et W ate + +

GarrachHead
SMBA/SRC + + +

BalRock
FRPB/LRC + + + +
SOAFD

StAbbsHead
FRPB/LRC + + +
SOAFD
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The GCSDM considers that the only acceptable :
standard for large detrital material of sewage origin is
that they should not be found to occur in the area of
disposal, either in surface trawls or in bottom trawls, -
dredge or grab samples. If they do occur, measures™
(e.g. screening) should be taken to clean the waste.
Because it is recognised that not all of the sewage- -
derived solids found in a disposal site may be of sludge n=s
origin, the GCSDM has recommended that subsequent
compliance with the standard should be checked by B N
monitoring sludge quality at the point of loading to
show no retention of solids on a 5 mm sieve.

1 |

] Beam wawt

. 85~ -

> .
MAFF surveyed the Tyne sewage disposal site and the
region to the south in May, 1991 using 2 m beam
trawls (Figure 2). Table 2 shows a list of the litter 1
found at the seabed and demonstrates that, as in
previous years, sanitary products were still presentat L
the disposal site. While this is considered unaccept-
able, it should be noted that screens were introduced at
the Northumbrian Water Sewage Treatment Works
(STWSs) in 1990 and that observations in 1991 of the
recently-deposited material at the sea surface revealed
very little litter. Observations at the seabed will be  Figure 2. Positions of the beam trawls sampled
continued to assess the rate at which sewage debris is for litter at the Tyne sewage-sludge
dispersed or decomposed. disposal site, May 1991

2km

!
—
—

N

[+
1

1 L Il L 1 ) /] H 1

Table 2. Litter in beam trawls from the Tyne, May 1991

Tyed litter SN rumes e e 2fr beby

119 120 il 123 124 125 127 128

Coeatefilter 10
"ﬁ *
P@f * *

Tisae * *

Cacboadfsgment *

Hadhoadfagment *

Mereik 2 6 7 1

WCII"W * * *

Vegdabe mate (irc. pd) * * *

PearLt * *

Pat fegrat * *

Lef litter * * * * *

G«le- * * * * * * * *
OH * * * * * * *

4
Tampon 2 4
13
*

Apx dme d B §
Apoc d  spe vdne

fodat epresae

1 1 1 (015 <01 <01 0
5

B w
®
&
o

17



Sampling of the Garroch Head disposal site with an 4.4 EQQ: Preservation of the

otter trawl revealed only objects less than 5 cm and general well-being of

materials obviously attributable to the disposal opera- commercially exploited species
tions. The amounts of such material taken were similar

to the quantities collected in 1990. Sewage-derived |n its first report the GCSDM indicated that this

debris was found in otter trawls at the Bell Rock and Sébjective would be met provided there is no change in
Abbs Head sites during the FRPB/LRC surveys. This hapitat as a consequence of the disposal operation.
amounted to only a very small quantity of waste; 3 Additionally, all relevant water quality standards would
sanitary towels in each area and a sticking plaster at $ye to be met and there should be no significant

Abbs Head. While this suggests little sewage contamimcrease in diseased fish relative to comparable
nation at these two sites, it should be noted that large popylations nearby.

mesh trawls of the type used in this survey are not

efficient devices for sampling litter. Dab samples were taken by FRPB at both the Bell Rock
) ) o and St Abbs Head areas in 1991 for determination, by
As in previous GCSDM reports, it is recommended thalieriot-watt University, of disease and contamination of
fine mesh beam trawls be used for litter assessment o guts with faecal bacteria. At St Abbs Head, 2 fish
rather than coarse mesh fishing gear or sediment \ a6 examined at the control site and 12 at the disposal
samplers, although it must be recognised that itis ~ gjta ~ Only a small number of fish were caught at the
appropriate to note and report litter when observed in o0 site because the net ripped. At Bell Rock 10
sugh deV|c|es. IThe use of flnedmesh _Samp"“g de\kl)lcesf|§h were examined at both control and disposal site.
subject to lega re_str|ct|ons and permission mu_st e Although no high level of disease or bacterial contami-
sought before their use from the appropriate F'She”esnation were observed, it is impossible to draw any firm
Department. conclusions on the basis of such small samples (see

In this context, the MAFF laboratory has used fine MAFF, 1992(a)).

mesh trawls to survey English sewage disposal sites f%rxamination of bacterial contamination is more readily

litter during 1992. In some cases, hard ground pre- caonducted using sediments than with fish and the
vented the use of beam trawls and scallop dredges were

employed. These data will be reported in the next resm;_lts ari mor? easily |ntetrprettﬁdt. . GfCtSDM :hg_refor?
report of the GCSDM. confirms its earlier suggestion that in future studies o

bacterial contamination, sediments be used in prefer-
4.3 EQO: Maintenance of ence to fish gut contents (MAFF, 1992(a)).

commercial marine fish and . . N
shellfish at an acceptable SOAFD examined liver samples from 60 individual

quality for human consumption female dabs from both reference and digposal sites at St
Abbs Head. The sample included both fish affected and
In its first report, the GCSDM pointed out that the those unaffected by the viral disease Iymphocystis.
appropriate authorities are the public health authoritieS@MPles were analysed for trace organochlorine
MAFF and Scottish Office Agriculture and Fisheries Contaminants. No statistically S|gn|f|cant.relatlonshlps
Department (SOAFD), and that there are advisory ~ Were found between the levels of contaminants and the
limits for contaminants in foodstuffs. presence of lymphocystis.

Concentrations of organochlorine contaminants in theAt Garroch Head, fish were collected using 3 ten-
liver and muscle of cod sampled from the St Abbs Hed#inute tows at disposal and reference sites (Table 4).
disposal site were measured by SOAFD (Table 3). The numbers of fish caught were larger than in 1990.
Concentrations were below accepted limits for the

protection of human health, and were in the lower ~ The fish were subjected to external examination

category described in the Joint Monitoring Group ~ immediately after being brought on board and the
(JMG) guidelines for the assessment of marine pollu- following diseases noted: tumours, lymphocystis,
tion. lesions, skin hyperplasia/papilloma, skin ulcers,

Table 3. Concentration of organochlorine contaminants in cod collected from St Abbs Head
(g kgt wet wt.)

Tise n CBs 44DDE 440DT 44DDD HCB Detin Lipd%
Codie 15 522 110 pl 5 37 5 2
Codmusde 15 20 00 (085 a» (070] ar 0

CBs=amdCB8 & 10, 1§ 18 1B
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Table 4. Otter trawls collected at the Garroch Head disposal and reference sites, 1991

Fh legs hetea  den

HauNo. Fh SEes den
aoiea @
D & 2 Qpahaeygs Hairg 7223
& P) 1 Susges SaCod 8 .5
Hall % Mebgismebgs Whing 14926
13 Pdlachisvires Ste 2163415
21  Gadus motua Cod 185278
6 TEmwsts PoorCod 12165
1O T esrarkii NorwayPout 128186
1 Meaoganmsasgeinus Haddock iz
N Aar aeexht Rie 129239
1 Hpogsbsphessaks LongRoughDab 159206
2  Lmamaimana Common Dab 196215
D & 29 Meagismehgs Whing 150214
&n P) 23  Pdlahiwvires Ste 214331
Hau2 2B Gadusmohua Cod 173278
D TEmwsmus PoorCod 106164
5 Tamlws esrarkii NorwayPout 144162
1 Meaoganmus asgeinus Haddock 23
9 Far amexht Rie 14755
4 HpobsaespaesIks LongRoughDab 140165
5 Lmaaimaa Common Dab 157235
D & A Mebgismebgs Whing 150240
&n P) 12 Pdlxhiviras Ste 2183813
Hau3 6 Gaadus morhua Cod 16457
0 TEgEwLMUWs PoorCod 104165
5 T esrarkii NorwayPout 149192
2 Melosmelos Hake 178216
1 FAar aeexht Rie 5
4 Hypobssksphesaaks LongRoughDab 142173
2  Lmamaimana Common Dab 20205
Rbee £ 18 Mebgsmebgs Whing 168246
S @) 2  Tamwsmus PoorCod 1474
Hal 6 Melodsmelom s Hake 18034
1 Rhoensarbis BeadedRoddg 1%
1 Hpgsaspaessaks LongRoughDab 54
Rbee < 1 Apataeygs Hag X8
SN @) 1 SusyEs St 8.9
Hau2 B Metrgismebgs Whing 157236
5 TEpsIIULS PoorCod 140208
2 Tegews  eSraki NowayPout 145201
6 Moloismelms Hake 178220
1 Rhoensans BeadedRoddg 57
1 FAar aeexht Rie y4)
1 Gpooegdsomgsas Witch 215
Rbere 13 Mebgsmebgs Whing 171223
S: o I €1)] 8  TamwsMmUS PoorCod 126213
Hau3 2 TEpEs esrarki NowayPout 166197
10 Melmsmeiois Hake 151223
5 Gpoegdsgmgbsas Witch 137235

2

2

w

PRgNN

~

B W N R e

Macr gpsqa

Nonetheaes

Macr qpsq

Nepgrgsrorvegi
Paguristernterds
Patdeq
AsBsibes

Macr qpsq
Aphrabankat

Aphrabankat
Macr qpsq
Munta bamicca
Patdeq
Apitespespeai
Pecenssoamacka
Qagmalman
Campsaams

Macr qasqa
Qaymalman
Patdsq
Apoitespespaai
Munta barmicca
Pagrstenterds
Peaenssoemacka
AsbEsiLbes
Aprabaikat
Nereisqp

Buccnum
Soet Lo
CommonSareh

Swimming Crab

as  Nowaylobser
HemiQzb
Shimps
Safish
Swimming Crab

a SeaMouse

a SeaMouse

Vévet Cab

Soet Loser
Pavs
Rias Fot Sd

Sep
Praavn

Cdopus

SwimmingCrab

Brownprawn

Reas  Fot S
Sqet Lo

Seavayed  SeEp
CommonSareh

a SeaMouse

Rag-wom
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skeletal deformities and skeletal damage to fin rays. Table 7. Otter trawls collected at the Bell Rock
Details of species examined, size range and gross disposal and reference sites, 1991

pathological observations are given in Tables 5 and 6.

Fish species Station 13 Control
Internal examination of sub-samples from both trawl Cod 1 100
sites was carried out to d_|scover any large internal 5. coq 1 14
tumours. Any clearly defined nodules greater than  Haddock 132 61
2 mm on the livers were recorded. Bacterial concentrauhiting 564 686
tion was measured in the gut contents and in local ~ S¢&d 1 -

di Common Dragonet 4 9

sediments. Butterfish - 1

Sand-eel 6 -
The Institute of Aquaculture, University of Stirling, Grey Gurnard 4 7
concluded that there was no evidence that the dispos@lc;?g: ;5 914
site was having an adverse effect on the_health of thé common Dab 169 39
fish or that the presence of faecal bacteria in the guts 0éng Rough Dab 18
the fish was having any deleterious effect on the healthemon Sole 8 40
of the fish. Norwegian Topknot 2 -

Cuckoo Ray 6 7

) . . Thornback Ray - 1

Fish were also sampled at the Forth disposal sites. Aibogfish 1 -
Bell Rock, the number and abundances of fish speciesspurdog 1 1
were similar at both the disposal and control sites fﬂeg:Efri?hSher 1 13

(Table 7). At St Abbs Head, unlike previous years, the

Table 5. Fish catch and pathology at the Garroch Head sewage-sludge disposal
site (Station G1), 1991

Fh Seds Number SeRae(am) GossPatdogy

Whing 5 157246 Bdea - 1fh
OtherNAD

Hake 2 15134 NAD

PoorCod 5 126213 Bdeha - 2fh
OthersNAD

Wich 6 13735 NAD

Noway Pot 4 145201 NAD

Roddg 2 156157 S Hed lesn - 1#h
OtherNAD

LogRoughDab 1 B2 NAD

Rie 1 2000 NAD

Hairg 1 o] NAD

St 1 8.9 NAD

NAD-roaromalydesced

Table 6. Fish catch and pathology at the Garroch Head sewage-sludge
reference site (Station P7), 1991

Fh Seds Number SeRarge(am) GossPatdogy

\Whirg 223 149240 NAD

PoorCad 125 104165 Tr aumat Hedlers 3fi
OthersNAD

Ste 8 214381 NAD

NowayPout D 128192 NAD

Fie 21 12955 NAD

Common Dab 9 157235 NAD

LongRoughDab 9 140173 NAD

Haddock 2 184225 NAD

Hake 2 178216 NAD

Harg 2 21233 NAD

Soet 1 8.5 NAD

NAD-roaromalydesced
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number of species was greater at the disposal site 125 2?'
(Table 8). This was attributed to the net being ripped at .
the control site. Nonetheless, the fish populations at Koy .
disposal and control sites appeared similar. F | »_Sampng station
Table 8. Otter trawls collected at the St Abbs

Head disposal and reference sites, 1991
Fh qeis Sn 13 aod
Cod 7 n P
Haddock 6 4
Whing 1005 D R
Haig [ 4 RTyme
CommonDragonet v 2 55k .
SandGoy I - .
Saded 1 -
Rie 3 -
Pogge 3 -
Dab 7 1 2xm
LongRoughDab 1089 17 _
Lemonsoe 5 8 .
Norweg anTokat 4 -
Thomback 4 -
5BeatdRodd Y 3 -
oy Y 1423 - Figure 3. Benthic sampling positions at the
GeyGurad 10 4 Tyne sewage-sludge disposal site,
PoorCod 1 1 May 1991

4.5 EQO: Protection of the
ecosystem to ensure that it is
typical for the type of area
concerned

In its first report, the GCSDM suggested that suitable

The transects took account of previous findings (e.g.
Reeset al, 1992) which identified mild enrichment in
the immediate vicinity of the disposal site. In the
following account, data from adjacent stations across
the transects were combined.

indicators of alterations in environmental quality were Eh values from Craib cores at 1 and 6 cm depths are
the extent to which benthic diversity changes and the shown in Figure 4. At 1 cm depth, all values were

extent to which contaminant concentrations in

positive, providing no indication of significant deterio-

sediments and water are maintained within appropriatation in sediment quality. Ranges astride each mean
set standards. The extent to which these criteria weréndicate appreciable between-core variability at most

met at the various disposal sites in 1991 is reviewed
below.

4.5.1 Transect studies at the Tyne

In May 1991, sampling was conducted along two

stations; however, noticeably lower mean values occur
in surface sediments at and just beyond the southern
part of the disposal site. This trend is not apparent at
6 cm, again indicating that the physico-chemical
condition of sediments in the general area has not been
significantly impaired by sludge disposal. However,

parallel transects of stations running through the Tynethe two lowest values were encountered at approxi-

sewage-sludge disposal site (Figure 3). The benthic
macrofauna (animals retained on a 0.5 mm mesh

mately 1 km either side of the disposal site centre.

sieve), along with sediment samples for determinationgomato pips are a commonly-used indicator of con-

of trace metal, organic content, and particle size, werdamination by sewage particulates, as they generally
taken by Day grab. The meiofauna (animals passing survive passage through the human digestive system
through 0.5 mm mesh sieves) were sampled by Craib and sewage treatment works. Trends in counts (Figure
core, as part of a collaborative project between MAFF 5) provide clear evidence of localised accretion. Peaks
and the Plymouth Marine Laboratory (PML), funded byin counts at the northern and southern edges of the
the Chief Scientist’'s Group, to assess the utility of thisdisposal site can probably be accounted for by the

component of the benthos in pollution monitoring.

tendency of the disposal vessel to alternate between

Prior to processing, Eh determinations of intact cores these locations during discharge. While there is slight
were made at 1 and 6 cm depths, using a 5 mm diamattenuation of the curve to the south, indicating some

eter combination redox electrode. (Eh provides an
indication of the reduction-oxidation status of

lateral transport, it is clear that at least for this
component of the particulate matter contamination

sediments, which may be influenced by organic matteiis largely confined to within and immediately beyond

inputs).

the disposal site.
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Figure 4. Trends in Eh values along transects
through the Tyne sewage-sludge
disposal site (mean and range):
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Figure 5. Trends in tomato pips along transects

through the Tyne sewage-sludge
disposal site (mean and range)

In Figure 6, trends in total numbers of macrofauna

individuals, taxa, and tomato pips, are compared with

earlier data along a transect running south from the
disposal site. (Sampling was conducted in February,
1984 and June, 1986). Peaks in tomato pips corre-

spond with those in abundance and taxa, and add

Taxa per grab

o L] I T T T L} L] 1] 1

854 8 boundary

754

“-
b1

55 1986
/ 1891

45 1984

weight to earlier conclusions concerning a localised Figure 6.

response of the benthos to mild organic enrichment. A

comparison of counts of tomato pips between years
suggests that there may be an accumulation of less
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degradable material at the disposal site. However, therembers occurring at or near to the disposal-site

is no indication of a worsening trend in the fauna centres. In recent years, there has been a gradual
indeed patterns in the 1991 data are very similar to increase in the mean count of tomato pips at St Abbs
those of 1984 and, for numbers of individuals, are not Head, suggesting a tendency towards local accumula-
markedly elevated compared with trends in 1986. A tion at least of larger-sized particles arising from the
similar pattern of localised response has been observetisposal activity.

in the meiofauna (P. Somerfield, PML, pers. comm.). ) ) )

A full account of macrofauna changes along the lengtfradients in the benthic fauna could largely be ex-

of the transects of Figure 3 awaits completion of sampfiainéd by subtle variability in substrate type, which
analyses. was considered to be unrelated to sewage-sludge

disposal. A comparison of faunal indices with previous

Between-sample variability in macrofauna counts was Years suggested a return to the higher values of diver-
relatively high in 1991, which may be partly accountedsity and evenness encountered in the early 1980s. This
for by adverse weather conditions at the time of sam- May be partly explained by the continued decline in the
pling. Nevertheless, results were consistent with dominance of the polychaekyriochele which again
earlier findings, which indicated mild organic enrich- does not appear to be related to the effects of sludge
ment close to the disposal site. Such changes remaindisposal.

within proposed ‘Environmental Quality Standards’ for
the benthos at this location (MAFF, 1992(a), Rees an‘groups of stations defined as ‘impacted’ or

Pea_rson, 1992). Ann_ual sampling at repfese”t"’_‘“"? ‘unimpacted’ on the basis of an earlier survey of
stations, as reported in MAFF (1992(b)), is Cont'n“'ngt:oprostanol levels in sediments. A range of univariate

and will be the subject of future reporting. measures of community structure was employed, but no
4.5.2 Garroch Head statistically significant differences were found between

the two groups at either site. However, as in 1990,
Sampling in 1991 again succeeded in identifying a marginally lower mean values for diversity, and higher
marked gradient of change in the benthic macrofaunaMéan values for abundance and the abundance:taxa
of limited spatial extent, which could be ascribed to ~ 'atio, suggested slight enrichment at the ‘impacted’
organic enrichment of sediments at this relatively ~ 9roup of stations at St Abbs Head. Support for this
quiescent deep-water location. Changes in the physic#dgement is provided by observations on the occur-
chemical data generally matched those of the benthic "ence of the polychaetapitella,a commonly cited -
fauna. Effects were characterised by high numbers of indicator of organic enrichment, which was found in
smaller-sized ‘opportunistic’ organisms and a much highest densities at the centre of the disposal site.
reduced complement of taxa in the immediate vicinity HOWeVer, counts of substantially less than 100 per grab
of the disposal site. Away from this, lower abundances(With the use of a 0.5 mm mesh sieve) may be con-

of a wide range of taxa, including larger-sized species{rasted with counts of more than 2000 per grab (with
were encountered. the use of a 1 mm mesh sieve) at the Garroch Head

sewage-sludge disposal site, where more quiescent
As in 1990, there was evidence of a slight increase in conditions prevail.
the area of g_rossly en_nched sediments to the south an&i_s_4 Exeter
west of the disposal site centre. However, reduced
enrichment at stations beyond 2 km from the centre A grid of 22 stations encompassing the main area of
was also evident, suggesting a more concentrated  disposal was conducted in September, 1991. A ‘bench-
targetting of disposal activity. As in previous years,  mark’ survey conducted by MAFF in the mid-1970s
gross effects were therefore confined to the immediate(Eagleet al, 1978) provided a useful means for
vicinity of the disposal site and, overall, variability at evaluating any long-term changes in the status of the

S in previous reports, the benthos were analysed in

regularly sampled stations was within the range benthic fauna which might be attributable to sludge
observed over the 13 years of monitoring at this disposal.
location.

Water depths in the survey area ranged from 30-50 m.
4.5.3 St Abbs Head and Bell Rock Stations were typically muddy in nature, and supported

a diverse fauna, indicating relatively stable conditions
Monitoring at these disposal sites was conducted in  at the seabed. There was some evidence of a reduction
May and October, 1991, respectively, on circular gridsin numbers of individuals and taxa at the northern edge
of stations encompassing the disposal sites. Samplingof the disposal site. This would be consistent with
design and procedures followed those of previous yeaitidally-induced dispersion of particulates approximately
Both sites are relatively homogeneous in nature, thoughong an east-west axis, and corresponds with local
somewhat coarser sediments are encountered at Bell elevations in organic carbon. Comparable findings were
Rock. reported by Eaglet al. (1978). However, these effects

were relatively subtle in nature, and the general picture
Tomato pips and other sewage-derived artefacts were revealed from multivariate analysis was of a homogene-
recorded in sediments at both sites, with highest ous community structure across the sampling area.
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In contrast to Garroch Head, there was no evidence favas sampled and sieved at 63 pm according to the

the presence of anoxic sediments at depth, or for the GCSDM guidelines (MAFF, 1989). The fraction
proliferation of ‘opportunistic’ species at the expense gbassing through the sieve was digested adfha regia
others, near to the disposal site. A perspective on the and analysed using atomic absorption spectro-photo-
magnitude of benthic changes occurring at the two  metry.

locations is provided by the ranges of taxa and indi-

viduals encountered per grab. These were, respectivelyigure 7 shows the mean concentrations of sediment
27-52 and 81-273 at Exeter, compared with 7-56 and metals with error bars of 1 standard error of the mean.
124-9907 at Garroch Head. Ranges of % organic This figure shows no increasing trend in concentrations
carbon at the two locations were, respectively, 1.04- of metals and in some cases (e.g. chromium and lead)

2.40 and 1.05-13.78. suggests a decrease. From these data it may be con-
cluded that the sewage-sludge disposal operation at the
4.5.5 Overall conclusions Tyne site is not causing a year-on-year deterioration in
sediment quality. Taking these observations with the
On the basis of the benthic work reported in this earlier work of Rowlatet al (1991), it may be con-

section the following recommendations may be made:cluded that the sludge disposal operation at the Tyne is
not, as far as metals are concerned, having a detrimen-

1. More attention should be given to the recordingtal effect on environmental quality either in the short-

and reporting of physical indicators of sewage or long-term
contamination within sediments, especially tomato
pips. 4.6.2 Nab Tower

2. For compliance-testing against proposed ‘EnVi- g4ch year approximately 250 000 tonnes of sewage
ronmental Quality Standards’ for the benthos, SOME|,dge, and between 600 000 and 1 500 000 tonnes of

modifications to sampling practices (notably dredged material are deposited at the Nab Tower
increased replication at ‘representative’ stations) disposal site.

will be required at certain disposal areas, notably

Bell Rock, St Abbs Head, Barrow Deep and Surveys carried out in 1989 (23 samples), and 1991 (21
Liverpool Bay, in order to facilitate comparisons g3 mpjes) were based on a random stratified design and
between stations or station groups near to and  anyred on the area of likely impact. This type of
distant from contaminant sources. survey design is used to monitor changes in sediment

. uality over time. Samples were sieved at 63 um.

4.6 EQO: Maintenance of the auatlty P H
receiving environment without Table 9 shows the mean values and standard deviations
distinguishable change for the concentrations of metals in the <63 pm sedi-

o ) ~ment fraction in 1989 and 1991. Few firm conclusions

In its first report, the GCSDM explained that compli-  ¢an pe drawn until further data are collected, although

ance with this objective would be judged by the extentit should be noted that the values are within the ranges
to which background concentrations and the nature offoyng at other UK sewage-sludge disposal sites.

the benthic fauna remained unchanged.
Table 9. Concentrations of metals in the 63um

fraction of sediments at the Nab
Tower sewage-sludge disposal site in

1989 and 1991

4.6.1 Tyne

Each year approximately 500 000 tonnes of sewage

sludge are deposited at a disposal site 10 kilometres off

the mouth of the River Tyne. By determining faescal Y® ConoenEn(gg )
bacteria in seabed sediments, Rowdatal. (1991) - = = =
showed that the zone of initial sludge settlement is

situated at the southern edge of the disposal site. They Mean Ml &6 278 067 43 3V
also demonstrated that, with the possible exception of
chromium, there was no evidence of any accumulation"*®
of metals at the settlement area in 1988.

D ® W 2 48 12 A

In order to assess whether settlement results in a long- Mean 0® 76 69 163 S 24
term build-up of sludge-derived metals at the seabed,
sediments have been collected annually in May, when D ® 5 & 17 1M 8 4

weather conditions permitted. They were taken at
positions located randomly in a sampling zone centred

on the settlement area. The surface 1 cm of sedimeniNote: All cadmium analyses were below the detection limit of the
method used (0.2 mg-Kg
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Figure 7. Concentrations of various metals and organic carbon in the <63 um fraction of
sediments collected in the zone of initial settlement at the southern edge of the
Tyne sewage-sludge disposal site: (a) chromium; (b) copper; (c) mercury;
(d) nickel; (e) lead; (f) zinc and (g) organic carbon

These data, together with those for the Tyne disposal 4.6.3 Exeter

site presented above and those for Liverpool Bay

(MAFF, 1992(a)) indicate the importance of carrying South West Water carried out a survey of the Exeter
out a long series of measurements before drawing  disposal site in 1991. There was little evidence of
conclusions from a time-series. contamination at the disposal site other than a slight
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elevation of organic carbon at the northern edge have fluctuated during this period they have shown no
(Figure 8). This occurred in the region where sewageconsistent trend. This indicates that dispersion and/or
sludge is deposited. Faecal bacteria in the sediment degradation effectively prevents any accumulation at
indicate where the sewage sludge reaches the seabedhe site.
(Figure 9).

Summary data for organic carbon and nitrogen in the
Lead and zinc values did not show any clear pattern <63 um fraction of the sediment are shown in Table 10.
associated with sewage sludge disposal. The 1991 mean values for carbon and nitrogen were
. 2.14% and 1967 mg Kgespectively. These values are
similar to those for 1989 and 1990, but higher than in
previous years. It is unclear why there was an increase
in concentration between 1988 and 1989. No such
n change was apparent in the <2 mm fraction, although it
should be noted that the use of the coarser size fraction
may mask variations in the fine fraction which repre-
sents a small proportion of the whole sediment.

zggi

1231 (* Taking the <63 um data as a more sensitive tool for
RDart ¢ ‘Z\ indicating accumulation of organic matter resulting
. from disposal, a statistical comparison was made of the
carbon and nitrogen concentrations in the inner and
outer zones of the disposal site. Using a ‘t’ test with
Figure 8. Concentrations of organic carbon (%) groups of 17 and 8 stations, no significant difference in

in the <63 um fraction of sediments carbon or nitrogen concentrations was found.
around the Exeter sewage-sludge
disposal site The distribution of carbon, presented as maps, is shown

in Figure 12. The plots show that, for the <2 mm
fraction, the highest values of carbon tend to be associ-
ated with a centre-north-west arc at the disposal site.
The variation in organic carbon in the <63 pm fraction
is less pronounced, and would indicate a more central
distribution.

. -8

Figure 13 shows the mean concentrations of metals in
the <2 mm fraction since surveys began together with
+ 2 standard deviation ‘warning limits’. These indi-
cate no increasing trend over the period for any of the
) metals. Copper, lead, nickel and zinc show peak

AT
E:Hnm
concentrations around 1981-2 followed by a marked

Figure 9. Concentrations of faecal streptococci  decline, since when values have remained more stable.
(numbers g?) in sediments around the

Exeter sewage-sludge disposal site Metal concentrations in the <63 pm fraction between
1986 and 1991 (Table 11) suggest some accumulation
4.6.4 Roughs Tower of copper, lead and nickel over the last 3 years. Using

a 't test (as in the case of carbon above), no significant
Sediment samples collected by Anglian Water on an differences were found between the inner and outer
extensive grid did not show any evidence of elevated zones of the survey area for these metals.
concentrations of metals associated with sewage
disposal at this site compared with surrounding areasAll the metal concentrations at St Abbs Head were well

(Figure 10). below the effects range-low (ER-L) toxicity values
defined by the National Oceanic and Atmospheric
4.6.5 St Abbs Head Administration (NOAA) (Table 12).

Lothian Regional Council and the Forth River Purifica-The FRPB/LRC report used several different techniques

tion Board analysed carbon and various metals in  to assess the impact of sludge disposal; time-series

sediments around the disposal sites in the Forth. studies of both <2 mm and <63 pum sediment fractions,
statistical comparisons of the inner and outer areas,

At St Abbs, both the <2 mm and the <63 um fractions ‘warning’ and ER-L values and mapping techniques.

of the sediment were analysed. Figure 11 shows the GCSDM approves of this multiple-method approach
mean concentrations of carbon in the <2 mm fraction gnd believes it gives a clear picture of the extent of

plotted for the period 1978-1991. While the values  contamination.
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Figure 10. Concentrations of metals (mg kg?) in the <63 pum fraction of sediments around
the Roughs Tower sewage-sludge disposal site: (a) zinc; (b) cadmium;
(¢) mercury and (d) lead
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Figure 11. Time series of carbon concentrations
in the <2 mm fraction of sediments
at the St Abbs Head sewage sludge

disposal site

Table 10.  Annual mean values of sediment
organic carbon and nitrogen at St
Abbs Head sewage-sludge disposal
site
Yex <63 um <2mm
% C mgN kgt % C mgN kgt
1986 - 077] 537
1987 1% 1573 (0% 520
19838 163 1255 ® 41
1989 218 2078 o 53
190 22 2022 073 441
1991 214 19%7 0Bl 449
(@
Ranges (%)
« 035-028
& 040 - Gda
& 045 - 040
& 050- 034
@ 055 - 0%
@0 08¢
)
Panges (%L)
+ 150- 188
* 170- 18
& 100 - 200
& 210-229
@ 2% -240
@ 20200
Figure 12. Distribution of concentrations of

carbon in sediments at the St Abbs
Head sewage-sludge disposal site:
(a) <2 mm sediment fraction; and
(b) <63 um sediment fraction

28

(a)

15p

Chromium {mg kg )
(]

Gopper {mg kg

ar
3
8—
s-
8r
g.—
8_
2
8-
8-
8-
el

(e}

LT 1
78 79 B0 B1 B2 &3 54 85 86 BY B8 89 90 91

Figure 13. Time series of concentrations of metals
in sediments (mg kg?) at the St Abbs
Head sewage-sludge disposal site: (a)
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Table 11.

Annual mean values (mg kg?) of
trace metals in the <63 pum fraction
at St Abbs Head sewage-sludge

disposal site

4.6.6 Thames Estuary: Barrow Deep

Sewage sludge from London has been deposited at a
designated site in the Barrow Deep since 1967 (Figure
14). Water movements transport the dispersing sludge
around the East Barrow Sand and initial settlement of
sludge solids occurs at several locations, as has been
demonstrated using radiotracers (Figure 14).

During the period 1985-1991, samples of surface
sediment were collected, at least annually, from five
stations in both the Barrow and Middle Deeps. On
each occasion new sets of stations were located ran-
domly within set sampling zones (Figure 14).

Metals and carbon have been analysed in whole
sediment, together with the fine fraction. While this
does not follow the GCSDM guidelines, it is reported
here as an example of the use of a normalisation
technique.

Figure 15 shows the mean value of fines at the two sites
and demonstrates a high degree of synchronisation
between them, suggesting that at least a component of
the variations are region-wide rather than simply local.
During the period 1986-1990, the fines at the two sites
exhibited not only synchronicity but also generally
lower concentrations in autumn, the time of greatest
storm frequency, and higher concentrations in summer,
a time of relatively quiescent conditions. This indicates
that the fine fraction of the surface sediments is mobile,
particularly during autumn and winter storms, and
confirms the dispersive nature of the outer Thames
Estuary.

Koy
L] MAFF seament samping zone
-» wgwhl
= Fiitial movement of sudge

Y& Cu Zn Po a N Fe
1986 7.1 b 19 w n4 10757
1987 7.6 48 1’ 26 nz 11280
1988 7.7 w» 149 z8 19 10248
1989 9.9 a7 36 25 22
1990 15 &3 27 . 19 16583
1991 14 S04 3 I8 m num
Table 12.  Effects Range Low and Median
values for metals and organo-
halogens (mg kg?) defined by the
National Oceanic and Atmospheric
Administration (NOAA)
M E ff esRage - lowadiVeden(mgkg 1)
ogadebge n ER-L ER-M
Copper 0 30
Vi 120 210
Lead b 110
gamma HCH - -
pp DDD (0007 0/024)
pp DDE 0002 Q015
pp DDT 0008 0007
PCB (043 o0
51°]
45
517]
35
Figure 14.

Location of the Barrow Deep disposal site in the outer Thames showing the MAFF
sediment sampling zones, the direction of residual water movement and the main
areas of initial settlement shown by radiolabelled sludge (Talbot et al. 1982)
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2
The strong association of many metals with fines (see ! \|
for example Figure 16) due to, among other things,

(=]

adsorption on clay minerals, can cause a strong positive b y v ' ? y y y
relationship between metal and fines when whole Year

sediments are considered. In the present case, this

applies to chromium, copper, mercury, nickel, lead antFigure 17. Time series of metal/fines ratios in

zinc. It is possible to counter the effects of variations in sediments from the Barrow Deep
fines content on concentrations of metals in whole sampling zone (mean and range):
sediment by examining metal/fines ratios; i.e. to (a) mercury; and (b) lead
normalise the metal data.
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Figure 16. Relationship between copper (mg kg?) § 12
and fines (% <63 um) in sediment E o]
from the Barrow and Middle Deep '§ a
sampling zones =
4
Figures 17 and 18 show the mean metal/fines ratios ]
(i.e. normalised metal values) and ranges of mercury @4 &5 86 &7 88 83 90 9 g
and lead (as examples of the trace metals analysed) in Year

the Barrow Deep and Middle Deep zones. The most ) ) ) o
notable feature of these data sets is that while there Figure 18. Time series of metal/fines ratios in

have been some variations, there is no evidence of a sediments from the Middle Deep
trend, either worsening or improving, over the period sampling zone (mean and range):
studied. (a) mercury; and (b) lead
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The use of a normaliser has allowed whole sediment t§,

be analysed, with considerable saving in laboratory
time and has allowed a clear conclusion to be drawn.
However, the sensitivity of such a technique must be
guestioned on the basis of the St Abbs Head results.
Fine fraction data from samples collected in the
Thames area in 1992 will be presented in the next
report of the GCSDM.

4.7 Overall conclusions from the
review of monitoring in 1991

MONITORING
ACTIVITIES AT SEWAGE-
SLUDGE DISPOSAL SITES
IN 1992

5.1 Introduction

During 1992, surveys were carried out at the following
disposal sites (see Figure 1): Tyne, Humber, Thames
(Barrow Deep), Nab, Exeter, Plymouth, Liverpool Bay,
North Channel, Garroch Head, Bell Rock and St Abbs

® | ong time-series of contaminant data Head.
provide a firm basis for assessing year-on-
year fluctuations in context and every effort Short summaries of all the surveys are given in the
should be made to continue to collect following sub-sections. As far as possible, the surveys
time-series data. were carried out in accordance with the methods
recommended by the GCSDM. Methods may differ
® No evidence of significant accumulation of from those recommended where environmental charac-
sludge contaminants was found at any of theteristigs (e.0. sgbstrate type or hydrogra_p_hy) r_ender
dispersive disposal sites sampled. Garroch (ém inappropriate, or where comparability with
Head is the only accumulating site in UK previous surveys can only be ensured by retaining
and was selected as such. existing methods.
° : .2 MAFF survey of the Tyne
The occurrence of litter o_ught to be assessed5 sewage-sludg);/e dispos)all site,
at all sites using appropriate gear. May 1992
® Fish disease studies ought to be conducted () gediment samples were collected from the
according to ICES/GCSDM recommenda- sites shown in Figure 19.
tions or not at all.
® Bacterial examination of gut contents of fish 1°20' 1°10°
shows no effects of note and need not be ' ' f”m station
continued.
S, ot °.
® More attention should be given to the Disposal st || : :..'- *
recording and reporting of physical . . o ’
indicators of sewage contamination within o Temporal Box 2
sediments, for example tomato pips. ¢ )
® For compliance-testing against proposed R.Tyne Temporal Box 1
‘Environmental Quality Standards’ for the p? B T
benthos, some modifications to sampling 2km,
practices (notably increased replication at L 4
‘representative’ stations) will be required at
certain Qisposal sites, in order to facil?tate Figure 19. MAFF temporal trend survey of the
comparisons between stations or station Tyne sewage-sludge disposal site,
groups near to and distant from contaminant May 1992
sources.
(b) Metals ( Cd, Cr, Cu, Hg, Ni, Pb and Zn),
® A multiple method approach to assessing the carbon and nitrogen were determined in the
impact of sewage-sludge disposal is desirable <63 um fraction of the surface 0-1 cm of the
as this gives a clearer picture of the extent of sediment. The samples form part of a study on
contamination. temporal trends in sediment quality at the
disposal site.
[ ]

The technique of normalisation shows
considerable promise but the question of
sensitivity needs to be addressed.

(©

Sediment samples were also collected, by
Day grab, along a north-south transect through
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the disposal site at the stations shown in

1720 10

Figure 20.
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Figure 20. MAFF transect survey of the Tyne
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Figure 21. Northumbrian Water survey of the

Metals ( Cd, Cr, Cu, Hg, Ni, Pb and Zn)

were determined in the <63 um fraction of the
top 0-1 cm of the sediment.Carbon and nitrogen
were also determined in these samples.

Benthic infauna were identified and
enumerated in samples from a selected number
of these stations.

Beam trawl samples were taken at the stations
shown in Figure 20. Benthic infauna will be
identified and enumerated in these samples.

Northumbrian Water survey
of the Tyne sewage-sludge
disposal site, May/October 1992

Sediment samples were collected by Day grab
from the stations shown in Figure 21.

Samples from these sites were analysed
for metals (Cd, Cu, Cr, Hg, Mn, Ni, Pb and Zn)
in the <63 um fraction of the surface 0-1 cm.

Benthic infauna were identified and enumerated
in samples from the sites shown in Figure 21.

Beam trawl hauls were made at five sithging
May, September and October. Epifauna were
identified to species level and enumerated.

Underwater video surveys were carried out along
a north-south transect through the disposal site.
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5.5

Tyne sewage-sludge disposal site,
May/November 1992

5.4 MAFF survey of the Humber

sewage-sludge disposal site,
May 1992

Samples of horse mussklddiolus modiolus
were co