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FOREWORD -

‘This; the second repoit of the' Co-ordmatmg Group on the Momtonng of Sewage-Sludge Drsposal Srtes
: (CGMSD) descrrbes the progress made by;he Group dunng 1989 g

‘ The Group was establrshed n 1987 when, followmg a review of exlstmg monitoring; l‘t had become apparent to
the Marine. Pollution Monitoring Management Group (MPMMG) that UK effort and resources, applied to scien-
tific investigations and monitoting of the 1mpact of sea’ dlsposal of sewage sludge were unco—ordmated and

: contamed many mconsrstencres R

~ The Group s first report addresses these problems drrectly and coiitains a set of envmonmental quahty objectzves :
(EQOs) with the appropriate envrronmentai quality standards (EQSS) whlch have common apphcabhty and
represeint good technical and envn’onmemal practtce

That first report also provides details of procedures io.be followed when conductmg momtonng of fish dlseases,
certain microbiological components, ‘benthic community structure, ‘métals in sedifhents and a number of method-
determined samplinig and analytical procedures.- “This report continucs with this théme of guidance and inicludes
details of procedures fot biological effects studies that cai be used to provide evidence of deterioration in environ-
mental quality as.a consequence of - sewage-sludge disposal. The repoit also’ provideés detalls of the progress made
in 1989 in defining EQSS for some of the EQOs whnch are more drfﬁcult to quantrfy

: An assessment is made of Lhe results of momtormg conducted in 1988 and the extent to whrch these resnlts can be
used to meet the desired goals of menitering methods in the fmal report. Details are‘also given of the monitoring
of sewage-sludge disposal sites, carried out during 1989 by the various hcensees operatmg throughout the UK and
by the hcensmg authorities (DAFS(ﬂow SOAFD *)[DeE(NI)i’MAFP) :

.

C.E. Purdom

Deputy Birector

(Aquatrc Environment Protection)

e “Directorate of Fisheries Research
'Mims_try of Agriculture; Fisheries arid Food

% Scottish Office Agriculture and Fishéries Department
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EXECUTIVE SUMMARY

This is the second report to be produced: by the Marine Polution Monitoring Management.Group’s Co-ordinating
Group on Monitoring of Sewage-Sludge Disposal Sites (CGMSD). The Group is charged with giving advice on
procedures to be adopted in a co-ordinated programme of monitoring of sewage-sludge dlsposal sites and with
rev1ewmg the extent to which that advice is successfully applied.

ThlS repon contams a bnef general :nl:roducuon (Sectlon 1) wh:ch outlines the cvents leadmg to the establishment
of the CGMSD and its terms of reference. This is followed by an outline of the activities of the CGMSD and its
various task teams (Sections 2 and 3). Section 4 of the report reviews the results of monitoring conducted in 1988
and compares the procedures against those advocated by the CGMSD and-the extent to which the results demon-
strate compliance with the environmental quality. objectives (EQOs) and standards (EQSs) established by the -
CGMSD. Section 5 provides a summary of the work undertaken at the various sewage-sludge disposal grounds in
1989 by both licensees and licensing anthorities,

The report recognises that monitoring programmes need 10 maintain a certain degree of continuity and that the-
first set of recommendations.from the CGMSD were only published late in 1989, It would therefore be unreason-
able to expect that disposal ground surveys carried out in 1988, or even in 1989, would fully comply with recom-
mendations of the CGMSD. Nor would they necessarily have been directed at the particular objectives and
standards proposed in the first repert. Indeed, advice on certain techniques and standards is still being generated.
Nevertheless, it is apparent that the CGMSD has already had an impact on programmes conducted in 1988 and
that the results of the 1989 programme should be. more dlrectly capable of comparison with establ:shed EQSs than
~has previously been possible. . . N , :

In the context of further defming EQSs, work is still in progress on the definition of acceptable levels of change in
benthos and contaminant fevels in sediments. Sub-sections 3.2 to 3.4 of the report describe the approaches being
taken and the outcome, at least initially, seems likely t0 be based on what level of change is detectable. Such a
position wou!d be consistent with present public perceptions that the disposal of sewage sludge should not cause a
detectable i 1mpac£

As was to-be- expected some deficiencies in the techniques used in the monitoring carried out in 1988 are appar-
ent when judged against the objectives defined by the CGMSD. For cxample, several past programmes featured
inadequate replication of samples to permit statistically valid time trend analysis, despite the fact that the stated
aim of the studies was to detect change. These deficiencies do however serve to illustrate the need to improve
techniques according to the guidelines published in the CGMSD’s first report. They also serve to identify certain
confusions as to sampling practices, e.g. the permissible mesh-size of fishing nets used specifically for research

purposes.

Gw_en l;_hes_e problems, it.is difficult to draw many firm conclusions from the 1988 results in relation to the EQOs
and EQSs proposed in the 1989 report of the CGMSD. However, it is clear that the health of the ecosystem and
quality of the environment is acceptable at all disposal sites. Marked effects are apparent only at the Garroch
Head site becanse this is recognised as a disposal site with only limited dispersion. Even at this site, there are no
unaccepiable effects outwith the mixing zone. The quality of commercially exploited fish caught on, or close to,
the disposal grounds is acceptable in terms of contaminant levels for human consumption and there is no evidence
that fish arc more discased in these areas than elsewhere. There is a clear need to maintain continuity of pro-
grammes and not to change survey systems without good cause, and certainly not without intercomparison with
earlier approaches. Several studies in the past exhibited a marked lack of consistency. The only major effect
identified was pin-pointed by surveys at several grounds and was directly attributable to litter. The CGMSD
considers that the quantity and presence of litter reported at several UK dlsposal grounds is unacceptable in terms
of the aesthetic EQS. The situations are being investigated and, where it is appropriate, steps will be taken to
rectify the problems arising from sludges.
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| 1 INTRODUCTION

In 1985 followmg a rewew of momlaormg asitwas

ther coriducted at the various sewagé-sludge disposal .
sites around the UK, the Marinie Pollution: Momwnng _

: Managemertt Group (MPMMG) coticluded:thit | proper
monitoring: goals needed to be specificd and that i
standards were. requrred against ‘which it-wouald
possible to assess whether or not detectable effects
were occurring and whether they were acceptable. In.
order to achieve this task and o co-ordmate_momtormg
so far as pracl:rcable, it was agreed that a. o—ordmanng
Group onMonitoring of Sewage-Sludge Drsposal
Grounds (CGMSD) shouid be es&a”bhshed Foiiomng

discussions with tha then- Watér Authorities Associa-
* tion, and olhers the CGMSD imet for the first'time- on
3 Sepiember 198'7 wztfh the. foil(wmg terms of refer- :‘_"- _

ence:

(i) to continue to evaluate seWagb#sIﬁdge moriltor-"'
“ing programmes, and advrse on’ l.helr develop—
" ment and co»-ordmauon ro i1k ebest use of

.' avaﬂable resources expe t 'se and Iechmques asel
- where appmprmte recommendanons should be ;

made for the termmauon £, 'neffeeuve pro- :
_grammes, S

(ii) -1 u:lennfy and report upon those areas: where :

.-research is necessaxy in: snpportof momtormg,

(iii)

-and intercalibrate analyses usedf momten'
"programmes P :

10 formuial.e env:ronmentai qualrty standards 4
(EQSs) agamsl which: momtonng programmes
~ canbe desrgned and resu’lts assessed

@)

(vi) toencourage the producuon of reguiar reports
on the progress aridresults of:m OF _mmng by
 those responsibl for the conduc

* grammes; and -

(vir) .to produce an armual rewew of momtormg
. carried out at all sites, whlch wril be made
: wndely avarlahle

Arising from lhese terms of reference lhe ( GMSD set : )
; - From 1he start lhe CGMSDwas mtended o be a-group

itself the [o{lowmg aims:,

{d) - to define envrronmenﬁal quahty objectwes

g '(EQOS) to.be metat sewage—s]udgedlsposal S

. grounds and the~ deveiopmmt“" dards _
which the meeﬂng of lhose ob_, clivescanbe
~verified; . I

10 venfy methods, develop standar(t Imetoco]s i

(u) to develop detalled guidetines for monitoring

10 using: mlcro-brologlca} determinands; biological
_-efﬁects techmques, sedxments brota and water‘

(111) to produce a report on momtonng conduc[ed in
1987and1988 : R .

-_TheCGMSD pu’birshed its ﬁrst report in the autumn of
- 1989 (MAFF, 1989)-and although this:did not include

resulisiof monitoring conducted in 1987, for a variety

- -of mainly administrative reasons, it did include a sum-
" “mary of the monitoring investigations conducted at the
_“varions sewage-sladge disposal'sites argund the UK in
1988. More importantly, it specified for the first time
"~ asetof common EQOs and defined a set of EQSs by
_-which fulfilment of the ebjectives could be judged.
* Equally impertantly, the report included detailed
- guidelines on how monitoring should be carried out for
- method: determmedparameters such as organic carbon

and'Eh; for microbiological determinands ‘useful as an

. mdrcator ‘of the inifial fate of sludge,-and biological

. determinands. In the latter case, the emphasis'was on

- techiiques for assessing the impact on benthos and the
. numbers of-diseased fish in a particular area relative to
SO <-_control sites. Details:were also provided on.the

" miethods to-be followed for monitoring: metals in

sedlmems from sewage-sludge drsposal sites:’

. It will be noted, from the foregomg outline of the
 conents of the first report of the CGMSD; thiat orgamc

. contaminants-were. not considered in the first report

o and t_hat the séction on biological effects was: restncted '
" to two main indications of possible biological impact, -

viz: benthos change and diseases in fish. Work
continued in these areas during 1989 and the réport
which follows provides details of the progress made on
these.anid othier matters refated to monitoring of

©_ sewage-studge disposal sites Also included in the
. report this year'is areview of the results of ‘monitoring
# - conducted:in 1988 and asummary of momtormg '
, carned out m 1989 :

A hst ofmembers of the CGMSD in 1989 is grven at:

Annex T
'2 TASKS ERTAKEN
BY THE CGMSD IN 1989

' 2 1 General aetlvrtles

which advises on policy anﬁ where the advice is
adoptéd, demonstrates; through its reports, how the

.- adviceis being ﬂnpiememed Ass siich, it was-expetted
. that somic of the detailed work ef definitig: procedures
 for monitoring: would have to be tindertaken by special-
“ist task teams. This has in-fact proved wbe a very
successfui mode of operation and most of the detailed
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guidance on menitoring methods published in the first
report was produced by specialist task teams working
under the general guidance of the CGMSD. This - -
practice has continued during 1989 with specialist task
teams undertakmg the followmg mvesugauons

(1} exammmg l;he methods avallable for assessmg
biological effects other than those affecting
-- benthic species-structure and fish discases and -
- advising-on those that currentiy appeéar suitable.
for adoption inmonitoring at: sewage—sludge :

- dxsposal s:tes

(iy a dvnsmg on sunable slanda:ds by whlch lhe ac-
 ceptability of benthos. change can be assessed,

advising on sunable slaudards by whlch the
acceptabitity of change in the levels of metals m'
sediments:can be assessed and-conducting an -
appropriate scries of i mtercompanson exercises
aimed at establishing comparability of data for
concentrations of metals produced: By dlfferent
groups mvolved in momtormg, and :

(iii)

(v)

organic chemical contaminants in the marine .

environment, with: specml emphas1s mmally on

sediments.

In the course of 1989, the CGMSD met on three
occasions to review progress by its task tednis, to plan
its-future activities, and to. discuss ways-in: .which itself,
its task teams or its parent group (the MPMMG) should
respond to extemal initiatives ancrpmssures o

- The work of'the: CGMSD  during’ 1989 and the ﬁrst two
months of 1990 was conducted against a background of
well-orchestrated, but generally ill-founded, criticism -
of the use of the sea for disposal of. wastes; generally, g
but particularly the disposal at sea of industrial wastes
and sewage sludges. Whilst it is not part of the =
CGMSD’s role to examine the availability-of alterna- - .

for some of the larger conurbations, ‘establishing
alternatives will not be easy. This is because sludge .-
disposal strategy and the location of sewage u'eatmem
‘works has been planned with sea disposal as a viable '
outlet. Accordingly; the CGMSD has eperated; and
will continue to-gperate,-en the basis. that its remit is lo
establish the impact which sewage—sludge disposal at
sea has on the marine environment. The CGMSD will

not hesitate to draw attention io any failures:in compl:- a

ance with objectives or standards. Equally, the
CGMSD reports. will, if appropriate; record the fact -
that standards are met:and that there is alack-of .
adverse effects. . This position.is notat‘feeted by the

UK Government’s decision’to phiase o1 ‘sewage‘sludge- E

disposal.by. 1998.. Rather; the continuation of the
CGMSD and its activities is seen-ds messenua,l
component of defence: agamst eonunﬂed CHUCISH] of

descnbmg the methods to be. nsed for measunng

sewage-sludge disposal at sea, in the short term. ,
‘Continuation of the work is also considered desirable

in the event that, should the longer-term alternative

sludge disposal strategies prove defective, attention:
could once:more. tirn 1o sea disposal. If at some stage

. this cmnsewere followed, the results of studies of
- long-term sewage-sludge disposal operations, particu- .

larly if: con_tumed after cessation, will be exl:remely

' useful

To tlus end the CGMSD has contmued 0 pursue its
initial guiding principle that, wherever possible,

~ . common goals should be met at all sites and-that
' procedures used for monitoring for a particular purpose
. should be harmomsed. It is of course recognised that

: dlfferem sewage~slndge disposal sites have different
- charactensucs and that these have to be allowed for in

the adopted procedures. Thas, for example, it is
considered pointless to advocate detailed grab surveys

~ and analysis of sediment particle size. structure and

meiofauna for an area of hard ground.. Nevertheless, it

-i8 cons;dered that for most purposes common objec- -

tives can be set, even if the standards by which compli-

-ance is judged differ according to local circumstances.

The task teams have been requested not to seek to

- promote siigle common methods &xcept where this is
- essential 1o ensare comparability in that which is

actually measured. The overall aim of harmonisation

is to-producé reliable and comparable data, preferably
between different sites; but particularly at a single site.
The CGMSD is also actively seeking to ensure that all

- monitering conductéd at disposal sites is justifiable in

relation to the defined objectives. Thus Section 4 of

- this report assesses the results of monitoring in 1988

with this goal in mind. However, in this context, it
must be notéd that; as the CGMSD only commenced
workmg late in 1987 and ‘its first report was not widely
available until late in 1989 criticism of work carried
out in 1988 relates essenually to apre-CGMSD era. In

 future reports, such criticism should be less frequent on
~ - MORitoring conducted in 1989 and espec1ally from
: 3 1990 orrwards -
tive disposal routes, the CGMSD is aware that, at least -

22 Act1v1t1es undertaken at the
o "diréef'ﬁréquest”of‘ the MPMMG

. Inthe course of the year, the CGMSD was called upon
byits parent group (the MPMMG) 10 advise on the -

. content. of a proposed réport by Greenpeace on Dump-

ing Sewage Shidge at Sea (internal document). After
detailed examination of the report, the CGMSD
concluded iliat it gave a good and fair summary of the

. situation and what had-been published, so far as the -
* . type of monitoring and the results obtained were

concerned. The conclusions as to impact werehow-
ever considered somewhat speculative and unsupported
* by the sort of detailed field and laboratory investiga-

© tions wlnch the-report itself suggested should be
‘carried out. The CGMSD considered that the report’s
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proposats for the direction which future monitoring -

should take weré constructive but. concluded that, with -

one exceptmn investigation of phytoplankton blooms
alt were being addressed either by:the new forms of -
monitoring propoesed in the CGMSD’s first réport or -

were under consideration by the task feams for future -
proposals.. These issues relate to'pathogens, bioassays -
for orgariic micropoltutants, fish diseases and far-field - = .
effects. The CGMSD considered that an inveéstigation . -~

- of phytoplankmn ‘blooms related to sewage-sludge
disposal could only be considered in‘relation to;the
occurrence of phytoplankton blooms in general.- The
MPMMG has since accepted this view and- has estab-
lished a'small group 16 recomménd a commion report-

ing procedure with a view to obtaining more compre- S
hensive data on temporal and spaual occurrenees of o

blooms.

In accepting the report of the CGMSD and its Be‘nthos E

Task Team, the MPMMG noted a number of proposals

for future activity and sought-advice on whether these -
were essential and/for would be practical, ‘After farther -
consideration, the CGMSD decrded to recommend as '

follows

(i) Provisionof an updatmg service fortaxonomic =
mformanon ‘There is clearly a néed for sucha -

service and in the long terne it was felt that it
might be undertaken by’ thie Plymouth Marine -

* Laboratory. - In the shofter term, the task ‘would - :
be undertaken, on-a relatively informal basis, by- -

the Association of Directors: and Rlver
Inspectors of Scolland {ADRIS) Group

(ii) Intercalibration for identification of the benthos

- Thisis clearly linked to the updating of taxo-
 nomic information and is essential for data . © -
comparability. ‘The value of existing taxonomic
workshops was recognised but the: CGMSD felt

that the lcensing authorities conld:do more to -
- promote such workshops, to encourage: inters
* laboratory comparisons, and to set’ quality-

- control targets as part of conditions set odtin
the disposal licence. The Benthos Task Team. -

‘has beenrasked to initiate an mtercompanson 3
exercxse as soon as pmctwable '

(iii_) The Benthos Task Team had proposed thees-
- tablishment of a common coding system-for

benthos.” This is considered to be & desirable - :
‘goal -and it is expected that a reccommendation-~ -
© -oma commOn coding system w111 be made i i

199, -

(iv) "Thé Benthos Task Team haﬂ proposed Ihat the
use of less interisive techniques should be :
- evaluated-and thie CGMS] agreed thata® -
developmemal exercise be. undeﬁaken ThlS in
fact has been taken up by the task team in 1990
anda recommendanon wﬂl anse from tlns

“ work. The approach appears to show oonsrder- :
able prom:se

' (v)’ ' The Benthos Task Team had suggested there -

was a need for ani evaluation of the usefulness of ‘
" epifaunal sampling. The CGMSD felt ihat the
-1 "licensing anthorities themselves had sufficient’
' -~experiedice to be able to-advise-on the types of
© situation where such studies would be appropri-
ate and, in those cases, on how to carry out the
work. ‘The Benthos Task Team is undertaking a
further revrew of samplmg methods in 1990

' (\i-i) ‘A pmposal had been put forward that acom-

puter-based package for data analysis'be -
--"--'-:-intr-'oducied.- ‘The CGMSD confirmed that this -
would be a desirable goal and that ideally a
_ smgle type of package should be used in all
cases. -

(vii) The CGMSD Kad charged the Benthos Task
" Team with the issue of proposing standards by
" which to judge complianice with the objectives -
" of maintenance of the ecosystem and preserva- -
tion of the marinie environment, The task team
. subsequently had suggested that this would not
= be.possible without considerable research effort.
‘However the CGMSD considered that it would
be practicable to define the limits above which
~ .. change is clearly detectable and not acceptabie; |
... thetask team has béen giving active considera-
tion io.this, A report is expected durmg 1990
and details wﬂl be included in the next report of
" the, CGMSD ' .

3. PROGRESS BY THE TASK

EAMS

A hst of l]:e various msk teams (and then' membershlp)
. operaung m 1989 is glven at Annex 2.

3. 1 onlog‘leal effects

In recem years, consrderable awenuon has been pald to

" the possibility that marine organisms might be ad-

versely affected by sub-lethal concentrations of -
contamirants but that these effects would go unde-
tected by the currently used studies on biological
effects. Several techniques have been proposed for

. detecting sub-lethal ¢ffects and the ‘CGMSD estab-

lished a specialist task team to examine this applicabil-
ity to the assessment of the impact of sewage—sludge

__dlsposal at sea, "The task team was asked specifically
ot to advise on me ests. ‘which ‘were available but on
those that would grve results, mterpretable in relanon
_tothe spemﬁed objective —— mainterance of an essen

ually unchanged ecosystem in the disposal area.
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The task team made good progress during 1989 and
produced a comprehensive review of the situation and

- aset of recommendations.as to which tests mlght be -
applied at that time or which might be applicable in the
reasonably near future. Several tests were.initially
considered in detail. Of these, the oyster embryo: test -
and that of feeding rate in Myrilus were.considered to

‘be immediately applicable. - Four more. types of test
(zooplankton tests, ‘Microtox” test, planktonic. algae
tests and a polychaete enzyme activity test) were-
considered to need further proving trials but to.be
worth recommending with that proviso. The remainder
were considered to be unsuitable for selection, with
three types of test specifically being advised against at
this stage {fish egg and fish larvae tests; the hydroid
test, and tests asing infaunal invertebrates othér than
the polychaete enzyme acuvnty test}

An outlme of the conclus:ons_ of thc task team and the

basis for them is provided in Annex 3. The full report

has been published separately in MAFF’s Aquatic
Environment Monitoring Report series (MAFF, -
1990(a)) and includes draft protocols for comiuctmg
the selected tests. .

3.2 Standards for determination of
change in the benthos

As ontlined in Sub—secuon 22 (pomt vu) in rcsponsc
to a request by the CGMSD for definition of a standard
against which to judge compliance with mamtcnancc
of the ecosystem fpreservation of environmental -
objectives, the Benthos Task Team had' suggestcd that
a research programme would be required. The

~ to monitoring of metals. Progress with this intercom-

parison programme. was seriously affected by the .
privatisation of the water industry and no real headway
- was made.- The exercise aims to assess the comparabxl-

- ity of sieving technigques by different laboratories,

comparability.of digestion procedures, with analyses of

all digests by one laboratory and, finally, comparability
- of the results of sieving, digestion and analysis.by the
individual 1aboratories. Only. the first of these aims

was completed in 1989. The results showed good

~ intercomparability for the standard sediment sample,’
regardless of whether plastic or metal sieves were used.
- . The task team are however continuing to recommend
- the use of plasue sieves to eliminate the possibility of

metal contamination. - Plans for the next two. phases
remain valid and it is hoped that further progress. will

“be madein 1990

Meanwhile, the CGMSD has charged the task team

" with producing suitable standards against which to

judge.the acceptability of levels of metals in sediments

" in sewage-sludge disposal areas. Work on this aspect

is, as'yet, incomplete but is being approached on two

. fronts, The first attempts 1o establish levels which, if
exceeded, might be expected 1o affect benthic species

adversely. . Such a set of standards is clearly desirable
but progress will involve assessing that fraction of the

* metals which are biologically available and/or signifi-
cant.. Recognising these difficulties, the second

. approach attempts to assess the degree of change in
levels-of metals in sediments. which can be measured

with confidence, takmg account of spatizl and analyu-
cal variability. It is expected that the task team will

R report'-in_ 1990.

CGMSD accepted that in order to define such change -

accurately, and in ‘a strictly sc1enuf1c ‘way, Some.
research effort would be necessary. However, tlre
CGMSD did consider that, from a practical, standpomt
it should be possible to define limits to the dc’ecctablhty

of change and concluded that a newly constitited task '

team should be asked to do this. A Benthos Task "
Team with revised membership was duly formed. As a
starting point for discussion, the CGMSD suggested a -
standard of a 20% change in biomass and/or ﬂwerszty :
as this might indicate a level of change that would be
both detectable and probably undeceptable. The task -
team is consldermg this and confidemly expects to
produce a repbn: i ‘1990

3.3 Momtormg of metals

grounds Annex 6 also mcludcs dctax!s of a lhree—s;ége
mtercompanson exercise. planned by the spcc_' lisk task .-
team which was established to consider matters rclaucd

3.4 Momtonng of orgamcs |

The CGMSD rccogmsed atan ear]y stage the need to
" harmonise approaches to monitoring of organic -

contaminants.in sewage-sludge:disposal arcas. How-
ever, recognising the uncertainties over the contami-

'nauts whrch would be of interest.and the doubts abount

~ leveis acmally present:in sludges, the CGMSD decided
to-délay estabhshmg a task team to examine the key
issues, at least until the basic groundwork for objec-
tives had been set by the CGMSD and by the Methods-

. Determined Parameters Task Team for organic carbon

in scdlments This groundwork was completed in 1988

' '_'and details were included in the first report of the

CGMSD.(MAFF, 1989),. Accordingly, a specialist task
team to advise on organic micro-pollutants was estab-
lished early in 1989. It was charged initially with
developing detailed advice on methods of sampling
and analysis-of arganic micro-pollutants in sediments . -
and, on completion of this task, with organising and
conductmg any mtcrcompanson exercises- that might
be uccessary , , . ;

* The task wam meton two occasaons durmg 1989 but,
as with the Metals Task Team, progress was seriously
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affected by privatisation of the water industey, After
some uncertainty as to.the organic micro-pollutants to
be considered, the task team has been concentrating
aticntion on those of direct interest to theOslo and
London Comimissions and the licensing authorities.

- The substances identified for priority treatment were
PCBs (for the time being quantified as Aroclor 1254
pending demonstrated capability by most laboratones
to determine individual chlorobiphenyl congeners)

TDE and DDE, and dieldrin. In addition, where

common methodology allows, attention will be paid to k
‘Red List” substances (DoE, 1990): the opportunity f for'

this is expected to be limited.

The task team has decided to make the maximum usé

possible of existing publications and to this end is .
seeking to update and expand the existing Standing
Committee of Analysts Methods for Examination of -
Waters and Associated Materials (Anon., 1985). The -
task team has also drawn up plans for the exchange of
standard solutions of organochlorine-and orgario- -~ -
phospherus pesticides and of two standard mix solu-
tions of PCB. The analysisof these samples is ex-

pected to be completed during the first half of 1990. It -

is hoped that the next report of the CGMSD will

include detailed guidelines on‘methods to be used for -

sampling and analysis of the main organic micro-
pollutants of interest 10 the hcensmg authormes

The Organics Task Team is hkely to continue its work :
for at Ieast the next two years i.¢. through 1991, as are: -

the task teams dealing with metals and benthos. ‘The -
CGMSD will continue to direct and co-ordinate thie -~

activities of the three task teams and will focus increas: -
ingly on the production of annual reports feviewing -

monitoring at sewage -studge disposal sites:- These - -
reports-will seek, in particular, to assess the extent to’
which the guidelines established by the CGMSD are
followed and the extent to which compliance with-
EQOs and EQSs has b_e'en demonslmm'd: foe

4. REVIEW OF MONITORING
- AT SEWAGE-SLUDGE .
DISPOSAL GROUNDS
DUR]NG 1988_'

4.1 Introduetlon

One of the mam alms of Ihc CGMSD is lao assess the
extent to which programmes of momtormg at msposal

mtesmeetthegoalsdescnbodmthelrﬁrstreport L

(MAFF, 1989). This Section describes some examples

‘of work carried out in 1988 and discusses: the value of -
various techniques in-fulfilling the roqunements of: lhe ;

CGMSD. The CGMSD guidelines for analytical

methodology (MAFF, 1989) were generally usedin -

1988. However, as some rocommendauons were not

finalised until 1989, some 1988 surveys, particularly
those which form part of 2 long time series, used
prcwously establlshed techniques.

The followmg dlscussmn is arranged accordmg to the -

" various EQOs set by the CGMSD (MAFF, 1989); any

relevant EQSs are glven at the start of each section.

4.2 'EQO: Preventlon of aesthetlc
o, B and yYHCH, HCB, DDT and its main metabohtos 5 Q

“problems and interference with
other legltlmate uses of the sea

Aesthetic problems are likely 1o arise if floatables and

sewage-sludge debris (large detrital material of sewage
origin, including plastics, condoms and tampons) are
present in the sewage-sludge disposal area. The
CGMSD considers that the only acceptable standard is~

. that these materials should not be found to occur in the
-area of disposal, ¢ither in surface trawls or in bottom

trawls, dredge or grab.samples. If significant evidence
of such solids is found in the area of disposal, screen-
ing of the inflow effluent or the outflow sludge may
have 10 be undertaken, Since it is conceivable that not
all of the sewage-derived solids are from the disposal
of sludge, the CGMSD has recommended that subse-
quent compliance with the standard should be checked,
primarily by monitoring sludge quality at the point of
Toading, to ensuze no retention of solids on.a Smm

gieve,

Suitable measures for assessment of this EQO are
turbidity and the presence of floatables and persistent
sewage debris. No measurements of turbidity or
floatabies were reported for 1988 but observations of
liter were made at the Tyne, Plymouth, Garroch Head,

Bell Rock and St Abbs sites.

" Lmer was common in beam trawl samples collocled at .

the Tyne site (Table 1). Much of the fitter was sewage-
derived and included tissue paper,- tampons, sanitary
towels, hair and vegetable matter (largely potato
peelings and tomato skins).

Table 1. Litter collected in beam trawl
samples at the Tyne sewage-
sludge d;sposal ground, May 1988

Station 276 Statlon 277

~ Rubber O-rmg " Nylon twirie
String . Cardboard
Tissue paper (common) Clgarcue ﬁlters (common)
Sanitary towels (common) Cellophane '
Hair - Plastic’ wrappmg
Cellophane (common) .~ Tampons :

- Cigarette buns (oommon) Tissue paper (common)

-, ‘Matches * Sanitary towels (common)
Vegetable matter “Silver foil

~ Silver foil Hair

© Plastic wrappmgs Vegetable mauer(common)
Tampons Elastic bands '

11


P&G


P&G


P&G



- In contrast, sampl@e collected at. the Plymouth site: (m :
beam trawls) contained only small quautmes of litter

which included no-sanitary predlwts .:able 2) Beam. -

traw] samples taken at the Exeter l site aiso

contamed no: htter

At Ganoch Head observatmns were made on: htter
collected during sampling for fish using an otter trawl.,

. Tt was noted that markedly fewer matenals, obvmusly -

auﬁbutable 10 sludge dmposal,
trawls acrd’ss the dlsposat sne man ' prevmus years ;

Table 2 thter collected m beam trawl

E Table 4. Litter collected in-otter trawl

- samples at the Bell Rock disposal
- gite and the cnntrol site, Apnl -
i '1988 SR

_Rubberglove E
" Tin (Coke_'cqn)
- Nylon string

- ‘samples at the Plymoutk sewages . Tyren . fragméﬁ s

o Wooden-branch

£ sludge dlsposal gmund, December"’ -
' ! : 1988. : g
o Stauon 65 ' ._r_vStatiein 69 .'
' Clgarette butts (3) - Shoes (2) ©
, Cellophax__rc_(l pxece)' " Twine - '
Plastic (1 piece). =~ "Cellophane (sevcral
Tissue (a fewpieces) =~ pxeces) :
Fo_il Qa piccé)’_ N s .
Statlon 66 ) __-_‘_Statxon 70
Smng (1 plece) . S Sl:rmg {1 plece)
Cellophane (1 picce) - . ‘Celtophane (1 p;_ece)_
Rag (1 piece) B RO
Stauon 68 . Stauon 71

Cello;)hane (1 plece)'- e

At St Abbs, trawls from both control and dlsposal sxtes
yilded similar quantities of anthropogemc material

-and both contained sewage-derived materiat (Table 3).

Anthropogenic matenal was also found at both'the
control and disposal’ sitcs at Bell Rock, although

material clearly identifiable-as being sewage—denved
was only tfound at the cpntml'sue (Table 4} : ;

Grab samples and underyvater vuien 1magcs taken at
the Bristol Channel disposal site dld not reve_al_any
evidence of sewage-derived titter, Tt should '0wcver

- benoted that these techm ues’ sample onl ’small areas
' s i '_ 4 3 E' Mamtenance of

- -Table 3. L:tter collected in otter tmwl
' samplesattheStAbbs. isposal.
sile and the control slte, J une

1988
Samlar:ytow'ei' B 2. 1 .
Rubberglove . . . . ...0 .1

Plastic bags ) '_ TS S

'_Statioq 13 Coiitrol

Samtarytowel . | !

Plastic wallet

A e e

+present

g _'of sedlment and could not reveal a.nythmg other l;han L
. g;'oss htter contammauon g

_The sensmwty of thc samplmg techmque should also
-+ be considered in the case of trawl samples. Only large.
“. debris was collected by the otter trawls used at the -

Scottish sites, while finer material was sampled by the -

- fine mesh beam trawls uised at the English sites. The
L d;fference in mesh:size between these two pieces of

equipment-undoubtedly leads to'a difference in sensi-

: _j, " tivity in assessing compliance with the EQS. Fine .
- mesh net of the type used by MAFF at the Tyne and
.Ply’mouth sludge disposal sites is preferable for the

purpose: of assessing litter, but special permissionto = -

o . use such neis must be obtained from the appropriate
' Govcrmncnt Depaﬂments {i.e: MAFF*, DAFS* and

DANIS). It should be noted that such nets shouid not
be used in sarveys conducted for the purpose of fish

L disease assessment as this would not be in accordance - -
- with-the iCES# or CGMSD gmdcl;nes for such sur-

VeEys..

_Applying the standgrd_:-ﬁsetby' the-‘Cf_GMSD; the data for
. the Garroch Head, Bell Rock and Tyne disposal sites,
+;. indicates that screening is probably necessary while at
© . the Plymou{h and Exetersites conditions appwr tobe
" . acceptable. These d:_ngs are; in.accordance. with that
- which is known abouit the ) nature of the sludges pro-
.. duced at thc works it questmn g

"~ commercial marine fish and
. shellfish at an acceptable _
fifquahty for human consumptlon'

. 'No data spec:ﬁcally relatmg to sewage-sludge dlsposall ‘

i ;-' L Mmmzy qugmukure F:shcrws and Food

+Department. qf Agncidture and Fisheries for Seo!tand :
§ Deparlme Agncsdmre, Northem Ireland - L 'A o
jal _i_for lhe Explamrwn ofthe Sea T
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. Table 5. Concentratwns of mercury in ﬁsh muscle in Lwerpool

Baydunng 1988. . _ _
Species  Numberof Mean length Mean - Q_Rangeof standam
o - fish . .of ﬂsh concentration concentrations:-deviation
analysed {c_m)_ (mgkg* wet (mgkg? wet © of datasets
- cooeoo . weighy T weight) -
Cod 25 34370 017 006027 . 004
Whiting 30 359 037 011064 015
Plaice .~ 25 . 308 015 007627 006
‘Sole 24 7269 . 015 ©0.06-0.31" 0.06
“Flounder ~ 29 332 026 007046 0.0
Dab - 25 2520 019 0.05-035  0.08
Allfish 158 0.20%

*Weighted mean is based on the relanve conmbuuon af each specnes to the 1988
commercial Iandmgs ﬁ'om the area. :

sites were reported, although the national momtormg Table 6. Total ﬁsh caich at the Garroch
programme operated by MAFF and DAFS deals with . Head dtsposal s:te, June 1988.
the quality of fish around the coast of Englan{i and S o

Wales and includes disposal site areas. These data

continue to indicate comphance with EC and - Fish, spemes Number Slze range Gross pathology
OSPARCOM EQSs for mercury (sec Table 5) and the ° e '_(cm) . '
levels of other contaminants are not such asto give . — — (
cause for coricern in relation to human healih, Fult™ - Saﬂhe N < 225-329 NAD : |
* details of the monitoring surveys for England and -~ Plaice RN LIRS 7% 2-22 1, One fish with -
Wales are published periodicalljg’inMAFE’é’ﬂQuﬁﬁé S e -severe inflamma-
Environment Monitoring Report serics (see for ex- IR S ~_tion and necrosis
ample MAFE, 1990(b)), andbyDAFS in their Scottish . oo of il muscle
Flshenes Research report series. ;- Whiting =~ 2 21.6-220 NAD .
. St st.anw w07 Common dab 2 157-19.7 NAD
S0 Norwaypout 2. . 16.2-208 NAD
44 EQO Preservatwnof the e Herring h .2 . 236213 NAD
z SRR Longroug L : _
. general well bemg of - b 1w

commerclally explo:ted specxes Poor cod o

Pt

134 . NAD

Samples of fish from comrol and dxsposal sues were o ' N, AD N ab mal detect d
examined in the Garroch Head region. No significant - o.a0normaciey ecte

differences were noted between the areas in either . ‘ '
external of internal abnormalmes of flSh Human = Table 7. Total ﬁsh catch at the Clyde
enteric bacteria were detected i n the guts of fish caught S confrol sde, ‘June 1988

at the disposal site, thiough not in those at the. conitrol - -

sites. Wh:leﬁusmdlcatesthatsamplmgwasundez-- e —
taken in the sewage-sludge disposal area, it is not'ex- - ﬁshspeclesNumber " Size'range - Gross

pected that the presence of such baeteria poses a threat” - 5 " (em) pathology
eithertotheﬁshortoanyhumanconsnmerofthef’sh Ve e T s —
Hake, 16 © =~ 122190  NAD
At the Garroch Head site- (see Tables Gand 7) fewer L 'plalcg 6 180228  NAD -
than 50 fish were examined for abnormalities which - Saithe’ =~ 3 250278 = NAD
are expected to be present in: less than:10% of the - . Whiting 3 254315  NAD
popuiation; Similarly, samples of fish: taken ,at_.ﬂlc i -Fiounder | 292 NAD
Forth sites were also rather smali for statistically i#alid - Witch 1 333 - . 'NAD
conclusions to be drawn. However, therewasno - - Poorcod 1 188 ~ NAD
evidence that fish health was unduly compromlscd by .- Notway’ pout 1 19.0 . NAD
oy -

contammants derwed from sewage sludgqe.'_.-;_-; st Gotnard T _17_’5 : NAD

. The main conclus:on to be-drawn. for this work is that _ NAD = No abnormality detécted.’
future sampting should be carried out in tine with the :
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- CGMSD guidelines (MAFF; 1989).  In fact; the - -

~ protocols which are now followed have been brought |

into line with the CGMSD gmdelmes -but different

©species may continue & be used when recommended B 11 __ excep!mg the unhkely eventofa w:despread

species are not available msufﬁczentnumbers asat: i

the Scottish sewage-skudge dlspesal s1tes

4.5 EQO: Protectlon of the eco-
system to ensure that itis-
typical for the type of area
concerned. .

The CGMSD lists three main criteria for assessment:
benthic diversity, water quality and sediment quality;
The CGMSD task teams are presently working on
standards for benthic and sediment quahty and many
water quality standards already exist. This Sub-sectlon
deals with benthic communities and dlversuy, sedlment
quality bemg cons1dered n Sub-secnon 4 6

The benthic fauna at both the Clyde and Forth sites -
have been studied annually over a number of years.’

These investigations demonstrate the value of relative -

continuity in samphng_ design and methodology. Only-
by this means can natural variability begin to bé

understood. The matter is essentially site-specific and -
local, as there are no pre-defined limits which apply

uniformly to all marine benthic communities arourid
the UK coastline, because of the widely differing.
environmentél conditions and anthropogenic mﬂuences
whlch prevaﬂ

Nevertheless, certain types of responses of the’ benthos
to organic enrichment are predictable, and this is well
illustrated by work at Garroch Head. Because of low- s

encrgy condlt:ons, the locat:impact of sludge,
measured by a vanety of techniques; is marked. - :
Further, because of apparently limited dispersion, the:
gradient of response from a grossly altered fauna at the
centre of the disposal area, through a transitional zone
1o a *healthy’ ene, can be traced by means of lme
transects employing a llnnted number of statlons

A comparison of 1988 momtormg data with that of
previous ycars (1979-1987), showed that the biomass at.
the centre of the dlsposal site was much reduced in
1988.. However, beyond 2 km from the centre, there
was evidence of a-decline in the overali levelof
enrichment. This declme was tematwely ascribed 10
more accurate posmomng of the dlspesal vessel at the _
centreofthesate T -

ennchment was identifiable in the monitoring data.

from all years, it is clear that the miagnitude of benthic ..

changes between years can be quite marked at md:vui‘-‘ Greater harmomsatlon in- ep:fatmal samplmg and

. analytical methodol_ogy is required, including a r_n.ore -

val sites. Much of this variability. may be due to -
natural causes, and emphas:ses J:he lmportance of

) year-on-year. conl:mull;y in momtormg

acuvmes

' 'catasttophlc change the importance of more
" than one year's monitoring data for the benthos
in order to establish with confidence if any
. trends are occurnng ‘and may be anthropogem-
- cally mduced -

' The results of monitoring studies at the Forth sites
* contrast with those at Garroch Head: this can be
_explained by the more recent history of sewage-sludge

disposal at the Forth sites, and the dispersive hydro-

. - graphic characteristics of the sites. The data on benthic
_infauna were analysed by a variety of ynivariate and
. multivariaie statistical methods. Most of the variabil- -

ity-was accounted for by natural factors, but there was

- some evidence, notably the occurrence of the “pollu-

tion-indicator” species Capitella capiata, that the
benthos were responding to marginal enrichment at the
less dispersive St Abb’s site. The study acknowledged
the future need fora. more rigorous analysis of time.

. trends in the data which in turn will require more data.

Thus, for example ‘both studies demonstrate the
importance of parallel measures of phys:co-cher,mcal

. .propemes of tlie sediments for the mterpretatlon of .
' changes in the benthos.

In both. studies, 0?11}' .“."0 replicates for benthic infauna

wete taken at each sampling station. Since, in'the
absence of adequate replication, the early detection of

" subtle directional changes is difficuit, especially on the
penphery of sludge inflisence, the two replicates would -

not normally be considered 10 be adequate to detect
changes with certainty.. However, it-is clear that: the
magmtude of spatial change occumng along transects

- at Garroch-Head is very marked, at least in the central

Czome, .

Both studies mcluded qualllatwe assessment of the

‘epifauna at the (hSposal ground and reference areas,

though the: followmg comments relate 1o studies in
1987 for Garroch Head (MAFF 1989) Greater

. uncertainties exist regardmg the efficiency with whlch

the eplfaunal component is sampled, a problem which

- is of course common 0 most trawl sampling proce-
.. dures. However, it is clear that changes in this compo-
+ nentmatch those for the infanna in response to.gross .
« enrichment (Garroch Head). Such data are valuable,

;- because: they broaden-the scope of assessment of

- R biotogical impact to include Ainter. alia) commercial
While lhe geneta] pattern ‘of highly !ocallsed effects 0f_:,),_j

species, and Iaecause they. gwe a relauvely rapld retum :
on samplmg effert. T -
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precise definition of the species present in the eptben- :

thic community. For example, trawl’ samplmg cannot.

_be considered ideal for sampling veiy smali eplbenth:c o
.+ .measures, and their interface with the responses of
- . indigenous communities, is an area of active current

crustacea such as amphipods. Neither can ‘chance’
"~ occurrences of sedentary mfaunal polychaetes be
considered relevant in any. quantitattve sense.”

The Garroch I-Iead study has for some years mc]uded a
‘control” (or more strictlya ‘reference’) site some 8 km _

from the centre of the dlsposal ground and this- appears
to provide an adequate bénchmark against which =
changes in the benthic fauna, in response Lo s]udge
disposal, and their spatial extent along station

transects, can be assessed An addmonal reference 31te : "

was establtshed in 1988

Al stations at the Forth dtsposal areas, at whtch
© infauna were sampled, fell within 2 km of the disposal .

site.. However, as with Garroch Head, it is.clear that . -
the dispersion of sludge tracers is not-uniform over afl .

sampling stations, and hence’ cempansons between
sites should allow the progression of any effects of:

enrichment (intensity and spatial extent):to be evaiu- L

“ated. In both cases, the onset of changes greaier than

those previously observed may be used as a trigger for

wider geograph:cal study

The whole question.of conl:tol’ arcas mmo,nuonng ,
 biological effects of pollution is a difficult one, and
requires greatér attention inthe: planning of future
. surveys, particularly in view of the dependence of the -
“EQS philosophy on comparative evaluauon

In biological studies, there are three i issues of partwular 3

concem

(a) the requirement for simitar environmental con-

ditions 10 prevail at ‘treatnient’ and ‘control’-
sites, 5o as tg increase the probabitity that .
fluctuations due 1o natural causes will be'i m .
synchrony; for example, an-uncontaminated -

inshore rock assemblage is not an 1deal bench-",; S

mark against which to assess changes in off—
_shore mud populauons, .

(b) . the presence of other anthrepogemc mﬂuences

which-may farther limit the scope forselectlon

"~ of control’ sites; and

(c) detectlon Inmts

The last is a function-notably of background nmse
and field samphng EITor. . Despzte {or in'some cases

because of) these constraints, many studis of * ‘point- o

source’ discharges show that démotistrable effects on

benthic communities tend to occur well within the zene:
of contammatton deﬁned by appmprmte physmal or E

larly appropﬂate fer ‘the: :demsfi‘- ,
effects.” Identifi ication of- _chgnge

population levels by aliernative measures may ulti-
malely prove to be most usefal as a routine for *far-
field’ assessment of impact. The development of such

research. It was with this in mind that the CGMSD -
- -estabitshed 4 task team to look into and advise on such
-methods (see Section 3. 1) .

4, 6 EQO Mamtenance of the
- reeewmg environment w1thout |
dlstmgmshable change

“The CGMS Dtaskteams on metals- and orgauio con-

- taminants in sediments ar¢ presently developing

$Standards and the necessary sampling guidelines for
use in assessing compliance. One of the main areas of
this work will be the-degree of rephcatlon required to

- assess spatial and temporal changes in sediments,

- ‘Most of the surveys carried out in 1988 did not take

into account the need for such repltcauom

Surveys of carbon and meta_ls' in sediments off the
north-east coast of England have indicated a general
- decrease in concentrations offshore and relatively high

e concentratloﬂs -around the mouth of the Tyne These -

R R A T

e D_reglge_d
material

ssiff

\ Dredged

material

. »Sampling stationly =~ £ ‘ )
aNo sample’ )
obtained due to f .
“hard gubstrate: ) -

54°L
. 65

: thure I(a). The. dutnbutwn of E._qiuu the

R sediments. around the Tyne sewage-
. sludge disposal site, May 1958,
.- Other disposal sites receiving uohd'
wastes are also shown.
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Figure 1(b). The distribution of Group D faecal
streptococei in the sediments
around the Tyne sewage-sludge
disposal site, May 1988. Other
disposal sites receiving solid wastes ‘ _ .
are also shown. . : _ T § ' ]

: thure 2, The dzstnbutwn of tomato pips in the .
. v sediments around the Tyne sewage-
~sludge disposal site, March 1985.

two factors make it difficult to define a sampling
transect which would give an uncomplicated picture of
any contamination at the Tyne sewage-sludge disposal ..
site. For example if a north-south’ transect showed '
elevations in concentration-in the area of the sewage-
sludge disposal site, it would not be clear whether -

these were due to sludge or to the éffects of the: Tyne '
outflow, To avoid such problems, grid surveys have

been used in subsequent years. a

N . Sewage

- Dredged *
rmaterial

, . ssiff
Surveys of sediment qua?ity around the Tyne site have
included dctermmanons of faecal bacterla (Group D

faecal streptococci and E. coli) and tomato pips.to

identify the area of sewage:sludge settlement (Figures

1 and 2} in which any bm]d-up of carbon or metals
would be expected to occur, Results of: analyscs for
carbon and metals of- samples collected in'1988

(Figures 3 and 4(a-f)) show the reglonal offshore trend

and the effects of the river, oul.ﬂows but, with the
possible exception of chrommm ‘domot show-any .
evidence of an effect at the sewagc-sludge site. To
avoid such problems surveys at Lhe T
onagrid design. . ... e oaees

54°%

55"

Dredged
materiaf

obtained due o
.- hard substrate

4"

" skm

Figum '3. The dts&tbutwn of organic: cafbon,in

.-the sediments.areund the Tyne .

sewage—sludge disposal site, May 1988.
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Flgure 4(a). The dzstnbutwn of mercury i the -
. sediments around the Tyne sewage-

. sludge disposal site, May 1988.
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Fxgum 4(b). The distribution éf copper in the
sed:ments around the Tyne sewage-
sludge duposal slte, May 1988.
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obtained due to
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- Figure 4(c). The distribution of chromium in the

547

55

sediments around the Tyne sewage-

sludge disposal site, May 1988.
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<Ng sample
obtained due to
hard substrate

Skm

Flgure 4(d) The dutnbutwn of nickel in the

' sedments around the Tyne sewage-

" sludge disposal site, May 1988.
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' o Fxgure 5. Coneentratwns of lead in whole
: o ‘sediments along a N-Stransect

*Sampling station )

e No sample
obtained due to
hard substrate

B : ' through the Garroch Head sewage-
R R o -_ L sludgeduposalstte 1989

o L : Together with these spattal surveys a bex-gnd sam-
l]_ - CLE -pling method has been used to test for year-on-year -
& DR “changes in sedimient quality 4t the Tyne Site and at a
reference site. This: techniqie combined 27 closely
- : T - spaced samples to give measures of mean sediment
i : ~: .-y | qualityand variability and can be used to assess the
S . . - significance of changes in these paramelters, Although
- the programme is only in the early stages; there -
"-appears to be Titile change between 1987-and 1988 at
* the site.. Rigorous statistical analysis-of the data will
be possible in the future when several years’ data have
_ _ : L beenobtamed This. workformsthebamsofMAFF s
Pa . S component of studies at the Tyne site and will be
) L examined in conjunction with the work carried out by
- Northumbrian Water under the self-momtonng
- scheme, -Similar sampling regimes are presently being
B - used atthe. Nah Plymouth and Liverpool Bay dxsposal
N : 31tes

' oo L i contrast to the Tyhe site, the sediments at Garroch.
) R o 1" . Head show considerable évidence of sludge accumula-
.-\ - tionasevidenced by large elevations of carbon, metal
and erganochlorine concentrations-at the centre of the
disposal site (see, for example, Figure 5). The area
* most strongly affected is considered to be a mixing .
zone and, for the purposes ‘of an EQO, sediments -
27 outwith this area may becompared with those ata
_ reference site. N :

54%
55|

100

55°y.

S Attempts to 1dent1t‘y temporal changesm sediment
oL | quality at Garrech Head are confounded by two-
.+ 1 factors. First; there was a change in analytical method-
- .| . ology for metals in 1986 when responsibility for -
- . analysis passed from the SMBA* to the ‘Department of -
 the Strathclyde Regional Chemist. The.methods used
by the latter resulted in-a htgher degree of extraction of
-~ metals from the sediment.. Thus, theré is a pronounced
L "dlscontmmty in temporal data which, despite some
.+ ~degree of intercalibration between the two l_aborato:__tes, :

»Sampling station
eNo sampie .
cbtained due to -

hard substrate

54
557

* Scottish Marine Biologicat Association. . -~ "
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leads 1o uncertainty in any -con_nparisons-of pr&1986 o
data with those produced later.. Second, only single'

grab stations were sampled and consequently no

vanabzhty daita: are avaﬂab]e for tise in stagistical teéts '
of differences befween years. Tlus lack of rephcauon o

affects not only temporal compansons buit also pre- -

cludes rigorous comparison of comrol and test stauons o

sampled at the same nme

_The presence of sewage-derived material at the control'
station does ot necessarlly call info questlon its -

validityas a true control for comparison with stitions

at the dlsposal__s_lte since it is believed that such "
material may be derived from commercial shipping
and/or fishmg vessels operaung in the area.

As well as gwmg compansons between stations at the _

i control and disposal sites, the Beéll Rock report also

Despite the lumtauons described above, itis possmle

to draw soine tentative conclusions from the avmlable _

data for the period 1986-1988. Concentrations of
metals at the centre.of the sne have. remauned smular

from. year toyear durmg the’ penod w1th the poss1ble "

exception of arsenic. which had a mean concentrauon
of 39.mg kg (total sediment dry welght) in 1987 and
52 mg kg* (total sediment dry weight) in 1988. At .

1 km from the centre of the site, there was a tendency

towards increasing concentrations of copper from 1987,
to 1988 with increases from 157 to 217 mgkg*, 280 to

360 mg kg and 302 to 368. mg kg (all total sediment
dry weighis) at varions posmons around the site, At .

some locations 1 km from the centre of the site, there . .
have also been apparent increases in concentrations of
mercury and arsenic. Also, concentrations of copper

appear to have increascd slightly at some locatlons z
and 3 km from the centre of the'site. .

The 1988 data for the locatlons outwith, lhe mixing
zone show metal concentrations snmﬂar to those: at the
reference station but, without further :rephcauon itis
impossible to make any statement concermng the
degree of sumlanty :

Samples of sediment taken at Bell Rock dxsposai site
were sieved at < 2 mm and the finer fraction analysed
for contaminants. Although the choice of this size
fraction for analysis is at variance with the advice of
the CGMSD, which has recommended the use of the
< 63 um fraction, it does allow continuity with the
earher data whlch were all-based on the < 2 mm

very htt[e sediment < 63 pm at this site.

There was an increase in the quantity of fines, from

< 7% at all stations in the disposal site in 1987 10 >9%
at most sites in 1988, However, little difference was
found between the 1987 and 1988 data for the coneen-
trations of carbon and metals'in the <2 mm fraction,
with the exceptions of arsenic and copper which
showed an increase at both the disposal and control

sites. Since the fine sediment usvally contains most of

the contaminant metals, and an increase in fines would
be expected to manifest itself as an increase in the
concentration of metals, the lack of a detectable
increase in concentrations of contaminant metals is
probabily attributable to analyses being based on the
<2 mm fraction of the sedlment. This is known Rot to
contain much metal in the area in questlon '

compares the composition of sediments from impacted

. areas (as defined by coprostanol content) with those

from non-unpacl:ed areas. There waslittle difference
in.concentrations of carbon or metals between these
two groups of stations. However, it must be noted that,
as coprostanol is biodegradable, an area appearing
.contaminated in one annual survey may not appear S0
in-another.. Comparing such. stations would only give a
measure of the effects of recent input and would not

- indicate the effects over a long period, unless affected ‘

stations were conmstently compared with those not
affected. At present, it is not clear whether this

: reqmrﬁment is fulfilled by the existing sampling sites.

Vanous other surveys were carned out m 1988 and
some of the conclusmns are given below.

- 'Grid -sm:veyis of sediments were carried out by Water
" Companies at the Nab and Bristol Channel disposal

sites. These surveys were designed to identify any
spaual variations in benthic communitics, bactena

" carbon and frace meta] contents of the sediments

around the disposal sites which might be attributable to

- sewage-sludge disposal. No evidence of any such
- variation was observed.

No evidence of any significant effects of sewage
‘sludge on metal concentrations was found in MAFF
surveys at the Humber and Falls disposal sites.

" A grid survey of the Liverpool Bay sewage-sludge
- disposal site revealed elevated concentrations of -
" mercury and arsenic in the disposal site area, an

observation which accords with the observations of
metal enri_cl_jment madec by Norton et al (1984).

The main conclusions to be drawn from consideration
of data on metals in sediments are as follows

{1) All sites examined, other than leerpool Bay, : _7‘7
comply with the EQO set by the CGMSD.. In
the case of Liverpool Bay, it will not be pos-
sible to assess compliance until a mixing zone
‘has been defined, although it appears probable -
that this area will also be found 1o be accept— N
able. -

(2) ' Replicate sampling is vital for rigorous com-
: parison of locations between years and between’
disposal site and reference site. This topicis =
.presently being dealt with by CGMSD task
teams. o
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* (3).. Changes in analytical- method or. laboratory - .
should be avoided if possible, but if:essential -
--should: be accmnpa:ued by an mtercahbratlon
_exerclse : oo : i L

4.7 Over;iﬂ conclﬁéiehs from the
g rev1ew of:mODitoﬁng'in"IQSS -

The health of the- ecosystem and quahty of the environ: -
ment is acceptable atall dmposal sites, Marked effect_s

are apparent only at the Garroch Head sité, because
this is recognised asa disposal site w1th ‘only limited
dispersion. Even at this site, there are no unacceptable
effects outwnh the rmxmg zone. :

Litter is present at several UK dlsposal grounds Thc :

CGMSD considers this-is unaccepiable in ternts of the
aesthetic EQS The sithations-are being mvesugated
and, whére it is appropnate, steps ‘will be taken to °

recnfy the p_roblems ansm_g_ _from dxs_pqsal of sludges -

The limited spatxal effects of elevated concenh‘atxons
of mefals in sechmcms prekusly observed i

© Liverpool Bay,. are sl:ill detectable but show no increas-

mg trend.

Adopuon of the momtonng programmes and the
techniques advocated by the CGMSD began early i in
1988 and this has been reflected-in the greater compa-
rability of monitoring since that time. This progress of

 greater harmonisation of methods has been strength-

ened following publication of the first report and this -
augues well for continuing. 1mpr0vement to momtormg

programmes. -

5. MONITORING ACTIVITIES
AT SEWAGE SLUDGE DIS-
POSAL GROUNDS IN 1989

- 5.1 Introduction

 During 1989, monitoring surveys were carried out at

the following disposal grounds: Tyne, Humber, =
Roughs 'I‘ower', Thames (Balrow Deep), Nab, Exeter,

. Table 8. Summary of proeedures used in momtormg surveys at sewage-sludge dzsposal

groumls in 1989
Area!aulhonly - Sednmem L o Benthos, Water Fish Underwater Litter -
: _eplbenlhos ‘bioassay/ dlsease video. . assessmeni
— _ qualiy o
© Metals - C/N  ‘Organic | Miéro-  Chemical o -
L Ce. Clmickos . ibiology ¢ - tracer
Tyne : e SRS ]
MAFF + E + + + + +
Noirthumbrian Water L+ s o + +.
‘Huomber B P R :
MAFF oL : * +.
Roughs Tower : : B
MAFF - - -+ T+ + S el
Anglian Water- .. - 4. L -+ N
Barrow (Thames Esmary) - . .
© MAFF + o+ +
Nab . ) ) m
MAFF R L +
Southern Water S + + +
Exeter : .
+ + + + +
Plymouth _
©  MAFF + + + +
BristolChannel i :
WelshIWessexWater . - +
: leerpoolBay ' S _
MAEF T R i
NorthWeleater B ST _ + * +
DOE(Ni) St o +
SMBA P o s + o +
DAES : . + o .
FRPB . SR Y N A AT + a +
smb'bs s B S '
FRPB e s el N : .
DAFS - St I + ’ +
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Plymouth, Bristol Channel, Liverpool Bay, North
Channel, Garroch Head, Belt Rock and St. Abb’s.

Short summaries of the varioas surveys are given in the
following sub-sections. As far as possible, the surveys
were carried out in accordance with the advice of the
CGMSD task teams. However, it is important that data
are comparable on a year-by-year basis and so the
switch-over to new methods will take place over
several years and, in some cases, earlier methods will
be maintained indefinitely, :

Differences in environmental characteristics between
disposal grounds (e.g. in substrate type or hydrogra:
phy) mean that while the objectives of monitoring are
similar, the range of methods used may differ. Also
the range of methods used at any given site may
change from survey to survey as a result of increased
understanding of the system under study, or due to
some measurements being needed less frequently than
others,

A summary of the tcchniqué__s used on the different
disposal grounds in 1989 is given in Table 8.

5.2 MAFF survey of the Tyne
sewage-sludge dJsposal site,
May 1989

(a) Sedlmem; samples were collected at ;he stations
shown in Figure 6.

(b) * Metals (Hg, Cd, Cu, Cr, Ni, Pb and Zn) will be

determined in sub-samples of the surface 0-1 cm
of the sediment. Carbon and nitrogen will also -

1°20'W
e -
g Sewage
- —-(' sludge
e o
(‘. . _:‘\.
. \.\ .\’) .
LY »
Tyne 1989 * o * o
- temporal box - . . .
’ ' ’ . . .
L ]
.... o
.
557 -
N
c2km. |
-& Sampling station .
i |

Figure 6. MAFF sediment survey ot the Tyne
- sewage-sludge disposal site, May 1989.

be determined in these samples. The samples
form part of a study of temporal trends in
- sediment quality at the disposal ground.

(¢) Sediment samples were also collected from the
- stations shown in Figure 7. PCBs and pesticide
residues have been detérmined in the surface
'0-1 cm of the sediment. Benthic infauna will be
" identified and enumeraied in separate sediment
samples collected at these stations,

(d) Saplés of dab and cod were collected at the

stations shown in Figure 8 for the assessment of
disease incidence.

{¢) Beam traw] samples were collected at the sites
- shown in Figure 7, and analysed for the pres-
ence of epifauna and any sludge-derived kitter.

(D Water samples were collected from the sludge
slick shortly after disposal and their toxicity was
assessed using an oyster embryo bioassay
technique.

() Video records of the slick were made to allow
an assessment of the frequency of artefacts

- floating in the water,
1"30'7 20
T . T
Newbiggen ¢ @Beﬂﬂﬂosmfy
Ay H
i -
55 : ~ - -30m - 50m
1hlIJ' - ] ' : Y .
1°30'W
1
) Key to sample types
» Pesticide residues
Sewage sludge and benttos
. ==  Baam trawl
O Core
o - S
R
»
\
C e
N T
\s
. -

¢ 4km

}

Flgure 7. MAFF survey of PCBs/benthos at the
Tyne sewagef-sludge dnpocal ute, May -
1989:
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" Dredged .
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O Dredged

matenal

' Fxgure 8. MF fish dtsease sumey oﬂ' the north-east coast of England

May 198.9

5 3 Northumbnan Water survey of '-

the Tyne sewage-sludge dls- o
posal 51te in 1989

@

~shown i in F:gure 9.
)
of the surface 0-1: cm,

(_C)

Sedlment samples were collected att‘he stauons -'

Samples from these sites will be anélysed for .. -
Hg, Cd, Pb and Zn in the fine. fracuon {< 63 um)' o

Benthic mfauna w111 be 1dentlﬁed and cnumer- - .

ated in samples from the sites shown (F1gure ).

(d) Beam trawl hauls wene made at :
" (Figure 9) durmg May, June, Augusrand
.-November...

2

(e) Underwater video surveys ‘Were. carned out at the
o 7‘ sites shown (Figure 9) '

_;_::;5i4. MAFF survey of the Humber

" sewage-sludge dlsposal sﬂ:e,
May 1989 :

_Samples of the herse—musSel (Modtolu.s‘

- ” madiolus) were collected at-the stations shown in
Figure 10. These will be analysed for Hg, Cd,

- Cu,PbandZn.as part of a study of temporal -

' tfénds in chemical qualify of the mussel popula- -
Hon.- - e



P&G


P&G



Dredged
. material

55°

54°
58"

Colliery = 1"~ Key =
waste - ‘| “Sampiirig stations

10
b
20
B . ®
-1
BTN C A
S o o
® 18
L ® |
. Sewagé .
- -sludge
Dredged
H matenal
_ 49
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& Video survey
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i |

Flgune 9. Northumbnan Water survey of the Tyne sewage-sludge du- ‘
posal site, May-November 1989,

-0°10° o 0%30" .

53° . I
. Dasposal
. .- site
] l‘ 5
. A
Humber ! i
Estuary -
53“__' Do o
300 NN

“ Trawling position-.
o5kmt
— e’

'thurelﬂ.ﬂe[AFFsuwayof' ETI PRI TP
the Humber sewage-sludge dlsposal

s:te, May 1989.

5. 5 MAFF survey of the Roughs
-~ Tower sewage-sludge dxsposal
 site, December 1989 '

@ Sed:ment samples were collected at the stations
. _shown i Flgure 4 59 - s : :

(b alE. 011') and gronp D (faecal
e 'streptococcl) were: cnumerated in surface scrapes
L "of the. sedlment

L © .Metals (Hg. Cd, Cu, Cr, Ni, Pb and Zn) will be

“determined in sub-samples of the surface 0-1 cm
of the sediment. Carbon and nitrogen will also
be determmed in these samples. '
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thure 1%L LIAFF sed:ment survey at the Roughs Tower sewage~
' sludge dlspocal slte, December 1.989 '

'_‘1‘20‘_ .
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Disposal sites
-3 ]
50° Ko
. -[E) Sewage sixige & v
i u-aﬂgsdrrmu -y

Fxgure 12 Anglmn Water sed:ment survey at the. Roughs Tower
R sewage-dudgeduposaisue,ﬁctoberlm - co

(d) The larger (> 5 mm) benthic infauna were jdenti-

* fied and enumerated in sedlment samples

() prbenthlc samples were eo]lected us'ﬁ : anchor
and rock dredges at. the s:tes shown inE gure 11.: s

5.6 Anglian Water éﬁﬁéﬁ? 'of--ﬂie

Roughs Tower sewage—sludge
dlsposal sate October 1989

(a) Se‘diment,sampleswere celleelsed at the stations__r
- shown in Figure 12. -

(b) Meta}s (Hg, Cd, Pb and Zn) will be determined

.insub-samples of the surface 0-1 cm of the
o ‘sedlment.

© Coprostanol will be determined in the surface
-l cmofthe sedlment '

| 5.7 MAFF sarvey of the Barrow

. Deep (Thames Estuary) sewage-
'_ sludge disposal site, March 1989

" (a)  Samples of sediment were collected from known

areas of sludge settlement and analysed for
carbon, nitrogen, Hg, Cd Cu, Cr, Ni, Pb and Zn
(F' gure 13)
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Figure 13. MAFF survey of the Barrow Deep
sewage-sludge disposal site, March
1989.
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Figure 14. MAFF survey of the Nab sewage-
sludge disposal site, December 1989.

(b) Samples were also collected for benthic infauna
analysis (Figure 13). Samples of both metals
and benthos form part of studies on temporal
trends.

5.8 MAFF survey of the Nab
sewage-sludge disposal site,
December 1989

(a)

Sediment samples were collected at the stations
shown in Figure 14.

(®

©

5.9

(©

Metals (Hg, Cd, Cu, Cr, Ni, Pb and Zn) will be
determined in sub-samples of the surface 0-1 cm
of the sediment. Carbon and nitrogen will also
be determined in these samples. The samples
form part of a study of temporal trends in
sediment quality at the disposal site.

Sediment samples were also collected by anchor
dredge, for analysis of the benthos and particle-
size. This survey was designed to study both the
sewage-sludge disposal site and also the nearby
areas of aggregate extraction.

Southern Water survey of the
Nab sewage-sludge disposal
site, August 1989

Sediment samples were collected at the stations
shown in Figure 15.

Faecal bacteria (E. coli, group D faecal strepto-
cocci and clostridium) were enumerated in
surface scrapes of the sediment.

Metals (Hg, Cd, Cu, Ni, Cr, Pb and Zn) will be
determined in sub-samples of the surface 0-1 cm
of the sediment. Carbon and nitrogen will also
be determined in these samples. Pesticide and
PCB residues will also be identified in selected
samples.

5.10 MAFF survey of the Exeter

(a)

(b)

©

(d

(©)

25

sewage-sludge disposal site,
December 1989

Sediment samples were collected at the stations
shown in Figure 16.

Faccal bacteria (E. coli and group D faecal strep-
tococci) were enumerated in surface scrapes of
the sediment.

Metals (Hg, Cd, Cu, Cr, Ni, Pb and Zn) will be
determined in sub-samples of the surface 0-1 cm
of the sediment. Carbon and nitrogen will also
be determined in these samples.

Sediment samples were collected from the area
of highest bacterial counts for the determination
of PCBs and pesticide residues.

Benthic infauna will be identified and enumer-
ated in separate sediment samples.
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- Figure 15, Southern Water survey of the Nab sewage-sludge d’wposal site, August -

1989.

3°20

4° 20W

50%
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Figure 16. MAFF survey of the. Exeter sewage- .

sludge disposal site, Decemlver 1989.

5.11 MAFF survey of the Plymouth

sewage-sludge dlsposal sﬂ:e,
December 1989 '

(@) Sedlment samples were co]]ected at the stauons
shiown in Flgure 17 o

®)
the scd;ment. L

{c) Metals (Hg, Cd Cu, Cr, Ni, Pb-and Zn) wﬂl be

. Sjampﬁﬁgs.sfation =1

Faecal bacteria (E. coh and group D faecal strep- :
tococci) were enumerated in surface scrapes of _

determined in sub-sampleés of the surface 0-1 cm "

of the sediment.  Carbon and aitrogen will-also
be determined in these samples. The samples
form part of a'stady of temporal trends in
sediment quality at the disposal ground.
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Figure 17. MAFF survey of the Plymouth sewage-

sludge disposal site, December 1989.

(d) ‘Benthic infaina will be identified and enumer-
ated in sediment samples collected at selected
. sites (see Figure 17).

5.12 Wessex Water surveys of the
“Bristol Channel sewage-sludge
disposal site, July and
o .September 1989

(a} A seriesof 315 water samples from the d:sposal
grounds were analysed for bacteria {total coli-
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forms, faecal coliforms and faécal streptocooc1),

- and nutrients (nitrite, nitrate, Ammonium, :

. phosphate, silicate and total organic nitrogen)..
“Eighty of these samples were. also analysed for

: enterovuuses

5.13 MAFF survey of the leerpool : i
R (c)

Bay sewage-sludge dlsposal
site, September 1989 -

{a) Sediment samplcs were coliccted at the stanons L

(b) Metals (Hg, Cd Cu, Cr, Ni, Pb and Zn) will be
oo determmad in sub-samples of the surface 0-1 cm
eof the sediment. Carbon and mtrogen will also
e determmed in these samples.

_Samples of. sedlment were also collected at se-
“lected stations for thé determination of PCBs and
- pesticide residues (see Figure 18).

shown in Flgure 18.°
| orarw.
— - — et — —
. . o : 1Brn A . . o
] "-.J \\ . o .
Disposal_site N ;o .

‘e
sl
ap'

N
[ ]

I{ey 1o sampling ‘positions
® Metals.

@ Metals & pestlclde
i 7 residues .

Fugure 18. MAFF s survey of the Lwerpool Bay sewage-sludge dlsposal s:te, . _' '

September 1989.
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Fugune 19. NorthwWesi'Water survey of the Lwezpool ,B ‘
o duposal site, | September 1989, s
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- Figure 20, North-West Water survey of water qualtty in Lwerpool Bay,

September 1989

514 N orth-West Water survey of

(@)

(b

©)

(@)

(e)

®

®

M)

the leerpool Bay sewage-
sludge disposal site, -
September’ 19’89’

Sediment samples were collected at.the stauons
shown in Fxgure 19,

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

determined in sub-samples of the surface 0-1 cm

of the sediment (Figuré 19). - -

Samples of sediment were also collected at se-

lected stations for the determination of
coprostanol (Figure 19), o

Samples of sediment were collected at the

stations shown in Figure 19 for the ldenuficauon.

and enumeration of benlhlc infavna.

. Fleatwood "
S misHsEA Ribbie *
B .. - Bar- .
: Light
Disposal site
A Point \ .

Water quality samples were taken at sites shown o

in Figure 20, Surface water samples were
analysed for salmmy, empefature, dlssolved
oxygen, suspended solids, nitrate, nitrite, ammo-
nia, phosphate, siticate, chlorophyll and phae- :
opigments,

Fish were sampled at the sites shown in Figure
21. Mercury and arsenic. were determined-in
muscle ffom samples of about 30 plalce and
whiting.

® :
1 e T T ] waney” 4
* | Fish quality sa:vping station » | .

- | Fish disease sampfng arca @

w : - of Ar

Figure 21: North-West ‘Waler surveys of fish
- quahty and dtaease in Lwerpool Bay
1 989 -

'-*5.15 IOE(NI) survey of the North

Samples of fish were collected at the sites shown -

in Figure 21 for the determmauon of fish
diseases,

The. ioxlclty of recemiy dumped sludge was

assessed using a test on devctopment of mussel '

embryos,

- Channel sewage-sludge
l:hsposal su;e May 1989

(a) Sedament samplcs were collected at the stations
- - shown in Figure 22. ,

(b) Faecal bacteria (Clostrz'di:im perfringens and
.~ group D faecal streptococci) were enumerated in
surface scrapes of the sediment. -~

{c) Meials (Hg, Cd, Cu, Cr, Ni Pb and Zn) will be
~ determined in sub-samples of the surface 0-1 cm
_ of the sed:ment. .

i (d) Beam &awls were used to collect samples of

28
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chure 22. DOE(NI) survey af the North Cham:el sewage-sludge du-

posal site, May 1989

Key ..
Agassiz traw!
Otter tr.awl_
Sampling. stat_iori '

—_———
—
e

Ll i

5%1W
FaB :

Firth of Clyde

km

B :thune 23. Scottish Marine Bwlogmal AssocmtwulStrathclyde Regional
' ' " Council survey of Gamch Head sewage-sludge dupocal site,

May 1989.

- 5.16 Scott.lsh Marme Blologlcal
-"Assoclatxon!Strathclyde ' :
Regional Council'survey of the
- Garroch I-Iead\sewage-sludge
"_.dxsposal sﬂ;e '"May"_ 989 ‘.:

(a) Sediment'samples were collected at the staﬁons
~ shownrin Fxgure 23. '

)

(b) Metals (Hg, As; Cd Co, Cu, Cr; Nl Pb and Zn)
will be determined in ‘sub-samples of the surface
0-1 cin of thesediment. -Carbon, nitrogen and
‘organochilorines: wnl! also be determined in these
samplcs e

Benthxc mfauna and eptfauna (mcludmg demer-
 "sal fishy wiil be- 1denﬁﬁed and ensmerated at
_ _seiect_cd_sntes_ (Figure 23). '
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Fxgure 24 Forth River Punficatwn BoardlLothlan Regwnal Council
© 7 ‘survey-of the Bell Rock sewage-sludge dzspmml nte, August

1989.

Oxygen content, salinit'y and temperatwre of the
water immediatcly above the sedlmem surface
were also determined. -

Eh and pH measurements were made on the
sediment samples. :

Histopathologicat and mlcrobmloglcal mvesnga-:
tions of fish Specles were carried out (thure 23).

5.17 Department of Agnculture and |
Fisheries for Scotland surveys e

@

(®)

of the Garroch Head sewage-
sludge disposal site, January
and Aprll 1989 ' :

_Acousnc backscattering techniques were used to

study the dispersion of plumes of sewage sludge.

The distribution of Closmdmm spores was deter-

mined in sedlments around. the. dlsposal site. .

5.18 Forth Rlver Punficatlon.

{a)

- Board/Lothian: Regional .

Council survey-of the Bell -

‘Rock sewage-sludge dlsposal
site, October 1989

One sédiment sa;i;ple was takenfrom ééch of

the stations shown in Figure 24 and examined for

- physical appearance; carbon, nitrogen and metals

(Cu, Zn, Cd, Pb, Cr, Ni, Fe). Samples from
stations. C (control) 1, 3,9, 11, 13, 15, 17, 23.and

- 25 were also-examined for particle size and

organochlorine content.

Two Agassiz trawls and one otter trawl sample
were taken at each of stations C and 13

- (Figure 24). Adult fish in the catch were exam-

©

- ined for lesions, histopathology and microbiol-
“ogy. A full list of species was prepared.

' -Two .grab samples were taken at each of stations

1,3,9,11, 13, 15, 17, 23 and 25 and examined
for macrobenthos and frait pips:

5. 19 Department of Agriculture and

@

- Fisheries for Scotland survey
of the Bell Rock sewage-sludge
dlsposal sxte, May 1989

Stud:es were made of benthlc mfauna around

e the dlsposal site.

®

30

Fish samples for dxsease ass&esment were col-
lected from the disposal site and a reference

* site.
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Disposal site

St Abbs Head

Figure 25. Forth River Purification Board/Lothian Regional Council
survey of the St Abbs sewage-sludge disposal site, June 1989.

5.20 Forth River Purification
Board/Lothian Regional

Council survey of the St Abb’s- =

Head sewage-sludge disposal
site, June 1989

(2} One sediment sample was taken from each of the
stations shown in Figore 25 and examined for
physical appearance, particle size, carbon,
nitrogen and metals (Cu, Zn, Cd, Pb, Cr, Ni, Fe).
Samples from stations C (control) 1, 3,9, 11, 13,
15,17, 23,25, 27 and 29 were also exammed for
organochlorine content.

Two Agassiz trawls and one otier trawl sample
were taken at each of stations C and 13

(Figure 25)." Adult fish in the caich were exam-
ined for lesions, histopathology and microbiol-
ogy. A full list of species was prepared.

®)

©

Two grab samples were taken at each of stations
1,3,9,11,13, 15, 17, 23, 25, 27 and 29 and ex- .
amined for macrobenthos and fruit pips.

5.21 Department of Agriculture and
Fisheries for Scotland survey
of the St Abb’s Head sewage-
sludge disposal site, May 1989

(a) Studies were made of benthic infauna around
the disposal site.

(b) Fish samples for discase assessment were col-
lected from the disposal site and a reference
site. .
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ANNEX3

A3 1 Introduct:on

communities at UK sewage-sludge disposal sitt

1989).. The benthos have been the traditional- targe‘t for:.;f-_

assessments of bto]oglcal effects atthe sea bed for
reasons given in that Teport. :

In recent years, mcreasmg attention has been focused !
' -The followmg tests (or classes of tests) were. chosen for -

: detmied evaluatmn
effects of pollution in a cost—efTectwe manner and of

on aiternatwe measures of bzologlcal et‘fects w1th the
aim. of i improving the capability to detect and initerpre

widening the scope of assessment of impact. beyonda

sole concern with: the stru(_:ture _o_f benﬂt__tc eommunmes,:_ '

Accordingly, the CGMSD requested a specrahst sk

team to evaluale the present status of such measures,i_ )

whose térms of reference were as follows
(i) toexamine the utlhty of altemauve btolog;cal

. effects measures for use. in UK sewage—sludge
disposal site monitoring; -

techmques

@ for irnmedi_ute- application-and, whereap-

propriate, to present standard procedu

V(b) for further development aud to allocate
pnormes for thctr evaluauon ;

The team met durmg 1989 and-a sum ar

- findings is given below. A futl accountof

been published scparately i in MAFF’s Aquauc Envir

" ment Monitoring Report series (MAFF 1990).. This :

- owill provrde the necessary deétail on a range of seleqted
tests, and on theciiteria’ whlch were used for assessmg

their atility, both of which are referred fo: below, Draft O

protocols for conducung the top-ranked tests wdlr
be spec1ﬁed '

A3.2 Ratlonale for t:est selectlon

The task team consndered only those tests whlch on.
present evidénce have shown: potenual L, OF are ciose l:o
doing so, for spec:ﬁc apphcahon in routm_ sur

the work has

5 sewage—sludge dlsposal sites: In selectmg these tests,
"~ priority was therefore given to those which had previ-
A summary of procedures for the momtonng of benthlc _

ously been deployed with some success at UK sites,

t . and ‘which appeared 1o be the most relevant in terms of
“given in-the CGMSD Annual Report for 1988 (MAFF, - assessments of field effects at the population level. (It
. shonld be noted that smdies on fish pathology and

" "diseases have been deali with separately in the

"+ CGMSD Annual Report for 1988 (MAFF, 1989) and -

50 are not consrdered here )

" physiological i mdlces of sub-lethai stréss (eSpe-

- -'Cially feedmg rate in Myttius)

e hydrort‘l, test,-
'. R 'ﬁsh egg and ﬁsh larvae tests;

B . bivalve embryo test (especrally the oyster embryo
s test), -

(ii} to make recommendauons on l.he sultabthty of TR planktomc algal tests;

o . zooplanktou tests (especially those of copepods

: and mys;ds)

. mtcreblologlcal tests (especnally the ‘Mlcrotox
_test) aud o :

o mfaunal mven:ebrate tests {especially that of poly-

- chaete enzyme actw:ty)

As can be 'seen r’ttostof those selected were tests on

hole;orgamsms ‘Regarding blochemlcal indices, de-
términation of polychacte énzyme activity was chosen
use of the: notable efforts that have been made {0

Tink observed ‘changes niear to waste disposal sites with
'those occurrmg in the benthos at the populatxon level.

The measurement of bacterial lummescence as an

- indicator of water quality (available commerc1ally as

the “Microtox” test) was sclected as an example of an

L esmbhshed *off the'shelf’ method; which- appeared o’
:5 - have’ potenual for- 1dent1fy1ng impacts of sewage-sludge
. ,dlsposal ‘when used in coujuncuon with other mens-- -
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Note.. Of special relevance to:the lmplementamn of
the present recommendations will be.a:teport of an -
“ICES/IOC sea-going Workshop on Biological Effects
of Contaminants, which was based-at Bremerhaven in..

March 1990 (in preparauon) This included the . . - .

Table A3. 1. Weighting of criteria for
... gelection of techniques
. according to their mode of
' deployment (1-5).

Bloassay

application of a variety of measures along a gradient of - C_;itéribn o '_i‘oiicity
contamination-arising from a North Sea-oil platform; N o test
and should provide a substantial amount of new mfor- s Avaiiability of species
mation regarding the uuhty of these measures in monl- : ¢
" ofi gram SR Importance of species - 4
g pro mes.: (ecologlcalfeconomlc)
A3.3 Recommended tests E Cost—effecuveness - "3 3
: " Easeof se . ' 4 3
Selected tests were' scared ona scate of 1-5 agamst a L v i
range.of criteria which determine their utility in -+ -~ -Rapldlly Of test S20 5
sewage-sludge disposal sit¢:monitering.- Additionally, - Genenc umfonmty 1 1
the criteria were weighted-¢also on'a scale of 1-5) =+ "=~ . _
according to their perceived importance. In-the case of - Data quality (pr ecision) 5 5
four criteria, this weighting differed according to- + =0 -B oace mulanon tenual 3 3
whether the technique was to be employed as a labora- foacky po ik
tory toxicity test or as a bzoassay of enwronmcmal L Imegrauon of effects: 5 5
quallty (I‘ab]e A3 D:: T . .Sensitivity 5 5
The tests were a]]ocated 0 ﬁve categones (A—E) in »_ ‘Discrimination’ 5 5
order to acccmnt fo; lhe m-ajnr ep]fa_guves_and _enynrqn- i Relevance of techni que - 5 4
mental targets, as. shown -in the diagram below: to populations - :
‘ objeetim» e ~ Target
, Laboratory tmum{y R '
fest (A} P L
_ _ Water (B)
Technigque ‘Field sample " ‘ < o
: /. .bioassay - T T .
L S  Sediment(C) | .
fEnwronmcntal quallty . ' o
' bloassay . e
| | | Water (D),
\\  In situ field _
-, bioassay. T Benthos(E) = .

“In a number of cases a pamoular wst can fulﬁl more B

than one role.

Full dctaﬁs of the lest scores have been publlshed

that the. . Scoring system was'hmned in: scopa'to an..
assessme.nl;of uuh;){ 4R mwage—sl_udge dlsposal sne

* these{ests 0 meet other cnwronmcntal momtormg
objectives, :

‘Whilst the ranking by scores provided.a very useful aid
- to-the shert-listing of promising tests; the final decision

- inevitably ook special account of the: present state of -

- development.of the various. test procedures, and: hence :
the practical imptications for immediate routine - -

) deployment.f ThlS led to- the followmg chmees. :

(1) Recommended for routme appllcanorl

. ,oyster'cmbryo test;
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* teston fecding ratein Mytilus (with qualifica-
tions on cost- and drfﬁculues in mterpretauon in
some cases) '

(ii) Recommended_ for routine application, subject to

further R and D and/or refinement of protocol (in-

rank order of scores):
* zooplankion tests (copepoﬂs, mysids);

* 'Microtox' test (with qualification regarding
‘relevance’ as presently understood);

e plankionic algal tests (with qualification regard- -

ing interpretation of stimulatory effects);
= test on polychacte enzyme activity;:

{1ii)

current state of development/knowled ge

» fish egg and fish larvae tests; “
e other tests using i_nfauna] invertebrates;
* hydroid test. .

Regarding implementation of the recommendations,
one aspect identified as being of critical importance
was the transfer of expertise to. allow routine applica-
tion by presently inexpert personnel. It is important to
emphasise that the transition to routine application of
most of the measures of effects discussed above has yet
to be made ina regulatory context

There will thus be a “lead-in® time of varying diration

depending on the nature of the test, and in a number of

cases this may have significant resource (including
manpower) implications. Given this, and periodic
intercalibration, there is every reason 10 expect that the
tests will give reliable results.

Another important factor affecting the developmentof
regional routines will be the establishment of a reliable -
supply of the test species. This is further d:scussed n

Sub-section A3.4 below.

The oyster embryo test has the advantage that it deals
with a famitiar and commercially important species.

Moreover, the test is-not complicated by the necessity < o L
- A34.2 Sediment tests

1o provide an external food source for the duration of -
the experiment. The wider significance of effects -
determined from the ‘Microtox® test has yet. wobe

established.. Both these tests are amenable tocon-

trolled experimentation in the labotatory, and hence
the potential exists for cahbralmg responses in the field
and the laboratory.

Not recommended for routine app]icatiori'at the

However, it should be noted that when applied to water
samples from the ficld, both the above tests will neces-
sarily provide only ‘snapshots’ of the intensity and
spatial extent of effects. Reproducibility in these terms
would depend onidentical environmental conditions -
(e:g.'wind and wave action) prevailing from ore
sampling period to-the niext — an improbable occus-
rence. :

Physiological stress tests as field bioassays have the
advantage of being longer-term integrators, and

“therefore should be more amenable to temporal -
" comparisons. - However, an unambignous outcome is at.

least-partly dependent on the availability of suitable
food, both in nature during field deployment, and in

‘controlled laboratory conditions during test procedures.

Note that, in contrast to the oyster embryo and ‘Micro-
tox’ tests, the logistics and costs of deployment of
caged musseis would normally dictate limitation of
effort to a few key sites. '

Therefore regardmg the potentral for denvauon of
Environmental Quality Standards from field bioassays,
physiological stress tests show promise, along with
other-methods involving in situ benthic species (e.g.
polychaete enzyme activity) which have been exposed
to the disposal operation for months or years.. Labora-

B tory tests of sediment toxicity also appear to have a

future role in this respect. However, in all these cases,

practical experience of deployment of such tests at
‘sewage-slndge disposal sites is too limited, and hence
_ the data-base inadequate,:to permit firm recommenda-

trons to be made at this stage.

A3. 4 Future needs for research and
development

' A3.4.1 Supply of test organisms

' The reliable supply of test organisms s a key factor
" determining the success of regular monitoring pro-
. grammes, and the development of stock-holding

facilities is therefore essential. Additionally, support is
also required for the development of techniques for
cryogenically preserving gametes or embryos. If
successful, this would greatly facilitate the application
of a number of test procedures which depend on
consistent supplies of these sensitive stages. Presently,
much of the research in this area is carried out in con-
nection with commercial shellfish farming.

The hrgh—sconngtests were water-column tests (though
these can be used for sediment elumates) Accord- -

" ingly, there is aneed to give highr priority to future
“work aimed at dévelopment and comparative assess-

ment of the utility of a wider range of invertebrate

- 36
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 assays of direct scdl:meﬁt toxicity. “This would beasa A3 5 An inventory of practical
complement:to traditional studiésion bentluccennnum—- E 1ssues relevant to. the adoptlon -
- ties, which prescatly remain the. mst»sm‘ ' T _ bmlegleal ets

"assessseduﬂentqual’tymthe‘ﬁeld. : .
_momtormg programme :

The outcome of a Workshop in Maich 1990 imder
"ICES/AQGC: auspices {in’ preparanon),kwhlch included:
_ the conduct of sediment bioassays along a point-sousc
- gradient, wﬂl be of pamsular mterestm this: comex 2

' A3 4, 3 Revtew of test protocols

For tests whwh have net yet becn wnlel- ap lled 1he . _
probablcoutcomeofanevaluato e e TR e L e TS T e
sites will be limited modifications of test procedures, -~ Critical 10 the success of any biological effects moni-

* and hence allowance mustbe. made for future i improve- - toring programme will'bé a precise formulation of the
ments in promcols for their ¢ " jocal objectives:to be miet, followed by an appraisal of
examplé, take the foim’ of a stan . the capability.of the: test(s} to meet these requirements, -
will also be a need to ensure CoOt ved inte 2% This apptmsalr 11_1 requn’e mnsxderauon of a range of.
between those engaged in research on- lhe ol ,hand .. metho
and in routine apphcauon on the olher - e

- A3 4 4 Intercahbratwn of methods

: préel-:caliissues'td bccbamdcfed i;nor 10 thedevelop-
ment of a: rounne, progxannne is. gwen beiow e

Penodlc mtercallbrauon of methads between ‘laboratso- ot
ries is important to maintain quality control; and ises- -
‘pecially important where comparisons aré to be made’ -
_ between reSuH;s from d:ffewnt dasposal' e locations. .

A3, 4.5 Pre-test sample
tums '

found in water. samples isof i mtercst in cozmetﬂenwwh.:__': e
“monitoring sewage-sludge disposal; sues Such meth-

lude X - - ,
odsinc ude ADIesms formgamc co_ 18 -Other mpufslactwmes Thls is nnportant for :hc e
' '7 of test results; and may also mﬂuence the

metals 'I'hese may penmt the csta _
reSponse Bireshnlds and could _ha

samples wxll be relauvely low “Such melhodolﬂgy
~ would then allow-the determinatior of the- extent to
- which.concentrations. encountered in ﬁe‘ldsamples 1051
would have tab,emcreased morderm initiate a’. ;. . v, e

" research conlcxt chérve
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Clarification of ebje_etives} short-Hong-.térm: ~

tests ;- In.a highly dispessive: area; the main concern -

o _mlght be with the immediate impact in'the watér- =~ 7

column around ;he msposal site following 2 smgle

discharge; in zones of known long-term accumulation,

the concern might be: with any blologlcal effects

integrated over an apprecrabie time penod 'probably at
or near the’ sea bed but not necessanly neat Lhe el

disposal site,

of tests which are presently sulled [or routine deploy- :
ment. . : R L

Pre- survey calrbrarzon of response wrth a’du- .

tions .of waste: This will be easier for- shiort-term °
tests (e.g. the oyster embryo testy, but in pﬁncrple

should be feasible for all-tests.” Tn some-circumstances; -
the outcome could have i 1mportam lmplrcauons forthe -
detection of initial waste impactiin the field; because of - _ o .
~... Method:. .For short-term {ésts, standard procedures. -
. should be followed for sampling water or sediments in

the variable but usuatly high rate-of: ;mual dlluuon
- following dlscharge from shlps ' -

_to meet-specified objectives, and will inevitably vary ..

from site-to site.-For long-term tests (e.g. using caged

-animals) the risks of accidental loss of samples as a
- result of weather or human activities must also be

taken into account. -

Supply of test orgamsm{s) “This may mﬂuence
- the tiining of sirveys; consistency of stock may be -

very important when itcomes to- year—on-ycar compari- -

- sons.

Selecuon of test 'I'lns w:li be determmed in parl by
the above cons:derauons and in part by lhe avaﬂablhty ,

Adequacy of fac:lmes on vessel Clearly, a pre-

_survey review of reqmrements for conduct.mg samplmg
. and test procedures at sed is essentlal

' Adequacy of tramed sl‘aﬁr This requirement is
- self-evident, and wrll have been costed at an early.
- stagein’ the p]annmg preeess

A3:55 'Execaﬁp'r_i of tests

L the freld and for subsequent testmg in the laboratory

Definition of acceptable level of ckange

Sucha task will be difficult in the absence of base-hnef E

data, or. ofa full understandmg of thi relevance ol‘
test results to field populauons However at’ an '

relau\re to the background “With-caref
design, it shioiild be possnble to achieve a'coefﬁc
variation of 20%of the mean for both ihe oyster
embryo and mussel-feeding tests at any: given site,

from one location to gnother-and will ulumately

depend for confirmation on field-experience.: Clearly, g

a sound knowledge of dispersal pathways will be
required to allow selccuon ef appropnate samplmg
sites. -

| Grid/transectlprof lein relation m dispoml |
practice: The selection of samplmg locations, and
e though the cause. may be entirely natural.

the number, wﬂl be consrderably gided by pnor h
knowledge of lhe recewmg area see above) jThe

Lhe requrremems for adequate’ spatlal and me‘com'
parisons may beé achievable with 'very: few stations.

Profiles will be necessary to establistith ,rate of
vertical as against horizortal mixim: (

(e.g. that on caged mussels) the number: ol" slauons wsll .

probably be llm:tcd by cost and logrsucal constraints,

Number of samples reqmred Thls w:ll be

dictated by the required precision of the results in order '
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- For Iong-term exposure tests in the field (e 2.
- employing in situ caged animals) the appropnate .
. organisations will aiready have been consulted regard-

S ing the survey plan; and advice as to-the suitability of
appropriate distance from a discharge, & management .

criterion might be no change (acceptable or otherwxse) . sary. Tt-will be essential to adequately buoy and mark -

. all deployed cages in.accordance with maritime
o _reqmrements .

station locations will have been sought where neces-

- Paralfel measures Especmlly in the case ¢ of short- -

though thie effort required is likely: 14 vary. apprecrably term tests, it i$ most important that determination of an

appropriate range of physico-chemical and bxologlcai

 variablesis made on samples taken in parallel with -

those for the test. These will typically include tests on’
salinity, temperatnre turbzd’:ty, relevant conmmmants

7 and: chlorophyil

s Clearly, the presenee ofa planktome bloom .may

induce a w1des1med rediiction in water quality, even

T Weazher condmons Weather conditions preced-
¢ ing.and during sample collection may have an impor- -
_ tant influénce on the' dlsperswe process for wastes ¢
_ which have recently been disposed of, and hence could
~ account for much of the vanablhty in intensity of
_effects between sampling occasions for short-term tests
of water-column samples ‘For long—texm tests Gie.
- those spanmng ‘weeks or months of exposure inthe

field) weather effects wrll tend 1o even out in accor-

. dance with niattiral expectatrons however, even.
- seasonal nofms cannot be guaranteed and hence

accurate records should be kept.
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A3.5.6- Frequency.of sampling |

This will depend on the ob]ecuves te ‘be met (see
above), but will be higher (typically ©Once per year for
long-term tests) for a iew disposal operation.. Other
factors determining frequency will be the perceived
sensitivity of the area in scientific.or other torms, and
changes to the quantity and!or quallty of the waste '
dlscharged :

A3.5.7 Interpretatwn and reportmg
procedures '

- Interpretation of trends: For short-term fests, this

will initially involve an exmnmaﬂon of spatial panem
“on grids or transects and, as. momtonng data are .
accumulated any changes in these paltems wn.h time. )

For iong-tcrm tests; a similar approach wiil be adopted
though in general fewer sites will have been sampled,
and a more detailed comparison of dlfferences ‘between
sites will be of greater interest, because the results will .-
represent a time integral of any effects of waste
disposal. Greater confidence may-. also be placed m
examinations of year-on-year trends at key sites,
because of this factor.

" Correlation with other variables: This will

involve correlation of test results with simultaneous

- measurements of water or sediment quality. The -
* findings should also be examined in relation to those

from other nmmtonng activities {e.g. tests on sediments

- - and benthos); and hydrographic data. Effort should

continually be made.to improve integration between the
various momtonng efforts

Int_ercahbratwn between surveysllocations:

. These exercises will be. very important to ensure

temporal consistency and, where appropriate, to allow

. comparisons between studies of different waste disposal

_activities. The results of such exercises should be
annexed 10 full monitoring reports.

E A36 Appéhdix references

MAFF; 1989. First Report of the Marine Pollution
- Monitoring Management Group’s Co-ordinating
" Group on Monitoring of Sewage-Sludge Disposal
* Sites. ‘Aquat. Environ. Monit. Rep., MAFF Direct.
Fish. Res., Lowestoft, (20): 64 pp.

. MAFF, 1990. Utility of experimental measures of

biclogical effects for monitoring marine sewage-
© sludge disposal sites. Aquat. Environ. Monit. Rep.,
MAFF Direct. Fish. Res., Lowestoft, (24): 45 pp.
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