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The effects of dumping wastes at sea from England and Wales are

monito?~das part of the controls under natio~~l legisiation and the

0810 and Lendon Conventions. This paper descr1bes the objectives and
, , ,

methods of these'monitoring surveys and presents' the results of several
'.. "

suXveys~ of 'si tes where sewage sludge, dredged spoil and industrial

wastes have been dumpedo
.' ~ I ~

, .
I

•

INTRODUCTION

The Uni ted Kingdom controls the disposal of waste at sea by dumping

from vessels through the Dumping at Sea (DAS) Act, 1974 and in accordance

with the Oslo and Lendon Conventions on the prevention of ~rine pollu­

tion from-the dumping of wastes. Under these regulations the national
, J ", ,e '

licensing authorities apply controls at three levels:
" ", ~. . (\' i -:- .

(i) pre-discnarge -licensing of the waste including the manner

and locati~b' of discharge~ in accordance with the criteria
'"of the DAS Act and the Conventions;

(ii)' inspections of the loading or dumping of wastes by enforce­

ment officers to ensure compliance with licence conditions;

(iii) post-discharge monitoring of areas used for the dumping of

wastes to establish the actual effects of dumping.

The objectives of monitoring the areas, the determinands monitored,

and results of the monitoring programmes carried out by the Ministry of

Agriculture, Fisheries and Food (MA.FF) off England and Wales are described

in this-p~:p~r.-"'Full detail~ of the objeotives of MAFFls'monitoring pro-
". : I

grammes have been published (Norton and R?lfe, 1975) together with the

methods '~mployed'(Eagie et'~l., 19?5a)o Reports on, some 'of the major dump-
.,'" 'J .• " '

ing areas have been published in the same series of publications
, I
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(Eagle ~ al. , 1978b, 1979a and 1979b 9-Murray-i and Norton, 1979;"Murr~

et al. , 1980). Others are in press or preparation~ ;!

OBJECTIVES OF MONITORING

The general objectives of monitoTing programmes carried out in ~upport

of the DAS Act are~

(i) to improve the basis on which licence app~ications are

assessed, by increasing knowledge of field effects from

large discharges 9

(ii) to provide the necessary evidence to demonstrate within

the international dumping conventions that the control

measures applied are sufficient to ensure that th,e dis­

persive and"assimilative capacities of the marine environ-. '. ..... . '

ment are not exceeded, so causing environmental damage.

These general objectives have been transformed into more specific
..'. . ... ;:"..

objectives in the case of each disposal area where it is considßred neces-
• ..... l :

sary to establlsh:

(i) the short, medium and long-term dispersal paths and fate of

the waste and any persistent components it contains 9

(ii) effects on the physical, chemical and microbi~logical charac-
..... .

teristics of the receiving area attributable to dumping
..... \ .. "... ...... '".

(including the effects on the quality of fish and shellfish

and their food)9
" .....

(iii) whether biological eff~cts result from sludge d~ping.
~f:. 1

In the case of the third objective the main programmes relate to the
.] M_ )"

effects that waste p~rticles, "~ssoei~ted che~eals and miero-organisms may

have on the bottom living or~sms (~enthos). These animals are con­

sidered most suitable for studY sinee they are relatively immobile and
1 .... 1 j- .\. ,-

long-lived, so that their distribution and abundance in areas subject to
. . 1 "'. 1 ~ •

physical and chemical changes due to the accumulation of dumped materials

may reflect the influence of dumping over a relatively long preceding

period.

DETERMINJUIDS MONITOF.ED
'... .... :', ~- f

Sinee manY ~astesi mal conta~~~both pa~ticulate" and soluble c?mfo-

nents, it if often necessary to c9~sider the possibilitl of measurable
'. ... - t ~; :I.~. . J' ,_ •'. • • '. • . • ~I .~

effects in both the water column and at"the sea bed. Consequently there _

are-~ "measureinents 'and tec~iq~es' Wh~C"~\'~, in ~~~rtai~ ci;~cc~i~c~'f?~'""
. . • \' ..,.. ~, .: t !" I I ~:=1 . 'i' .", .' \

be applicable" to the moni toring" of d'i~posa'i aX:~as-. - ';llies~ i~clude ~
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(j) At the sea bedg

sea bed topograpßY via eehq sounding, sonar seanning, photo-

_",!C •

graphy, TV;

sediment eomp~~~tion, ~neluding partiele size, ,metals, orga­

,. J pies and baete:r-ial an~~Yl3is;

',,~. distribution,of the benthos and analysis of the ,faetors
. -- : ~ . ... (

, , ;,,,(influ.e~eing their distribution;
(.1 ..• ' •

ehemieal contamination of benthos, shellfish 01.' demersal

.. :.• - '.

... '\- ..,' .

•

•

fish.

(ii) In the water columng

ehemical guality of the receiving waters (ineluding I>O,
nutrients, metals)9

ehemieal and baeterial guality of fish,

hydrography, ineluding measurement of surface and, bottQm
.-- --_. -. ~-

currents and residual water movements.

Clearly, the routine measurement of all these ~arameters without

prior eons~deration of the extent of existing kno~ledge, the natur~,and

size of the dumping operation as weIl as other factors would be extremely
l • • •

wasteful of reso~ees, and henee techniques are applied selectively. The
~ . . .

exaet nature of the s~vey depends on the dumping ground and the waste
, ,

dumped, but generally a grid of grab stations is wor~ed in order to

obtain sediments and benthos. In addition, tra~ling is earried out in

order to colleet eommercial fish, shellfish and epibenthos for analysis •
.... . , \ -,

These investigations may be supplemented by additional measurements 01.'

with information on the hydrography of the area under investigation,

f.ish and shellfish st~eks, loeation of spawning an~ nurser,y grounds ~d

any other information that will allow as aeeurate a pieture as possibJe.
• • ....J ...

to be formulated of the eeology and fisheries of the area. Comparis~n

cf the data obtained from variou~ areas and at various times e~ then
i •. .. ' J.

a~low an assessment to be made of. ,whether dumping is having an adverse
. -.1 • ~ \ \,. • I. • -i. .'

e~feet.

EXTENT OF SURVEYS
~_: !'

.A summary of the moni toring programmes of T1AFF is giyen in Tabl~ 1..... :.
and the loeation of the dumping areas are shown in Figure,1. The,types

:'. • ~ • ~. _', ~ ,'- ~ • i

of areas surveyed are dumping grounds for sewage sludge, dredge spoil"
J ) • :. _. • • •

c()ll~~r,y "viaste, fly ash and industrial was te • It sho~ld be noted that,
i. ,e ,I, ';.

although ~~nitoring has been undertaken by MAFF ~inee 1970, from 1975

significant changes have taken place in the detailed techniques used

for sediment analysis and the interpretation of the benthos data.
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These more reeent surveys have employed detailed analysis of' the sedi­

ment, 'for partiele size, organie and traee metal contents of di'fferent

size fraetions and, where sewage sludge is being dumped, for baeterio­

logieai (~. ~ and eoliförm) eontent" The ben~~os-has-also been

identified -Go speeies level and i ts distribution analysed by elassifieation

and ordination teehniques and eompared statistieally'with-that'of various
. ~ . . - i

eharaeteristies of the sediment affeetea by dumping. These 'intensive'

quantitative surveys have replaeed the qualitative ~rapid assessment'

surveys deseribed by White ~ ale (1974) and have been earried out at most

of thü active dumping areas, but in some areas the type of gr~und pr~~ludes

their sueeessful apI>1ieatiok' , -

~ I • - :

EFFECTS OF DUl1PING IDENTIFIED BY MONITORING

Se,,,age sludge and industrial waste

The possible effeets of sewage sludge and industrial waste dumping on

the maxina environment depend upon the characteristics of the area, parti­

cuiarly' those determining its capacity for'dilution and di~persio~. At

one extreme where water movements are slight,'dispersion is likely to be

severely'reduced and aecumulation of sludge on the bottom may oceur. ln

•

is rapid, the elevations
~ "+

for some chemical deter-

such'cases effects are likely to be readily evident but restrieted to a
" ,

relatively small area. At the other end of the scale, water movements .

mayCbe suffieiently strong to cause rapid dispersion such that little or

none of the sludge reaches or remains on the bottöm elose to the dumping

grOund·. ""In such 'cases the area of pot(mtial effect is greatly increased

but eff~bts over this larger area may be slight and difficult to deter­

mine. ~1US the expected effects'are likely to vary considerably between

the at-eas coneerned, and particularly "Ti th the size of' the disposal •

operation.

In all the areas which receive ~ludge '~d which'have been studied in

detail i t has been possible to idenÜ'fy some enrichinent of the fine sedi­

ment fraction by organic matter and trace metals and, in some areas, in

the eoarse fraction of the sediment as weIl. The extent of enrichment

varies considerably. In the areas receiving small quantities of sludge
, ,

or where dispersion away from the'dumping site

are slight, localised and IDay only be apparent

minands. The PIymouth, Liverpool J3ay, Humber and Nab areas are in this

category'. In other areas where there is good dispersion but the quanti ty

dump~disvery Iarge, or where dispersion is poor, readily detectable and

.... " _.
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suspension

associated

In the
•

•

" ,.
weIl defined zones' of enrichment of carbon~ metals and bacteria are faund'

(e •g., ~e :Bay and :Ba~ow Deep).
. .' .

The effect of sewage sludge dumping on the benthos varies. In some

. areas', no effect' is detecta'hle wi th a' quanti tative analysis of the faunaI. ,
"

data but in other areas the lack of ident{fiable effects maybe due to

the difficulty of quantitative sampling. In areas where ecological

effects have been demonstrated, they are normally of a minoi nature

except wherelarge accumulations cf organie material have occurred. In

~e Bay there '~as a slightly inhibi tory effect on the benthos (as shown

", b; a'r~d~ction in species richness) where orgariic' and metal levels were

elevated. In Liverpool Bay, a reduction of species diversity appeared
.., .

to be associated wi th sludge disposaL In the Thames Estuary, the' fauna
• • 1 .

appeared to' be essentially determJ.ned by the natural substrate and
. -' . '.

Areas of increased organic carbon in the sediment did not

appear to lead to increases in abundance and were more often

with reductions in the number of individuals and/6r species.

immediate dumping area however an abundant fauna dominated by

feeders w~s present sUggesting the possible utilisation of sludge parti­

cl~s in ·su~pension. None of these minor'ecological changes are believed

to affect sigriificantly the productivity 'or the'area from the fisheries
• ;,,",' .~ .... :. ..-'l ~-

viewpoint. 'The effects of sewage sludge dumping on water qualityhave

'b~'ed found t~ be transient. Turbidi ty i8 inevi tably ':1.ncreased by

dumpingfor a few hours after discharge. In the case of dissolved oxy­

gen (DO)~ 'only' iri' Liverpool :Bay have levels of DO'below 900~ of saturation

been recorded, ~d then only in'bottorn waters under conditions of thermal

stratification~ Detailed surveys of the water column for nutrients and

metals were carried out in the Liverpool Bay area, . the Thames Estuary
,r r t

and Spuin Head areas in 1978. Only in the Thames area which receives
6 1 '

the largest quanti ty of sewage sludge (5 x 10 ta- ) \V'ere the affects of

dumping readily detectable above the generally elevated'concentrations" ,

due to' the proximi ty ~f the Estuary, thus tending tö confirm the importance

of nearby land-based sources in determining water quality in inshore

coastal z'ones.

Monitoring of fish and shellfish quality shows that metal levels in

samples taken from the vicinity ~f the larger dumping areas are higher than

in' off'shore watersa This is a characteristic of äll fish l~ded from inahore

waters and the extent to which dumping contributes to these levels is dif­

ficult to estimate due to the incomplete knowledge of the relative quantities
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of metals entering an area from different sourees, and the different effeet~

the souree may have on the metalls biologieal availability. The only ease

where dumping is believed to have been primarily responsible for a reduction

in fish quality has been in the Outer Thames Estuary where, prior to tighter

eontrols on sludge quality in 1"914, coneentrations of mercury in demersal

fish were sienifieantly elevated.

Solid waste disposal areas---- ~

Detailed studies of the effeets of eolliery waste and fly ash disposal

have been carried out at four disposal areas off the north-east coast of
. 6

England, which have reeeived a total of 2.5 x 10 tonnes of waste eaeh year

for many years.
l . .

Tne main effeet of dumping is a gross change in the sea bed from the
.."

original s'ediments (whether rock outerops, gravels, sands, ete.) to sedi-

ments wholly or partly eomprised of waste-derived materia~s. Alth.O~_.,r~i~ •

majority of the waste remains on the sea bed elose to the point of dumping,

fine partieles have been shown to be widely distributed both by movement as

bedload and in suspension.

In the areas here deposition is frequent, severe depletion of the

benthos has been found to oeeur and at some stations in the eentra of the

area cf dumping benthie produetivity was near zero. Both speeies divei:-si ty

and abundanee i~erGased as the amount of waste in the sediment decreased

and detectable effects generally wer limited to the area in which initial

settlement of the waste '~ccÜrred. Because of the quäntity of waste

involved and the long period over which dumping'has '~ecurred (pre-dating
. ,

the controls of the DUillpi~g at Sea Act), quite large areas of the sea bed
2 l'

have been affeeted, totalling approximately 40 km for the four areas eon-

eerned. vIi thin these areas benthic productivi ty has been significantly •
"

reduced and the potential far trawling and potting also reduced due to

physical obstruetions at. the sea bed.

Dred~ spoil disposal reas

Only limited studies of'areas used for the disposal of dredge spoils

have been carried out. However, these have demonstrated that where capital

spoils or heavily eontaminated spoils are dumped, it ean result in severe

depletion of the benthos in the dumping area, as occurs with otheI,' solid

wastes already described (I~ray and Norton, 1919), as weIl as in direct

interference with trawling or potting. Such effeets are not usually assoei­

ated with maintenance dredgings.

" ,
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Enß'I~d and vlales in recent
....' _~~ ~1! 1r ~

paths and fate of the main eomponents of
Ir: ~i" , " ...

the effeets~on th~ benthos to be identi-
(

"CONCLUSIONS
j .,-,:- ~i1o~lto;iniof waste dispo~al' areas off

• ..... • ". 1 .' \., _! "-, .

years has allowed the dispersal
• " • ~ ; 1,1. .' I •

the wastes toCbe determined and
"'\ .I" ... .L ... l~ .' , • : •.\ _

fied. Due to the use of detailed and quantitative sedimentological and
I l r~ .-{.~ _: f' • ~:' j. ~

e60iögical teehniques; effects have been identi.:tiedwi th a greater
. ..

degree of eonfidence tbaiJ. in earlier work~
. ,,'T';';' ..' r

The most~s{gnificant biologieal effeets are found on the benthos in
.," . _,.: 'i ~. . .. r:". \.-'"
solid waste and some dredge spoil disposal areas where frequent dumping

,: .. :

and aeeumulation of the waste on the sea bed leads to loeal but severe

•

depletion of the benthos as weIl as interferenee with trawling or potting.

B.Y contrast~ the effeets identified in sewage sludge and industrial waste

disposal areas are of a minor ecologieal nature which are unlikely to

~ affeet fisheries or their produetivity.

~
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Tabae 1 Lecation and t,ypes of monitoring employed at dumping areas used for the
disposal of wastes

__ __orC_ •.... _

Area ' " Co-ordinates Type and quantity
of waste disposal
(1-06 t a-,1)

Techniques employed
in monitoring*

Colliery waste (op)
Fly Ash (.2)
Dredgings (.2)

Colliery waste (.3)
Fly Ash (.6)
Dredgings (.3)

•

.'- '.• ,-- " '''0'''--' . 0'" .. -..... -,
131yth . 55 07'24"N 01 23'42"\V

55 07 42 01 22 03
55 06 40 01 23 33
55 05 58 01 23 12
55 04 44 01 21 34

Tyne 54°59.7'N 01 016.7'\V
54 58.0 01 15.8
54 56.9 01 15.8

1 .
and 4 mile of~shore

\-l~a:r:__.... ._.5A,~.5.2.6'~ O_1~JJ.~!..0.'!"W__.__QolUe_ry_.wg.s.t~ ( •.€n-
54 55.6 01 17.5 Dredgings (.5)
54 54·7 01 17.5
54 54.7 01 18.0

1 2 4 6,+7 8

1 2 4 5 6 7 89 10

Tees 54°40'47"N 01°03'29"W Dredgings (3.0)
54 41 02 01 00 16
54 41 31 01 02 14' - .',
'54 40 13 01 00 30

1 2 4 5-6 1~8 9 10

1 2 3 4 6 7 8 9,

1 2 3 4 5 6 +1 8

Sewage sludge (.4)
Industrial wastes (.05)

-
Dredgings (.4)
Sewage sludge (.25)

Between
53

0
30'N

00 30 E

51
0

52'45"N 01
0

29'29"E
51 52 12 01 31 39
51 51 18 01 31 06
51 51 56 01 28 57

51 041'15"N 01 018'42"E Sewage sludge (5)
51 40 45 01 20 18
51 49 13 01 17 21
51 39 44 01 17 57

Thames

Roughs
Tower

Spurn Head
(Humber)

•
South
Falls

51
0

35'N
51 35
51 30
51 30

01°58'E
02 00
02 00
01 57

Industrial wastes (.05) 6 8

Nab Tower 50036'51"N 00056'09"W
50 36 06 00 55
50 34 04 00 58 33
50 35 00 00 59 48

Dredgings (.3)
Sewage sludge (.3)
Industrial wastes (.01)

12456 789

Exeter
(~e Bay)

50°27' N
50 32.5
50 28
50 22.5

03020.8'W
03 01.8
03 02.5
03 19.1

Sewage sludge (.07) 1 2 3 4 5 6 +7 8 9



•
Table 1 (continued)

-----'- .. -_? _... __?-

Oo:"ordinates Techniques employed J..•

in monitoring*

* Number key

1. Physieal analysis of sediments.
2. Chemieal analysis of sediments.
3. Mierobiologieal examination of l sediments 0

4. Observations of the sea bed wi th side sean sonar.'
5. Observations of the sea bed with underwater eamera.
60 Identifieation and enumeration of benthie animals. '(+ signifies that the

benthos have been sampled quantitatively and the resulting data analysed by
·multivariate statistieal teehniq~es)o

70 Chemieal analysis of seleeted benthie speeies.
80 Measurement of ehemieal quality of fish and shellfi~ho.

9. Hydrographie studies wi th eurrent meters 0

10. Hydrographie studies wi th sea-bed· drifter releases.

'v,i thin 1 mile of
51 0 24.5'N 04°04 1W

Area

Plymouth

Bristol
Charmel

Liverpool
Bay

500 14.9'N
50 13.5
50 15.5
50 14.0

Between
530 30 1N
03 34.0 vi

.) )

04°07'.5 'w
04 07.5
04 12.5
04 12.5

530 35.5'N
3 36.5 \f

Type and quanti ty
of was te disposal

(106 t 'a- 'I )

Sewage s~udge (.1)

Sewage sludge (.4)
Industrial wastes (.01)

Sewage sludge (1.8) ~

Industrial wastes (.25)

12'36+78

1 2 4 6 7 8 10

1 2 3 6 +7 8 9 10

".

•

•
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.~." • Blyth ( O.CE )
• Tyne ( O.C.F. )
·-Wear ( O.CJ
---Tees (0)

• Spurn Head
( S.l.)

Roughs Tower
• (0.5.)

.Thames (5)
•~,,~- South Falls

(1.0,)

• Exeter (S)

Plymouth (S)

Figure 1 Position of dumping grounds which have been monitored
by MAFF surveys 1970-1979.

C =colliery waste; D =dredgings; P =fly ash;
I = industrial waste; . S = sewage sludge.


