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Foreword

A q u a tic  E nv ironm en t M on ito rin g  Report No. 59 co llec ts  

to g e th e r w o rk  carried out In 2004-05 by Cefas sc ie n tis ts  

in su p p ort o f our m on ito ring  and su rve illance  du ties, 

(see overleaf). The in fo rm a tion  p resen ted  covers both 

env ironm en ta l su rve illance  at o ffsh o re  and coastal s ites  

and s ite -sp e c ific  w o rk  carried  ou t In su p p o rt o f risk 

assessm e n ts  and regu la to ry  procedures. S om e o f th e  

sc ience  repo rted  here fo rm s  part o f w id e r e ffo rts  to  

In tegra te  data fro m  D epa rtm e n ts  and A genc ies  In th e  UK 

to  provide a com prehens ive  p ic tu re  o f th e  qua lity  o f th e  

m arine env iro n m e n t via th e  UK Clean Seas Environm enta l 
M on ito rin g  P rogram m e (CSEMP). O the r com p o n e n ts  are 

un ique to  Cefas due to  our req u ire m e n t to  understand  

e co sys tem  response resu lting  from  po ten tia l p ressures 

fro m  depos it, ex trac tion  and d ischarge ac tiv ities .

The s tra te g y  fo r th e  CSEM P Is described  in pub lica tions 

co m m iss io n e d  by th e  M arine  E nv ironm en t M on ito ring  

G roup (M E M G ). The p rog ram m e manual, know n  as th e  

G reen Book, Is available in dow n loadab le  fo rm a t fro m  th e  

S co ttish  E nvironm enta l P ro tection  A g e n cy 's  w e b s ite  at: 

w w w .se p a .o rg .u k /m a rln e /

The p rog ram m e seeks to  deve lop  tim e  trend  data fo r 

a lim ited  n um ber o f s ites  around th e  UK and th is  w o rk  Is 

a ugm en ted  by specia l su rveys o f com pounds like ly to  pose 

sp e c ific  risks, or fo r w h ich  fe w  data exist.
The Defra report S a feguard ing our Seas (2002) se t 

ou t a v is ion fo r "c lean , healthy, safe, p roductive  and 

b io log ica lly  d iverse  se a s ". It s ta rted  a p rocess w h ich

has changed th e  UK's approach to  m on ito ring  and 

asse ssm e n t o f our seas. The next s tage  in th is  process 

w a s  th e  preparation  o f th e  firs t in teg ra ted  a ssessm en t 

o f our seas, C harting  Progress (2005). This provided 

a baseline fo r th e  s ta te  o f our m arine env iro n m e n t at 

th a t tim e , and m uch w a s  learnt from  th e  p rocess o f 
its preparation . C harting  Progress ou tlined  a num ber 

o f actions, Includ ing th e  deve lo pm e n t o f a UK M arine 

M o n ito r in g  and A s s e s s m e n t S tra te gy  (U K M M A S ). 

W ith in  th is  s tra tegy, th re e  ev idence g roups have been 

estab lished  to  co lla te  data on th e  th e m e s  of:

•  Clean and Safe Seas

•  H ealthy and B io log ica lly  D iverse Seas

•  Productive  Seas

So as to  m ake exp lic it th e  links be tw e en  th e  top ics  

covered  in th is  report and th e  a im s o f th e  U K M M A S , 

th e  to p ics  have been grouped under th e se  headings. 

A dd itiona lly , m ajor fin d in g s  and po licy Im plica tions have 

been h igh ligh ted  at th e  end o f each top ic .

This report, earlier reports  in th e  A E M R  series  and 

o the r pub lica tions are a lso available in dow n loadab le  

fo rm a t from  th e  Cefas w e b s ite
w w w .c e fa s .c o .u k

Robin Law  

Lindsay M urray

http://www.sepa.org.uk/marlne/
http://www.cefas.co.uk


Background to the work

A s a n  Executive  A gency  o f th e  D epa rtm en t fo r E nvironm ent, 

Food and Rural A ffa irs  (Defra), Cefas carries out w o rk  in 

su p p ort o f D e fra 's  five  s tra te g ic  prio rities, all o f w h ich  
underp in  th e  overarch ing  a im  o f p rom o ting  susta inab le  

deve lopm en t:

•  C lim ate  change and energy
•  Susta inab le  consu m p tio n  and production

•  Natural resource  p ro tection

•  Susta inab le  rural co m m u n itie s
•  A  susta inab le  fa rm in g  and food  sec to r, inc lud ing  animal

health and w e lfa re .

W ith in  th e se  p rio rities, env iro n m e n t w o rk  at Cefas 

Is d irec ted  at research, m on ito ring  and a ssessm en t of 

th e  Im pact o f po ten tia lly  harm fu l substances or ac tiv itie s  

on th e  q u a lity  o f th e  m arine , coasta l and es tua rlne  

env iro n m e n ts . W e  are Involved d irec tly  in advis ing on 
UK and In ternational leg is la tion and in deve lop ing  policy 

re lating  to  m anagem en t o f th e  aquatic  env iro n m e n t. W e  

provide  advice to  G overnm ents , e n fo rce m en t agencies and 

po licym akers  th ro u g h o u t th e  w o rld  on th e  deve lo pm e n t 
and Im p le m e n ta tio n  o f m o n ito r in g  and a sse ssm e n t 

p rog ram m es and con tro l m easures.

An Im portan t co m p o n e n t o f our w o rk  Is to  prov ide  advice 

to  Defra M in is te rs  and o th e r G ove rnm ent D epa rtm en ts  on 

all aspects  o f non-rad ioactive  con tam ina tion  o f th e  aquatic  

env iro n m e n t. S pecifica lly  under Part II o f th e  Food and 

E nv ironm en t P ro tection  A c t (1985) (FEPA) (Great Britain 

Parliam ent, 1985a), Defra has th e  respons ib ility  to  licence 

and con tro l th e  depos it o f m ateria l to  sea. Fo llow ing  

th e  cessation o f th e  d isposal o f sew a g e  s ludge to  sea, 

licensed m ateria ls  are p redom inan tly  sed im en ts , derived  

fro m  m ain tenance  and capital d redg ing  ac tiv itie s  in coastal 

w a te rs . D isposal at sea is a lso regu la ted  In te rna tiona lly  by 

OSPAR, and our w o rk  enables th e  U K to  fu lfil its ob liga tions 
as a C on tracting  Party.

The Cefas Inspecto ra te  eva luates sc ie n tif ic  and techn ica l 

aspects  o f licence app lica tions and m akes regular v is its  to  

licence ho lders to  ensure  tha t any s tip u la ted  cond itions 
are being m et. C onducting  m on ito ring  p rog ram m es in 

su p p ort o f risk a ssessm en ts  enables Defra to  ensure  th e  

e ffe c tive n e ss  o f th e  asse ssm e n t process and prov ides a 

basis fo r dec is ions on fu tu re  po licy fo r th e  m anagem ent 

o f m arine  resou rces . C efas s c ie n tis ts  m o n ito r th e  

env ironm en ta l cond itions  at m arine d isposal s ite s  and 

com pare  th e  resu lts  w ith  th o se  ob ta ined  during m ore 
genera l m on ito ring  s tud ies , a llow ing  action  to  be taken 

if unexpected  im pacts  shou ld  occur. This a lso p rovides 

a feedback loop w h ich  ensures th a t risk a ssessm en ts

undertaken w ith in  th e  licensing p rocess incorpora te  th e  

m os t recent research find ings.

U nder th e  W a te r Resources A c t (1991) (Great Britain 

Parliam ent, 1991), Defra Is a s ta tu to ry  consu ltée  fo r all 

d ischarges to  con tro lled  (tidal) w a te rs . Cefas sc ie n tis ts  

assess th e  fish e ry  Im p lica tions o f app lica tions fo r  consent 

to  d ischarge pe rm its . C onsidera tion  Is g iven to  resources 

in th e  area, th e  to x ic ity  o f th e  e fflu en t, local hydrograph ic 

cond itions  and any s tandards se t out in national po licy or 

EU D irectives.

W e  also provide advice to  th e  D epa rtm en t o f Trade 

and Industry  (DTI) and th e  O ffice  o f th e  D epu ty  Prim e 
M in is te r (O D PM ) concern ing  th e  con tro l o f po llu tion  In 

o the r areas a ffe c ting  th e  m arine e n v iro n m e n t Including th e  

ex trac tion  o f o ffsh o re  oil and gas and m arine aggregate . 

The s ta tu to ry  O ffsh o re  C hem ical N o tifica tion  S chem e 

and th e  G ove rnm ent V ie w  on th e  w in n in g  o f aggregates, 

respective ly , con tro l th e se  activ ities , and th e  regu la to ry 

reg im e fo r aggrega tes is p resen tly  a lso changing to  a 
s ta tu to ry  schem e.

On D e fra 's  behalf, Cefas is responsib le  fo r m on ito ring  

in te rm e d ia te  and o ffsh o re  s ta tions  w ith in  th e  UK CSEMP, 
w h ic h  se e ks  to  in te g ra te  na tiona l and In te rn a tio n a l 

m on ito r in g  p ro g ra m m e s  fo r all UK agenc ies. Each year, 

w e  co lle c t sam p les  o f se a w a te r, s e d im e n t and b io ta  fo r 

chem ica l ana lys is  and dep loy  a nu m b e r o f b io log ica l e ffe c ts  

te ch n iq u e s , Inc lud ing  w a te r and s e d im e n t b ioassays and 

fish  d isease  su rveys . The cu rre n t phase o f th e  C SE M P 
is fo cu se d  on th e  d e te c tio n  o f long -te rm  te m p o ra l tre n d s  

In c o n ta m in a n t c o n c e n tra tio n s  and th e  d e v e lo p m e n t 

and d e p lo ym e n t o f a w id e r  range o f b io log ica l e ffe c ts  

te c h n iq u e s  s tu d y in g  o rgan ism  response  at a va rie ty  o f 
ce llu la r and sub -ce llu la r leve ls . The C SE M P a llo w s  us 

to  asce rta in  th e  e ffe c tiv e n e s s  o f regu la to ry  m easures 

taken  to  reduce  th e  inpu ts  o f hazardous sub s tan ce s  to  UK 

seas. In add ition , It co n trib u te s  to  th e  U K 's In te rna tiona l 

m on ito r in g  ob lig a tio ns  to  d e m o n s tra te  UK co m p liance  

w ith  va riou s  EU D ire c tiv e s : D a n g e ro u s  S u b s ta n ce s  

D ire c tiv e  (76 /464 /E E C ); S h e llf is h  W a te rs  D ire c tiv e  

(79/923/EEC ); S he llfish  H yg iene  D irec tive  (91/492/EEC ); 

F ishery  P roducts  D ire c tive  (91/493/EEC ); th e  C om m iss io n  
D e c is io n  93 /351 /E E C  c o n ce rn in g  m a x im u m  m e rc u ry  

lim its  in f is h e ry  p ro d u c ts , and s im ila r re q u ire m e n ts  

under OSPAR. C urren tly , a g roup  led fro m  w ith in  Cefas 

Is w o rk in g  to  redes ign  th e  C SE M P so  as to  ensu re  th a t 

it m e e ts  cu rre n t re q u ire m e n ts  and, as fa r as possib le , 

to  dove ta il w ith  p roposed  m o n ito r in g  to  be undertaken  

under th e  EU W a te r F ra m ew ork  D irec tive  (2000/60/E C ) in 

rivers, es tua ries  and coasta l w a te rs .



In o rder to  ensure th a t th e  advice prov ided  to  Defra and 

o th e r regu la to rs is a lw ays based on th e  m os t up-to-date 

know ledge  and techn iques , Cefas carries ou t a w id e  range 

o f research and deve lo pm e n t to  prov ide  fo r th e  fu tu re  needs 

o f m on ito ring  and su rve illance  p rog ram m es. For exam ple , 

w e  have deve loped  n e w  and m ore se ns itive  bioassay 

techn iques , analytica l m e th o d s  and una ttended  sam p ling

and m on ito r in g  dev ices . W ith in  th e s e  p ro g ra m m e s  

w e  have m ade a num ber o f s ign ifican t co n trib u tio n s  to  

env ironm en ta l p ro tec tion  and as a consequence  o f our 

w o rk  have estab lished  a w o r ld w id e  repu ta tion  In th e  fie ld  

o f aquatic  env ironm en ta l research. M ore  In fo rm ation  

on our research p rog ram m es is available on th e  Cefas 
w e b s ite : w w w .c e fa s .c o .u k .

http://www.cefas.co.uk


Main findings and their  
relevance

Clean and safe

1 Radioactivity in UK coastal waters:
•  The UK gove rm e n t is c o m m itte d  to  im p le m e n tin g  th e  O SP AR 's 1998 S tra tegy fo r R adioactive Substances.

•  The su rvey w o rk  carried out here m on ito rs  progress to w a rd s  th e  2020 ta rg e t o f reducing concen tra tions  close 

to  zero fo r a rtific ia l rad ioactive  substances in th e  m arine env ironm en t.

•  Levels o f 137Cs are exh ib iting  a s lo w  decrease w ith  t im e  (eg fa lling  by half about every 6 years in th e  

Irish Sea), w he re a s  tr it iu m  co ncen tra tions  appear broad ly cons tan t w ith in  th e  Inevitab le  data sca tte r.

2 Radionuclide concentrations in dredged sediments:
•  Defra undertakes assessm e n ts  fo r assurance th a t th e re  is no s ign ifican t foodcha ln  or o the r risk fro m  th e  disposal 

o f d redge m ateria l, know n  to  be con tam ina ted  by rad ionuclides, p rior to  th e  issue o f licences to  opera to rs under 

th e  Food and E nv ironm en t P ro tection  A c t, 1985.

•  A sse ssm e n ts  fo r dredg ing  at M arypo rt Fia rbou rand  th e  port o f Si I loth, con tam ina ted  by th e  legacy o f h is to rica lly  high 

d ischarges fro m  S e lla fie ld  ind ica ted  th a t th e  im pact o f th e  disposal opera tion  w a s  b e lo w  th e  'd e  m in im is ’ criteria .

3 The toxicological impacts of oil and chemically dispersed oil: UV mediated phototoxicity 
and implications for environmental effects, statutory testing and response strategies:
• Defra are cu rren tly  undergo ing  a re v ie w  o f th e  UK oil sp ill tre a tm e n t p roduct sch e m e  under w h ich  a w id e  range 

o f te s tin g  Issues w ill be investiga ted . The s ign ificance  o f UV m ed ia ted  to x ic ity  in th e  te s tin g  p rocess is one o f 

th e  Item s under cons idera tion . These p re lim ina ry  resu lts  have been fe d  in to  th e  process.

•  Defra have a respons ib ility  fo r approving  th e  operationa l use o f oil sp ill d ispe rsan ts  in UK m arine w a te rs . 

C urren tly  th e  UK National C on tingency Plan does not take  account o f UV levels in gu idance about th e  decis ion 

to  spray or not. This w o rk  m ay u ltim a te ly  feed  in to  tha t process.

• In th e  fu tu re  Defra w ill need to  becom e m ore  Involved in th e  d ra fting  o f In ternational po licy o f th e  te s tin g  and 

use o f oil spill d ispersan ts. The issues o f UV m ed ia ted  to x ic ity  are m ore acu te  in areas o f h igher Inc ident sun ligh t 

and clearer w a te rs  th e re fo re  th e  find ings  from  th is  w o rk  has a broad In ternational con tex t.

L\ Use of passive sampling for environmental monitoring:
• POCIS sam p ling  o ffe rs  Im proved a ssessm en t o f aquatic  o rgan ism s ' exposure  to  con tam inan ts  as a resu lt o f 

in teg ra ted  sam pling .

5 Tri-butyl tin (TBT): a survey of imposex in dogwhelks (Nucella lapillus) in the UK and 
measurement of TBT in w ater and sediments in areas associated with high shipping 
activity:
• W ild  w h e lk  popu la tions are still adve rse ly  a ffe c te d  by TBT from  sh ips ' an tifou ling  paints, underlin ing  th e  

im portance  o f th e  IM O  ban and its use on large vesse ls.

6 A proposed Marine Quality Index for the integration of chemistry, biological effects and 
biological community data obtained in the UK National Monitoring Programme:
•  A  M arine Q ua lity  Index has been deve loped  w h ich , w h e n  app lied  to  UK m on ito ring  data, prov ides an Illustra tive  

m e thod  o f ind ica ting  th e  re la tive  env ironm en ta l qua lity  at m on ito ring  s ites.
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7 Advice on fishery implications of pipeline discharges:
W ith in  general cons ide ra tions o f im pact on th e  m arine env iro n m e n t th e  sp e c ific  cons ide ra tions fo r fishe ries  are:

•  Im p ro ve m e n t and p ro tec tion  o f she llfish  w a te rs  and g ro w ing  areas

•  P ro tection  o f fish e ry  p roducts  ed ib le  by man

•  Support fo r susta inab le  inshore  fishe ries

8 Contaminants in marine mammals:
•  A lth o u g h  th e  p roduction  and n e w  use o f PCBs w as  banned ca. 30 years ago, env ironm en ta l levels are s till high 

enough to  e lic it e ffe c ts  and con tinu ing  e ffo rts  to  m in im ise  inpu ts are w a rran ted .

•  Use o f th e  b rom lna ted  flam e  retardant HBCD has led to  rapid ly ris ing concen tra tions  in th e  b lubber o f m arine 

m am m als . C on tinued  s tu d y  is w arran ted , as th e se  data feed  d irec tly  in to  an ongoing  EU risk asse ssm e n t o f th e  

con tinued  p roduction  and use o f th is  com pound .

9 Fish disease investigations 2004 and 2005:
•  M u ltiva ria te  analysis o f d isease data has a llow ed  s ite s  to  be c lass ified  accord ing to  d isease s ta tus  and p rovides 

a to o l fo r In tegra tion  w ith  b iom arkers, env ironm en ta l and con tam inan t data in line w ith  ICES/OSPAR In itia tives 
fo r In tegra ted m on ito ring .

•  Patho logy in plaice and d ragonet s h o w  th a t th e y  are suscep tib le  to  con tam inan t e ffe c ts .

•  E lyperp lgm enta tion  In dab from  th e  N orth  Sea in particu lar con tinues  to  s h o w  an upw ard  trend . Investiga tions 

in to  th e  cause are u rgen tly  required.

10 Eastern English Channel broadscale mapping:
The provis ion o f hab itat m aps in th e  centra l Eastern English Channel fro m  th is  p rog ram m e w ill p rovide severa l

spe c ific  purposes, all o f w h ich  are re levant to  Defra po licy requ irem en ts . These m aps w ill a llo w  us to :

•  Place in to  a w id e r regional co n tex t th e  aggrega te  license app lica tion  areas o f th e  East Channel Region;

•  D is tingu ish  areas o f po ten tia l A n n e x  I ree f hab ita t (bedrock and bou lder and cobb le  fie lds) under th e  EU hab itats 

D irec tive  from  areas o f fin e r gravel and sand;

•  Provide a base m ap o f th e  physical and b io logica l resources o f th e  area to  enable b e tte r cons ide ra tion  Includ ing 

m on ito ring , o f po ten tia l e ffe c ts  o f a range o f an th ropogen ic  ac tiv ities , and to  fac ilita te  in teg ra ted  m anagem ent 

o f such ac tiv itie s  w ith in  th e  area;

•  Iden tify  areas o f b iod ive rs ity  in te res t fo r cons ide ra tion  as m arine p ro te c te d  areas at a national level or under 
OSPAR A n n e x  V.

Productive

11 Licensing of deposits in the sea:
•  M on ito rin g  th e  qua lity  and quan tity  o f dredged m ateria l d isposed o f at sea and at d isposal s ite s  is undertaken 

to  p ro tec t th e  m arine env ironm en t.
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Glossary of term s

A M P A sse t M anagem en t P rogram m e
A N O S IM A na lys is  o f s im ila rities

AQ C A na lytica l Q ua lity  Contro l

ASG A m m o n iu m  duodeca-m o lybdophospha te  on silica gel

BECPELAG an ICES/IOC In te rna tiona l Sea-going B iological E ffec ts  W o rksho p  In 2001
BEI Bio log ica l E ffec ts  Index
BFR Brom lna ted  flam e  retardant

BGS British G eological Survey
BNFL British N uclear Fuels L im ited

CB ch lo rob lpheny l

CCI C hem ical C on tam inan t Index

eso C om bined  S ew er O ve rflo w s
C EM P C o-coord lna ted  E nvironm enta l M on ito rin g  P rogram m e (of OSPAR)

COPR C ontro l o f P estic ides R egulations
CSEM P Clean Seas E nv ironm en t M on ito rin g  P rogram m e
DBT D I butyl Tin
DDT D Ich lo rod lpheny Itrlch loret ha ne
DNA D eoxyrlbose  nucle ic  acid
DTI D epa rtm e n t Trade and Industry

EAC E nvironm en t A sse ssm e n t Criteria
EARP Enhanced A c tin id e  Rem oval Plant (at BNFL Sella iIe ld)

ECR East Channel Region
EDCAT Endocrine D isrup tion  In C a tchm en ts

EEC Eastern English Channel

EHS E nvironm en t and H eritage Service
EROD Ethoxyreso ru fln -O -deethy lase

EU European Union

F EPA Food and E nv ironm ent P ro tection  A c t 1985

FRS M LA F isheries Research S ervices M arine  Laboratory, A berdeen

GC-FPD Gas C hrom atography w ith  F lam e P ho to m e tric  D e te c to r

GIS G eograph ic In fo rm a tion  System

HBCD H exabrom ocyc lododecane
IAEA In te rna tiona l A to m ic  Energy A gency

IM O In te rna tiona l M a ritim e  O rgan isation

JA M P Jo in t A sse ssm e n t M on ito rin g  P rogram m e

LC/M S Liquid ch rom atography /m ass  sp e c tro m e try

M ALSF M arine  A gg rega te  Levy S usta inab ility  Fund

M DS M ultl-d lm ens lona l scaling

M EM G M arine  E nv ironm en t M on ito rin g  G roup
MEPF M arine  E nv ironm en t P ro tection  Fund
M FA M arine  F isheries A gency
M QI M arine  Q ua lity  Index

NCP National C on tingency  Plan

O D PM O ffice  o f D epu ty  Prim e M in is te r
N M M P UK National M arine M on ito rin g  P rogram m e

NOECs N o -e ffe c t concentra tions
OF W A T O ffice  o f W a te r
OEB O ys te r E m bryo Bloassay
OSPAR O slo  and Paris C om m iss ion
PAH Polycycllc a rom a tic  hydrocarbon



POCIS Polar O rgan ic C hem ical In tegra tive  Sam pling
PRIMER P lym outh  R outines In M u ltiva ria te  Ecological Research
REA Regional E nvironm enta l A sse ssm e n t
SERAD S co ttish  E xecutive  E nv ironm en t and Rural A ffa irs  D epa rtm en t
SFPA S co ttish  F isheries P ro tection  A gency

SIM PER S im ila rity  P ercentages R outine
SPE Solid Phase Extraction
SIXEP Site Ion Exchange E ffluen t Plant (at BNFL Sella fle ld)
SPM D S em l-pe rm eab le  m em brane  devices
STW S ew age  tre a tm e n t w o rks
TBBP-A T e trab rom ob lspheno l-A

TBT Trl-butyl tin

THORP Therm al O xide R eprocessing Plant (at BNFL Sellafle ld)
UK U nited K ingdom

U K M M A S UK M arine M on ito rin g  and A sse ssm e n t S tra tegy
UV U ltra-vio le t
UVB U ltra -v io le t B typ e  radiation

VDSI D e te rm ina tion  o f th e  Vas D efe rens S equence Index
W A F W a te r a cco m m oda ted  frac tions
W FD W a te r F ram ew ork  D irec tive  (of th e  EU)
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1. Radioactivity in UK 
coastal waters Author: David McCubbin

1.1 Introduction
The UK g o ve rn m e n t is c o m m itte d  to  p reven ting  po llu tion  o f 

th e  m arine env iro n m e n t from  hazardous substances, w h ich  

Includes ion is ing radiation. The u ltim a te  aim  is to  reduce 

concen tra tions  In th e  env iro n m e n t to  c lose to  background 

va lues fo r na tu ra lly  occu rring  rad ioactive  subs tances , 

and close to  zero fo r a rtific ia l rad ioactive  substances 
(Defra, 2002). A  long -te rm  p rog ram m e o f surve illance  

Into th e  d is tribu tion  o f key rad ionuclides Is m ainta ined  
using research vesse ls, and o the r m eans o f sam pling . 

The resu lts  ob ta ined  fro m  th e  sea w a te r surveys reported  

here prov ide  ev idence  o f progress to w a rd s  a ch ievem en t 

o f th e  G o ve rn m e n t's  v is ion. S um m ary data Is a lso se t out 

In a recen t report (M arine  E nv ironm ent M on ito rin g  Group, 

2005). In add ition , th e se  surveys su p p o rt in te rna tiona l 

s tud ies  concerned  w ith  th e  qua lity  s ta tus  o f coastal seas 

(eg OSPAR, 2000) and provide in fo rm a tion  th a t can be used 

to  d is tingu ish  d iffe re n t sou rces o f m an-m ade rad ioactiv ity  

(eg Kershaw  and Baxter, 1995).

D eta iled  h is torica l data fo r 134Cs and 137Cs In se a w a te r 

have been pub lished In a series  o f reports  so as to  aid 

m odel deve lo pm e n t (Cam plin and Steele, 1991; Baxter 

e t al., 1992; B axter and Cam plin , 1993a-c) and have been 
used to  derive  d ispers ion  fac to rs  fo r nuclear s ite s  (Baxter 

and Cam plin , 1994). The data have a lso been used to  

exam ine  th e  long d is tance  tran sp o rt o f a c tiv ity  to  th e  A rc tic  
(K e rshaw  e t al., 1999) and long-te rm  tren d s  In N orthern  

European seas (Povinec e ta /., 2003).

D ischarges from  Sella fle ld  peaked In th e  m id 1970s. A 

num ber o f coun te r-m easu res  w e re  In troduced, includ ing 

th e  S ite  Ion Exchange E ffluen t Plant (SIXEP, in 1986), 

w h ich  con tro lled  Cs d ischarges, and th e  Enhanced A c tin id e  
Rem oval P lant(EARP, in 1994). E A R P a llo w e d th e tre a tm e n t 

o f m ed ium -active , s to red  liquors, w h ich  also con ta ined  " T c  

- not trea te d  by EARP- and conse qu e n tly  th e se  d ischarges 

(w h ich  are o f lim ite d  radio logica l s ign ificance) rose In 1994. 
E lowever, fo llo w in g  a success fu l tria l o f n e w  aba tem en t 

techno logy , d ischarges once again decreased In 2003 

(M ayall, 2005). D ischarges o f 129l, 90Sr, 14C, 60Co, and 3H 

a lso Increased In th e  m id 1990s, as a resu lt o f operational 

changes at th e  s ite , inc lud ing  th e  s ta rting  up o f th e  Therm al 

O xide R eprocessing Plant (THORP) In 1995.

S tud ies  o f th e  m ig ra tion  behaviour o f " T c  have a ffo rded  

o p p o rtu n itie s  to  subs tan tia te  and extend  th e  in fo rm a tion  

ob ta ine d  fro m  ea rlie r s im ila r s tu d ie s  o f 137Cs. The 

d is tribu tion  o f " T c  In w a te rs  around th e  B ritish Isles prior

to , and im m e d ia te ly  a fte r, th e  Increased " T c  d ischarges 

(in 1994) ind icated a rapid advectlon  o f " T c  w ith in  and 

fro m  th e  Irish Sea to  th e  north  o f Scotland as com pared  

to  p rev ious e s tim a te s  (Leonard e ta /., 1997a,b; M cC ubb in  

e t a i,  2002). The su bsequen t transpo rt rate out o f th e  

N orth  Sea and n o rthw a rds  w ith  th e  N orw egian  Coastal 

C urren t and W e s t S p itsbergen  C urren t s lo w e d  m arkedly, 

In apparen t co rrespondence  w ith  varia tions In th e  N orth 
A tla n tic  O scilla tion  (NAO) w in te r  index (K ershaw  e t a!., 

2004).

1.2 Methods
1.2.1 Sam pling
The research vesse l p rog ram m e on rad ionuclide  d is tribu tion  

cu rre n tly  com prises  an annual su rvey o f th e  B risto l Channel 
to g e th e r w ith  biennial su rveys o f th e  Irish Sea and th e  

N orth  Sea. In 2005, coverage w as ex tended  to  northern  

S co ttish  coastal w a te rs  w ith  th e  assis tance  o f th e  FRS 

M arine  Laboratory (Aberdeen). Large vo lum e  surface  

se a w a te r sam p les (50 litres) are co llec ted , using th e  sh ips 

pum ped  supp ly, during cru ises o f th e  research vesse ls, 

Cefas EN D EAVO U R  and CORYSTES. S urveys o f th e  

B risto l Channel, Irish Sea and th e  w e s te rn  English Channel 

w e re  carried ou t by Cefas In S e p te m b e r/O c tob e r 2005, 

June  2005 and O ctober-N ovem ber 2005, respective ly . 

S am ples from  w a te rs  to  th e  w e s t and north  o f Scotland 

w e re  co llec ted  by s ta ff fro m  FRS A berdeen  be tw e en  A pril- 

A u g u s t 2005.

1.2.2 Sam ple analysis
S am ples w e re  filte re d  (0.45 pm ) to  separate  d isso lved  and 

particu la te  phases. A na lyses o f d isso lved  137Cs invo lved 

pum p ing  filte re d  seaw ater, ac id ified  w ith  n itric  acid, th rough  

cartridges fille d  w ith  ASG resin (am m onium  duodeca- 

m o lybd o p h o sp ha te  on s ilica  gel) to  e x tra c t caes ium . 

A na lyses o f 3H invo lved doub le  d is tilla tion  o f w a te r  sam p les 

under alkaline cond itions  and In th e  p resence o f ho ldback 

carriers to  ensure  chem ica l separation  fro m  all g rav im e tric  

and rad iom e tric  in te rfe rence . S ubsam ples o f d is tilla te  

w e re  assayed fo r 3H using a Packard Tri-Carb 2550 TR/LL 
liqu id sc in tilla tion  coun te r.

1.3 Results and discussion
The resu lts  o f th e  se a w a te r surveys are given in F igures

1.1 (a )-1 .1 (g).
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F igure  1.1. A c tiv ities  (Bq k g '1] o f 137Cs and 3H in surface seaw ate r 
from  the  UK con tinen ta l she lf: (a) d issolved 137Cs in the  Irish  Sea 
(June 2005); (b) te m p o ra l va ria tion  of dissolved 137Cs in shore line  
seaw a te r close to  S e lla fie ld  (at St Bees), 1986- 2005; (c) dissolved 
137Cs in S cottish  w a te rs  (A p ril-A ugust 2005]; (d) d issolved 137Cs in the 
w es te rn  English Channel (October -  N ovem ber 2005]; (e) 3H in the 
Irish  Sea (June 2005).
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(f) (g)
10° 8o 6o 4o 2o 5o 4o 3o

F igure  1.1. con tinued : A c tiv ities  (Bq k g '1] of 137Cs and 3H in surface 
seaw a te r fro m  the  UK con tinen ta l she lf: (f) 3H in S cottish  w a te rs  
(A p ril-A ugust 2005); (g) 3H in the  B ris to l Channel (S eptem ber - 
October 2005).

1.3.1 137Cs distribution
The Irish Sea 137Cs data (Figure 1.1(a)) Ind ica te  th a t th e  

con ce n tra tio n s  obse rved  along a large se c tio n  o f th e  British 

coastline , e x te nd in g  fro m  L iverpoo l Bay In th e  sou th  to  th e  

M u ll o f G a llow ay In th e  north  (typ ica lly  0 .05 -0 .1  Bq kg-1), 

w e re  s ig n ifica n tly  g rea te r than  th o se  obse rved  a long the  

Irish coastline  (typ ica lly  0 .0 0 5 -0 .0 2  Bq kg-1). The 137Cs 

con tou rs  ex tend  parallel to  th e  C um brian coastline . The 

overa ll d is tribu tio n  o f 137Cs Is In line w ith  th a t expec ted  
fro m  our kno w le d g e  o f m ean su rface  w a te r c ircu la tion  

In th e  Irish Sea (D ickson, 1987). The p redom inan t f lo w  

o f w a te r  Is no rth w a rd  via Input o f A tla n tic  w a te r  fro m  St. 

G eo rge 's  Channel, passing to  th e  w e s t o f th e  Isle o f M an. 

A  m ino r co m p o n e n t o f th e  f lo w  en te rs  th e  eastern  Irish 

Sea to  th e  north  o f A n g le se y  and m oves an tl-c lo ckw lse  

round th e  Isle o f M an be fo re  re jo in ing  th e  m ain f lo w  to  ex it 

th ro u g h  th e  N orth  Channel. The 137Cs a c tiv itie s  obse rved  

here are on ly  a sm all pe rcen tage  o f th o se  preva iling  In 

th e  late 1970s. Levels as high as 30 Bq kg-1 have been 

obse rved  In th e  v ic in ity  o f th e  Se lla fle ld  ou tfa ll (B axter 

e t al., 1992) during  th e  period w h e n  d ischarges from  

Se lla fle ld  w e re  su b s tan tia lly  g reater. Indeed, d iffe re n ce s  

b e tw e e n  th e  137C s /"T c  ra tio  In S e lla fle ld  d ischa rges 
and se a w a te r Ind icate th a t 137Cs rem ob lllsa tlon , from  

se d im e n ts  co n tam ina ted  by large d ischarges In th e  1970s, 

Is p rese n tly  th e  p redom inan t ( -9 0 % )  sou rce  te rm  to  the  
w a te r co lum n  (M cC ubb in  e t al., 2002). C onsequen tly ,

leve ls In se a w a te r have sh o w n  a near exponen tia l decrease 

w ith  t im e  (le fa lling  by half about eve ry  6 years) s ince  the  

co m m iss io n in g  o f th e  SIXEP w a s te  tre a tm e n t p rocess 

In th e  m id  1980s, as Illus tra ted  by th e  data p rov ided  In 

F igure 1.1(b) fo r sho re line  se a w a te r at St Bees (~ 10 km 

to  th e  north  o f Sella fle ld).

The 137Cs data fo r S co ttish  w a te rs  (Figure 1.1(c)) s h o w  

lo w  concen tra tions  (less than  0.01 Bq I"1) th ro u g h o u t th e  

su rvey area. N everthe less, th e  concentra tion  In all th e  

sam p les analysed here rem ained s lig h tly  e leva ted  above 

th e  global fa llou t level n o w  found  In N orth  A tla n tic  surface  
w a te rs  (app rox im a te ly  0 .0012 Bq I"1 In 2002 (Ballly du Bols 

pers. com m .)).

C oncen tra tions In th e  w e s te rn  English Channel (average 

a c tiv ity  0.002 Bq kg-1) w e re  on ly  s ligh tly , If at all, enhanced 

com pared  w ith  th e  background level resu lting  from  global 

fa llou t (Figure 1 .1(d)).

1.3.2 3H distributions
Levels o f 3PI In th e  Irish Sea (Figure 1.1(e)) w e re  b e lo w  
th e  lim it o f de tec tion  ( -2  Bq kg-1) over a large p roportion  

o f th e  su rvey area. P lowever, th e  Im pact o f d ischarges 
fro m  S e lla fle ld  and th e  Pleysham nuclear p o w e r plant 

w a s  apparen t a long th e  C um brian and sou the rn  S co ttish  

coastline , ex tend ing  fro m  M orecam be  Bay In th e  sou th  

to  Luce Bay In th e  north . A long  th is  section , 3PI ac tiv itie s  

w e re  In th e  range 10-17 Bq kg-1.
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T ritium  concen tra tions  in S co ttish  w a te rs  (Figure 1.1(f)) 
w e re  b e lo w  de tec tio n  In all sam ples.

In th e  B ris to l Channel (Figure 1.1(g)), th e  g rea test 3FI 

concen tra tions  In 2005 (>10 Bq kg-1) w e re  obse rved  In th e  
Severn estuary  c lose to  th e  W e lsh  and English coastlines. 

These data Indicate m easurab le  e levation In levels close 

to  th e  H Inkley nuclear p o w e r plant and th e  A m ersham  

rad iopharm aceutica l p lant at C ard iff. 3FI concentra tions  

decreased rapid ly w ith  d is tance  d o w n s tre a m  o f th e  po in ts 

o f d ischarge (le, In a w e s te rly  d irection). C oncen tra tions at 

th e  m ou th  o f th e  Bristo l Channel w e re  b e lo w  th e  lim it o f 
de tec tio n  (2 Bq kg-1). The spatia l d is tribu tion  Is co ns is ten t 

w ith  conserva tive  d ispers ion  behaviour In th e  m acrotlda l 

Severn estuary. Tidal cu rren t speeds genera lly  exceed

1.5 m s-1 at springs and 0.75 m s-1 at neaps, m ean ing  w a te r 

parcels can m ove up to  25 km  during a flood  or ebb tid e  

(Uncles, 1984).

1.3.3 Other radionuclides
C oncen tra tions o f " T c  In sea w a te r are n o w  decreasing, 

fo llo w in g  th e  Ins ta lla tion  o f n e w  e ff lu e n t tre a tm e n t 

p rocedures at Se lla fle ld . The resu lts  o f research cru ises 

Involv ing s tud ies  o f th is  rad ionuclide  have been pub lished 

by Leonard e t a!. (1997a and b, 2001, 2004) and M cC ubbin  
e t a i  (2002). T rends In p lu to n ium  and a m e ric iu m  

concen tra tions  In th e  se a w a te r o f th e  Irish Sea have been 

cons ide red  by Leonard e t a!. (1999). A  fu ll re v ie w  o f th e  

qua lity  s ta tus  o f th e  north  A tla n tic  has been pub lished by 

OSPAR (2000).
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2. Radionuclide 
concentrations in

Author: David McCubbin

2.2 Materials and methods
S am ples o f su rface  se d im e n ts  w e re  co llec ted  from  tw o  or 

th re e  loca tions to  ensure  th e  data prov ided  rep resen ta tive  

In fo rm a tion . R ad ionuclide  assay w a s  ach ieved using 
g am m a-ray s p e c tro m e try  by w h ic h  It Is poss ib le  to  

s im u ltan e o u s ly  m easure  a w id e  range o f rad ionuclides 

co m m o n ly  found  In rad ioactive  w as tes .

2.3 Results and discussion
R esults fro m  th e  se d im e n t analyses are prov ided  In Tables
2.1 and 2.2.

The a sse ssm e n ts  s h o w e d  th a t th e  Im pact o f th e  

rad ioactiv ity  associa ted  w ith  th e  d isposal opera tion  w as 

ve ry  low , b e lo w  'd e  m in im is ' levels o f exposure . 'D e  

m in im is ' re lates to  doses o f th e  o rder o f 0 .010  m Sv or less. 
G uidance on e xem p tion  criteria  fo r rad ioactiv ity  In re lation 

to  sea d isposal Is available fro m  th e  In ternational A to m ic  

Energy A gency  (IAEA, 1999 and IAEA, 2003) and th is  has 

been adapted to  re flec t opera tiona l p ractices In England 

and W a les (M cC ubb in  and Vivian, 2006).

Table 2.1. C oncentra tions of rad ionuclides In sedim ent fro m  M aryport H arbour, C um bria, 2005. 

Area Radioactivity concentration [dry], Bq kg~1

60Co 137Cs 226Ra 232Th 238U 241Am
(via 2UPb)111 (via 228AcJ111 (via 234Th)111

S e n h o u s e  D o c k  28 561 27 35 58 9 3 0

E liza b e th  D o c k  A p p ro a c h  18 3 8 5  21 25 48 572

E liza b e th  D o c k  37 9 3 0  27 33 47 882

Parent nuc lides not d ire c tly  detected by the m ethod used. Instead, concen tra tions w ere  estim ated fro m  levels of th e ir  d augh te r products.

Table 2.2. C oncentra tions of rad ionuclides In sedim ent fro m  S lllo th , C um bria, 2005. 

Area Radioactivity concentration (dry], Bq kg~1

60Co 137Cs 226Ra
(via 2UPb)111

232Th
(via 228Ac)111

238U

(via 234Th)111
241Am

A 9 .4 661 23 33 49 581

B 9 .9 531 23 24 49 508

Parent nuc lides not d ire c tly  detected by the m ethod used. Instead, concen tra tions w ere  estim ated fro m  levels of th e ir  daugh te r products.

dredged sediments

2.1 Introduction
In England and W ales, Defra Issues licences to  opera to rs 

fo r th e  d isposal o f dredged m ateria l under th e  Food and 

E nv ironm en t P ro tection  A ct, 1985 (Great Britain Parliam ent, 

1985a). The p ro tection  o f th e  m arine env iro n m e n t Is 

cons ide red  be fore  a licence Is Issued. S ince d redge m ateria l 

m ay contain  rad ioactiv ity , a ssessm en ts  are undertaken 

w h e re  appropria te  fo r assurance th a t th e re  Is no s ign ifican t 
foodcha ln  or o the r risk from  th e  d isposa l. In 2005, sp e c ific  

assessm e n ts  o f th e  d isposal o f d redge m ateria l from  

M arypo rt Rlarbour and th e  port o f S lllo th w e re  carried 

ou t. A t both locations, th e  se d im e n ts  conta in  artific ia l 

rad ionuc lides due to  d ischarges from  BNFL S e lla fle ld  

and fro m  o the r w idesp read  sources such as w eapon  te s t 

fa llou t.
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3. The toxicological impacts 
of oil and chemically 
dispersed oil: UV 
mediated phototoxicity 
and implications for 
environmental effects, 
statutory testing and 
response strategies

3.1 Introduction
The th re a t o f o il-based hydrocarbon con tam ina tion  via sp ills  

and o th e r sou rces in th e  aquatic  e n v iro n m e n t and th e ir  

sub se qu e n t tre a tm e n t w ith  chem ica l d ispe rsan ts  rem ains 

a ve ry  real and h igh ly e m o tive  issue. It is w e ll docu m e n te d  

th a t u ltra -v io le t (UV) ligh t can enhance or induce th e  to x ic  

e ffe c ts  o f certa in  env ironm en ta l con tam inan ts  (te rm ed  

pho to tox ic ity ). A m o n g  th o se  con tam inan ts  o f prim ary 

concern  are th e  po lycyc lic  a rom atic  hydrocarbons (PAHs). 

N um erous laboratory s tu d ie s  have n o w  de m o n s tra te d  th a t 

th e  to x ic ity  o f PAHs increases 2 to  > 1000  tim e s  in th e  

p resence o f UV (A rfs ten  e ta /., 1996; W erne rsson , 2003). 

Pe lle tie r e t a i,  (1997) repo rted  th a t sp e c ific  com p o n e n ts  

o f oil (fluoran thene, pyrene and anthracene) and fo u r oil 

p roducts  w e re  12 to  > 50 ,000 tim e s  m ore to x ic  (LC50 

te s ts ) to  m arine inve rteb ra te  juven iles  (M ys id op s is  bahia) 

and b ivalve larvae and em bryos  (M u lin ia  la te ra lis ) w hen  

com pared  w ith  parallel te s ts  o m ittin g  UV ligh t. S im ilar 
s tu d ie s  w e re  conduc ted  using th e  fre s h w a te r crustacean, 

Daphnia m agna, to  screen  fo r th e  p h o to tox ic  po ten tia l 

o f 22 w a te r accom oda ted  frac tio n s  (W AF) derived  from  

pe tro leum  based products  (W ernersson  e t a i,  2003). In 

th is  s tu d y  16 o f th e  22 W A Fs dem on s tra te d  s ign ifican tly  

increased to x ic ity  in th e  p resence  o f UV-light. Lyons e t 

a i,  (2002) h igh ligh ted  th e  ab ility  o f certa in  PAHs to  exh ib it 

pho to -induced  to x ic ity  at levels o f UV ligh t typ ica lly  found  

to  penetra te  th e  upper 5 m e tres  o f European surface  

w a te rs . A dd itiona l s tud ies , carried out as part o f th e  2001 

BECPELAG ICES/IOC sea-go ing w o rkshop , dem on s tra te d  

th a t sea surface  m icro laye r sam p les co llec ted  fro m  around 

th e  S ta tfjo rd  oil fie ld  d isp layed enhanced p h o to to x ic ity  to  

em bryos  o f th e  Pacific oys te r (Crassostrea g igas) w hen  

exposed  to  e n v ironm en ta lly  re levant levels o f UV-light 

(Lyons e ta /., in press). W h ile  it is no ted  th a t p h o to to x ic ity  

is not res tr ic te d  to  PAHs (the sam e phenom enon  has been 

de m o n s tra te d  fo r o the r po llu tan ts  inc lud ing  pestic ides 

(Ankley e t a i,  1998), m un ition  w a s te  p roducts  and m eta ls  

(A rfs ten  e t a i,  1994)), it is clear fro m  th e  lite ra tu re  th a t th is  

g roup o f ub iqu itous con tam inan ts  o ffe r th e  g rea tes t cause 

fo r concern  fo r env ironm en ta l dam age.

Authors: Mark Kirby, Brett Lyons, 
Jon Barry and Robin Law

Even a llo w in g  fo r a g ro w ing  body o f in fo rm a tion  on 

U V -m ediated to x ic ity  in th e  lite ra tu re  it rem a ins d ifficu lt 

to  id e n tify  s p e c if ic  scena rio s  w h e re  in fo rm a tio n  on 

p h o to to x ic ity  m ay be used to  m od ify  hum an a c tiv ity  in 

o rder to  m itig a te  po ten tia l e ffe c ts . P ho to to x ic ity  has not 

genera lly  been recogn ized by sc ie n tis ts  and risk m anagers 

in th e  oil and gas indus try  as o f g rea t s ign ificance . 

T raditional tox ico log ica l risk a ssessm en t s tu d ie s  used to  

de fine  th e  hazards o f pe tro leum  based d ischarges to  aquatic 

o rgan ism s have genera lly  been conduc ted  inside, under 
f lu o re sce n t ligh ting  w h ich  con ta ins  m in im a l UV radiation. 

In particular, oil sp ills , and th e ir  sub se qu e n t tre a tm e n t w ith  

d ispersan ts, o ffe r th e  po ten tia l fo r s ig n ifica n tly  increased 

im pacts  under cond itions o f raised UV exposure . S ta tu to ry  

to x ic ity  te s ts , used as part o f th e  oil spill tre a tm e n t 

p roduct approval sch e m e  in th e  U nited K ingdom  (Kirby 

e t a i,  1996), are p rocedures th a t are carried ou t in th e  

absence  o f UV light rep resen ta tive  o f 'a t sea ' cond itions. 

It w a s  hypo thes ised  th a t chem ica lly  d ispe rsed  oil used 

in th e  te s t p rocedures m ay exh ib it pho to induced  to x ic ity  

and a p re lim ina ry  exp e rim e n t w a s  conduc ted  in o rder to  

investiga te  th is .

W a te r a cco m m oda ted  frac tions  (W AFs) o f Kuw a it crude 

oil w e re  genera ted  using th e  standard  UK Sea Test 

eq u ip m e n t (K irby e t a i,  1996). B rie fly, 18 m l o f oil w as  

added to  18 litres o f se a w a te r (1000 ppm ) and then  m ixed 
in to  th e  w a te r co lum n (m ix ing  p rope lle r se t at 800 rpm ) 

fo r 100 m inu tes . A fte r  a sho rt se ttlin g  period W A Fs w e re  

d raw n o ff from  a tap  at th e  b o ttom  o f th e  cylindrica l tank. 

W A Fs w e re  genera ted  fo r Kuw a it oil on ly  and also w ith  

th e  sam e am o u n t o f oil trea te d  w ith  a rep resen ta tive  UK 

approved d ispe rsan t at a ratio to  th e  oil o f 1:10.

A range o f d ilu tions  (from  1 % to  100% ) o f th e  'o il on ly ' 

and 'd ispe rsed  o il' W A Fs w e re  te s te d  fo r to x ic ity  w ith  

th e  o ys te r e m bryo  bioassay (OEB) under cond itions of 
both standard laboratory flu o re sce n t ligh ting  (lacking UV) 

and e n v ironm en ta lly  rea lis tic  UV levels using a 12-hour 

ligh t and 12-hour dark pho toperiod . U ltrav io le t ligh t w as  

prov ided  by 2 C leo (Phillips) 2 0 W  lam ps (3.8-6.3 p W /cm 2 

and 280-456 p W /cm 2 UVB and UVA respective ly) and light 
in te n s itie s  quan tifie d  using a sp e c tro ra d io m e te r (Glen
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Spectra Ltd). Levels o f UV ligh t used In th is  e xpe rim en t 

w e re  based on prev ious fie ld  light cond itions  m easured 

1 m b e lo w  th e  w a te r surface  (M cC loskey and Oris, 1993). 

The OEB te s t Is a standard OSPAR bloassay assessing 

to x ic ity  to  th e  em bryo-larva l s tages o f th e  Pacific oyster, 

Crassostrea gigas, and a reco m m en d e d  m eth o d  under th e  

Jo in t A sse ssm e n t M on ito rin g  P rogram m e (JAM P) fo r th e  

asse ssm e n t o f w a te r  qua lity  In European w a te rs  (Stagg,

1998).

The e m bryo  d e ve lo pm e n t data w as m ode lled  w ith  a 

m odel th a t assum ed  th a t th e  percen tage re lative  norm al 

d e ve lo pm e n t reduced exponen tia lly  w ith  Increasing dose. 

W e  can w r ite  th is  m odel fo rm a lly  as:

E = a exp"b(conc) + e rro r (1)

w h e re  eone Is concentra tion , E = th e  percen tage re lative  

norm al deve lo pm e n t and a and b are param eters.

The param eters w e re  e s tim a ted  by m in im is ing  th e  

residual sum  o f squares be tw e en  th e  data and th e  m ode l. 

W e  have de fined  a fo rm  o f lethal concentra tion  LC50th a t Is 

th e  concentra tion  at w h ich  th e  percen tage re lative  norm al 

d e ve lo pm e n t Is 50 % . From  th e  above m ode l, w e  can 

e s tim a te  th is  by: LC50 = (ln(a) -  ln(50))/b.

The exponentia l decay m odel In (1) w as f it te d  fo r th e  

fo u r tre a tm e n ts  and a LC50 e s tim a te d  fo r each. F igure 3.1 

sh o w s  th e  data and th e  f itte d  m ode ls. W e  can see th a t th e  

oil on ly  tre a tm e n t has th e  least a ffe c t on em b ryo  survival 

(LC50 = 38 .4%  o f th e  W A F) and th a t survival Is reduced In 

th e  presence  o f UV ligh t (LC50 = 16.3). For th e  d ispersed  

oil, e m bryo  surviva l fa lls  ve ry  rapid ly both w ith  (LC50 = 3.7) 

and w ith o u t UV ligh t (LCS0 = 12.7). W e  no te  th a t th e  

m odel f its  reasonably w e ll to  all o f th e  tre a tm e n ts  excep t, 

perhaps, fo r th e  tre a tm e n t w ith  o ll+ d lsp e rsa n t -  how ever, 
a b e tte r fit t in g  m odel w o u ld  on ly  m arg ina lly  a ffe c t th e  

e s tim a te  o f th e  LC50 fo r th is  tre a tm e n t.

F igure  3.1. O yster em bryo 
developm ent a fte r exposure 
to  w a te r accom m odated 
fra c tio n s  (WAFs) of 
m echan ica lly  and chem ica lly  
d ispersed K uw ait crude  o il 
under cond itions of no rm a l 
lab o ra to ry  (no-UV) and UV 
ligh t illu m in a tio n  conditions. 
Three rep lica tes fo r  each 
tre a tm e n t are p lo tted and 
re su lts  are expressed as 
re la tive  n o rm a l developm ent 
com pared to  the  co n tro l (no 
o il d ispe rsant o r  UV light). 
L ines w ere  fitted  using the  
exponentia l decay m ode l1.
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In o rde r to  co n firm  s ta tis tic a lly  th a t th e re  w a s  a 

d iffe re n ce  be tw e en  th e  fo u r tre a tm e n ts , a random ization  

In th e  sp ir it o f M an ly  (1998) w a s  pe rfo rm ed . F irst th e  

observed  residual sum  o f squares from  th e  to ta l o f th e  

residual sum s o f squares fro m  th e  fo u r m ode ls  sh o w n  In 

F igure 3.1. Then 12 observa tions at each concentra tion  

level w e re  random ly  assigned to  a tre a tm e n t. The m odel 

fit t in g  w a s  repeated  and th e  to ta l residual sum  o f squares 

ca lcu la ted. This random ization  w a s  repeated 1000 tim e s  

and th e  observed  residual sum  o f squares com pared  
aga inst th e  random ization  d is tribu tion , w h ich  assum ed  

no d iffe re n ce s  be tw e en  th e  tre a tm e n ts . The observed  

residual sum  o f squares o f 14,033 w a s  less than  any o f th e  

random ized values so w e  can assum e th a t th e  tre a tm e n ts  

are d iffe re n t w ith  p < 0 .0 0 1 .

These p re lim ina ry  resu lts  c learly s h o w  tha t Kuw ait 

crude oil, both m echan ica lly  and chem ica lly  d ispersed, 

de m o n s tra te s  s ign ifican t levels o f pho to -enhanced to x ic ity . 

The m echan ica lly  d ispersed  oll W A F de m o n s tra te d  to x ic  
e ffe c ts  at 50%  d ilu tion  under norm al laboratory cond itions 

but e ffe c ts  are ev iden t at concen tra tions  as lo w  as 10%  

under UV cond itions. W hen  d ispe rsed  oil w a s  te s te d  

e ffe c ts  w e re  apparent at 25%  and 5%  d ilu tions  under th e  

room  and UV cond itions  respective ly . C om parisons of 

th e  no observed  e ffe c t concen tra tions  (NOECs) sugges t 

th a t UV Illum ination  (of an In tens ity  observed  In th e  upper 

layers o f th e  sea) low e rs  th e  concentra tion  o f th e  onse t 

o f W A F to x ic ity  o f Kuw a it crude by up to  5 tim e s  and th a t 

w ith  d ispe rsed  oil th e  UV m ed ia ted  e ffe c ts  are at a po in t 

app rox im a te ly  10 tim e s  low er. The Im pact o f UV light on 

W A F to x ic ity  Is a lso borne ou t by th e  ca lcu la ted LC50s w ith  

th e  resu lts  sh o w in g  a 2 and 4 fo ld  Increase In to x ic ity  w ith  

m echan ica lly  and chem ica lly  d ispe rsed  oil respective ly .

These pre lim ina ry  resu lts  have d e m o n s tra te d  th e  ab ility  

o f crude oil derived con tam inan ts  to  exh ib it substan tia l 

Increases In bio logical e ffe c ts  as a resu lt o f U V-m edlated 

p h o to to x ic ity . Furthe rm ore , It Is clear th a t th e  use of 

chem ica l d ispe rsan ts  on oil not on ly  Increase th e  to x ic ity  

o f th e  W A F but can a lso a u gm en t th e  m agn itude  of 

th e  UV m ed ia ted  to x ic ity . In th is  s tudy  th e  to x ic ity  o f a 

d ispe rsed  oil W A F to  m olluscan em bryos  has been show n  

to  Increase app rox im a te ly  10-fo ld under UV Illum ination , 

how ever, o the r s tud ies  In th e  lite ra tu re  (Barron e t al.,

2003) su g g es t tha t pho to -enhanced to x ic ity  m ay be m uch 

g rea te r fo r o the r oil and d ispe rsan t com b ina tions  and 

have de m o n s tra te d  e ffe c ts  on a range o f Im portan t taxa 

Including crustacea and fish  larvae. There Is no doubt 

th a t th e re  Is great po ten tia l fo r UV radiation to  Increase 

th e  Im pacts o f oil de rived  con tam inan ts  (eg PAFI) In th e  

upper layers o f th e  m arine env iro n m e n t and particu la rly  In

sh a llo w  w a te r and coastal areas (Peachey, 2004). These 

sens itive  e co sys tem s  are o ften  Im portan t env iro n m e n ts  

fo r th e  deve lopm en ta l s tages o f m any com m erc ia l m arine 

spec ies  and s tud ies  have p rev ious ly  linked surface  w a te r 
con tam ina tion  w ith  adverse  Im pacts on fish  eggs and 

larvae In both th e  N orth  Sea (W esternhagen  e t al., 1987; 

C am eron and W este rnhagen , 1997) and coastal w a te rs  

around N orth  A m erica  (Plardy e t a i,  1987). It fo llo w s  th a t 

w h e n  th e se  sam e eco sys tem s  are exposed to  an oil spill 
or to  d ispe rsed  oil d rift an add itiona l risk fa c to r w ill be th e  

Increased th re a t posed by UV radiation.

There are at least tw o  fu tu re  Issues to  consider If one 

accepts th a t UV-m edlated e ffe c ts  m ay be s ign ifican t In the  

Im pacts and assessm ent o f oil sp ills and tre a tm e n t options. 

Firstly, Is the re  a need to  take account o f th is  Issue as part o f 

th e  s ta tu to ry  to x ic ity  te s tin g  pro toco ls fo r oil spill trea tm e n t 

products? Secondly, does th is  In form ation have operational 

Im plications w ith  respect to  d ispersant application scenarios 

and should It be a s ign ifican t consideration In any net 

environm enta l benefit analysis?

The cu rren t UK approval schem e  fo r th e  approval o f 

oil tre a tm e n t p roducts  Is based on to x ic ity  a ssessm en ts  

conduc ted  w h o lly  In labora tory type  cond itions, le, w ith  

v irtua lly  no UV p resen t. A pp rova ls  are based on a 

com parison  o f h o w  a p roduct changes th e  to x ic ity  of 

oil w h e n  app lied  (K irby e t a i,  1996). The p rem ise  Is 

th a t th e  add ition  o f a d ispe rsan t (or o the r tre a tm e n t 

op tion) shou ld  not s ign ifica n tly  (a llow ing  fo r som e  s c ie n tific  

ju d g e m e n t) Increase th e  to x ic ity  o f th e  oil a lone. It could 

be hypo thes ised  th a t under 're a l' cond itions, w ith  UV light 

present, th e  d ispe rsed  oil m ay e lic it a h igher to x ic ity  than 

are assessed under th e  cu rren t p rocedures thus  leading 

to  an u n d e re s tim a tio n  o f th e  en v iro n m e n ta l Im pacts. 

A lth o u g h  th is  th e o ry  has not been te s te d  It seem s un like ly  

th a t UV-radlatlon w o u ld  s ig n ifica n tly  Im pact th e  resu lts  

ga ined fro m  th e  s ta tu to ry  Sea te s t fo r tw o  reasons; I) UV 

has to  be able to  penetra te  th e  w a te r s u ffic ie n tly  - during 

th e  Initial d ispersed  oil exposure  phase th e  w a te r can 

be qu ite  opaque and th e  m ore  like ly Im pact w o u ld  be 
during th e  su bsequen t 24 hour recovery period In clean 

f lo w in g  w a te r w h e re  any accum u la ted  PAFIs could be 

p ho toactiva ted ; and ¡I) UV has to  penetra te  th e  organ ism . 
The b row n  shrim p, Crangon crangon, used In th e  standard 

Sea Test can vary In co louring  fro m  dark b row n  to  re la tive ly  

tran s lu ce n t so Im pacts w ill be dependen t on th e  nature 

o f th e  te s t s tock. The UK oil tre a tm e n t p roduct approval 
sch e m e  Is, how ever, undergo ing  a re v ie w  and any changes 

to  te s tin g  reg im es to  Include p roduct on ly  te s tin g , W A F 

te s tin g  or th e  use o f m ore  'tra n sp a re n t' o rgan ism s m ay 

need to  take  account o f U V-m edlated ph o to to x ic  po ten tia l.
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P ho to to x ic ity  m ay be m ore  appropria te  to  cons ider 
w h e n  assessing  courses o f action during a response 

scenario . C urren tly  th e  UK oil spill response  National 

C on tingency  Plan (NCP) does not take  account o f any 
w e a th e r cond itions  o the r than w in d  s tren g th /d ire c tio n  and 

sea s ta te  in advis ing  w h e n  to  p o ten tia lly  spray d ispersan ts. 

W ith  respect to  m in im is ing  th e  im pact o f an oil sp ill or 

d ispe rsed  oil p lum e due to  pho to -induced  to x ic ity  decis ion 

m akers m ay also need to  take  account of; sea so n /tim e  of 

day/c loud cover (to  assess th e  level o f UV ligh t reaching th e  

w a te r surface), w a te r tu rb id ity  (to assess UV penetra tion  

in to  th e  w a te r co lum n) and th e  nature o f o rgan ism s in 

th e  v ic in ity  and w a te r dep th  (to assess w h a t e co sys te m s / 

spec ies  m ay be spec ifica lly  at risk). For exam ple , th e  

dep th  o f w a te r requ ired  to  rem ove 90%  o f UVB from  light 

p ene tra ting  surface  w a te rs  ranges from  a fe w  ce n tim e tre s  

in eu troph ic , tu rb id  w a te rs  to  20 m in clear o ffsh o re  ocean 

w a te rs  (Kirk, 1994; M orris  e t a i,  1995; W illiam son  e t al., 

1996; Boelen e t al., 1999). W ith o u t fu rth e r research th e  

po ten tia l im pacts  o f oil sp ill tre a tm e n t fro m  p h o to tox ic

a c tiv ity  w ill rem ain a m a tte r o f specu la tion  but it is certa in ly  

w o rth  cons ide ring  th e  po ten tia l im pact d iffe re n ce  in a given 

area b e tw e en  a spill on a c loud less su m m e r day w h e n  th e  

w a te r is ve ry  clear and th a t on a c loudy w in te rs  day w hen  

th e  w a te r is tu rb id . C urren tly  th e  tw o  scenarios w o u ld  

p robably be trea te d  th e  sam e w h e n  dec id ing  w h a t course 

o f sp ill rem ed ia tion  to  undertake.

Finally, th e  p h o to to x ic ity  o f oil and d ispe rsed  oil has 

g lobal im p lica tions. M uch o f w h a t has been cons ide red  in 

th is  paper has been in th e  co n tex t o f response  in northern  

European, te m p e ra te  reg ions. F low ever, m any o f th e  

bus ies t tanke r sh ipp ing  lanes and th e  som e o f th e  W o rld 's  

la rgest m arine oil fie lds  (not to  m en tion  th o se  ye t fu lly  

exp lo red  or exp lo ited) are in sunn ie r reg ions w ith  a m uch 
h igher average inc idence o f su rface  UV-irradiation, clearer 

w a te rs  and m ore  d iverse  e cosys tem s. It cou ld  be said 

th a t it is th e se  areas th a t are under th e  m os t th re a t from  

increased im pacts . N ot to  m en tion  th e  po ten tia l fu tu re  

im p lica tions o f ozone layer dep le tion  and global w a rm in g !
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4. The use of passive 
sampling for 
environmental 
monitoring

4.1 Introduction
Historica lly, w h e n  sam p ling  w a te rbod ies , th e  p ractice  of 

tak ing  s ing le  d iscre te  w a te r sam p les has been u tilised . 

S am ples co llec ted  using th e se  m ethods, how ever, on ly 

rep resen t a d iscre te  po in t In t im e  and are not rep resen ta tive  

o f th e  con tinuous  exposure  o f o rgan ism s to  th e  chem ica ls  

p resen t. Factors such as flu c tu a tio n s  In w a te r/tld a l levels 

and e fflu e n t d ischarge Intervals can play an Im portan t role 

In th e  levels o f com pounds p resen t In a sam p le  at any one 

tim e . A n a lte rna tive  w a y  to  sam ple , w h ich  resu lts  In a 

t im e  w e ig h te d  average concentra tion , Is to  use co m pos ite  

sam p ling  tech no lo g ie s  or passive sam p le rs . The use of 

Polar O rgan ic C hem ical In tegra tive  S am pling (POCIS) has 

been recen tly  d o cu m e n te d  fo r th e  de tec tion  o f various 

c lasses o f com pounds In th e  env iro n m e n t (Alvarez e t al. 

(2004), Jones-Lepp  e t al. (2004) and P etty  e t al. (2004)) and 

th e se  sam p ling  dev ices are th e  sub jec t o f Investiga tion  In 

th is  s tudy.

Using POCIS sam plers, th e  va lid ity  and su ita b ility  of 

passive sam p le rs  to  sam ple  a broad range o f unknow n 

to x ica n ts  w a s  Investiga ted . The POCIS sam p le rs  w e re  

packed w ith  a va rie ty  o f d iffe re n t, com m erc ia lly  available, 

so lid  phase ex trac tion  (SPE) packing so rben ts . E xperim en ts  

w e re  a lso conduc ted  using POCIS sam p le rs  to  establish  th e  

sam p ling  rates o f th e  devices under con tro lled  cond itions; 

In add ition , th e  linearity  o f th e  uptake w a s  de te rm ined . 

These data w ill enable m ean w a te rb o rn e  concentra tions  

over th e  sam p ling  period to  be derived.

In o rder to  estab lish  th e  p re fe rred  so rben t, so lid  phase 

extrac tion  w as carried ou t In sp iked  w a te r sam p les. H is to ric  

m e th o d s  are described  e lsew he re  (W aldock and Thom as,

1999). These m e th o d s  used a layered SPE sys te m  using 

ENV+ and C8 In series  to  ex trac t a broad range o f organ ic 

con tam inan ts . This sys te m  w a s  te s te d  a longside  tw o  

recen tly  deve loped  po lym eric  so rben ts ; Oasis HLB and 
Strata-X. R esults are sh o w n  In Table 4.1.

These data s h o w  th a t bo th  th e  HLB and S tra ta- 

X p o lym e ric  so rb e n ts  d isp lay g rea te r re te n tio n  fo r  a 
w id e r range o f com pounds  than  th e  ENV+. For fu rth e r 

deve lo pm e n ts  using POCIS, Strata-X w a s  used due to  Its 

genera lly  h igher recoveries o f th e  co m pounds lis ted. 

E xperim en ts  to  de te rm in e  uptake sh o w e d  th a t uptake 

w a s  linear fo r all sequ es te re d  com pounds a fte r 15 days, 

Ind icating  th a t th is  so rb e n t acts as an In fin ite  s ink  fo r 

th e se  con tam inan ts  during th is  tim e . W o rk  conducted  by 

A lvarez et al., 2004, Ind icate th a t th e se  devices can act as 

an In fin ite  s ink fo r up to  56 days. Non-polar com pounds, 

such as PAHs and DDT w e re  not sequ es te re d  on to  th e  

POCIS so rb e n t s ince  these  are designed spec ifica lly  fo r

Authors: Jan Balaam and Paul Roberts

Table 4.1. Recoveries fro m  d iffe ren t sorbent m a te ria ls

Compound Sorbent Recovery (n=5)/%

HLB Strata-X ENV+

Trim e th op rim 47 55 0

E rythrom ycin 51 55 0

3 ,4 ,5 -trich lo ropheno l 48 52 46

2 ,4 ,6 -trib rom opheno l 30 32 1

Triclosan 55 58 51

Flutam ide 58 63 61

Fluoranthene 86 90 83

p,p '-D D T 55 49 52

CB126 45 45 43

5-m ethy lch rysene 62 55 50

5a -d ihyd ro te s tos te rone  (DFIT) 90 106 33

Estrone 82 102 117

Tam oxifen 67 85 0

D ibenz[a,h]acridine 35 46 0

BDE100 65 64 57

polar com pounds. S em l-pe rm eab le  m em brane  devices 

(SPM Ds) are m ore  appropria te  fo r sam p ling  less polar 

com pounds.

F o llow ing  th is  In itia l scop ing  w o rk , POCIS packed 
w ith  Strata-X have been used In th e  fie ld  to  establish  th e  

oes tro g e n ic  and an tl-androgen lc  po ten tia l o f w a s te w a te r 

d ischarges fro m  sew a g e  tre a tm e n t w o rk s  (STW ) and 

rece iv ing  w a te rs . The resu lts  ob ta ine d  using th e se  

dev ices w e re  com pared  to  th o se  derived  from  th e  use of 

trad itiona l, d isc re te  2.5 I w a te r sam p ling . The resu lts  are 
sh o w n  In Table 4.2.

S om e o es trogen ic  and an tl-androgen lc  (receptor) ac tiv ity  

w a s  seen In all sam p les. A t th e  s ite s  nearest to  th e  STW  

d ischarge, th e re  Is a lso acu te  to x ic ity  to  th e  yeast cells. 

O n ly w h e n  th is  to x ic ity  Is d ilu ted  ou t does th e  recep to r 

a c tiv ity  becom e m easurable.

A co m p a riso n  o f E2 and F lu tam lde  e q u iva le n t 

co n cen tra tions  derived  fro m  th e  POCIS ex trac ts  w ith  

respective  a c tiv ity  m easured  In th e  2.5 I grab sam p les 

Ind ica tes tha t, w h e re  recep to r a c tiv ity  Is re la tive ly  low , th e  

resu lts  ob ta ined  using th e  POCIS and th e  grab sam p les 

are ve ry  s im ila r (Table 4.2). W h e re  th e  recep to r ac tiv ity  

Is h igher th e  POCIS sam ple  resu lts  are m uch h igher than 

th e  grab sam ple  resu lts . This m ay be due to  th e  recep to r 

ac tiv ity  In th e  grab sam p les being d ilu ted  out. If th e  acu te ly
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Table 4.2. Oestrogenic and A n ti-and rogen ic  activ ity  of STW discharge 
receiving w a te rs  on the R iver Ray, as eguiva lent concen tra tions of 
oestrad io l |E2] and flu tam ide , respectively.

Distance from 3.5 km 100 m 1.7 km 8.3 km Reference
Rodbourne STW upstream downstream downstream downstream Site

O estradio l Equlvs. 

(ng I'1)

0.04 0.46 f 0 .8 f 0.86 0.02

O estradio l Equlvs. 
(POCIS) (ng I'1)

0.03 2.62 f 1.75f 0.94 0.03

F lu tam ide Equlvs. 
(mg I'1)

0.12 0.02 t 0 .06 f 0.15 <LO Q

Flu tam ide Equlvs. 

(POCIS) (mg I'1)

0.03 1.1 5 f 0 .38 f 0.27 0.03

+ sam ples toxic to yeast at highest concen tra tions

to x ic  com pounds are re la tive ly  non-polar, th e y  w ill not 

accum u la te  on th e  POCIS, and so  can be readily d ilu ted  

out, revea ling  high recep to r ac tiv ity . In th e  grab sam ples, 

both acu te ly  to x ic  and recep to r active  com pounds are 

extrac ted , m ean ing  th a t th e  am o u n t o f d ilu tion  requ ired In 

o rder to  cancel out th e  to x ic  e ffe c ts  are a lso d ilu ting  out 

th e  recep to r ac tiv ity . The d iffe re n ce  In recep to r ac tiv ity  

m ay also be due to  th e  In tegra tive  nature o f th e  POCIS 

sam p le rs  as th e  grab sam p les m ay have been taken at a 

t im e  o f re la tive ly  lo w  d ischarge, w h ile  th e  POCIS sam p le rs

take  an In tegra ted  sam ple  over app rox im a te ly  30 days, 
Including tim e s  o f both high and lo w  d ischarge.

The h ighest ac tiv ity  In te rm s  o f both E2 and flu ta m id e  

equ iva len ts  Is seen ju s t b e lo w  th e  sew a g e  d ischarge. The 

a c tiv ity  obse rved  In POCIS sam p les  then  declines w ith  

d is tance  d o w n s tre a m  from  th e  tre a tm e n t w o rks . The 

lo w e s t ac tiv itie s  w e re  recorded upstream  o f th e  STW , and 

at th e  refe rence  s ite  on th e  R iver Ock.

F urther deta ils  o f th is  w o rk  can be found  on th e  EDCAT 

w e b s ite  at h ttp ://w w w .c e h .a c .u k /e d c a t.
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5. Tri-butyl tin (TBT): a 
survey of imposex in 
dogwhelks (Nucella 
lapillus) in the UK and 
measurement of TBT in 
w ater and sediments in
areas associated with . .. , .  M ... - ... *Authors: John Tham, Matthew Gubbms*, 
high shipping activity Myles O'Reilly* and Lynn Mcllroy*

5.1 Introduction
T B T -sp e c ific  b io log ica l e ffe c ts  m o n ito r in g  w a s  f irs t 

es tab lished  In th e  m id-1980s w h e n  th e  deve lo pm e n t of 

Im posex In w h e lks  and p e riw ink les  w a s  a ttrib u te d  to  th is  

com pound . Im posex  Is th e  Im position  o f m ale sexual 

organs In fem a le  w h e lks  and p e riw ink les  and has been 

found  to  be a ve ry  sens itive  Ind ica tor o f TBT exposure . In 

severe  cases o f Im posex It can lead to  s te rility  In fem a les  

and d e trim en ta l rep roductive  e ffe c ts  on Individuals and 

popula tions. The data co llec ted  by 1987 using th e se  tw o  

spec ies  p rovided th e  ev idence  fo r env ironm en ta l dam age 

and su b se qu e n tly  led to  a UK ban on th e  use o f TBT on 

sm all boats and In aquacu ltu re . In 1989, th e  European 

Union Im posed a s im ila r ban (EU C ouncil D irec tive  (76 /769/ 

EEC)).

O ver th e  past fifte e n  years, ex tens ive  su rveys have 

been conduc ted  to  m easure  th e  p reva lence o f Im posex 
In th e  UK. In 1992, In preparation fo r th e  1993 N orth  Sea 

Q ua lity  S ta tus Report, FRS M arine Laboratory A berdeen  

conduc ted  a su rvey around th e  N orth  Sea. To co m p le m e n t 

th is  s tu d y  a fu rth e r su rvey w a s  conducted , using a s im ila r 

sam p ling  stra tegy, by laboratories In th e  coun tries  around 

th e  C e ltic  Sea. In 1998, Defra funded  FRS to  conduct 

a fu rth e r N orth  Sea s tu d y  w ith  th e  added em phas is  on 

Including som e  'h o t s p o t' m on ito ring  a round ports and 

harbours.
An IM O  In te rna tiona l C onvention  on th e  C ontro l o f 

E larm ful A n tl- fo u lin g  S ys te m s  ag reed at a D ip lom a tic  

C onference , In O c to b er 2001, to  p roh ib it th e  app lica tion  

or re-appllcatlon to  sh ips o f o rganostann lc  com pounds as 
b ioc ides In a n tlfou llng  sys te m s fro m  1 January 2003. This 

w a s  Im p le m e n ted  In th e  EU by Council D irec tive  2002 /62 / 

EC and, In th e  UK, approval fo r use o f o rganostann lc  

com pounds  acting  as b iocides In a n tlfou llng  sys tem s, 

g ran ted  under th e  Food and E nv ironm en t P ro tection  A c t 

(FEPA) or th e  C ontro l o f Pestic ides Regula tions (COPR), 

have n o w  been revoked.

In light of th e  EU ban and the  revocation o f approvals 

In th e  UK fo r the  application of TBT, It w as considered

appropria te  tha t a baseline survey of th e  e ffe c ts  and residual 

concentra tions of TBT In UK w a te rs  be established. The 

data from  such a survey w ou ld  provide a baseline fo r fu rthe r 

m on ito ring  (trends) and provide data fo r th e  next S tate of 

Sea Report and also fu lfil the  UK's obligation to  th e  OSPAR 

JA M P  C EM P (Oslo Paris C om m ission, Jo in t A ssessm en t 

M o n ito r in g  P rog ram m e, C o-ord ina ted  E nv ironm en ta l 

M on ito ring  Program m e) on Issue 1.3. -  to  w ha t ex ten t do 

biological e ffe c ts  occur In the  v ic in ity  o f m ajor sh ipping 

routes, o ffshore  Installations, marinas and shipyards, etc.

The sam p ling  p rog ram m e Included th e  m easu rem en t 

o f Im po se x  In sh o re lin e  d o g w h e lks  (N uce lla  lap illus) 

and o ffs h o re  w h e lk s  (B u cc in u m  undatum ), and th e  

m easu re m e n t o f concentra tions  o f TBT and DBT In w a te r 

and se d im e n ts  In areas o f high sh ipp ing  ac tiv ity . The 
sam p ling  w a s  conduc ted  In 2004.

5.2 Shoreline sampling and determination of 
imposex in dogwhelks (Nucella lapillus)

S hore line popu la tions o f to o th e d  adu lt N. lap illus  w e re  

sam p led  by hand be tw e en  spring  lo w  w a te r and m id  tid e  

levels at s ites  used In th e  1992 and 1998 surveys. 40-50 

Individuals w e re  taken  fo r analysis. The shell length  of 

each anim al w a s  m easured, and Individuals w e re  c lass ified  

by th e ir  shell leng th  accord ing  to  obse rva tions by M oore  

(1936), le juven iles  (10 -1 5  m m  shell length), sub-adu lts  

(15-21  m m ), and un -to o th e d  adu lts  (2 1 -2 6  m m  and 

2 6 -3 5  m m ). A t each o f th e  juven ile  and sub-adu lt su rvey 

s ites, an a tte m p t w a s  m ade to  obtain 20 Individuals from  

each o f th e  above size c lasses (and 40 to o th e d  adults). 

U n-parasltlsed an im als w e re  ex trac ted  from  th e ir  she lls 

and v ie w e d  under a b inocu lar ligh t m icroscope  f it te d  w ith  

a ca lib rated eyep iece  g ra ticu le . N. lap illus  w e re  sexed 

and d issec ted  to  expose th e  rep roductive  organs and 
a llo w  de te rm in a tion  o f Im posex. The degree o f Im posex 

as m easured  by Vas D e fe rens S equence Index (VDSI), 

w a s  de te rm in e d  using In ternational s tandard  te chn iques  
(OSPAR, 2002).

* M atthew  Gubbins -  F isheries Research Services M arine  Laboratory, 375 V ic to ria  Road, A berdeen A B 1 1 9DB 
Myles O 'R eilly  -  Scottish  E nvironm ent P ro tection  Agency, 5 Redwood Crescent, East K ilb ride  G74- 5PP and 
Lynn M cllroy  -  Environm ent and H eritage Service, 17 A n tr im  Road, L isburn  BT28 3BT.
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5.2.1 D eterm ination of the Vas Deferens Sequence 
Index (VDSI)

The d e ve lo pm e n t o f Im posex In N. lap illus  m ay be d iv ided  

Into seven stages, depend ing  upon th e  deve lopm en ta l 

s ta te  o f both th e  penis and vas de fe rens  In th e  fem a le  

(G ibbs e t a i,  1987). S tage 0 Is Identified  w h e re  no s igns 

o f Im posex can be seen. S tage 1 can be Iden tified  w hen  

th e  vas de fe rens  begin at th e  s ite  o f th e  vulva w ith  

S tage 2 also sh o w in g  a sm all penis behind th e  righ t eye 

ten tac le . A s  Im posex progresses, th e  vas de ferens  s ta rts  

to  deve lop  from  th e  penis (Stage 3) and w ill becom e 

con tinuous  (Stage 4). Eventually, vas de ferens  tissue  

m ay p ro life ra te  over th e  opening  o f th e  vulva (Stage 5), 

rendering  th e  fem a le  Incapable o f b reed ing s ince  she  can 

no longer re lease egg capsu les. The trapped  egg capsules 

fo rm  a so lid  m ass w ith in  th e  capsu le  gland. In th is  final 

S tage (Stage 6), th e  capsule gland m ay even tua lly  rupture , 

causing p rem atu re  death o f th e  fem a le . Each o f th e  seven 

S tages o f Im posex Is know n as a Vas D e fe rens Sequence 

(VDS) stage  and ca lcu la tion  o f th e  m ean VDS fo r a g roup  of 

fe m a le s  prov ides th e  Vas D efe rens Sequence Index (VDSI) 

th a t m ay be used to  com pare  th e  rep roductive  co m p e te n cy  

o f d iffe re n t populations.

The VDS w as de te rm in e d  fo r each fem a le  and th e  mean 

VDS ca lcu la ted to  provide an es tim a te  o f th e  VDSI o f th e  
population.

A t all s ite s  w h e re  N. lap illus  w a s  sam p led  around 

th e  British Isles, popu la tions w e re  found  to  have som e 

Incidence o f Im posex.

5.3 Assessment of imposex data against 
OSPAR assessment criteria

In o rder to  aid env ironm en ta l assessm en ts , th e  O slo  

and Paris C om m iss ion  (OSPAR) have derived  a se t of 

b io log ica l e ffe c t a ssessm en t criteria  fo r TBT, based on th e  

d e ve lo pm e n t o f Im posex In gastropod  spec ies  (OSPAR,

2004). For dogw he lks , th e se  criteria  are based on VDSI, 

and th e  values chosen relate to  e ffe c ts  on th e  rep roductive  

capability  o f fe m a le s  In th e  popu la tions and th e  e ffe c ts  

expec ted  from  exposure  to  TBT concen tra tions  In w a te r 

e q u iva le n t to  th e  E nv ironm en ta l A s s e s s m e n t C rite ria  

(EAC). The VDSI va lues used to  d isc rim ina te  6 a ssessm en t 

c lasses (A-F) and th e  e ffe c ts  th a t th e se  va lues relate to  are

given In Table 5.1. The VDSI data fro m  th e  2004 survey 

w a s  assessed aga inst th e  criteria  p resen ted  In Table 5.1 

and th e  resu lts  are sh o w n  In F igure 5.1.

5.4 Offshore sampling of whelks, sediment 
and water

O ffsh o re  popula tions o f w h e lks  w e re  sam p led  using 2 m 

beam  tra w ls  to w e d  fo r  10 m inu tes . OSPAR gu ide lines 

requ ire  > 1 00  B ucc inum  unda tum  and >50  N eptun ia  antiqua  

to  m ake a sam ple  o f e ithe r species. A t no s ite  w e re  

enough sam p les  co llec ted  to  m ee t th e  OSPAR gu ide lines.

S ed im en t and w a te r sam p les w e re  co llec ted  fo r th e  
m easu re m e n t o f both DBT and TBT. The sam p ling  to o k  

place during June  and Ju ly  o f 2004  at o ffsh o re  anchorages 

and sh ipp ing  lanes as sh o w n  In F igures 5.2 and 5.3.

Anchorage  s ite s  w e re  d iv ided  Into grids th a t genera lly  

cons is ted  o f five  s ta tio ns  ( 'co rne rs  o f th e  anchorage and 

ce n tre ') w h e re  se d im e n ts  w e re  co llec ted  using a Day grab. 

The to p  5 cm  o f se d im e n t w a s  co llec ted  from  th e  grab 

using a s ta in less s tee l, hexane rinsed, scoop. S ed im en ts  

w e re  placed Into 500 ml, hexane rinsed, Beatson jars, 

w ith  hexane rinsed fo il p laced under th e  lid. The grab 
w a s  cleaned b e tw e en  s ta tio ns  by th o rough  rinsing from  

th e  sh ips clean w a te r supp ly . S ed im en t w a s  extrac ted  

using standard  analytica l p rocedures and analysed using 
a gas chrom atograph  w ith  a flam e  p h o to m e tric  d e tec to r 

(GC-FPD).

Sub-surface w a te r sam p les (2.7 I) w e re  co llec ted  In 

hexane rinsed, clean am ber glass W in ch e s te r bo ttles , using 

a s ta in less  s tee l w a te r  sam ple r. S am ples w e re  ex trac ted  

using standard analytica l p rocedures and analysed by GC- 
FPD.

S e d im e n t c o n c e n tra tio n s  o f TBT w e re  h ig h e s t 

In sam p les from  th e  W arp  A nchorage  o ff th e  Tham es 

Estuary. C oncen tra tions exceeding  th e  lim it o f de tec tion  

<0.001 m g kg-1 w e re  also found  In sam p les from  anchorages 

o ff  th e  Tees and Tyne estuaries, In B e lfast Lough and 
w ith in  M ilfo rd  Plaven (Figure 5.2 and Table 5.2). F ew er 

s ite s  had w a te r concen tra tions  o f DBT and TBT above th e  

lim it o f d e tec tion . H Ighest concen tra tions  w e re  found  In 

B e lfas t Lough, a lthough  m easurab le  concen tra tions  w e re  

a lso found  In M ilfo rd  Plaven, In th e  M ersey  and o ff  th e  
Tees estuary.
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26 Table 5.1. Oslo and Paris C om m ission b io log ica l e ffects  assessm ent 
c r ite r ia  fo r  im posex in N. la p illu s , based on VDSI (OSPAR, 2004].

Assessment N. lapillus  Effects and impacts
class VDSI

A  VDSI = <0 .3  The level o f im posex in the  m ore sens itive  gastropod species is close to  zero (0 - -3 0 %

o f fem a les have im posex) indicating exposure to TBT concentra tions close to zero, w h ich  
is the  ob jec tive  in the  OSPAR stra tegy  o f hazardous substances.

B VDSI = 0.3 -< 2 .0  The level o f im posex in the  m ore sens itive  gastropod species ( -3 0  — 100 % o f the
fem a les have im posex) indicates exposure to  TBT concentra tions b e lo w  the  EAC derived 

fo r TBT. eg adverse e ffe c ts  in the  m ore sens itive  taxa o f the  ecosystem  caused by long­

te rm  exposure to TBT are p red ic ted  to be un like ly to  occur.

C VDSI = 2.0 - <4 .0  The level o f im posex in the  m ore sens itive  gastropod species indicates exposure to TBT
concentra tions h igher than the  EAC derived fo r TBT. eg the re  is a risk o f adverse e ffec ts , 

such as reduced g ro w th  and recru itm en t, in the  m ore  sens itive  taxa o f the  ecosystem  
caused by long-term  exposure to  TBT.

D VDSI = 4 .0 - 5.0 The reproductive  capacity in the  popula tions o f the  m ore sens itive  gastropod species,
such as N. lapillus, is a ffe c te d  as a resu lt o f the  presence o f s te rile  fem ales, bu t som e 

reproductive ly  capable fem ales rem ain, eg the re  is ev idence o f adverse e ffec ts , w h ich  can 
be d irec tly  associa ted w ith  the  exposure to TBT.

E VDSI = > 5.0 Popula tions o f the  m ore sens itive  gastropod species, such as N. lapillus, are unable to
reproduce. The m ajority, if not all fem a les w ith in  the  population have been sterilized.

F VDSI = - The popula tions o f the  m ore  sens itive  gastropod species, such as N. lapillus  and

Ocinebrina aciculata, are absent/exp ired.

Figure 5.1. Assessm ent of 
2004 VDSI data fro m  adult 
dogw helks [N, la p illu s I 
sam pled fro m  sites around 
the UK. Data are presented 
in accordance w ith  OSPAR 
assessm ent c lasses A-D.

•  OSPAR Class A 
O  OSPAR Class B
•  OSPAR Class C
•  OSPAR Class D
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Figure 5.2. Sedim ent 
sam pling  s ites  at o ffshore  
anchorages and sh ipp ing 
lanes. B lack  dots indicate 
s ites  at w h ich  m easured 
levels of DBT o r TBT w ere 
below  the  lim it of detection  
(<0.001 mg k g '1]. Red dots 
ind icate s ites  at w h ich  levels 
of DBT o r TBT w ere  above 
the  lim it of detection  >0.001 
m g k g '1]. See Table 5.2 fo r  
va lues.

Table 5.2. Sed im en t sam ples th a t had m easurab le  concen tra tions  of 
DBT o r TBT (mg k g '1 d ry  w e ig h t] (see Figure 5.2 fo r  s ite  locations]

Site Latitude Longitude Concentration (mg kg"1)

O ute r Sunk A nchorage 51° 54 .76 ' N 1° 41 .91 ' E <0.001 0.010

W arp  A nchorage (Thames) 51° 30 .46 ' N 0° 53 .59 ' E 0.016 0.586

M ilfo rd  Haven 51° 41 .90 ' N 4 o 59 .36 ' W <0.001 0.024

M ilfo rd  Haven 51° 41 .94 ' N 5 o 00 .82 ' W <0.002 0.027

M ilfo rd  Haven 51° 41 .90 ' N 5 o 0 1 .5 5 'W <0.002 0.130

B e lfast Lough 54° 36 .23 ' N 5 o 5 5 .1 1 'W 0.024 0.159

B e lfast Lough 54° 36 .78 ' N 5 o 54 .59 ' W 0.035 0.344

B e lfast Lough 54° 37 .38 ' N 5 o 53 .48 ' W 0.021 0.088

B e lfast Lough 54° 37 .76 ' N 5 o 52 .97 ' W <0.002 0.062

B e lfast Lough 54° 38 .06 ' N 5 o 52.81 ' W <0.002 0.033

Tees Estuary (M outh , Buoy 12) 54° 41 .08 ' N 1o 07 .96 ' W 0.021 0.023

Tees Estuary (D abholm  Gut) 54° 36 .86 ' N 1o 09 .04 ' W 0.043 0.026

Tees Estuary (H arbour M asters) 54° 36 .19 ' N 1o 09 .60 ' W 0.060 0.098

Tyne A nchorage 55° 02 .45 ' N 1o 02 .47 ' W <0.002 0.013

Tyne A nchorage 55° 01 .63 ' N 1o 22 .79 ' W 0.202 0.125
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LO

Figure 5.3. W ate r sam ple 
sites at o ffsho re  anchorages 
and sh ipp ing lanes. B lack  
dots ind icate s ites  at w h ich  
m easured concen tra tions  of 
DBT o r TBT w ere  below  the  
lim it of detection. Red dots 
indicate s ites  at w h ich  levels 
of DBT o r TBT w ere  above 
the  lim it of detection. See 
Table 5.3 fo r  values.

Table 5.3. W ater sam ples tha t had m easurab le  concen tra tions of 
DBT o r TBT (ng I"1]. See Figure 5.3 fo r  site locations

Site Latitude Longitude DBT TBT

M ilfo rd  H aven 5 1 ° 4 1 .9 0 ' N 0 4 ° 5 9 .3 6 ' W < 1 .4 0 4 .1 8

M e rs e y  E s tu a ry 5 5 ° 2 7 .2 3 ' N 0 3 ° 0 2 .6 4 ' W < 2 .0 3 8 .4 4

B e lfa s t Lou g h 5 4 ° 3 6 .2 3 ' N 0 5 ° 55.11 ' W 7 .7 9 < 2 .2 9

B e lfa s t Lou g h 5 4 ° 3 7 .7 6 ' N 0 5 ° 5 2 .9 7 ' W < 1 .9 8 9 .4 0

B e lfa s t Lou g h 5 4 ° 38.41 ' N 0 5 ° 5 2 .3 7 ' W < 1 .9 7 8 .7

T e e s  A n c h o ra g e 5 4 ° 3 9 .0 6 ' N 0 1 ° 03.31 ' W 6 .4 < 2 .0 2

T e e s  E s tu a ry  (H a rb o u r m a s te rs ) 5 4 ° 3 6 .1 9 ' N 0 1 ° 0 9 .6 0 ' W < 1 .7 6 7 .79
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5.5 Discussion
In th e  sho re line  su rvey o f Im posex In do g w h e lks  all s ites  
had fem a le  w h e lks  w ith  Im posex. A pp ly ing  th e  OSPAR 

asse ssm e n t criteria  to  th e  data, o f th e  112 s ite s  sam pled : 

9 w e re  c lass ified  as A, th e  level o f Im posex w a s  c lose to  

zero: 41 w e re  c lass ified  as B, Ind icating exposure  to  TBT 

but w ith  un like ly  adverse e ffe c ts : 52 w e re  c lass ified  as 

C, a risk o f adverse  e ffe c ts  such as reduced g ro w th  and 

re c ru itm en t: and 10 s ite s  w e re  c lass ified  as D, p resence of 

s te rile  fe m a le s  but som e  rep roduc tlve ly  capable fem a les  

rem ain . In general, all o f th e  s ite s  c lass ified  as C and D 

w e re  associa ted  w ith  sh ipp ing  ac tiv itie s  so  con tinued  

m on ito ring  o f th e se  s ites  w ill be Im portant In order to  

assess th e  e ffe c tive n e ss  o f th e  n e w ly  In troduced IM O  

leg is la tion . The lo w e s t VDSI va lues w e re  found  at th e  

g rea tes t d is tance  aw ay fro m  TBT Inputs.

The sho rtage  o f w h e lk s  o ffshore , particu larly at s ites  

c lose to  sh ipp ing  lanes and anchorages lim its  th e  use 
o f Im posex In B. unda tum  and N. an tiqua  as a to o l fo r 

m on ito rin g  th e  e ffe c ts  o f exposure  to  TBT In th e se  

organ ism s.

O f th e  34  s e d im e n t sa m p le s  ana lysed, 15 had

m easurab le  concentra tions  o f TBT above th e  lim it o f 

d e tec tion . The m a jo rity  o f th e se  sam p les w e re  m uddy 

se d im e n ts  taken  fro m  w ith in  estuaries associa ted  w ith  

high sh ipp ing  a c tiv ity  (M ilfo rd  Haven, B e lfast Lough and 

th e  Tees estuary). O f th e  anchorages sam pled, tw o  

sam p les fro m  th e  Tyne anchorage and one sam ple  from  

each o f th e  Tham es W arp  and O u te r Sunk anchorages had 

m easurab le  concen tra tions  o f TBT, but th is  In part m ay 

be due to  th e  lack o f sandy /m uddy su bs tra tes  freq u e n tly  

found  at des ignated  anchorages, eg H um ber, Sunk and 

Tees.

O f th e  32 w a te r  sa m p le s  ana lysed  on ly  5 had 

m easureab le  concen tra tions  o f TBT above th e  de tec tion  

lim it and th e se  w e re  m easured  In w a te r sam p les from  

B e lfas t Lough, M ilfo rd  Haven and Tees estuary, enclosed  

s ite s  associa ted  w ith  high sh ipp ing  activ ity .

The resu lts  p resen ted  here su g g es t th a t m on ito ring  

o f TBT In w a te r and se d im e n ts  Is Im portan t In enclosed 
w a te rs  and m ay be particu larly  usefu l fo r assessing th e  

e ffe c tive n e ss  o f th e  IM O  ban on th e  use o f TBT on large 

sh ips at th e se  s ites.
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6. Â proposed Marine 
Quality Index for the 
integration of chemistry, 
biological effects and 
biological community 
data obtained in the
UK national monitoring Authors:JohnThainiBrianmier, and 
programme Mathew Service*

6.1 Introduction
The UK has in p lace a nationa l m arine  m o n ito r in g  

p rog ram m e n o w  revised and know n as th e  Clean Seas 
E nvironm enta l M on ito rin g  P rogram m e (CSEMP)), w h ich  

Incorpora tes chem ica l, b io logica l e ffe c ts  and biological 

m ea su rem en ts  at s ite s  In o ffsh o re  and coastal w a te rs , 

and w ith in  estuaries. A t p resen t m any o f th e  te chn iques  

are dep loyed  at th e  sam e sam p ling  s ites  but th e  analysis 

and In te rp re ta tion  o f th e  resu lts  are conduc ted  by experts  
w ith in  each d isc ip line  ra ther than In an In tegra ted w ay. A 

report by Defra en title d  S afeguard ing our Seas (Defra 2002) 

Iden tified  th e  need to  deve lop  b e tte r In tegra tion  o f m arine 

e n v iro n m e n t m on ito ring  and observa tion  p rog ram m es as 

part o f th e  ecosys tem  approach to  m anagem ent.

In o rder to  deve lop  th is  ho lis tic  In tegra ted  approach to  
m on ito ring , th is  Investiga tion  w as funded  by Defra w ith  th e  

purpose  o f deve lop ing  a p rocess o f In tegra ting  data In to a 
m ean ing fu l "ecosystem  health Index".

The d e ve lo pm e n t o f an e cosys tem  health Index requ ires 

cons ide ra tion  o f conceptua l as w e ll as practical approaches. 

In th is  regard due cons ide ra tion  needs to  be given to  th e  

to o ls  cu rre n tly  available at each tro p h ic  level fo r th e  

d e ve lo pm e n t o f such an Index (Table 6.1)

Table 6.1. o ffe rs  an Insight In to th e  cu rren t d ifficu ltie s  

In th e  deve lo pm e n t o f Ind icators o f e cosys tem  health, 

nam ely  th a t th e re  are cu rre n tly  so m e  to o ls  available, but 

th a t th e se  opera te  at d iffe re n t levels In th e  e cosys tem .
The conceptua l task  In deve lop ing  an Ind ica to r o f 

e cosys tem  health using th e  data from  th e  UK m on ito ring  

p rog ram m e Is s im ila rly  d iff icu lt. This Is because th e  data 

available fo r chem ica l con tam inan ts , b io logy and biological 

e ffe c ts  on ly  provide In fo rm a tion  on som e  levels o f th e  

e cosys tem , as sh o w n  be low , and unce rta in ties  ex is t as to  

h o w  th is  In fo rm a tion  shou ld  be conceptua lly  linked.

It can be seen from  Table 6.2 th a t th e re  are cu rren tly  no 
Ind icators o f e cosys tem  health w ith in  th e  UK m on ito ring  

p ro g ra m m e . F u rth e rm o re , c h e m ica l co n ta m in a n t 

concen tra tions  and b io log ica l e ffe c ts  data on ly  provide 

In fo rm a tion  at a re la tive ly  lo w  level In th e  ecosys tem , at th e  

sub-le tha l or Individual level. R ecognis ing to o  th a t the re  are 

m any d e fin itio ns  o f e cosys tem  health th e  Investiga tions In 
th is  s tu d y  focu ssed  on de fin ing  a health Index.

It w a s  recogn ized at th e  o u tse t o f th is  p ro jec t th a t the re  

cu rre n tly  ex is ts  no approach th a t In tegra tes bio logical 

e ffe c ts , ben th lc  co m m u n itie s , and ch e m is try  to  p roduce 

an In tegra ted  health Index. The purpose o f th is  pro ject 

w a s  to  a tte m p t th is  In tegra tion , using data co llec ted  

fo r th e  cu rren t UK m on ito ring  p rog ram m e fo r chem ica l 

con tam inan ts , ben th lc  b io logy and biological e ffe c ts .

Table 6.1. Ecological relevance, n a tu ra l va ria tion  and ease of 
s tandard isation  of cu rren t tools.

Level Ecological Relevance Natural Variation Ease of Standardisation

E cosystem No m e thods available

P opu la tion /C om m unity High High D ifficu lt

Individual (Bloassays) Lo w  to  In te rm ed ia te N ot con tam inant spec ific Easy

Health (B lom arkers) Low High S pecific  to  som e Im pacts

B iosensors Low High S pecific  to  som e Im pacts

*  B rian M ille r  - Scottish  Environm ent P rotection Agency, 5 Redwood Crescent, East K ilb ride  G74- 5PP; 
M athew  Service - F isheries and A guatlc  Ecosystem s B ranch, AFESD, Newforge Lane, Belfast BT9 5PX.



Table 6.2. CSEMP data and ecosystem  levels.

Level Chemical contaminants Biology Biological effects

E cosystem

C om m un ity  B enth ic  infauna

Population Fish population data

Individual Fish disease Scope fo r g row th

Sub-lethal (Health) TBT, PAHs, m etals, CBs M e ta llo th lone ln , D N A a d d u c ts , EROD

6.2 Marine Quality Index
The aim  in dev is ing  th e  M arine  Q ua lity  Index (M Q I), w a s  to  
derive  a qu ick and easy w a y  o f describ ing  th e  ecosys tem  

health at each CSEM P s ite  in te rm s  th e  qua lity  o f th e  

w a te rs , se d im e n ts  and biota, as described  by th e  chem ica l 

con tam inan t concentra tions, b io logy and b io logica l e ffe c ts . 

To th is  end, a score  ranging fro m  0 (good health) to  30 
(bad health) and a co lour (red, am ber, green) w as app lied 

to  each category, re flec ting  th e  qua lity  or th e  degree  of 

im pact at th e  s ite  (see Table 6.3).

Table 6.3. MQI, co lour, s ta tus  and score fram ew ork .

Colour Health status Score

Green Good ecosystem  health 0 - 1 0

A m be r Q uestionab le  health 11 -  20

Red Bad ecosystem  health 21 - 3 0

An assessm ent o f th e  data types  fo r biology, biological 

e ffe c ts  and chem is try  qu ick ly  revealed th a t no s ing le  

approach w as  applicable fo r the  derivation o f the  respective  

indices. Therefore, each w as derived independently . A  fu ll 

descrip tion  on the  process, details and calcu lations involved 
in deriv ing th e  index is leng thy and can be found in the  Defra 

report fo r th is  pro ject A 1043 (w w w .d e fra .g o v .u k ).

The M arine Q ua lity  Index (M Q I) score  is cons truc ted  

fro m  ind iv idua l sco res  d e rived  fo r each o f chem ica l 

con tam inan ts , b io logica l e ffe c ts  and ben th ic  ecology.

A  su m m a ry  o f th e  ob jec tives  and process used fo r each 

co m p o n e n t w as  as fo llo w s :

6.3 Biology Index (Bl)
The UK CSEM P assesses th e  biological s ta tus by using 

a series o f se lec ted  param eters and indicators a fte r tes ting  

th e ir perform ance against quality assurance assessm ent 

criteria and OSPAR requ irem ents . Ben th ic  com m un ities  

and biological e ffe c ts  are th e  main com ponen ts  o f th is  

assessm ent. Ben th ic  invertebra tes play an im portan t role 

in th e  func tion ing  o f m arine ecosystem s and are w e ll- 

es tab lished  ind ica to rs in eva lua tions o f env ironm en ta l

quality s ta tus. The assessm en t o f ben th ic  com m un ities  

is im portan t w hen  assessing w a te r and sed im en t quality 

because th e y  indicate th e  cond ition  o f th e ir  env ironm en t and 

m ay uncover prob lem s undetected  or underestim ated  by 

o ther m ethods (chem is try  and biological e ffec ts). Benth ic 

co m m u n ity  param eters provide indicators th a t w ill re flect 

d irec tly  upon responses at the  co m m u n ity  level, rather 
than at the  population or even low e r levels o f biological 

organisation.

The EU W a te r F ram ew ork  D irec tive  (W FD) has de fined  

eco log ica l qua lity  w ith in  five  ca tego ries  and inc ludes 

so m e  be n th ic  pa ram e te rs . The approach deve loped  

here cons ide rs  such ca tegories  o f eco log ica l quality, but 

deve lops it fu rth e r cons ide ring  a lso o the r re levant ben th ic  

param eters and scoring  sys te m s  to  assess health s ta tus  

and can be in te g ra te d  w ith  ch e m is try  and b io log ica l 

e ffe c ts .

The biological co m p o n e n t o f th e  M arine Q ua lity  Index 

has been deve loped  accord ing to  th e  fo llo w in g  ob jec tives:

•  To deve lop  a m e tric  th a t a llow s  th e  use o f ben th ic  

param eters  to  co n trib u te  to  th e  bio logical and ecologica l 

co m p o n e n ts  o f th e  overa ll asse ssm e n t o f env ironm en ta l 

qua lity.

•  To se le c t th e  m os t su itab le  param eters fro m  w ith in  th e  

CSE M P p rog ram m e to  p rov ide th e  ben th ic  c o m m u n ity  

asse ssm e n t to  fo rm u la te  a B io logy Index, and

•  To deve lop  a scoring  sys te m  to  in teg ra te  th e  ben th ic  

param eters  and derive  th ree  m ain ca tegories  o f health 
s ta tu s  using th e  red, am ber and green co lour coding 

sys te m  tha t correspond  broadly to  th e  five  ca tegories 

o f eco log ica l s ta tus  estab lished  under th e  W FD .

The process invo lved:

•  A ss ig n in g  a w e ig h tin g  s ta tu s  to  se le c te d  be n th ic  

param eters  in te rm s  o f eco log ica l s ign ificance .

6.6 Biological Effects Index (BEI)
D eve lop ing  a s im p le  m e tric  o f b io logica l e ffe c ts  im pacts  

w ith in  th e  scope o f th e  cu rren t CSEM P is perhaps th e  m ost 

d iff ic u lt aspect o f th is  p rog ram m e. M u ltiva ria te  techn iques  

to  assess eco log ica l changes are w e ll es tab lished , 

and concen tra tions  o f chem ica ls  have been re lated to  
benchm arks o f an im al health (eg death, le a d in g to  population

http://www.defra.gov.uk
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and hence eco log ica l change). H o w eve r th e  linkage from  

sub -ce llu la r responses In Ind iv idual an im a ls  to  w h o le  

organ ism  level change Is poorly  de fined  fo r m os t CSEM P 

bio log ica l e ffe c ts  param eters and th e  In te rdependency 

o f th e ir  responses are not estab lished . Furthe rm ore , th e  

range o f m easu rem en ts  m ade do not co m prehens ive ly  

cover all v ita l responses, survival, rep roductive  v iab ility , 

g ro w th  and d isease s ta tus  fo r m any species.

Bearing th e se  lim ita tio ns  In m ind, s te p  one w a s  to  

deve lop  an Index th a t m igh t prov ide  an overall w e ig h te d  

m e tric  o f b io logica l e ffe c t and s te p  tw o , to  In tegra te  

th is  Index w ith  th o se  fo r eco logy and chem ica ls . The 

ob jec tives  fo r s te p  one w e re :

•  To deve lop  a m e tric  w h ich  w ill a llo w  th e  use o f all 

bio logical e ffe c ts  data Irrespective  o f th e  techn ique , th e  

species, or th e  level o f o rgan isation o f th e  m easured 

response.

•  To deve lop  a m e tric  w h ich  can take  account o f th e  

typ e  o f response (le w e ig h te d  such th a t h igher level 

responses such as In te rsex have a g rea te r In fluence 

on th e  Index than lo w e r level responses, such as sub- 

ce llu lar e ffec ts ).

•  To deve lop  a m e tric  th a t w ill take  account o f varying 

num bers  o f responses and Incom p le te  data se ts.

The process Involved:

•  Ranking th e  s ign ificance  o f b io logica l e ffe c ts  te s ts  w ith  

th e  su ite  used In th e  CSEMP.
•  A pp ly in g  a ca tego risa tion  sch e m e  to  eva lua te  th e  

se ve rity  o f e ffe c ts  at each m on ito ring  s ta tion .

•  M an ipu la ting  th e  data to  m itiga te  th e  e ffe c ts  o f m iss ing  
In fo rm ation .

•  C om paring  th e  observed  e ffe c ts  to  th e  w o rs t possib le  

scenario  to  provide a m easure  o f d is tance  fro m  w o rs t 

case.

•  B ring ing th e  va lues Into th e  sam e a rith m e tic  range as 

those  fo r th e  eco log ica l and chem ica l Indices to  a llo w  

deve lo pm e n t o f an overall In tegra ted  m etric .

6.5 Chemical Contaminant Index (CCI)
The C S E M P  s p e c if ie s  re q u ire m e n ts  fo r  che m ica l 

con tam inan t m on ito ring  In w a te rs  around th e  UK. Data 

have been co llec ted  at m arine m on ito ring  loca tions across

th e  UK using these  requ irem en ts , crea ting  a database w ith  

severa l years o f data. The CCI has been cons tru c te d  and 

va lida ted  using th e  data co llec ted  w ith in  th e  CSEMP.

W ith in  the  chem ical contam inants section of the  MQI, 

the  su ite  o f contam inants used w ith in  CSEMP w as lim ited to  

Include m easurem ents In fish tissue, sed im en t and shellfish 

tissue. Contam inants In w a te r w ere  not considered since 

data are relatively sparse and assessm ent o f Impact d ifficu lt. 

The selection o f contam inants w as narrowed to  Include 

those  w h ich  have current and relevant environm enta l quality 

standards or lim its available. These Include heavy metals, 

polycycllc arom atic hydrocarbons (PAH), ch loroblphenyls (CB), 

and tri-butyl tin  (TBT). There w e re  a fe w  contam inants 

tha t w e re  not Included In the  MQI because the  results are 

always lo w  and o f doubtfu l current relevance (le. p,p '-DDE In 

shellfish). The Index Is designed to  be flexib le and can Include 

new ly m onitored or high profile contam inants In the  future, 

fo r exam ple brom lnated flam e retardants, If beneficial.

The chem ica l con tam inan ts  Index (CCI) w as deve loped 
accord ing  to  th e  fo llo w in g  ob jec tives:

•  To p roduce a scoring  sys te m  fo r  chem ica l con tam inan ts  

th a t can be used In con junction  w ith  eco log ica l and 

b iological e ffe c ts  scoring  to  g ive an overa ll a ssessm en t 
o f e cosys tem  health at a s ite .

•  To p roduce a scoring  sys te m  fo r  chem ica l con tam inan ts  

based on CSEM P data th a t can be app lied  to  varying and 

Incom p le te  da tase ts  In th e  sam e m anner.

•  To p roduce  a sco ring  s ys te m  based on re levan t 

env ironm en ta l qua lity  s tandards and lim its .

•  To produce a scoring  sys te m  th a t accounts  fo r th e  

re lative  to x ic ity  o f each con tam inan t group.

The process Involved:

•  Scoring each con tam inan t acco rd ing  to  estab lished  

qua lity  s tandards
•  A ss ign ing  a co lour accord ing to  th e  associa ted  risk

•  W e ig h tin g  g roups o f con tam inan ts  based on Inherent 

hazard ranking
•  Providing an Indicative Index score and assign a co lour 

based on th e  associa ted  risk

•  A d ju s tin g  th e  to ta l score  to  fall Into th e  sam e a rith m e tic  

range as th o se  fo r eco logy and b io logica l e ffe c ts

•  Expressing th e  resu lts  In te rm s  o f con fidence  o f th e  

assessm en t.
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6.6 Development of a fully integrated
Marine Quality Index (MQI) using CSEMP 
monitoring data for benthic biology, 
biological effects and chemistry

The above te x t ou tlines th e  deve lo pm e n t o f th e  M Q I health 

Index fo r b en th lc  b io logy, b io logical e ffe c ts  and chem is try . 

The scores fo r  each Individual Index m ay be com b ined  In 

d iffe re n t w ays. One approach w a s  to  com b ine  th e m  Into 

one overall Index by tak ing  th e  m ean o f th e  th ree  scores. 

H ow ever, a m ore  pow e rfu l approach w o u ld  be to  use th e  

co lour cod ing to  describe  th e  s ite  In te rm s  o f Its chem ica l 

and biological qua lity, and In te rm s  o f th e  b io logica l e ffe c ts  

observed, as ou tlined  be low .

The com b ina tion  o f ben th lc  ecology, b io log ica l e ffe c ts  
and ch e m is try  data fo r each m on ito ring  s ite  p rovides 

Ins igh ts Into th e  cause o f env ironm en ta l qua lity  degradation 

fo r exam ple :

•  If th e  be n th lc  Eco logy Is good but chem ica l and 

bio log ica l e ffe c ts  data Indicate poor qua lity  then  the re  
m ay be a p rob lem

B enth lc

Ecology

Biological

E ffec ts

C hem is try

Bad X

Poor X

Good X

B enth lc  Ecology B iological e ffe c ts C hem is try

B enth lc  Ecology B iological e ffe c ts C hem is try

In th is  exam ple , b io logy Is bad and ch e m is try  Is bad, but 

th e  b io logica l e ffe c ts  data Indicate high quality, so  th e  

e ffe c t m ay be due to  p e rs is ten t and b loaccum ula tlve  

co m pounds rather than  tox ic ity .

B enth lc  Ecology B iological e ffe c ts C hem is try

Lastly, If b io logy and b io log ica l e ffe c ts  data are bad and 

ch e m is try  Is good then  th e  e ffe c ts  are p robab ly due to  

unm easured  con tam inan ts .

B enth lc  Ecology B iological e ffe c ts C hem is try

Rather than a s im p le  tabu la r fo rm a t, th e  co lour coding 

sys te m  can be used to  give a clear a ssessm en t o f each 
s ite , as sh o w n  be low .

The next exam ple  b e lo w  Ind ica tes b io logica l qua lity  to  

be bad, but chem ica l and b io logica l e ffe c ts  data Indicate 

high quality, so  th e  e ffe c t Is like ly to  be due to  physical 

e ffe c ts  or organ ic en richm en t.

6.7 Limitations of the MQI
A fu ll m a trix  o f po ten tia l scenarios m ay be deve loped 
fo r each possib le  com b ina tion  o f va lues. In app ly ing th e  

M arine  Q ua lity  Index to  th e  UK CSEM P data set, th e  

Bl, BEI and CCI scores w e re  ca lcu la ted fo r th e  chem ica l 

con tam inan ts , th e  b e n th lc  b io logy, and th e  b io log ica l 

e ffe c ts  fo r e igh teen  s ites  sam p led  fro m  1999- 2003. The 

resu lts  are as sh o w n  In Table 6.4.

The resu lts  s h o w  a fu rth e r pos itive  a ttr ib u te  o f th e  M Q I, 

and also an Inheren t fla w , w h e re  data are m iss ing . The 

pos itive  a ttr ib u te  Is th a t w h e re  data fo r chem is try , b io logy 

and b io logica l e ffe c ts  are p resent, a "sh o rth a n d  m e th o d "  of 

describ ing  th e  qua lity  o f a s ite  m ay be used. For exam ple , 

th e  s ite  at Tyne Hebburn (s ite  225) m ay be described  as a 

"2 3 , 15.2, 1 3 .6 " s ite  In 2000, w he re a s  th e  s ite  at th e  Isle 

o f M an fo r th e  sam e year m ay be described  as a "6 .2 , 6.5, 

5 .0 "  s ite , Ind icating  re lative  Im pacts.

The Inherent f la w  Is tha t fo r several s ites, data are 

m issing, w ith  th e  result tha t th e  M QI cannot be fu lly  applied. 

It Is hoped th a t th is  s itua tion  can be rem edied In fu tu re .

Finally, th e re  Is a danger th a t th e  Individual scores fo r 

chem is try , b io logy and b io logica l e ffe c ts  cou ld  be app lied 

In ve ry  Inappropria te  w ays, fo r exam ple  In th e  s im p lis tic  
app lica tion  o f a m ean value. For exam p le  w ith  th e  

Clyde C M T 5 s ite  045 fo r 2003, th e  scores w e re  6.3 fo r 

b io logy (green), 21 .4  fo r b io log ica l e ffe c ts  (red) and 22.5 
fo r ch e m is try  (red) w ith  a m ean o f 16.7 (am ber). In th is  

Instance th e  com b ined  score w o u ld  g ive an Im pression 

th a t th e  s ite  Is o f questionab le  health, w he re a s  tw o  o f th e  

com ponen ts , b io logica l e ffe c ts  and ch e m is try  are In th e  
probable harm  ca tegory. For th is  reason, m ean values 

shou ld  not be used. Indeed, th e  p o w e r o f th e  Index Is 

In th e  Individual scores and In th e  ab ility  to  "d r ill d o w n "  

th ro u g h  th e se  to  estab lish  th e  sp e c ific  con tam inan ts  of 

concern  or th e  sp e c ific  b io logica l e ffe c ts  observed.
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Table 6.4. MQI fo r  e ighteen CSEMP sites.

Location MQI for Biology /  Effects /  Chemistry -  B /  E /  C
(CSEMP Station)

Amble

Tyne Hebburn (225) 

Tyne Ferry (235)

O ff Tyne (245)

O ff Tees (295)

Firth (035)

C lyde C M T 5 (045) 

C lyde C M T 7 (055)

Irvine Bay (070)

Loch L lnnhe (076) 

Liverpool Bay (715)

Isle o f M an (805)

B e lfast Lough (825) 

B e lfast Lough (845) 

Cardigan Bay (655)

Tees Phillips Buoy (325) 

Tees B ram le tt's  (305) 

Tees No 23 Buoy (315)

1999 2000 2001 2002 2003

B E C B E C B E C B E C B E C

5.0 10.0 5.0 10.0 10.0

20.5 12.7 23.0 15.2 13.6 18.5 12.1 13.2 22.0 13.5 14.8 18.5

18.5 16.7 25.3 11.0 18.0 10.7 20.5 11.3 9.5

8.0 10.1 16.9 5.8 00 00 12.7 9.1 11.7 8.0 14.5 11.7 16.9

4.3 8.7 5.2 6.4 10.0 7.3 4.2 6.2

7.8 12.5 8 .4 4.4 5.3

7.3 20.1 7.3 19.3 7.3 16.2 7.3 13.1 6.3 21.4 22.5

3.8 24.1 3.5 24.1 5.3 18.7 4.3 14.6 5.3 22.1

5.3 14.4 7.3 14.4 6.0 19.1 4.3 14.6 8.0 0.0 16.5

12.3 3.8 14.0 3.8 15.5 10.3 12.0 12.5 12.5 15.0

9.0 8.0 10.0 10.1 14.4 7.4 5.5 6.4 5.3 9.6 13.4

5.3 8.7 16.9 6.5 6.2 5.0 14.5 9.3 10.0 5.7 3.3 10.8 8.9 10.0

3.3 12.5 3.8 6.3 6.3 1.3 6.6 2.3 6.0 7.5

7.0 1.0 4.3 17.5 10.0 13.4 4.3 5.3 4.3 11.0 9.2

4.8 10.4 0.0 00 00 1.9 12.3 1.9 11.5

15.0 11.5 0.0 13.5 11.5

20.5 14.5 15.5 16.0

16.0 14.4 17.3 15.0

6.8 Conclusions
The in itial a im s o f th is  p ro jec t w e re  to :

•  Review , assess and se lec t su itab le  approaches and 

Indicators fo r  th e  asse ssm e n t o f th e  qua lity  and health 
o f th e  ecosys tem , and

•  D eve lop  a conceptua l m odel and trans la te  th is  In to an 

In tegra ted Index o f health and quality, using data available 

from  th e  UK C SE M P fo r chem ica l con tam inan ts , ben th lc  

b io logy and b io logica l e ffe c ts

•  W h ile  th e  p ro jec t w a s  success fu l In ach iev ing  these  

alm s, severa l d iff icu lt ie s  w e re  Identified , Including:

•  The co m p le x itie s  Involved In try ing  to  In tegra te  resu lts  

fo r m any chem ica l con tam inan ts  In d iffe re n t m atrices 

w ith  a d ispara te  range o f b io logica l e ffe c ts , and w ith  

Infaunal ben th lc  co m m u n ity  analysis.

•  The re lative  lack o f com p le te  data se ts  available, even 

from  an estab lished  m on ito ring  p rog ram m e such as th e  
UK CSEMP.

•  The re la tive ly  lo w  levels at w h ich  chem ica l con tam inan ts  

and b io logica l e ffe c ts  act (le at th e  sub-le tha l or Individual 

level), m aking It d iff icu lt to  an sw e r h igher level questions 
about e cosys tem  health.

•  The need to  deve lop  a conceptua l m ode l o f h o w  to  

address e cosys tem  health In te rm s  o f Im pacts at th e  

co m m u n ity , population, Individual and sub-le tha l levels.

•  The d iff icu ltie s  In try ing  to  deve lop  an Index a fte r th e  

m on ito ring  p rog ram m e has been carried out and th e  
resu lts  ga thered, rather than  s ta rting  th e  m on ito ring  

w ith  th e  aim  o f deve lop ing  an Index In m ind.

In consequence , th e  m ain p ro jec t o u tco m e  w a s  th e  

d e ve lo pm e n t of:

•  A  M arine  Q ua lity  Index, rather than a m easure of 
ecosys tem  health

•  The M arine Q ua lity  Index Is seen as usefu l to :

-  Iden tify  th e  qua lity  o f m arine se d im e n ts  and biota,

In ben th lc  co m m u n itie s  and In b io logica l e ffe c ts .

-  Provide a handy sho rthand  m ethod  to  describe  the  

qua lity  o f a s ite  as, fo r exam ple , a 25, 15, 5 s ite  In 

te rm s  o f th e  com parab le  chem ica l and biological 

quality, and th e  Im pacts as b io logical e ffe c ts .

The pro jec t a lso Included a considerab le  am o u n t of 
w o rk  on deve lop ing  an unders tand ing  o f w h a t Is m eant by 

"e c o s y s te m  h e a lth " . Space lim ita tions  have p reven ted  th is
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w o rk  being included here. In sum m ary, good ecosystem  

health in th e  m arine e n v iro n m e n t has been taken  to  

im p ly  good w a te r and se d im e n t qua lity  such th a t natural 

and b iod iverse  co m m u n itie s  o f spec ies  are supported , 
w ith  norm al s truc tu re , fu n c tion  and rep roduction  th a t are 

susta inab le , res ilien t and m ain ta ined  o v e rt im e .

6.9 Recommendations for further work
The p ro jec t w a s  re la tive ly  sho rt in duration, and tim e  

cons tra in ts  p reven ted  fu rth e r deve lo pm e n t o f th e  M arine 
Q ua lity  Index or its w id e r app lica tion  to  o th e r data se ts. 

For th is  reason, it is p roposed th a t tw o  areas fo r fu rth e r 
w o rk  are:

•  fu r th e r  d e v e lo p m e n t o f th e  M arine  Q ua lity  Index, 

particu la rly  to  assess w h e th e r re la tionsh ips or linkages 

e x is t b e tw e e n  th e  co m p o n e n t parts, fo r exam p le  

b e tw e en  sp e c ific  con tam inan ts  and sp e c ific  b io logical 

e ffe c ts .

•  w id e r app lica tion  o f th e  M arine Q ua lity  Index to  o ther 

data sets.

L inked to  th is , th e re  is a need to  ensure  th a t th e  UK 

C SE M P m on ito ring  is carried out m ore  fu lly , to  provide a 

b e tte r data se t fo r a ssessm en t o f env ironm en ta l qua lity  
using th e  Index in a second ite ra tion .

It is fu rth e r proposed th a t w o rk  is requ ired  to  deve lop  

a conceptua l m odel to  link lo w e r level e ffe c ts  to  im pacts  

h igher up th e  e cosys tem  level, and to  assess w h e th e r 

severa l lo w e r level e ffe c ts , fo r exam p le  at th e  ind ividual or 

population  level m ay be in fe rred  as having e ffe c ts  at th e  

co m m u n ity  or e co sys tem  level.

Finally, if th e  firs t proposal m ade above produces 

usefu l resu lts , it w o u ld  be sens ib le  to  carry ou t spe c ific  
m on ito ring  as part o f th e  UK CSEM P "w ith  th e  aim  in 

m in d "  o f app ly ing  th e  M arine Q ua lity  Index to  th e  data; th is  

m ay m ean th a t sp e c ific  chem ica l con tam inan ts  found  to  

cause sp e c ific  b io log ica l e ffe c ts  are carried ou t in tandem  

to  ensure  th a t th e  Index m ay be m ore  fu lly  applied.
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Healthy and biologically 
diverse

7. Advice on fishery
implications of pipeline
discharges Author: Simon Kershaw

7.1 Overview
This sec tion  g ives a b rie f sum m a ry  o f ac tiv itie s  carried out 
during 2005 in connection  w ith  th e  prov is ion o f advice on 

fish e ry  im p lica tions o f p ipe line  d ischarges.

Cefas appraisal o f app lica tions fo r p ipe line d ischarges 

invo lves cons ide ra tion  o f resources in th e  area, to x ic ity  

o f th e  e fflu en t, local hyd rograph ic  cond itions  and any 
s tandards se t ou t in national po licy or European Union 

(EU) D irec tives. This inc ludes th e  im pact o f d ischarges 
on m arine fauna, includ ing fish  nurseries and she llfish  

popu la tions, and sp e c ific  in te rac tions o f chem ica ls  and 

th e  m arine env iro n m e n t. O ne im portan t issue in re lation 

to  sew age  d ischarges is th e  m icrob io log ica l con tam ina tion  

o f b ivalve m o llusc she llfish e rie s  and th e  associa ted  hum an 
health concerns. The reduction  o f sew a g e  con tam ina tion  

at source  is th e  m os t e ffe c tive  w a y  o f reducing  th e  health 

risk. It a lso reduces th e  burdens on th e  indus try  and 

increases a ccep tab ility  o f p roduct to  supe rm arke ts .

7.2 Summary of pipeline discharge 
applications

D uring 2005 Cefas assessed app lica tions fo r a to ta l o f 

377 ind ividual d ischarges; o f these  a to ta l o f 244  (65% ) 

w e re  assessed fo r th e ir  po ten tia l to  im pact on she llfish  

w a te rs  and/or p roduction  areas. S he llfish  hyg iene issues 

th e re fo re  con tinued  to  be th e  m os t co m m o n  concerns 

addressed. Table 7.1 sh o w s  th e  typ e s  o f d ischarge 

app lica tion  co m m e n te d  on. The m a jority  o f app lica tions 

w e re  fo r d ischarge o f d o m e s tic  or com b ined  d o m e s tic  and 

industria l sew age , includ ing s to rm  and e m ergency  sew age  

o ve rflo w s .

Table 7.1. N um bers of app lica tions  of various types com m ented on 
w ith in  2005.

Type of application Number received

S ew age 359

Trade E ffluen t 18

Total app lica tions received 377

(Shellfish related) 244

D uring periods o f p ro longed or heavy rainfall, su rface  

w a te r run -o ff w ill add to  th e  d o m e s tic  and industria l 

sew a g e  subs tan tia lly  increasing th e  vo lum e  o f w a s te w a te r 
en te ring  th e  sew e ra g e  sys te m . A lthough  th e  sew erage  

n e tw o rks  and sew age  tre a tm e n t w o rks  are des igned  to  

s to re  and tre a t m u ltip les  o f th e  flo w s  experienced  in dry 

w e a th e r it is not feas ib le  to  tre a t all f lo w s  from  these  

com b ined  fou l and surface  w a te r s e w e r sys te m s . In 

p ipe-fu ll cond itions  s to rm  o ve rflo w s  are requ ired  to  a llo w  

a p roportion  o f th e  un trea ted  d ilu te  sew age  to  d ischarge 

fro m  th e  sew e ra g e  sys te m . In te rm itte n t d ischarges from  

s to rm  tanks and com b ined  s e w e r o ve rflo w s  (CSOs) m ay 

th e re fo re  by-pass th e  tre a tm e n t w o rks  w ith  th e  po ten tia l 

to  im pact on rece iv ing  w a te rs .

A p p lic a tio n s  fo r  97 s to rm  o v e r f lo w  d isch a rg e s  

w e re  rece ived  in 2005 o f w h ich  69 w e re  iden tified  as 

p o ten tia lly  im pac ting  on sh e llfish e rie s . W h e re  w a te r 

com pany d ischarge im p ro ve m en ts  are iden tified  to  bene fit 

she llfish  w a te rs , E nv ironm en t A gency  po licy requ irem en ts  
res tr ic t o v e rf lo w  operation  to  a m ax im um  o f ten  sp ills  

per annum  (in aggrega tion  w ith  o the r im pacting  s to rm  

d ischarges averaged over a ten  year period). P reviously 

th is  req u ire m e n t had to  be negotia ted  by Cefas on a case- 

by-case basis.

Cefas requested  th a t th e  w a te r com pan ies provide an 

annual report o f sp ills  fro m  each o f th e se  o ve rflo w s  fo r 

m os t o f th e se  and w h e re  necessary asked fo r c la rifica tion  

th a t d ischarges had been cons ide red  in aggrega tion  w ith  
o thers  im pacting  on th e  sam e fishery .

E m ergency o ve rflo w s  on ly  com e in to  operation w hen  

th e re  is a m ajor fa ilu re  at th e  sew a g e  tre a tm e n t w o rks  or 
pum p ing  s ta tion . If th is  shou ld  occur, it m ay cause severe  

con tam ina tion  o f fish e rie s  in th e  area. A pp lica tions  fo r 61 

e m ergency  d ischarge app lica tions w e re  rece ived, o f these  

37 had th e  po ten tia l to  a ffe c t she llfishe ries . In advis ing 

on such app lica tions Cefas th e re fo re  requested  u rgent 

no tifica tion  o f e m ergency  even ts  to  th e  local food  au tho rity  

so  th a t appropria te  action cou ld  be taken  to  p ro tec t public 
health.

A to ta l o f 57 app lica tions w e re  rece ived  fo r con tinuous 

d ischarges o f seconda ry  (b io log ica lly  trea te d ) e fflu e n t 

(39 a ffe c ting  she llfishe ries); th e se  inc luded upgrad ing of 

ex is ting  w o rks  and n e w  tre a tm e n t w o rks  and package 

plants. In add ition  7 app lica tions w e re  rece ived fo r te rtia ry  

tre a tm e n t, o f w h ich  4 w e re  fo r year-round UV d is in fec tion  

a im ed at reduction  o f m icrob io log ica l con tam ina tion . A ll o f 

th e se  bene fited  she llfish  areas.
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7.3 Drivers for current pipeline discharge 
improvements

M o s t o f th e  app lica tions fo r d ischarge im p ro ve m en ts  w e re  

in o rder to  m ee t th e  requ ire m e n ts  o f th e  EC D irec tive  
91/271 concern ing  urban w a s te  w a te r tre a tm e n t (European 

C om m un ities , 1991a), EC D irec tive  79 /923  on th e  qua lity  

requ ired  o f she llfish  w a te rs  (European C om m un ities , 1979) 

and EC D irec tive  76 /160  concern ing  th e  qua lity  o f bath ing 

w a te r (European C om m un ities , 1976).

7.4 Shellfish waters objectives and 
discharge improvements

Eluman illness aris ing fro m  th e  consum p tion  o f bivalve 

m olluscan she llfish  is a recogn ized prob lem . In th e  UK, th e  

m icro -o rgan ism s causing such illnesses are a lm ost a lw ays 

th e  resu lt o f sew age  con tam ina tion  o f th e  harvesting  

areas. The p rocessing  techn iques , eg, pu rifica tion  in 
clean seaw ater, w ill not necessarily  rem ove  all o f th e  

illness-causing o rgan ism s. The p rocessing  requ irem en ts  

a lso have a s ign ifican t practical im pact on th e  business 

opera tion  and costs  fo r  th e  producers.

The She llfish  W a te rs  D irec tive  (Council D irec tive  79 /923 / 

EEC) a im s to  p ro te c t and/or im prove  th e  qua lity  o f coastal 
and brackish w a te r bodies in w h ich  she llfish  live in order 

to  co n trib u te  to  th e  qua lity  o f ed ib le  she llfish  p roducts. 

M e m b e r S ta tes are requ ired  to  adopt and im p le m e n t 
p rog ram m es o f po llu tion  reduction  and p reven tion  to  

ach ieve gu ide line  and im pera tive  standards.

In 1999, n ine ty-five  n e w  she llfish  w a te rs  w e re  designated  
b ring ing  th e  to ta l to  119 in England in W a les. D uring 2004 

a fu rth e r re v ie w  o f she llfish  w a te r des igna tions  w as 

undertaken  and Cefas ass is ted  Defra in th e  deve lo pm e n t 

o f a n e w  des igna tion  po licy  w ith  th e  resu lt th a t in

N ovem ber 2004 a fu rth e r five  n e w  S hellfish  W a te rs  plus 

five  ex tens ions  to  ex is ting  w a te rs  w e re  des ignated  bring ing 

th e  to ta l to  124 w a te rs  in England and W ales. D esigna tions 
con fe r p ro tec tion  to  th e  she llfish  p roduction  areas w ith in  

th e m  under th e  S he llfish  W a te rs  D irec tive  im pera tive  and 

gu ide line  rece iv ing w a te r s tandards and associa ted  design 

s tanda rds  are inco rp o ra ted  in to  E nv iro n m e n t A g e n cy  

d ischarge  co nsen ting  policy. The G ove rnm en t se t a 

ta rg e t fo r all com m erc ia lly  harvested she llfish  beds to  

ach ieve  a m icrob io log ica l c lass ifica tion  o f at least Class 

B as ca tegorised  under EC D irec tive  91/492 (European 

C om m un ities , 1991b), see Table 7.2 be low .

F o llow ing  th is  and fo r th e  firs t t im e , She llfish  W a te rs  

w e re  inc luded as a d river fo r in ve s tm e n t in w a te r  com pany 

asse t m anagem en t p rog ram m es fo r 2000-2005 (AM P3). 

A s  a result, in 2001, a po licy w a s  deve loped  by th e  

E nv ironm en t A g e n cy  fo r th e  consen ting  d ischarges to  

ach ieve  th e  req u ire m e n ts  o f th e  she llfish  w a te rs  d irec tive  

and to  ensure  th a t sch e m e s  co n trib u te d  to  m ee tin g  

G ove rnm en t ta rge ts . This po licy d re w  s ign ifica n tly  upon 

sc ie n tif ic  advice and reco m m en d a tio n s  m ade by Cefas 
during th e  p reced ing years.

7.5 Impact of discharge improvements on 
bivalve molluscan shellfisheries

B e tw e e n  annual S ep tem ber c lass ifica tions in 2000 to  

2005 th e  percen tage  o f Class A areas has decreased 

fro m  5 .5%  to  3 .5%  and th e  p roportion  o f Class B areas 

increased from  66 .4%  to  8 6 .5% . The p roportion  o f Class 

C areas decreased fro m  24 .7%  to  8 .1%  and th e  num ber 

o f p roh ib ited  areas decreased from  3 .4%  to  1.9%  in th e  

sam e period (Table 7.3). The increase in Class B areas 

and decrease in Class C and p roh ib ited  areas in th is  period, 

re flec t w a te r com pany in ve s tm e n t ta rg e tin g  d ischarges to

Table 7.2. C lassification ca tegories under the  S he llfish  Hygiene D irective. 

Class Criteria

A

Requirements

< 300 faecal co lifo rm s o r 230 E. co li per 100 g Can be co llec ted  fo r d irec t hum an consum ption

90%  com pliance w ith  6 ,000 faecal co lifo rm s or 4 ,600 M u s t be pu rified  or relayed to  m eet class A; m ay also
E. co li per 100 g be heat trea ted  by an approved m ethod

< 60 ,000 faecal co lifo rm s or <46 ,000  E. co li per 100 g M u s t be re layed fo r at least 2 m on ths  to m e e t class A

or B; m ay also be heat trea ted  by an approved m ethod

P roh ib ited >60 ,000 faecal co lifo rm s or >46 ,000 E. co li per 100 g Com m ercia l harvesting proh ib ited
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38 Table 7.2(a). Percentage of S he llfish  Production A reas at each 
C lassification  category in 2005.

Year Class A Class B Class C Prohibited

2 0 0 5  3 .5  8 6 .5  8.1 1.9

tida l w a te rs  largely de live red  s ince  1999 and In particu lar 

th o se  Im p ro ve m e n ts  Iden tifie d  as b e n e fit in g  she llfish  

w a te rs  In A M P 3  to  date. The decrease In th e  p roportion  

o f Class A areas Is o f concern  h o w e ve r as Class A  con fe rs  

be n e fits  o f access to  m arke ts  and p rem ium  m arke t prices 

fo r th e  fish ing  Industry. D esp ite  s ign ifican t Im provem en ts  

In w a te r qua lity  as a resu lt o f Inves tm en t In d ischarge 

Im pro ve m e n ts  In th e  last fe w  years fe w e r  than 4%  of 

she llfish  p roduction  areas In England and W a les ach ieve 

th e  'C lass A ' standard  w h ich  re fle c ts  w a te r qua lity  clean 
enough to  a llo w  m arke ting  o f she llfish  d irec t fo r hum an 

consu m p tio n  w ith o u t fu rth e r processing . To ach ieve Class 

A s ta tus  fo r m any fish e rie s  It Is like ly th a t a com b ined  

p rog ram m e o f add itiona l d ischarge Im pro ve m e n ts  and/or 

m easures to  tack le  d iffu se  po llu tion  Issues w ill be requ ired 

In th e  fu tu re .

7.6 Drivers for future pipeline discharge 
improvements

This period m arked th e  end o f A M P 3  sch e m e  Inves tm en t 

and th e  s ta rt o f th e  A M P 4  w a te r com pan ies Inves tm en t 

p rog ram m e 2005-2010 (AM P4, also know n as PR04). 
A  num ber o f schem es re lating  to  fu rth e r sh e llflshe ry  

be n e fits  w e re  costed  under th e  Initial O ffice  o f W a te r 
(OFW AT) Periodic R e v le w 2 0 0 4  (P R 04) planning. Fo llow ing  

"P rinc ipa l gu idance fro m  M in is te rs " , th e  m a jo rity  o f these  

w e re  rem oved  fro m  th e  National E nv ironm en t P rogram m e 

o f p lanned Im provem en ts  In A M P 4 . P low ever It Is th e  case 

th a t sch e m e s  ta rg e te d  at m ee tin g  o th e r drivers m ay also 

con fe r bene fits  to  she llfish  w a te r qua lity  Ind irectly.

The E nv ironm en t A gency  (EA) Issued a p roportion  of 

w a te r com pany A M P 4  consent m od ifica tions  In advance 
o f schem e  Im p lem en ta tion  and w ith o u t consu lta tion . This 

w a s  to  p rogress th e  regu la to ry req u ire m e n t fo r  com pliance  

w ith in  sh o rte r tlm esca le s  than  w a s  ach ieved In A M P 3. 

Cefas exp ressed  concerns over th e  lack o f consu lta tion  

and recom m ended  m ain ta in ing  th e  consu lta tion  p rocess 
fo r all sch e m e s  p o ten tia lly  Im pacting  on she llfish  w a te rs . 

Cefas Iden tified  th e se  re levant sche m e s  and w ro te  to  

th e  EA w ith  Initial co m m e n ts  w h e re  re levant. The EA 

responded re-sta ting  th e ir  position  not to  consu lt on these  

In tended m od ifica tions , and responded to  con firm  th a t our 

co m m e n ts  had been no ted. Cefas a lso requested  copies 

o f all m od ified  consen ts  fro m  th e  EA to  ensure  th a t th e  

d ischarges database Is kep t up to  date.

Im pacts o f A M P 3 schem es w ill n o w  have an opportun ity  

to  becom e apparent, Im provem ents  In w a te r quality In 
th e o ry  reflec ted  by Im provem ents  In she llfish  production 

c lassification sta tus. The E nvironm ent A gency began to

provide annual s to rm  spill sum m aries  o f s to rm  o ve rflo w  

events  th a t Im pact on she llfisheries. This In form ation w ill 

provide a m anagem ent too l to  assess success o f schem e 

design, and to  Inform  fu tu re  Investm en t ta rge ts . N otifica tion  

o f em ergency o ve rflo w  even ts to  the  EA and Local Food 

A u th o rity  required In A M P 3 consents no w  provides the  

opportun ity  to  active ly  manage she llfish  harvesting to  the  

benefit o f p ro tecting  the  public health o f consum ers.

7.7 General advice
In add ition  to  app lica tions fo r m od ifica tio n s  to  ex is ting  

consen ts  and n e w  consen ts  fo r sew age  d ischarges, a 

va rie ty  o f o the r advice re lating  to  p ipe line  d ischarges w as 

p rov ided  during th e  year.

This Included advice given on th e  consen t to  d ischarge 
brine aris ing fro m  so lu tion  m in ing, In connection  w ith  th e  

crea tion  o f undersea Gas Caverns o ff A ldb rough  (Yorkshire 

coast). F o llow ing  re v ie w  o f th e  p roposed schem e, Defra 
dec ided  not to  call In th e  app lica tion  fo r de te rm ina tion  

by th e  S ecre tary o f S tate. A  s tee ring  g roup  w ith  Cefas 
rep resen ta tion  has been estab lished  fo r m on ito ring  o f th e  

d ischarge. T w o  fu rth e r app lica tions re la ting  to  so lu tion  

m in ing  o f caverns fo r s to rage  o f gas under th e  seabed 

w e re  co m m e n te d  on (C leveland and Preesall).

General support w a s  p rovided fo r w a te r qua lity  liaison 

w ith  th e  E nv ironm en t A gency  reg ions. This has proved 
e ffe c tive  In cham p ion ing  th e  cons ide ra tion  o f th e  m arine 

e n v iro n m e n t and fish e rie s  In te rests  prior to  any fo rm a l 

d ischarge consen t app lica tion.

Cefas concerns over a trade  d ischarge Im pacting  on 

she llfish  beds In th e  M enai S tra its  w e re  raised w ith  th e  
EA. An EA Investiga tion  has been In itia ted  and resu lts  of 

d ischarge and env ironm en ta l sam p ling  are aw a ited , along 
w ith  d iscuss ions on possib le  reso lu tion  o f th e  s itua tion .

C onsulta tion to o k  place on a proposed First T im e Rural 

S ew erage (FTRS) schem e In the  Helford estuary ca tchm ent. 

Cefas advised th e  EA to  pursue te rtia ry  trea tm e n t as the  
resu lting  discharge Im pacts on a she llfish  w a te r and a 

she llfish  production area. The Industry Is try ing  to  regenerate 

th e  fishe ry  In th is  area. Advice  the re fo re  also h igh lighted 

local she llfish  Industry concerns and recom m ended  the  

Invo lvem ent o f all relevant s takeholders In discussions.

An Initial asse ssm e n t w as m ade o f a proposed tria l 

using a novel chem ica l d is in fe c ta n t. The advice  to  

th e  EA recom m ended  estab lish ing  th e  te s t o rgan ism s 

used to  date, th e  actual e fficacy  o f th e  p roduct against 

hum an pathogens, and th e  po ten tia l fo r  re -g row th  post 
d is in fe c tio n . Cefas a lso h igh ligh ted  earlier w o rk  on o ther 

hydrogen peroxlde /ac id  based d is in fec tan ts .
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Trade e fflu e n t app lica tions fo r d ischarges to  th e  River 
Tees, aris ing from  sh ip  d ism an tling  w e re  co m m e n te d  

on. These In te rlink  c lose ly  w ith  related d redg ing  and 

cons tru c tio n  licensing activ itie s  th a t have been tak ing  place 

at th is  "Environm enta l R eclam ation and Recycling" fac ility  

and w h ich  Cefas has been consu lted  on. C om m en ts  

th e re fo re  w e re  m ade In a com prehens ive  w ay, cons ide ring  

th e  w h o le  env ironm en ta l scenario .

O th e r areas o f advice  Inc luded: advise In re la tion 

to  Im provem en ts  In C h icheste r Harbour; env ironm enta l 

consu ltan ts  seek ing  advice on d isso lved  oxygen s tandards 

In tida l w a te rs ; advice to  co lleagues regard ing th e  regu la tion 

o f p ipe line  d ischarges and d is in fe c tan ts  used In fln flsh  

aquacu ltu re  and advice to  EA W a les on she llfish  processing  

p lant e fflu en t.

7.8 W ater company appeal
Anglian W a te r S ervices succe ss fu lly  appealed aga inst th e  

EA consen t requ ire m e n ts  regard ing repo rting  o f em ergency  

o v e rflo w  and spill e ven ts  fo r G rim sby Rlby S tree t te rm ina l 
pum p ing  s ta tion  (H um ber Estuary) on th e  basis th a t 

th e  Im pacted  S hellfish  Production  Area w a s  not w ith in  

a cu rre n tly  des ignated  She llfish  W a te rs . Cefas advice 
had been given on th e  basis o f p ro tec ting  all sh e llflshe ry  

p roduction  areas not ju s t th o se  occurring  In designated  

w a te rs , g iven th e  po ten tia l Im pact o f con tam ina tion  on 
both pub lic  health and she llfish  Industry  v iab ility .

o f th e  W a te r F ram ew ork  D irec tive  (W FD)" In D ubrovn ik  

fo c u s e d  on bo th  c o n ta m in a n t a n a ly s is /e m e rg in g  

con tam inan ts  and n e w  risk a ssessm en t too ls .

An E nv ironm en t A gency  tra in ing  course  'W a te r Q uality  

P lann ing ' w a s  a ttended . The course  covered  th e  Issues 

cons ide red  and too ls  used by th e  A g e n cy  w h e n  de te rm in in g  

d ischarge consents  and a ugm en ted  th e  apprecia tion  of 

fac to rs  Involved In d ischarge consenting .

7.11 Database maintenance
A ll app lica tions, consen ts  and au tho risa tions  con tinue  to  

be en te red  on to  a database th a t con ta ins  deta ils  o f all 

know n d ischarges to  saline w a te rs  In England and W ales. 

The database Is be ing con tinua lly  deve loped, p rovides 

un ique In te lligence  and Is a s tra te g ic  to o l used a longside 

o the r Cefas to o ls  to  underp in Im pact a ssessm en ts  and 

po licy decis ions In th e  m arine e nv ironm en t. An In tegra ted 

database Is being deve loped, w h ich  com b ines  severa l 

databases held w ith in  th e  she llfish  hyg iene g roup  o f Cefas. 

This In tegra ted  database w ill p rov ide g rea te r capacity to  

re late data and In te rroga te  data, as w e ll as Im proving qua lity  

con tro l th ro u g h  aud iting  ab ility . G eograph ic In fo rm ation  

S ys te m s  c u rre n tly  used In dependen tly , w ill a lso  be 

Incorporated, as th is  p rovides an Invaluable too l In w a te r 

qua lity  w o rk  re lating to  d ischarges and th e  In teraction w ith  

th e  m arine env ironm en t.

7.9 Supporting research
S upport w a s  prov ided  In re lation  to  a D efra /U K  W a te r 

Industry  Research/EA sponsored  p ro jec t th a t has been 

co m m iss io n e d  to  look at th e  Im pact o f In te rm itte n t 

D ischarges on th e  M icrob io log ica l Q ua lity  o f S he llfish . 

This Is being undertaken by th e  C entre  fo r E nv ironm en t 

and H ealth at th e  U n ive rs ity  o f A b e ry s tw y th  partnered  by 

Cefas

7.10 Training and development
S ta ff a ttended  a one-day Chartered In s titu te  o f W a te r 

and E nvironm enta l M anagem en t con fe rence  focused  on 
th e  w a te r Industry  period ic  re v ie w  In N ovem ber 2005. 

D iscussions focused  on th e  Im pro ve m e n t o f p rocedures 
fo r Investing  In th e  w a te r Industry  In a susta inab le  m anner 

o f bene fit to  th e  env ironm en t.

The 1st EM CO w o rksh o p  "Analysis and rem oval of 

con tam inan ts  from  w a s te w a te rs  fo r th e  Im p lem en ta tion
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8. Contaminants in marine
mammals Author: Robin Law

8.1 Introduction
P ost-m ortem  exam inations o f harbour porpoises (Phocoena  

phocoena) regu larly reveal heavy burdens o f parasitic  

w o rm s . S ubsequent tissue  analyses s h o w  varying levels 

o f po lychlorinated b iphenyls (PCBs) accum ula ting  in the ir 
blubber. A lthough a num ber o f papers have docum ented  

geospatla l and tem po ra l changes In concentra tions  of 

ch lo rob lphenyls (CBs) and th e ir  de trim en ta l e ffe c ts  on 

m arine m am m al health, as ye t none have exam ined the ir 

possib le role In de te rm in ing  nem atode burdens In w ild  

m arine m am m al populations. Using a dataset fo r porpoises 

stranded In th e  UK from  1989-2002, w e  found  a s ignificant, 
pos itive  associa tion  be tw e en  EC B levels (sum  o f 25 

Individual CB congeners) and nem atode burdens, a lthough 

th e  nature o f th e  relationsh ip  w as con founded w ith  porpoise 

sex, age and cause o f death. It w as  also apparent tha t the  

Individuals w ith  th e  h ighest In festa tions w ith  nem atodes 

did not have th e  h ighest ECB levels. W h ils t PCB levels are 

Im portant In de term in ing  nem atode burdens, they  are clearly 

not th e  sole de te rm inan ts  o f nem atode burdens In w ild  UK 

porpoise populations (Bull e ta /., 2006).

L aw  e t al. (2006a) c o n d u c te d  a n a lyses  o f 

tw o  h ig h -v o lu m e  b ro m in a te d  f la m e  re ta rd a n ts  

(BFR s), h e x a b ro m o c y c lo d o d e c a n e  (H B C D ) and 
te tra b rom o b lsp h e no l-A  (TBBP-A) in th e  b lubber o f harbour 

porpo ises s tranded or dying due to  physical traum a (m ostly  
Incidenta l bycatch in fish ing  gear) in th e  UK during th e

period 1994-2003 . A na lys is  w a s  undertaken using LC/ 

M S on a d las te reo lsom er-spec lflc  basis (Law  e ta !., 2005; 

2006b). E ighty-five  sam p les w e re  analysed fo r  HBCD, 

and 68 o f th e se  fo r TBBP-A. TBBP-A w a s  de tec te d  

In on ly  18 sam p les and at lo w  concentra tions, from  

6 to  35 pg kg-1 w e t w e ig h t (Table 8.1). A lthough  TBBP- 

A  is a h igh-vo lum e BFR, it Is a reactive  rather than  an 

add itive  flam e  re ta rdant (unlike HBCD) and so Is bound 

w ith in  th e  m atrix  o f th e  flam e-re ta rded  products, and 

so  less like ly to  leach out. a -H BC D  dom ina ted  over th e  

o the r isom ers and w a s  d e tec te d  In all sam p les analysed 

a t concen tra tions  ranging from  10 to  19,200 pg kg-1 

w e t w e ig h t. The m axim um  concentra tion  w a s  about 
double  th a t seen in earlier UK s tud ies . Investiga tion  

o f possib le  t im e  tren d s  Ind icated a sharp increase In 

HBCD concen tra tions  from  about 2001 onw ards  (Figure 

8.1), w h ich  w as not con founded  by porpo ise length  (as 
a su rroga te  fo r age), sex, nu tritiona l s ta tus  or location 

(Figure 8.2). M on te  Carlo s im u la tion  w a s  used to  

assess th e  s ign ificance  o f th is  Increase, w h ich  proved 

to  be s ign ifican t at th e  1%  level (Figure 8.3). Further 

ana lyses o f HBCD in porpo ises w ill be undertaken 
during 2006.

C on tam inan t data de riv ing  fro m  th e  UK m arine 

m am m als  s trand lngs p rog ram m e over th e  period 1993- 

2001 have been m ade available In a techn ica l report 

(Law  e t a i,  2006c). This su p p le m e n ts  an earlier report 
w h ich  covered  th e  period 1 9 88-1992  (Law, 1994).

Table 8.1. B lubbe r concen tra tions of HBCD and TBBP-A  (pg kg"1 w et 
weight).

Reference Sex Age Length Area Location
no. (yrs) (cm)

Date %lipid a -  p -  y -  IHBCD TBBP- 
HBCD HBCD HBCD A

S W 1994/63 F nk 127

S W 199 5 /106B M < 1  104

S W 1995/142C F 4

S W 1996 /52A  F 3

SW 1996/60B  M 1

SW 1996/84B  M 1

139

107

East Chantry Point, 24 /04 /1994 88
O rford, S u ffo lk

Scotland Portknockle  24 /08/1995 93
Harbour,
Grampian

Scotland R osem arkle, 22 /12/1995 86
H ighland

Scotland o ff  S handw lck, 15 /03/1996 92
H ighland

Scotland Cadboll Pier, 20 /03/1996 91
H ighland

Scotland Nlgg Bay, 
H ighland

06/05/1996 90

64

34

29

12 7

< 5  < 5  64

< 5  < 5

< 5  42

< 5  < 5  29

< 5  24

< 5

17

13

< 5

< 5



Table 8.1. continued: B lub b e r concen tra tions of HBCD and TBBP-A 
(|jg kg"1 w e t w eigh t].

Reference
no.

S W 1996/90B  

S W 1996/1 26 

S W 1996/139 

S W 1996/1 75 

S W 199 7 /143A  

S W 1997/1 74B

S W 1998/35B  

S W 1998 /58A  

S W 1998/1 05 B 

S W 1998/1 55D 

S W 1998/187 

S W 19 9 8 /2 14A 

SW 1999/17 

S W 1999 /25A

S W 1999 /30A

S W 1999/63

S W 1999/72D

S W 2000 /16

SW 2000/27

SW 2000/53

SW 2000/55

SW 2000/73

SW 2000/81

S W 2000 /83A

Sex Age Length Area Location 
(yrsj (cm)

Date % lipid a -  ß- y- £HBCD TBBP-
HBCD HBCD HBCD A

M < 1  122

F nk 100

F nk 132

F nk 137

M < 1  119

M

F 6

F <

103

F 12 161

M 5 147

140

M < 1 86

M < 1  100

1 0 1

M 5 133

M nk 125

M < 1 93

F nk 115

F nk 134

F nk 152

F nk 150

106

Scotland

East

East

W est

Scotland

Scotland

Scotland

Scotland

Scotland

Scotland

F 9 164 East

Scotland

East

Scotland

F 5 140 Scotland

M nk 124 W e s t

F < 1  107 Scotland

W est

W est

W est

East

East

East

Scotland

B alm edie,
Grampian

W h itby , North 
Y orksh ire

Redcar,
C leveland

Nolton Flaven, 
Pembrokeshire

Crovie,
Grampian

bycatch o ff 
Loch Linnhe, 
S tra thclyde

Troon,
S tra thclyde

bycatch,
Grampian

Findochty,
Grampian

W hiteh ills ,
Grampian

Salthouse,
N orfo lk

P ortm ahom ack,
H ighland

B rid ling ton, East 
Yorksh ire

bycatch St 
A n d re w s  Bay, 
Fife

bycatch Sound of 
Bute, Strathclyde

Pendine Sands, 
C arm arthensh ire

A ltu rlie ,
H ighland

Port Eynon, 
Swansea

Lia non, 
C eredigion

Fishguard,
P em brokesh ire

L o w e s to ft,
S u ffo lk

o ff S izewell, 
S u ffo lk

Sea Palling, 
N orfo lk

St Cyrus, 
Grampian

21/05/1996 87 

25 /07/1996 86 

27 /08/1996 92 

09 /12/1996 86 

13 /09/1997 91 

28/11/1997 90

28/02/1998 92 

26/0319/98 91 

10/06/1998 93 

13/08/1998 91 

03/11/1998 85 

28/12/1998 92 

28/01/1999 76 

12/02/1999 88

17/02/1999 89 

29/03/1999 88 

09/04/1999 87 

07 /02/2000 91 

20 /02/2000 85 

15 /03/2000 86 

20 /03/2000 83 

04 /04/2000 84 

12 /04/2000 84 

23 /04/2000 92

87

64

267 1 1

10 106

34  < 5  < 5  34

< 5  75

22 < 5  < 5  22

13 < 5  < 5  13

62 < 5  < 5  62

59 23 < 5  82

41 7 < 5 48

69 < 4  < 4  69

44  < 5  < 5  44

287

56 < 5  < 5  56

42 < 5  < 5  42

39 < 4  < 4  39

41 < 5  < 5  41

125 < 5  < 5  125

103 < 5  < 5  103 < 5

< 5

434 < 1 2  < 5 434 < 5

204 7 10 221 < 5

< 5

< 5

35

< 4

209 7 < 5  216 < 5

458 < 5 10 468 < 5

< 5

< 5

218 12 < 5 240 < 5

< 5

< 4

< 5

103 < 5  < 5  103 < 5

192 < 5  9 201



Table 8.1. continued: B lub b e r concen tra tions of HBCD and TBBP-A 
(|jg kg"1 w e t w eigh t].

Reference Sex Age Length
no. (yrs) (cm)

Area Location Date % lipid a -  ß- y- £HBCD
HBCD HBCD HBCD

S W 2000 /103 M nk 140 W e s t

S W 2000 /131 M nk W e s t

S W 2000 /140 M nk 140 East

S W 2000 /146(2) M nk 139 East

S W 2000 /150A  M nk 125 East

S W 2000 /157 M nk 112 W e s t

SW 2001/15B  F 4 148 Scotland

S W 2001 /21A  F 1 117 Scotland

S W 2001 /40 F nk 105 W e s t

S W 2001 /43A  F < 1  114 Scotland

S W 2001 /73A  M < 1  112 Scotland

S W 2001 /79A  M < 1  109 Scotland

S W 2001 /83A  M 1 118 Scotland

S W 2001/85D  M < 1  110 Scotland

S W 2001 /123 M < 1 82 W e s t

SW 2001/140C  M < 1 84 Scotland

S W 2001/183B  M < 1  104 Scotland

S W 2001 /206D  F 4 137 Scotland

S W 2001 /210 M nk 110 W e s t

SW 2001/251 F nk 108 W e s t

S W 2001/253 M nk 110 W e s t

S W 2002/3 F nk 122 W e s t

S W 2 002 /11A  M nk 154 Scotland

S W 2002/95 F nk 156 W e s t

A b e rys tw y th ,
C eredigon

Rhos-on-Sea,
C onw y

o ff B rid lington, 
East Y orksh ire

o ff  B rid lington, 
East Y orksh ire

o ff  B rid lington, 
East Y orksh ire

Borth,
C eredigion

Lunan Bay, 
Tayside

Peterhead,
Grampian

Sw ansea Beach, 
Swansea

Carnoustie,
Tayside

A berdeen Beach 
Grampian

Findhorn Bay, 
FHighland

Crovie,
Grampian

Balm edie Beach, 
Grampian

Pem brey,
C arm arthensh ire

St A ndrew s,
Fife

Portknockie,
Grampian

Burghead,
Grampian

Poppit Sands, 
C eredigion

A berafon , Port 
Talbot,

N e w  Quay, 
C eredigion

Sw ansea Beach, 
Swansea

U iskentu ie ,
Isle o f Islay, 
S tra thclyde

Blackpool, 
Lancashire

09/06/2000 

11 /07/2000 

09 /08/2000 

29 /08/2000 

08 /09/2000 

22 /09/2000 

18/01/2001 

24/01/2001 

07/03/2001 

08/03/2001 

30/03/2001 

08/04/2001 

17/04/2001 

24/04/2001 

13/06/2001 

07/07/2001 

03/08/2001 

15/09/2001 

18/09/2001 

09/11/2001 

09/11/2001 

04/01/2002 

07/01/2002

87

83

86

86

56

91

90

87

91

92

85

76

92

90

91

227 1 1 < 5 238

203 13 < 4  216

221 16 13 250

233 18 1'

125 < 3  6

93 < 5  1'

279 9

346 13

603 8 1 '

176 < 5  9

543 22 1 '

262

131

104

297

368

875 24 13 912

103 14 8 125

622

185

141 8 < 5  149

10900 37 21 10958

707 < 4  < 4 707

576

07/02/2002 90

2660 13 17 2689

201 < 5  < 5 201

1610 < 5  < 5  1610

1490 15 < 5  1505

222 < 5  < 5 222

1060 12 17 1089

496 < 5  < 5 496

2690 12 < 5 2702

TBBP-
A

< 5 

13 

13

< 5 

9

< 5

< 5

< 5

< 5

< 5

< 5

< 5

< 5

< 5

< 5 

24 

12

< 5

< 5

< 5

< 5

< 5 

na

na



Table 8.1. continued:
(|jg kg"1 w e t w eigh t].

Reference Sex 
no.

S W 2002 /149 B M 

S W 2002 /169A  M 

S W 2002 /170 M 

S W 2002/194B  M 

S W 2002 /199D  F 

S W 2002 /214 F 

SW 2002/294E  F

S W 2002/308 F

S W 2002/309 M

S W 2 002 /311A  F

SW 2002/321 C F 

SW 2002/350C  M 

SW 2002/351 C F 

S W 2002 /372A  M 

SW 2002/372C  M 

SW 2003/1 59C M 

S W 2003 /190 F 

S W 2003 /194 F 

S W 2003 /220 M

S W 2003/236 M 

SW 2003/257C  M

B lubbe r concen tra tions of FIBCD and TBBP-A

Age Length 
(yrsj (cm)

Area Location Date %lipid

10 151

139

155

nk 133

nk 120

nk 157

nk 141

nk 160

nk 99

nk 166

nk 152

nk 104

nk 104

nk 151

nk 139

nk

nk 110

nk 110

Scotland

Scotland

nk 124 W e s t

East

East

o ff  South Sutor, 02 /04/2002 91 
H ighland

Speybay,
Grampian

Porth y  Post, 
A ng lesey

17/04/2002 88

Scotland

Scotland

W e s t

Scotland

East

East

Easter Skeld, 29 /05/2002 90
Shetland

Easter Skeld, 01 /06/2002 90
Shetland

Tal-y-bont,
G w ynedd

Kames Bay,
Isle o f Bute, 
S tra thclyde

bycatch o ff 
B rid ling ton, East 
Y orksh ire

18/06/2002 89

15/08/2002 91

02/09/2002 91

bycatch o ff  02/09/2002 91
B rid ling ton, East
Yorksh ire

nk 150 Scotland B lairm ore,
D unoon,
S tra thclyde

06/09/2002 91

Scotland

Scotland

Scotland

Scotland

Scotland

Scotland

W e s t

East

East

East links, North 23/09/2002 90 
Berw ick, Lothian

Lundin links, 
Fife

11/11/2002 85

O tte r ferry, Loch 22/11/2002 82 
Fyne, S tra thclyde

St A ndrew s, 
Fife

B alm edie,
Grampian

Braes, Isle o f 
Skye, H ighland

Tyw yn,
G w ynedd

M insm ere ,
S uffo lk

H essle fo re ­
shore, East 
Y orksh ire

11/ 12/2002 88

10/03/2003 92

02/04/2003 87

05/04/2003 91

27/04/2003 85

G ibraltar Point, 10/05/2003 83 
Linco lnshire

bycatch o ff 
B rid ling ton, East 
Y orksh ire

08/06/2003 90

a -  ß- y- £HBCD
HBCD HBCD HBCD

16/04/2002 90 311 6

18400 18

7180 37

13/12/2002 88 1030 15

830 < 5  11 841

TBBP-
A

< 5

326 < 5

17600 9 < 5 17609 na

172 V

84  < 5  9

191

93

< 5

15300 8 8 15315 na

18427 na

855 < 5  < 5 855

3420 < 5 13 3433 na

10400 29 13 10442 na

330 26 < 20 356 < 20

448 15 < 1 0  463 < 1 0

7223 na

1340 < 5 14 1354 na

1054 na

17400 11 < 5  17411 na

143 < 5  12 155 < 5

11440 < 5  < 5 11440 < 5

7740 < 5  < 5 7740 < 5

8210 < 4 13 8223 < 5

19200 < 5 8 19208 na



Table 8.1. continued: B lub b e r concen tra tions  of HBCD and TBBP-A  
((jg k g '1 w e t w eight).

Reference Sex Age Length Area Location Date %lipid a -  ß -  y- £HBCD TBBP-
no. (yrs) (cm) HBCD HBCD HBCD A

S W 2003/260 M nk 116 East bycatch o ff 
B rid ling ton, East 
Y orksh ire

11/06/2003 88 15900 20 18 15939 na

SW 2 003/2 71 F nk 158 East bycatch o ff 
B rid ling ton, East 
Y orksh ire

25/06/2003 91 9460 < 5 < 5 9460 na

SW 2 003/2 74 F nk 146 W e s t Tyw yn,
G w ynedd

27/06/2003 89 132 < 5 < 5 132 < 5

S W 2003/296 F nk 154 East bycatch o ff 
B rid ling ton, East 
Y orksh ire

23/07/2003 87 1070 < 5 8 1078 na

SW 2 003/312 F nk 161 East bycatch o ff 
B rid ling ton, East 
Y orksh ire

05/08/2003 85 6570 54 21 6645 na

S W 2003 /334 M nk 136 East M lnsm ere  c liffs , 
S u ffo lk

26/08/2003 85 2200 < 5 < 5 2200 < 5

S W 2003/337 F nk 155 W e s t Fishguard,
P em brokesh ire

27/08/2003 88 1030 < 5 < 5 1030 < 5

S W 2003 /344A  F nk 98 Scotland Chanonry 
Point, Fortrose, 
H ighland

09/09/2003 85 453 < 5 < 5 453 < 5

SW 2 003/3 53 F nk 111 W e s t M orfa  Dyffryn , 
G w ynedd

26/09/2003 88 9170 16 < 5 9186 < 5

S W 2003/385 M nk 153 East W alton
B ackw aters,
Essex

23/11/2003 88 8410 50 < 5 8460 < 5

nk: not known

1994 1996 1998 2000 2002

Figure 8.1. Plot of log(£HBCD concentra tion) va lues against 
ye a r of s trand ing  o r bycatch. A lso  m arked  are ye arly  means.
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Figure 8.2. Spot d iag ram s ind ication £HBCD concen tra tions in 
porpoise b lubber against location, up to the  end of 2000 and from  
2001 onward.

Figure 8.3. 95% and 99% envelope plot (red lines! fo r  the  s ta tis tic  
S com paring  d iffe rences in £HBCD between successive years. The 
blue line is the  observed va lue of S. Note tha t points on the plot 
represent com parisons between tha t year and the next year.
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9. Health status of fish in 
the North Sea and Irish 
Sea 2004 and 2005 with a 
proposed site classification 
system based primarily on 
disease occurrence and 
prevalence

9.1 Introduction
The use o f fish  d iseases as a high level Ind icator of 
population  health s ta tus  has been used In te rna tiona lly  In 

env ironm en ta l m on ito ring  p rog ram m es fo r m ore  than tw o  

decades and provides a cost e ffe c tive  m eans to  assess 

leve ls o f env ironm en ta l s tress  (Lang and D e th le fsen , 
1996). Long-te rm  m on ito ring  has sh o w n  th a t changes in 

th e  p reva lence o f d isease m ay be caused by a va rie ty  of 

fac to rs , Includ ing con tam inan ts  (Hylland e t a i,  2006). The 

u tility  o f th is  approach Is recogn ised  w ith in  th e  O slo  and 

Paris C om m iss ion  (OSPAR) C o-ord inated E nvironm enta l 
M on ito rin g  P rogram m e (CEMP) (OSPAR, 1995), under 

w h ich  fish  d isease and live r h ls to p a th o lo g y  are both 

accorded th e  h ighest C EM P ranking, to  be conducted  
on a vo lun ta ry  basis. N ationa lly  as part o f th e  Clean 

Seas E nvironm enta l M on ito rin g  P rogram m e (CSEMP), fish  

d isease a ssessm en ts  fo rm  part o f an In tegra ted annual 

p rog ram m e assessing  b io logica l and env ironm en ta l fac to rs  
in th e  seas around th e  UK fo r tem p o ra l tren d  m on ito ring  

and sp e c ific  a ssessm en ts  at particu lar s ites . On an 

in te rna tiona l level, fish  d isease data have been used fo r 

env ironm en ta l a ssessm en ts  w ith in  th e  fra m e w o rk  o f th e  

N orth  Sea Task Force and its Q uality  S ta tus Report (North 

Sea Task Force, 1993), th e  OSPAR Q ua lity  S ta tus Report 

2000 (OSPAR C om m iss ion , 2000) and in th e  3rd and 4 th  

EIELCOM a ssessm en ts  (EIELCOM, 1996, 2002). D iverse 

a c tiv itie s  in th is  fie ld , Including s ta tis tica l analysis o f long­

te rm  data on d iseases o f dab (L im anda lim anda) in relation 

to  con tam inan ts  and o the r env ironm en ta l fac to rs , have 

been undertaken  by th e  ICES W ork in g  G roup on Pathology 

and D iseases o f M arine O rgan ism s (W G P D M O ) (W osnlok 

e ta !., 2000).

Externally v is ib le  fish  d iseases in a va rie ty  o f fish  

species, Includ ing dab, flo u n de r (P la tich thys flesus) and 

cod (Gadus m orhua) are app licab le  fo r genera l b io logical 

e ffe c ts  m on ito ring  and are easily adaptab le  fo r o ther 

spec ies  such  as w h it in g  (M e rla n g iu s  m erlangus) and 

haddock (M e lan o g ra m m u s  aeg le finus). These include 

acu te  and hea ling  u lcers, ep ide rm a l hyperp las ia  and 
papillom a, lym phocystis , hype rp igm en ta tion  and Internally, 

th e  p resence  o f m acro sco p ic  live r neop lasm s. The 

p resence o f th e se  cond itions  w ith  In fo rm ation  on th e  
parasite  burdens prov ides an overall Ind ication o f th e  health 

s ta tus  o f th e  fish  popula tions. The fish  d isease m on ito ring

Authors: Stephen W. Feist, Brett Lyons, 
John Bignell and Grant D. Stentiford

p rog ram m e also seeks to  ga ther In fo rm ation  on th e  health 

s ta tus  o f com m erc ia l fish  species. In particular, cond itions 

th a t m ay have Im plica tions fo r hum an health or those  

rendering  th e  fish  uns igh tly  or unm arke tab le .

W ith in  th e  OSPAR m aritim e  area m ethodo log ies  and 

d iagnostic  criteria  Involved In th e  m on ito ring  o f con tam inan t- 

sp e c ific  m acroscop ic  liver cancer and liver h ls topa tho logy  

have largely been deve loped  based on experience  w ith  

b en th lc  European fla tfish  species c lose ly  associa ted  w ith  

con tam ina ted  se d im e n ts . Surveys have m ain ly  Involved 

dab and flounder, but can a lso be adapted to  o the r fla tfish  

spec ies  and also to  ben th lc  roundfish  spec ies  (S ten tifo rd  

e ta /., 2003; Feist e ta /., 2004). The dragonet (C a llionym us  

lyra) th a t is p resen t across a ve ry  w id e  geograph ic range 

o f th e  eastern  A tla n tic  fro m  sou the rn  Iceland to  th e  Canary 

Islands and M ed ite rranean  reg ions has been Identified  as 

an a lte rna tive  spec ies  fo r m on ito ring  purposes by OSPAR. 

E lowever, th e re  is no pub lished  In fo rm ation  on d isease 

cond itions  a ffe c tin g  th is  spec ies . P re lim inary data from  

d ragonet fro m  th e  Irish Sea is prov ided  in th is  chap te r 

w ith  co m m e n ts  on Its po ten tia l use w ith in  m on ito ring  

p rog ram m es.

This chap te r prov ides In fo rm a tion  on th e  d isease s ta tus  

o f a va rie ty  o f fish  spec ies  exam ined  during 2004 and 

2005. Build ing upon prev ious w o rk , w h ich  dem o n s tra te d  

a sso c ia tio ns  b e tw e e n  d isease  s ta tu s  and geograph ic  

location and Iden tified  princ ip le  d isease cond itions  w h ich  

d isc rim ina te  s ites  (Feist and S ten tifo rd , 2005), w e  describe  
a n e w  s ite  c lass ifica tion  sys te m  based prim arily  on d isease 

occu rrence  and prevalence.

9.2 Materials and methods
M on ito rin g  w as undertaken as part o f th e  in teg ra ted  

b io logica l e ffe c ts  m on ito ring  cru ises th a t occur annually 

during th e  su m m e r (June and July). In 2004 and 2005, 

n ine teen  s ite s  w e re  assessed fo r  externa l fish  d isease 

and th e  presence o f m acroscop ic  liver nodules (For s ite  

loca tions see F igure 9.1). In 2004, e igh teen  s ite s  and, in 

2005, tw e n ty -fo u r  s ites, w e re  sam p led  spec ifica lly  fo r liver 

patho logy.

Sam pling p ro toco ls  fo llo w e d  those  estab lished  by ICES 

(Bucke e ta /.,  1996) fo r exte rna l d iseases. Target spec ies  

w e re  dab and cod (Gadus m orhua) fo r o ffsh o re  s ite s  and 

flo u n de r at Inshore locations. W h e re  su ffic ie n t num bers
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Figure 9.1. Locations sam pled fo r  ex te rna l fish  disease over 2004- 
2005.

o f o the r spec ies  w e re  caught a d isease a ssessm en t w as 

undertaken . S pecies sam p led  inc luded plaice (P le u ro n e c te s  

p la te s s a )  ( fifty  fish  fro m  Cardigan Bay w e re  also sam p led  

fo r analysis o f liver h ls topa tho logy  during 2005, see section  

9.3 .5), haddock (M e la n o g ra m m u s  a e g le f in u s ) , w h itin g  

(M e r la n g iu s  m e rla n g u s ),  pollack (P o lla c h iu s  p o lla c h iu s )  

and bass (D ic e n tra rc h u s  lab rax). In add ition, during 2005 

d ragone ts  (C a llio n y m u s  lyra) fro m  D undrum  Bay (n = 1 1), SE 

Isle o f Man (n=21 ), St Bees (n=20) and Inner L iverpoo l Bay 

(n=20) in th e  Irish Sea and at W e s t Lundy in th e  w e s te rn  

B risto l Channel (n=13) w e re  exam ined  fo r th e  p resence  o f 

d isease cond itions  and pa tho log ica l changes in th e  liver, 

k idney, sp leen and gonads.
From  all dab exam ined fo r externa l d isease th a t harboured 

liver nodu les g rea te r than  2 m m  In d iam eter, a section  o f 

th e  liver Incorpora ting  th e  su sp ec ted  tu m o u r w a s  taken  fo r 

co n firm a to ry  h isto log ica l analysis. Sam ples w e re  fixed  in 
neutra l bu ffe red  fo rm a lin  fo r b e tw e en  24 and 48 hours and 

s to red  in 70%  alcohol p rior to  fu rth e r p rocessing . Sam ples 
fo r o the r fish  spec ies  requ iring  h isto log ica l con firm a tion  

w e re  trea te d  s im ila rly . In add ition, standard  sec tions  of 

liver and gonad tissu e  w e re  sam p led  fro m  50 dab g rea te r 

than  20 cm  In length  fo r th e  asse ssm e n t o f patho log ica l 

changes. A t each s ite  sam pled , th e  firs t 20 fish  w e re  

a lso sam p led  fo r o th e r b iom arkers. The o to lith s  w e re  also 

rem oved  fro m  each o f th e se  fish  fo r age asse ssm e n t (data 

not repo rted  here). H is to log ica l m e thods  and d iagnostic  

criteria  fo llo w e d  th o se  deve loped  by ICES and w e re  

undertaken a c c o rd in g to th e  qua lity  assurance requ irem en ts  

requ ired  under th e  Bio logica l E ffec ts  Q ua lity  A ssurance  in 
M on ito rin g  (B E Q U A LM ) p rog ram m e (Feist e t al., 2004). 

Pathologica l changes to  th e  liver are p resen ted  here 

under th e  broad ca tegories  o f 1) non-spec ific  In flam m atory  

lesions, 2) non-neop las tic  to x lco p a th lc  lesions, 3) foc i 
o f ce llu la r a lte ra tion  (FCA), 4) benign neoplasm s and 5) 

m alignan t neop lasm s. Fish d isp laying no liver pa tho logy 

are repo rted  as 'N o  A b n o rm a litie s  D e te c te d ' (NAD).

M u ltiva ria te  s ta tis tics  using PRIM ER so ftw a re  (Clarke 

and W a rw ick , 2001) w e re  app lied to  th e  data s ince  th is  

approach prov ides increased s e n s itiv ity  fo r th e  de tec tion  

o f d iffe re n ce s  in liver d isease pa tterns b e tw e en  s ite s  and 

b e tw e en  years com pared  to  un ivaria te  analyses. C luster 

analysis, Princip le C om ponen t A na lys is  (PCA) and M u lti­

d im ens iona l sca ling (M DS) w e re  em p loyed  to  com pare  

liver pa tho logy data fo r all s ite s  v is ited . The com b ina tion  of 

th e se  te ch n iqu e s  a llow s fo r s ite  s im ila rity  to  be class ified  

and im p o rta n tly  a llo w s  d rivers  fo r  s ite  s im ila rity  and 

d iffe re n ce  to  be Identified . N ine teen  and tw e n ty -f iv e  s ites  

w e re  sam p led  in 2004 and 2005 respec tive ly  (F igures 9.2 

and 9.3). The h igher num ber o f s ites  sam p led  fo r liver 

pa tho logy in 2005 w a s  due to  th e  Inclusion o f n e w  po ten tia l 

re fe rence  sam p ling  s ite s  in th e  English Channel.

9.3 Results
9.3.1 Dab diseases
D isease  p reva lence  and s e v e rity  data fo r  dab sam p led  

d u ring  2004  and 2005 are p re se n te d  in Tab les 9.1 and 9.2. 

Data are sh o w n  acco rd ing  to  size g roup. O vera ll d isease 

leve ls  rem ain  b road ly  s im ila r to  th o se  reco rded  in p rev ious 

yea rs  w ith  h ighe r leve ls  o f cancer and o th e r d isease 

co n d itio ns  in dab fro m  L iverpoo l Bay In th e  Irish Sea and 

th e  D ogger Bank area in th e  N orth  Sea (Cefas, 1998, 
2000, 2005). Dab fro m  Cardigan Bay and w e s te rn  D ogger 

Bank appear to  s h o w  a tre n d  o f Increasing p reva lence  o f 

h yp e rp ig m e n ta tio n . This co nd ition  Is p ro m in e n t in N orth  

Sea dab and la rge ly  absen t fro m  dab sam p led  fro m  Irish 

Sea s ite s . D isease  leve ls  in th e  Rye Bay, w h ic h  has been 

used as a re fe re n ce  s ite , rem ain  re la tive ly  lo w . A s  w ill be 

d iscussed  la ter, th e  a ss ig n m e n t o f re fe re n ce  loca tions  w ill 

like ly  need to  be re fined  as data on th e  g e n e tic  s im ila rity  

and de m o g ra ph ics  o f fish  p opu la tions  to g e th e r w ith  th e ir  

hea lth  s ta tu s  is inco rpo ra ted  in overa ll a sse ssm e n ts .
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Table 9.1. S u m m ary  catch data and disease prevalence in dab
(L im anda  lim anda } by size ca tegory and disease severity  on sta tions
sam pled du ring  2004.

CSEMP/
Area

Latitude/
Longitude

Size M F LY u EP HYP LN M_N MA X ST LP AC NM GL

244 55° 19.234 'N 15-19 85 36 4 2 1 3 0 0 2 0 23 0 0 14 0

A m ble 01° 15 .123 'W 20-24 55 7 1 8 0 5 19 1 0 33 0 46 3 1 109 2

25> 0 3 0 0 0 0 0 0 1 0 0 0 0 3 0

705 53° 28 .255 'N 15-19 13 6 0 7 1 0 0 0 1 0 1 8 0 0 2

Burbo B ight 03° 19 .385 'W 20-24 5 22 0 6 0 2 0 0 1 0 0 14 0 0 4

25> 0 4 0 1 0 0 0 0 1 0 0 2 0 0 1

656 52° 17.6 'N 15-19 143 57 4 15 6 31 0 0 0 0 16 38 0 0 0

Cardigan 04° 17 .0 'W 20-24 1 5 0 1 1 0 1 0 0 0 0 1 0 0 2

Bay Inner 25> 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

616 51° 32 .718 'N 15-19 54 33 0 8 0 0 0 0 0 0 0 4 0 0 0

Carm arthen 04° 38.91 2 'W 20-24 23 38 1 21 0 0 0 0 0 0 0 4 0 0 7

Bay 25> 1 38 1 5 0 0 3 0 0 0 0 5 1 2 3

287 54° 31 .406 'N 15-19 62 53 0 14 1 9 0 0 1 0 44 7 2 2 0

Dogger Central 02° 41 .233 'E 20-24 41 150 2 30 4 50 6 0 9 0 26 73 2 24 10

(H ospital Ground) 25> 0 39 0 4 1 21 7 0 1 0 3 22 3 13 0

284 55° 03 .390 'N 15-19 61 43 2 9 1 14 0 0 0 0 56 5 0 1 0

D ogger 02° 0 3 .6 4 8 'E 20-24 47 91 3 17 3 44 1 0 13 0 57 25 2 50 1

North 25> 0 61 1 4 2 17 3 0 4 0 17 14 2 21 1

283 55° 16.641 'N 15-19 58 44 3 8 0 6 0 0 0 0 70 0 1 1 0

D ogger 02° 54 .053 'E 20-24 48 77 5 24 2 23 4 1 5 0 90 9 4 28 2

N orth East 25> 4 119 5 26 2 19 7 1 13 0 45 10 7 40 3

286 54° 45.31 7'N 15-19 68 43 3 4 2 14 0 0 1 0 80 1 0 4 0

D ogger 01° 18.886 ' E 20-24 38 97 0 10 5 51 3 0 8 0 82 16 2 62 2

W e s t 25> 0 23 1 4 0 11 3 0 2 0 3 8 5 15 1

344 54° 15.00 'N 15-19 73 47 5 3 2 10 0 0 0 0 28 0 1 19 0

Flam borough 00° 28 .556 'E 20-24 45 84 1 4 0 11 1 0 6 0 20 4 7 124 0

O ff 25> 0 2 0 0 0 1 0 0 0 0 0 1 0 1 0

345 54° 03 .238 'N 15-19 53 61 4 1 1 9 0 0 0 0 78 4 2 5 0

H um ber O ff 01° 46 .746 'E 20-24 26 100 4 3 4 13 1 0 3 0 69 13 0 53 2

25> 0 18 0 0 1 2 0 0 0 0 8 3 0 12 0

378 53° 32 .566 'N 15-19 52 65 0 2 3 4 0 0 0 0 4 2 0 2 0

Indefatigable 02° 05 .583 'E 20-24 14 110 0 6 2 26 1 0 1 0 0 26 4 17 3

Bank 25> 0 73 2 0 4 25 5 0 0 0 0 23 4 19 1

715 53° 28 .252 'N 15-19 62 33 0 6 1 0 0 0 0 0 9 4 3 0 1

Liverpool 03° 4 1 .554 'W 20-24 50 55 3 18 1 0 7 0 10 0 10 18 1 3 7

Bay 25> 0 47 1 12 2 0 8 4 3 0 1 16 0 1 3

Na 53° 23 .449 'N 15-19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Liverpool 03° 3 4 .372 'W 20-24 2 32 1 7 1 1 0 0 2 0 0 18 0 0 3

Bay 25> 0 49 0 7 2 1 3 0 4 0 0 34 4 2 3

796 53° 55 .430 'N 15-19 62 49 0 11 2 0 0 0 0 0 27 24 0 0 1

M orecam be 03° 23.21 7 'W 20-24 30 100 2 8 5 0 0 0 2 0 19 55 0 4 9

Bay O ff 25> 0 59 0 7 2 0 3 0 1 0 4 36 0 8 4



Table 9.1. continued: S um m ary  catch data and disease prevalence
in dab (L im anda  lim anda } by size ca tegory and disease severity  on
s ta tions sam pled during  2004.
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CSEMP/
Area

Latitude/
Longitude

Size M F LY U EP HYP LN MLN MA X ST LP AC NM Gl

776 53° 21 .500 'N 15-19 71 46 2 7 1 0 0 0 0 0 4 11 1 0 0

Red W harf 04° 0 8 .101 'W 20-24 12 118 0 7 4 0 2 0 4 0 2 30 0 1 8

Bay 25> 0 33 2 4 2 0 0 0 2 0 0 15 0 0 0

486 50° 50 .528 'N 15-19 68 57 0 8 0 1 0 0 0 0 0 16 1 1 3

Rye Bay 00° 49.61 7'E 20-24 34 86 2 8 0 2 1 0 0 0 1 33 3 5 5

25> 3 44 1 7 1 2 1 0 0 0 0 14 0 4 5

769 54° 32 .960 'N 15-19 168 55 1 21 3 0 3 0 0 0 135 35 0 0 1

St Bees 03° 50 .456 'W 20-24 9 37 0 6 2 0 3 0 1 0 18 20 2 0 0

25> 0 6 0 1 0 0 2 0 0 0 2 1 0 0 0

805 54° 0 3 .4 9 6 'N 15-19 173 38 2 11 5 1 0 0 0 0 60 18 0 0 0

South East 03° 53 .009 'W 20-24 94 40 2 16 1 0 8 0 2 0 28 17 1 4 2

Isle o f Man 25> 0 5 0 0 1 0 0 0 1 0 0 1 0 0 0

294 54° 45 .833 'N 15-19 47 59 7 4 0 0 0 0 1 0 28 1 2 2 0

Tees Bay 01° 08.161 'W 20-24 38 106 10 1 1 7 2 0 9 0 44 7 1 110 1

25> 2 9 0 0 0 2 0 0 1 0 2 0 1 9 1

Key: M Male
F Female
LY = Lym phocystls
U E p iderm a l u lcera tion
EP = E p iderm a l pap illom a
HYP = H yperp igm enta tion
LN = L ive r nodules
MLN = M u ltip le  live r nodules
MA = M acrophage aggregates
X x -c e ll disease
ST = S tephanostom um  sp.
LP = Lepeop th ie rius  pec to ra lis
AC = A can thochondria  sp.
NM = N em atodes
GL = Glugea  sp.
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Table 9.2. S u m m ary  catch data and disease prevalence in dab
(L im anda  lim anda } by size ca tegory and disease severity  on sta tions
sam pled du ring  2005.

CSEMP/
Area

Latitude/
Longitude

Size M F LY U EP HYP LN M-N MA X ST LP AC NM GL

705 53° 28 .220 'N 15-19 163 81 0 30 3 3 0 0 5 0 5 68 1 1 10

Burbo B ight 03° 19 .200 'W 20-24 12 58 0 8 2 3 3 0 1 0 1 40 1 0 5

25> 0 10 0 1 0 1 1 0 1 0 0 7 0 0 2

656 52° 18.497 'N 15-19 117 70 2 4 1 13 3 0 2 0 9 26 1 1 2

Cardigan Bay 04° 15 .3 57 'W 20-24 3 8 0 2 0 2 1 0 1 0 0 2 0 1 1

Inner 25> 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

654 52° 10 .826 'N 15-19 115 102 4 6 3 9 2 0 2 0 7 45 0 0 1

Cardigan Bay 04° 30.791 'W 20-24 2 41 1 1 0 6 4 1 5 0 4 20 0 2 3

South 25> 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

287 54° 31 .190 'N 15-19 41 62 2 10 2 7 0 0 0 0 29 4 1 0 0

D ogger 02° 41 .290 'E 20-24 45 95 2 31 2 42 7 0 4 0 23 47 3 20 13

Central 25> 1 17 1 4 2 6 4 0 3 0 1 12 0 4 0

283 55° 16.233 'N 15-19 46 54 2 13 0 7 0 0 0 0 49 1 0 0 0

D ogger 02° 54.129 ' E 20-24 57 76 6 36 4 41 8 4 6 0 71 32 2 33 5

N orth East 25> 6 61 0 14 3 30 7 1 2 0 14 22 1 25 1

284 55° 03 .509 'N 15-19 77 28 2 16 1 39 0 0 0 0 49 9 1 0 0

D ogger North 02° 03 .528 'E 20-24 57 79 2 21 6 55 7 3 12 0 62 37 2 48 0

25> 2 56 4 6 1 25 5 0 2 0 10 22 2 28 0

286 54° 47.61 0'N 15-19 73 31 3 4 1 35 0 0 1 1 65 3 0 1 0

D ogger W e s t 01° 16.900'E 20-24 41 102 4 10 5 67 8 1 9 0 83 20 1 44 4

25> 1 9 0 2 0 8 2 0 0 0 3 3 0 7 0

344 54°1 5 .020 'N 15-19 82 26 6 3 0 8 0 0 1 0 16 0 0 7 0

Flam borough 00° 28 .790 'E 20-24 50 90 5 3 0 32 5 0 9 0 17 4 1 125 0

O ff 25> 1 9 1 0 1 3 0 0 1 0 0 2 0 10 0

346 54° 04 .877 'N 15-19 57 45 4 2 0 4 0 0 0 0 48 0 0 1 0

H um ber O ff 01° 48 .800 'E 20-24 36 106 6 2 5 11 5 1 3 0 45 10 8 72 2

25> 0 30 0 3 0 5 0 0 0 0 5 3 2 22 0

378 53° 34.21 0'N 15-19 27 77 0 2 1 2 0 0 0 0 4 3 1 0 0

Indefatigable 02° 05 .330 'E 20-24 12 114 1 7 4 18 4 0 0 0 1 22 1 34 1

Bank 25> 0 86 2 3 3 25 13 5 1 0 1 26 3 37 1

715 53° 25 .450 'N 15-19 135 73 3 16 4 5 0 0 1 0 3 24 0 0 1

Liverpool Bay 03° 4 1 .770 'W 20-24 58 68 0 21 3 3 6 2 6 0 2 44 0 1 20

25> 0 35 0 1 2 1 5 1 1 0 1 20 0 1 5

537 50° 33 .740 'N 15-19 74 34 0 0 1 2 0 0 0 0 0 0 0 2 2

Lym e Bay 02° 4 5 .350 'W 20-24 12 31 0 4 0 1 0 0 0 0 0 1 1 4 1

25> 4 24 0 1 0 1 1 1 0 0 0 2 0 2 1

796 53° 54 .184 'N 15-19 122 84 0 12 1 0 0 0 0 0 5 51 0 0 2

M orecam be 03° 24.181 'W 20-24 37 197 0 23 5 0 4 0 1 0 4 128 0 3 14

Bay 25> 0 81 0 10 2 0 3 0 0 0 2 60 0 0 10

776 53° 21 .925 'N 15-19 121 89 3 24 2 0 0 0 0 0 6 48 0 0 0

Red W harf 04° 10 .2 77 'W 20-24 21 104 1 5 3 0 3 0 0 0 0 51 0 3 3

Bay 25> 1 36 0 2 0 0 0 0 0 0 0 20 1 0 1



Table 9.2. continued: S um m ary  catch data and disease prevalence
in dab (L im anda  lim anda } by size ca tegory and disease severity  on
s ta tions sam pled during  2005.
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CSEMP/
Area

Latitude/
Longitude

Size M F LY U EP HYP LN MLN MA X ST LP AC NM GL

486 50° 45 .840 'N 15-19 89 24 0 1 2 0 0 0 0 0 2 3 2 1 0

Rye Bay 00° 44 .760 'E 20-24 32 95 0 9 1 1 0 0 0 0 0 27 5 9 11

25> 0 25 0 1 0 1 0 0 0 0 0 9 0 2 6

768 54° 32 .850 'N 15-19 169 56 4 26 2 0 0 0 1 0 115 42 0 0 1

St Bees 03° 50 .070 'W 20-24 20 47 1 8 1 0 0 1 4 0 20 30 1 0 1

25> 0 7 0 1 0 0 0 0 0 0 0 6 0 1 0

805 54° 03.321 'N 15-19 161 47 3 16 1 0 0 0 0 0 55 21 0 0 0

South East 03° 49 .484 'W 20-24 43 28 1 12 2 0 9 1 3 0 20 23 0 1 1

Isle Of Man 25> 0 4 0 0 0 0 2 1 0 0 0 3 0 0 0

294 54° 46 .042 'N 15-19 28 72 0 2 0 3 0 0 0 0 7 0 0 0 0

Tees Bay 01° 08 .249 'W 20-24 44 100 2 0 0 4 1 0 3 0 21 2 0 140 0

25> 1 11 0 1 0 1 0 0 0 0 0 0 0 12 0

475 52° 02 .470 'N 15-19 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Tham es 02° 06 .740 'E 20-24 11 16 0 1 0 1 0 0 0 0 0 1 0 7 3

Gabbard 25> 0 18 0 3 0 2 1 0 1 0 0 1 0 10 3

Key: M = Male
F = Female
LY = Lym phocystis
U = E p ide rm a l u lcera tion
EP = E p ide rm a l pap illom a
HYP = F lyperp igm enta tion
LN = L ive r nodules
MLN = M u ltip le  live r nodules
MA = M acrophage aggregates 
X = x -c e ll disease
ST = S te p h a n o s to m u m  sp.
LP = L e p e o p th ie r iu s  p e c to ra lis  

AC = A c a n th o c h o n d r ia  sp.
NM = N em atodes 
GL = G lu g e a  sp.

9.3.2 Assessm ent of dab liver pathology
The M D S ord ina tion  p lo t fo r  2004 c learly d isc rim ina tes  

th re e  m ajor groups o f sam p ling  loca tions based on liver 

pa tho logy in dab, each con ta ined  w ith in  85%  s im ila rity  

con tou rs . One g roup com pris ing  s ta tions  on D ogger Bank 

and in L iverpool Bay and Cardigan Bays; a second group 

cons is ting  o f o the r N orth  and Irish Sea sta tions, and a th ird  
g roup con ta in ing  Red W h a rf Bay, M orecam be  Bay, Rye 

Bay and th e  s ta tion  In Tees Bay In th e  N orth  Sea (Figure 
9.2(a)). The d isc rim ina tion  pa ttern  Is driven by th e  h ighest 

p reva lences o f p reneop las tic  and neoplastic  les ions (benign 

and m alignan t liver tum ou rs) in fish  fro m  s ite s  located in 

th e  upper le ft quadrant o f th e  p lot and a lo w e r prevalence

In fish  fro m  s ites  to w a rd s  th e  bo ttom  right quadrant (Figure 

9.2(b)). The M DS ord ina tion  p lo t fo r th e  com para tive  

data co llec ted  during 2005 once again dep ic ts  th e  clear 
d isc rim ina tion  b e tw e en  th e se  th ree  groups. A lthough  the re  

Is an overlap b e tw e en  tw o  o f th e m , each are con ta ined  

w ith in  80%  s im ila rity  con tou rs  (Figure 9.3(a)). The overall 
d is tribu tion  pa ttern  o f th e  s ites  is s im ila r to  th a t seen In 

th e  2004 M D S p lo t w ith  one g roup cons is ting  o f D ogger 

Bank s ites, Cardigan Bay and a re lative  outlie r, Gabbard. 

A  second  group, w h ich  overlaps w ith  th e  firs t con ta ins 

a s im ila r m ix  o f N orth  Sea and Irish Sea s ta tions  to  tha t 

produced from  th e  2004 liver pa tho logy data. The final 

group, to  th e  lo w e r le ft o f th e  o rd ina tion  p lo t again con ta ins 

Red W h a rf Bay and Rye Bay. It shou ld  be no ted  how ever, 

th a t in 2004, fe w e r  locations w e re  sam p led  than  In 2005 
m aking a d irec t com parison  be tw e en  th e  years im poss ib le  

using th is  approach. For year to  year com parisons using 

PRIM ER It is im p orta n t to  use th e  sam e sam p ling  s ite s  in 

each o f th e  years. For exam ple , fish  cap tured  fro m  th e  Tees 

Bay s ite  d isp layed liver cond itions  th a t placed th e m  In th e  

lo w e r righ t quadrant o f th e  M DS plot fo r 2004, w ith  th e  s ite  
pos ition  m ov ing  to  a m ore  centra l re la tive  position  during 

2005. The req u ire m e n t fo r year to  year tren d  analysis of 

such m u ltiva ria te  data h igh ligh ts  th e  necess ity  to  sam ple  

s ite s  co n s is te n tly  in consecu tive  years. N everthe less, th e  

bubble p lo ts  fo r 2005 s h o w  th a t th e  m ain drivers fo r th e  
s ite  to  s ite  d isc rim ina tion  rem ain co n s is te n t be tw e en  years 

(Figure 9.3(a) and (b)).
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(a) 2D  S tre ss: 0 .06

C en tra l D ogger
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Burbo Bigt
tigabie BaJrk

In ne r C ard igan
Red W h a rf B aya rm arth en  Bay
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0  Irish 
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1  N orth

S im ila rity

2D S tress: 0.06 Toxicopath ic

North Car

2D  Stress: 0 .06 I Benign

M a lign an t

tral D ogger

Figure 9.2. (a) S ite d isc rim ina tio n  based on live r pathology 
(2004 data], (b) d rive rs  fo r  site d isc rim ina tio n  based on live r 
pathology (2004 data).



53
G e og ra ph y  

#  Irish 
▼ C hanne l 
■  N orth

S im ila rity

(am borough #
■  M oreca m b e

/  ■  N D ogger

N E  D ag ge r in C ard igan

Inde fa tigab le

N C ardigan

. .Red W h a rf N ew naven

Lundy

(b)

Amble

Dogger
borou

e Burbo

2D Stress: 0.1 Inflammatory 

•  10

2D S tress: 0.1
—T ie s  

L iv ^ o o l  ApiEjle

W  Dogger . r p 
N Dogger F lam borougï 

NE DcW a r d ig a n  ^ u flnberM ° reC

ÍS

ambe Burbo

S C afifigsgger lndefatig able

N Cardigan
Carmarthen R ^E d d y

#
L # t ,

M alignant

)ogger B
lorecam be Burbo

iefa tigable

Carm arthen R ^s^dd y

Lym e

Lundy

Figure 9.3. (a) Site d isc rim ina tio n  based on liv e r pathology 
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patho logy (2005 data).
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9.3.3 S ite classification using disease levels and 
liver histopathology

C luste r analysis o f th e  2005 data a llow ed  th e  a llocation  

o f Individual s ite s  to  one o f th ree  s ite  typ e s  (here te rm e d  

Type A, B and C) (Figure 9.4). As fo r M DS, s ites  c lus te r 

m ore  c lose ly  to  one ano the r w h e n  th e  array o f patho log ies 

observed  In th e  liver o f fish  fro m  th o se  s ite s  w a s  m ost 

s im ila r. C onverse ly, s ite s  c lus te r least c lose ly  w h e n  fish  

fro m  th o se  s ites  s h o w  th e  la rgest d iffe re n ce s  In liver 

cond ition . Using th is  sem l-quan tlta tlve  approach to  s ite  

c lass ifica tion , It Is possib le  to  s h o w  tha t s ites  do not 

necessarily  g roup  m os t c lose ly  to  one a no the r based upon 

geograph ica l re la tedness but ra ther th a t s ite s  th a t are 
d is tan t to  one a no the r can conta in  fish  w h ich  s h o w  a very 

s im ila r array o f liver d iseases. C onverse ly, geograph ica lly  
re lated s ites  m ay contain  fish  th a t do not s h o w  s im ila r liver 

pa tho log ies. Using th is  approach, w e  have a lloca ted  s ites  
to  e ithe r Type A, B or C, w ith  C typ e s  con ta in ing  fish  w ith  

th e  h ighest p reva lence o f 'to p  leve l' neop las tic  lesions and 

A typ e s  w ith  th e  lo w e s t preva lences o f 'to p  leve l' neop lastic

lesions. Using th e  sam e approach on data ob ta ined  from  

2004 cru ise, It w as found  th a t th e  m a jo rity  o f s ites  fe ll 

w ith in  th e  sam e s ite  typ e s  (Figure 9.5). Furthe rm ore , using 

th e se  n e w  des igna tions o f s ite  type , It w a s  then  possib le  

to  cross-corre la te  o the r sp e c ific  fea tu res  recorded In fish  

cap tured  from  th e se  s ite  typ e s  (e.g. th e  exte rna l d isease 

s ta tus  o f fish  cap tured  fro m  s ite  typ e s  A, B and C) and 

a w o rk in g  d e fin ition  o f each s ite  typ e  w a s  co ns truc ted  

(see F igure 9.6). Type A s ites  are th o se  In w h ich  dab 

have lo w  levels o f ICES-deflned exte rna l d iseases and lo w  
preva lence o f liver pa tho logy (Includ ing liver cancer), In typ e  

B s ite s  dab exh ib it Increased d isease levels o f up to  20%  

and fe w  cases o f m alignan t cancers. Dab from  typ e  C s ites  

s h o w  e leva ted  preva lences o f severa l exte rna l d isease 

cond itions, fe w  fish  w ith o u t liver patho logy, re la tive ly  high 

preva lences o f p reneop las tlc  liver pa tho logy and Increased 

num bers  o f fish  w ith  benign and m alignant tu m o u rs . 

A na lys is  o f s ite  typ e  data be tw e en  years w ill a llo w  fo r 

overa ll s ta te m e n ts  o f Im provem en t, decline  or s tas is  In fish  
population  health In g iven locations.
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Figure 9.4. Si te  c la s s i f ic a t io n  based on 2005 data.
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Figure 9.5. Site c lass ifica tion  based on 2004 data.

Type A Type B Type C

• G enerally low levels o f ICES 
external d iseases and 
a lm ost complete absence of 
skin hyperpigm entation.

• Approxim ately 30%  o f fish 
with no indication of 
BEQUALM liver pathology 
categories.

• Low prevalence (<5% ) of 
toxicopath ic lesions and 
approxim ately 50% 
prevalence o f inflamm atory 
lesions (according to 
BEQUALM).

• Low prevalence o f FCA 
(<15%), benign tum our 
(<5% ) and m alignant tum our 
(0% ) according to 
BEQUALM.

•  Appearance o f h igher 
prevalence o f ICES external 
d iseases (inoi. Lymphocystis 
and skin hyperpigmentation, 
the la tter up to 20% at 
North Sea sites).

• Between 10 and 20% o f fish 
with no indication of 
BEQUALM liver pathology 
categories.

• Low prevalence (generally 
<5% ) o f toxicopath ic lesions 
but an elevated prevalence 
o f inflamm atory lesions (up 
to 90% ) compared to Type 
A  sites.

• Prevalence o f FCA can 
exceed 15% with mean 
benign tum our prevalence 
>10%. Appearance of 
m alignant tum ours at low 
prevalence.

• Elevated prevalence o f 
several ICES external 
d iseases (inoi. Ulceration, 
parasites and skin 
hyperpigm entation, the 
latter up to 50% at some 
Dogger sites).

• Low prevalence (<10% ) o f 
fish with no indication of 
BEQUALM liver pathology 
categories.

• Prevalence o f toxicopath ic 
lesions generally >5% with 
prevalence o f inflamm atory 
lesions up to 100%.

• High prevalence o f FCA 
(>50% ) o f several types. 
Mean benign tum our 
prevalence o f >15% (up to 
25% ) and m alignant lesions 
more comm on but still 
relatively infrequent (up to 6%).

Figure 9.6. Site c lass ifica tion  based on geograph ic  location, levels 
of ex te rn a lly  v is ib le  d iseases and live r patho logy categories.
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Figures 9.7 to 9.10. A ll are of dragonet live r tissue  sta ined w ith  
haem atoxylin  and eosin. Figure 9.7. Section th rough  a bile duct 
conta in ing  num erous M y x id iu m  in c u rv a tu m  paras ites (arrow). Note the 
extensive vacuo la tion  of the  su rround ing  hepatocytes. B ar = 50 pm. 
Figure 9.8. Heavy in fection  w ith  an unidentified  coccidian parasite. 
N um erous b rig h t p ink  eos inoph ilic  sporocysts (C) can be seen 
th ro u gh o u t the  section. B a r = 100 pm . Figure 9.9. Section show ing a 
putative focus of c e llu la r  a lte ra tio n  (arrows). N o rm a l hepatocytes (N). 
B a r = 100 pm . Figure 9.10. H ep a to ce llu la r adenom a (A) show ing typ ica l 
com pression  of the  adjacent live r tissue  (arrows). B a r=  100 pm.

9.3 .4  Analysis of dragonet tissues
S u ffic ie n t num bers  o f d ragonet w e re  ob ta ined  fro m  a 

n um ber o f s ites  in th e  Irish Sea to  a llo w  a ssessm en ts  

o f d isease s ta tus  and fo r sam p ling  o f tissues , b ile and 

blood fo r pa tho logy and bile con tam inan t m e tabo lites  

and b iom arke r response respective ly . External d isease 

cond itions  w e re  absent and m os t fish  appeared to  be In 

good cond ition . O ccasional In fec tions w ith  th e  copepod 

parasite  Lernaeocera lusci, so m e tim e s  in large num bers  in 

th e  branchial cav ity  w e re  no ted . H ow ever, un like in th e ir  

gadoid hosts, parasitised fish  w e re  not em acia ted .

H isto log ica l ana lysis o f v iscera l tis su e s  revea led  a 

n um ber o f parasitic  In fec tions in th e  liver and k idney w ith  

m yxozoan and coccid ian parasites. H epatic  bile ducts  w e re  

fre q u e n tly  occ luded w ith  p lasm odia and spores o f M y x id iu m  

in cu rva tum  w ith  little  pa tho log ica l response  (Figure 9.7). 

In fec tions  w ith  an un iden tified  coccid ian parasite w ith in  th e  

hepatocy tes  resu lted  in s ign ifican t d es truc tion  o f th e  tissue  
In a fe w  fish  w ith  m os t exh ib iting  lo w  level In fec tions 

w ith  only fe w  hepatocytes  a ffe c te d  (Figure 9.8). In a fe w

cases, apparen t hepatoce llu la r hyd rop ic  vacuo la tion  m ay 

be a ttribu tab le  to  coccid ios is , w h e re  parasite  s tages have 

m ig ra ted  out o f th e  liver leaving p rom inen t vacuo les. In 

add ition  to  pa tho logy a ttribu tab le  to  th e se  parasites, the re  

w e re  pu ta tive  to x ico p a th ic  les ions p resen t in d ragonets 
fro m  severa l locations. Putative foc i o f ce llu lar a lte ra tion  

(FCA) w e re  seen In fish  fro m  D undrum  Bay, St Bees 

and W e s t Lundy (Figure 9.9). O n ly fe w  exam ples w e re  

d e tec te d  and w e re  not as d iscre te  as FCAs occurring  
In fla tfish . Further m ateria l Is requ ired to  con firm  th e ir 

iden tity . A  s ing le  case o f hepatoce llu la r adenom a (benign 

liver tu m o u r) w a s  recorded in a fish  from  SE Isle o f Man 

(Figure 9.10). Focal necrosis  and fib ros is  o f liver tissu e  w as 
seen In tw o  fish  fro m  St Bees. Renal pa tho logy com pris ing  

o f d ila tion o f renal tu b u les  and occasional degenera tive  

g lom eru la r changes w e re  a ttrib u te d  to  th e  p resence of 

th e  m yxozoan parasite Davisia long ibranch ia  w h ich  w as  
p resen t in severa l o f th e  fish  sam p led  and in particu lar 

th o se  fro m  D undrum  Bay. No s ign ifican t pa tho logy w as  

recorded  in th e  gonads or sp leen.



.
. .

Figures 9.11 to 9.14. A ll are of pla ice live r tissue  sta ined w ith  
haem atoxylin  and eosin. Figure 9.11. Section th rough  a bile duct 
show ing vacuo la tion  of the  e p ith e liu m  (*]. Note the  presence of 
p igm ent conta in ing  m acrophage aggregates (arrow). B a r=  50 pm. 
Figure 9.12. Vacuolated focus of c e llu la r  a lte ra tion  (vFCA), pa rtia lly  
su rround ing  ac in a r pancreatic  tissue (arrow). Part of a basophilic  
FCA can be seen (*). B a r = 0.5 m m . Figure 9.13. Section show ing 
a sm a lt basoph ilic  focus of c e llu la r  a lte ra tion  (arrowheads). B a r =
50 pm, Figure 9.14. F lepa toce llu la r adenom a (A) show ing typ ica l 
com pression  of the  adjacent live r tissue  (arrowheads). B a r = 0.5 m m .
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9.3.5 L iver pathology in plaice
D uring 2005, a to ta l o f f if ty  plaice from  Cardigan Bay w e re  

exam ined  fo r th e  p resence  o f hepatic  pa tho logy. A  num ber 

o f s ign ifican t lesions types, includ ing th o se  em p loyed  fo r 

PAH spe c ific  m on ito ring  purposes under th e  OSPAR Jo in t 

A sse ssm e n t and M on ito rin g  P rogram m e (JAM P) w e re  

de tec te d . H ydrop ic vacuo la tion  o f biliary ep ithe lia l cells 
w a s  recorded  In a s ing le  fish  from  inner Cardigan Bay 

(Figure 9.11). This pa tho logy Is c lass ified  as non-neop lastlc  

to x ico p a th ic  In nature and has been recorded p rev ious ly  In 

plaice but Is rarely seen in dab. V acuo la ted and basophilic  

FCAs w e re  a lso recorded In th re e  fish . In one o f these, 

both FCA typ e s  w e re  p resen t (Figure 9.12). In severa l 

cases th e se  les ions w e re  d iff icu lt to  d iscern  but In o thers 

sm all FCAs cons is ting  o f re la tive ly  fe w  ce lls w e re  readily 

d e tec ted , particu larly  th e  basophilic  va rian ts (Figure 9.13). 
A s ing le  case o f hepatoce llu la r adenom a w as found  In a 

plaice fro m  northern  Cardigan Bay (Figure 9.14). A  varie ty  

o f o the r cond itions  w e re  present, inc lud ing  increased

num bers  o f m acrophage aggregates, foca l in flam m ation  

and necro tic  lesions as w e ll as th e  presence o f nem atode  

In fec tions and un iden tified  p ro tls tan  parasites (m ateria l not 
show n).

9.3.6 Disease status of o ther species
O verall levels o f d isease In com m erc ia l fish  w e re  lo w  

(Table 9.3).
W ith  th e  e xcep tion  o f w h itin g , n u m bers  o f o the r 

spec ies  exam ined  w e re  lo w  and genera lly  fe w e r  than w e re  

exam ined  In p revious years (see Feist and S ten tlfo rd , 2005) 

and w e re  in su ffic ie n t to  prov ide  con fidence  In de tec tin g  

lo w  preva lence in fec tions . W h itin g  w e re  In fec ted  w ith  a 

num ber o f parasites and at som e  locations such as A m b le  

a lm os t all fish  harboured nem atodes. O th e r parasites 

such as C ryp toco ty le  and Lernaeocera b ranch ia lis  w e re  
occasionally seen to  be associa ted  w ith  em acia tion  o f th e  

host but In m os t cases fish  appeared In good cond ition  

d esp ite  th e ir  parasite  burdens. Very fe w  cod w e re  caught

H
E

A
LTH

 
STATU

S
 

OF 
FISH 

IN 
THE 

N
O

R
TH

 
SEA 

AN
D

 
IR

ISH
 

S
E

A



H
E

A
LT

H
 

ST
A

TU
S

 
OF

 
FI

SH
 

IN 
TH

E 
N

O
R

TH
 

SE
A 

AN
D

 
IR

IS
H

 
S

E
A

58 Table 9.3. D ¡sease s ta tus of non-ta rge t species fro m  loca tions in the 
N orth  Sea and Irish  Sea sam pled during  2004-2005.

Species No. examined Year Location Parasites/Pathology (No. affected]

W hiting 161 2004 Fame Deep CR(5), LB(1)

126 Tees Bay CR(5), NM(2)

134 F lam borough ORO), AC(3)

52 O ff P lum ber LB (11 ), A C (11)

100 2005 A m ble CR(1), LB(1), NM (99)

100 D undrum  Bay CR(8), LB(2), DIC(22)

200 Tham es Gabbard CR(3), LB(14), NM (22), AC(25), LP(3), GL(2)

60 W e s t Lundy NM(2), EH(4)

Cod 9 2004 Fame Deep NAD

2 Tees Bay NM(1)

8 A m ble NAD

14 O ff P lum ber NM(5)

2 S m iths Knoll NAD

Fladdock 43 Tees Bay NM(9)

6 O ff P lum ber NAD

66 D undrum  Bay CR(3), LB(1)

100 2005 " CR(9), SKD(1), ULC(2)

94 F lam borough LB(15), NM (91), UC(5)

Plaice 50 Liverpool Bay LP(29)

" 100 SE Isle o f Man NM(1), ULC(6), LP(11)

Pollack 93 Lym e Bay CR(79), NM (49)

Bass 47 " NM(6)

Key: NAD= No abn o rm a litie s  detected 
CR = Cryptocotyle  
LB = Lernaeocera  b ranch ia lis  
NM = N em atodes (A nisakis  spp.l 
AC = A can thochondria  sp.
UC = U nidentified  copepod 
DIC = D ic lidophora  m e rla n g i 
LP = Lepeoph the irus  pec to ra lis  
GL = Glugea sp.
SKD= S ke le ta l d e fo rm ity  (sco lios is /lo rdosis ] 
ULC = U lceration

and apart fro m  nem atode  in fe c tio ns  s h o w e d  no evidence  

o f d isease. S u ffic ie n t haddock w e re  co llec ted  fro m  
D undrum  Bay in th e  Irish Sea and F lam borough in th e  

N orth  Sea. Fish fro m  D undrum  Bay harboured in fec tions  

w ith  C ryp toco ty le  at up to  9%  preva lence In 2005, w he reas  
haddock sam p led  during th e  sam e year fro m  F lam borough 

w e re  free  o f th e  in fec tion . C onverse ly, 97%  o f haddock 

fro m  F lam borough harboured nem atode  In fections, w h ils t 
fish  fro m  D undrum  Bay (during both 2004 and 2005) 

w e re  free  fro m  th e se  parasites. D uring 2005 u lcera ted 

plaice w e re  recorded from  sou theas t Isle o f M an at 6%  

preva lence but none w e re  seen in th e  f if ty  fish  exam ined 

In L iverpoo l Bay. In fec tions  w ith  th e  exte rna l copepod 

parasite  Lepeoph the irus  pec to ra lis  w e re  seen in fish  from  

both loca tions w ith o u t ev idence  o f adverse e ffe c ts  on th e  

host. Pollack and bass exam ined from  Lym e Bay on th e  

sou th  coast harboured nem atode  In fec tions and 85%  of 

bass w e re  in fec ted  w ith  vary ing  num bers  o f C ryp toco ty le .

9.4 Discussion
The health s ta tus  o f our native fish  species prov ides an 
im portan t Ind ication o f th e  overall health o f our trans itiona l 

w a te rs  and fu lly  m arine  e n v iro n m e n ts , pa rticu la rly  In 

cons ide ra tion  o f d isease cond itions  know n to  be associa ted  

w ith  e n v iro n m e n ta l co n tam in a n ts . The role o f th e  

m on ito ring  p rog ram m e is to  use changes in th e  prevalence 

o f fish  disease, to  id e n tify  areas o f po ten tia l concern  

w h e re  fu rth e r In dep th  Investiga tions m ay be needed, 

and in add ition  to  d e tec t th e  e m ergence  o f d isease 

cond itions. This approach Is a lso su pported  by th e  use 

o f b iom arke r and b ioassay tech n iqu e s  in an In tegra ted 

fash ion  to  characte rise  th e  e x te n t o f th e  b io logica l e ffe c ts  

occurring . The ab ility  to  u tilise  long-te rm  data se ts  to  

investiga te  d isease tren d s  and assoc ia tions w ith  a num ber 

o f b io logica l and env ironm en ta l variab les prov ides th e  

m eans to  te s t hypo theses on po ten tia l links be tw e en
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th e se  fac to rs  (W osn iok  e t al., 2000). The data p resen ted  

here ind icate  th a t th e  overall health s ta tus  in dab is largely 

co n s is te n t w ith  th e  levels recorded in prev ious years and 

fo r certa in  d iseases, such as lym phocys tis  and ep iderm al 

hyperp las ia /papillom a, th e  p reva lence in m os t areas is lo w  

and probably not o f concern . H ow ever, o th e r cond itions, 
inc lud ing  hype rp igm en ta tion  s h o w  Increasing tren d s  at 

severa l s ites . The cause fo r th is  cond ition  Is cu rren tly  

u n kn ow n  and re co m m e n d a tio n s  fro m  ICES W G P M O  

encourage Investiga tions in to  its ae tio logy.
The levels o f liver cancer In dab in Cardigan Bay appear to  

be Increasing and are a cause fo r  concern . M ore  In tensive  

inves tiga tions  are cu rre n tly  underw ay to  d e te rm in e  th e  

e x te n t o f th e  liver pa tho logy in dab and o th e r fla tfish  

popu la tions in th is  area and to  id e n tify  fac to rs , w h ich  m ay 

be Involved in th e  occu rrence  o f th e  cancer. Lyons e t al. 

(2006) repo rted  such pa tho logy in dab cap tured  fro m  s ites  

in Cardigan Bay but b iom arke r and bioassay data did not 

ind ica te  th a t adverse  b io logica l e ffe c ts  w e re  occurring. 

A dd itiona lly , con tam inan t levels appear to  be at re la tive ly  

lo w  levels in th e  areas sam p led  fo r dab.

In a prev ious s tu d y  (Feist and S ten tifo rd , 2005) w e  w e re  

able to  app ly m u ltiva ria te  s ta tis tic s  to  fish  d isease data in 
o rder to  ach ieve d isc rim ina tion  b e tw e en  sam p le  locations 

In th e  N orth  Sea and Irish Sea based on th e  p resence  and 

p reva lence o f externa l fish  d iseases and liver pathology, 
inc lud ing  cancerous lesions. A  s im ila r approach has 

been em p loyed  here fo r data co llec ted  during 2004 and 

2005 fish  d isease m on ito ring  p rog ram m es and has again 

d e m o n s tra te d  a co n s is te n t ab ility  to  d isc rim ina te  s ite s  from  

one ano the r based upon th e  d isease p ro file  o f fish  from  

th o se  s ites . Using liver pa tho logy data as a basis it has 

been possib le  to  devise  a s ite  grading schem e  based upon 

th e  se ve rity  o f liver lesions observed  at th e  s ite . Since w e  

have sh o w n  th a t pa tte rns o f exte rna l d isease cond itions 

largely m irro r th o se  genera ted  fo r liver patho logy, these  

have also been taken Into account in th e  typ in g  schem e. 

S ite  typ in g  m oves us aw ay fro m  spatia l com parisons and 

to w a rd s  evidence-based com parisons o f s ite -s ite  s im ila rity  

(eg fish  fro m  som e  Type C s ite s  in th e  N orth  Sea are very 
s im ila r to  fish  from  Type C s ite s  in th e  Irish Sea). S ite typ ing  

can then  be used to  find  cross-corre la tes  from  b iom arker 

and chem ica l data co llec ted  from  th e  sam e fish  and m ay 

a llo w  us to  id e n tify  spe c ific  risk fac to rs  th a t im pact upon 
th e  e cosys tem  health s ta tus  in UK w a te rs .

Investiga tions on th e  occu rrence  o f liver pa tho logy 
in plaice fro m  Cardigan Bay reported  here, con firm  th a t 

th is  spec ies  is suscep tib le  to  liver tu m o u r fo rm a tion . 

Previous s tu d ie s  have Iden tified  FCAs and adenom a In 

plaice fro m  C arm arthen Bay and th e  Lym e Bay (Cefas,

2001). S im pson e t al. (2002) did not d e tec t any s ign ifican t 

h ls topa tho log ica l changes in th e  livers o f plaice fro m  th e  

M erse y  estuary  and conc luded  th a t lim ited  res idence tim e  

in th e  es tuary  and sm all sam ple  size m ay have reduced 

th e  chance o f de tec tin g  to x ico p a th ic  pa tho logy and tu m o u r 

p resence. It is th e re fo re  su gges ted  th a t w h e re  su ffic ie n t 

num bers  are caught, plaice provide an a lte rna tive  species 
to  dab and flo u n de r fo r fish  d isease m on ito ring  purposes, 

particu larly  s ince th e y  also exh ib it a range o f externa l 

d isease cond itions . H ow ever, at presen t, d iffe ren tia l 

su sce p tib ility  o f Individual spec ies  to  liver cancer has not 

been Investiga ted .

For In te g ra te d  a s s e s s m e n t p u rp o se s  a c ro ss  th e  

O SPAR m a ritim e  area, th e re  are fe w  fish  spec ies  th a t 

are ub iq u itou s  th a t cou ld  be used fo r b io log ica l e ffe c ts  
m on ito r in g  purposes. O SPAR are d e ve lop ing  gu ide lines  

fo r such In teg ra ted  a sse ssm e n ts  us ing  b io log ica l e ffe c ts  

and chem ica l m e a su re m e n ts  via a nu m b e r o f w o rksh o p s  

on In tegra ted  m o n ito r in g  o f co n ta m in a n ts  and th e ir  e ffe c ts  

in coasta l and open sea areas (W K IM O N ). W ith in  these , 

bo th  pla ice and d ra gone t are Id e n tifie d  as a lte rn a tive  

s p e c ie s  to  be used  in m o n ito r in g . The re su lts  o f 
th e  p re lim in a ry  Inves tiga tion  p re se n te d  here s h o w  th a t 

d ra gone t do not e xh ib it ex te rna l d isease  c o n d itio n s  at 

s u ff ic ie n t p reva lence  fo r m o n ito r in g  pu rposes but are 

s u sce p tib le  to  live r cancer and pu ta tive  p recu rso r les ions 

w h ic h  m ay be co n tam in a n t re la ted . In add ition , s u ff ic ie n t 

n u m bers  can be ob ta ine d  fro m  a va rie ty  o f s ite s  in B ritish  

w a te rs  and it is poss ib le  to  sa m p le  fo r m u ltip le  b iom arke rs  

fro m  th e  sam e Ind iv idual. A s  such, It se e m s like ly  th a t 

th is  sp e c ie s  is su ita b le  fo r  m o n ito r in g  pu rposes. F urthe r 

s tu d ie s  are requ ired  to  su b s ta n tia te  th e s e  p re lim ina ry  

f in d in g s  and to  asce rta in  th e  app lica b ility  o f e s tab lished  
b io m a rke r m e th o d s  eg. EROD, m e ta llo th lo n e in , DNA 

adducts , fo r  th is  spec ies .

Data ob ta ined  fo r  com m erc ia l fish  spec ies  during 2004 

and 2005 w a s  ra ther lim ited , both In spec ies  range 

and num bers  exam ined. The focus  o f th e  m on ito ring  

p rog ram m e is on ben th lc  fla tfish  spec ies  at estab lished  

C SE M P locations. D esp ite  th e  use o f a G ranton traw l, 

w h ich  cap tures both b en th lc  and pelagic species, p rovides 

on ly  lim ite d  num bers  o f com m erc ia l fish  spec ies  fo r 
exam ina tion  In th e  t im e  available during th e  m on ito ring  

cru ise. N everthe less, com pared  to  p rev ious years a 

s im ila r range o f d isease cond itions  and parasitic  In fec tions 

w e re  observed . A  n e w ly  recogn ised  bacteria l pathogen of 

fa rm ed  cod caused by Franciscella  sp. (O lsen e ta /.,  2006) 

caused as severe  g ranu lom atous pa tho logy in severa l 
tissu e s  Including th e  liver and sp leen . A lthough  y e t to  

be con firm ed , th is  is h igh ly  like ly to  be th e  sam e disease,
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w h ich  has been seen in w ild  cod fro m  th e  N orth  Sea, 

s ince  th e  m id-1980s, re fe rred  to  as v isceral g ranu lom atos is  

(Cefas, 1998). There appears to  be no risk to  hum ans since 

th e  bacterium  g ro w s  poorly  at 30°C and not a t all a t 37°C 

on cu ltu re  m edia.

O verall, d iseases p rov ide a d e fin it ive  ind ica tion  o f 

health s ta tus  in our com m erc ia l and non-com m erc ia l fish  

popu la tions. The d isease s ta tus  o f fish  popu la tions can 

be used as a reliable sen tine l o f m arine health s ince  th e  

observab le  m easure (ie th e  d isease) is a d irec t resu lt o f a 

com b ined  assau lt o f th e  e n v iro n m e n t and po ten tia lly , o f 

th e  pa thogens w ith in  it. N e w  approaches to  considering  

d isease at th e  level o f th e  population  are a llo w in g  us 

to  com pare  th e  hea lth  s ta tu s  o f app a re n tly  d isc re te  

popu la tions o f th e  sam e spec ies  fro m  geograph ica lly  

d is tan t locations. By corre la ting  po ten tia l causal agents 

w ith  th e  appearance o f th e se  d iseases w e  m ove c loser to  

iden tify ing  true  im pact o f an th ropogen ic  con tam inan ts  on 

th e  m arine  env iro n m e n t. Novel approaches to  s tudy ing  

th e  gene tic  com pos ition  o f fish  popu la tions also opens up 

poss ib ilities  o f iden tify ing  d iffe ren tia l su sce p tib ility  (eg to  

cancer) in our s tocks  - a fea tu re  th a t o ffe rs  considerab le  

in te re s t to  m edical researchers s tudy ing  s im ila r cancers in 

hum an popula tions. T h e fu tu re  o f f is h  d isease m o n ito r in g a s  
a centra l to o l in c lass ify ing  health s ta tus  in w ild  populations 

is clear but th e  tru e  bene fit o f th is  approach w ill be be tte r 

rea lised w h e n  data perta in ing  to  con tam inan t b iom arkers 

and to  th e  con tam inan ts  th e m se lve s  are fu lly  in teg ra ted  

in to  analyses to  assess th e  risk fo r th e ir  induction  in w ild  

an im a ls (particu larly  th e  case fo r cancer). W e  are cu rren tly  
w o rk in g  to w a rd s  such in tegra tion .
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10. Eastern English 
Channel broadscale
mapping Author: Silvana Birchenough,

David Limpenny and Ceri James*

10.1 Introduction
Every year app rox im a te ly  22 m illion  to n ne s  o f m arine sand 

and gravel are dredged fro m  British w a te rs  (S ing le ton, 2001 ). 

The Eastern English Channel (EEC) con ta ins  substan tia l 

reserves, a p roportion  o f w h ich  have been Iden tified  by th e  

aggregates Industry  fo r  fu tu re  d e ve lo pm e n t and possib le  

exp lo ita tion  (Figure 10.1(a)). The area Is know n as th e  East 

Channel Region (ECR). The ECR Is located In th e  cen tre  

o f th e  eastern  English Channel around 30 km o ff Beachy 

Rlead, and th is  area has not been prev ious ly  licensed fo r 

m arine aggregate  extrac tion  (Posford H askonlng, 2003). 

In add ition  th e  area possesses a va rie ty  o f po ten tia lly  

vu lne rab le  hab ita ts , w h ich  m ig h t need p ro te c tio n  to  

avoid dam age resu lting  from  th e  ex trac tion  o f aggregate  

resources.

S ix UK com pan ies  w h o  are In te rested  In exp lo iting  

resources fo rm  th is  area have fo rm e d  a con so rtiu m  
know n as th e  eastern  English Channel A ssoc ia tion  (ECA). 

The ECA have sponsored  an Initial baseline su rvey and 

fo llo w -u p  sam p ling  p rog ram m es as part o f a Regional 

E nvironm enta l A sse ssm e n t (REA). This REA a lm s to  

cha racte rise  regional Issues assoc ia ted  w ith  resource  

and dredg ing  m anagem en t aris ing from  th e  p roposed 

d e ve lopm en ts . The REA ou tpu ts  w ill he lp to  characterize  

and a u gm en t th e  ex is ting  know ledge  In th e  area p rior to  
d redg ing.

H abitat m apping can be cons ide red  as a va luable too l 

to  provide a spatia l rep resen ta tion  o f d isc re te  habitat 

un its  (Valentine e t al., 2004). Researchers have u tilised 

b io logica l and physical spatia l In fo rm a tion  fo r  genera ting  

hab itat m aps (Kosty lev e t al., 2005; B row n e t al., 2001; 
K osty lev e t al., 2001). Early m app ing  e ffo rts  In th e  English 

Channel described  and characte rised  th e  variab ility  and 
d is tribu tion  o f ben th lc  fauna Inhabiting se d im e n ts  over 

large geographica l sca les. Exam ples Included th e  w o rk  

conduc ted  by H olm e (1961, 1966), S anvlcen te -A norve  e t 

al. (1996) and Cabiochi (1968) In French w a te rs .

The B ritish G eological Survey (BGS) have also undertaken 

su rveys o f th e  geo logy In th e  EEC. R esults have show n  

th a t th e re  Is s ign ifican t variab ility  In geo logy In te rm s  o f 

bed rock and seabed sed im en ts , w h ich  Is like ly to  In fluence 

b io tope  variab ility . The area Is com posed  o f an ex tens ive  

sys te m  o f se d im e n t In fllled-channels Incised In to bedrock 

(Figure 10.1(c)) (H am blin  e t a i,  1992). East o f th e  Infilled 

channels Ile large-scale sandy b e d fo rm s and th e  presence 

o f th in  gravels can be found  e lse w h e re  (Figure 10.1(d)). 

Bedrocks are d iverse  ranging from  chalk to  te rtia ry  m uds 

and sand (Figure 10.1(b)), w h ich  exh ib it d iffe re n t physical 

p roperties  (le, grain size, density , hardness and porosity,

am ong others). C urren tly  th e  re la tionsh ip  b e tw e en  th e  

sed im en t, th e  underly ing  bedrock and hab ita ts  Is unclear. 

Furthe rm ore , th e re  Is a lso a lack o f In fo rm ation  on th e  

re la tionsh ip  o f hab ita ts and se d im e n t fille d  channels. It 

Is Im portan t to  understand  th e  In fluence  o f th e  underly ing 

g eo logy on seabed hab itats and a lso th e  In fluence  of 

add itiona l physical and b io logica l p rocesses are over a 

range o f spatia l scales.

The a lm s o f th is  s tu d y  are to  create  In tegra ted  habitat 

m aps w h ich  w ill de fine  th e  d is tribu tion  o f habitats, species 

and co m m u n itie s  In th e  EEC, and to  place th e m  In a broad 

regional co n tex t. They w ill Iden tify  s ite s  o f bio logical, 

fish e rie s  and geo logica l s ign ificance  and w ill h igh ligh t areas 

o f high b iod ive rs ity  th a t m ay requ ire  conserva tion  under 

th e  EU H abita ts D irective . This In fo rm a tion  w ill In form  

and su p p ort m anagem ent o f o ffsh o re  resources. The 

p re lim ina ry  resu lts  o f seabed hab itat m app ing  are p resen ted  

In th is  section . O nce com p le ted , th e se  resu lts  w ill p rovide 

essentia l In fo rm a tion  to  co n trib u te  to  th e  e ffe c tive  and 

susta inab le  m anagem en t o f th is  e nv ironm en t, fo r fu tu re  
com m erc ia l exp lo ita tion .

A dd itiona lly , th is  w o rk  w ill also help to  create  a w id e r 

asse ssm e n t o f th e  aggrega te  resources know n to  be 

p resen t In th e  area and a lso to  place Into w id e r co n tex t th e  
eastern  English Channel region.

10.2 Methods
Four o rgan isa tions are w o rk in g  on th is  m ulti-d isc ip lina ry  

p rog ram m e. The overa ll p ro jec t Is lead by th e  BGS 

and Is funded  by M arine A gg rega te  Levy S usta inab ility  

Fund (M ALSF) d is tribu te d  under th e  M arine  E nv ironm en t 

P ro tection  Fund (MEPF) a d m in is tra ted  by Cefas.

BGS Is respons ib le  fo r th e  geophysica l surveys and 

In te rp re ta tions. Cefas Is In charge o f th e  co llec tion  of 

g round -tru th lng  data se ts  (le, b io logica l, se d im e n t sam ples, 

and add itiona l physical data). Cefas Is also leading on th e  

b io log ica l analysis looking at th e  Infaunal and eplfaunal 

c o m m u n itie s  and th e ir  In teraction  w ith  b io tic  and ab io tic  

fac to rs  In co llabora tion  w ith  M arine  Ecological S urvey Ltd. 

(M ESL). The Jo in t Nature  C onserva tion  C o m m itte e  (JNCC) 

Is w o rk in g  on th e  analysis o f optica l In fo rm a tion  (video 

s ledge and s till In fo rm ation) to  characte rise  th e  spec ies  and 

habitats, w h ich  correspond  to  A n n e x  I hab ita ts know n  to  

be p resent In th e  area.

The area w a s  sam p le d  du ring  2005 and 2006  In 

o rder to  co m p le m e n t th e  ex is ting  Industry  data se ts  w ith  

geophysica l and g round -tru th lng  surveys. BGS conducted  

a large-scale geophysica l su rvey grid  In 2005. This survey 

prov ided  'a cou s tic  co rrid o rs ' o f m u ltibeam  b a thym e try

*  Ceri Jam es -  B ritish  Geological Survey, S ir K ingsley D unham  Centre, N icke r H ill, Keyworth, N ottingham  NG12 5GG.
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smouth

K ilom e tre s

C he rbou rg)

B o u lo gn e-

Key

□  E E C M H M  S tu d y  A re a

□  E E C M H  M  R eg ion  O ve rv ie w

□  E E C  L ice n ce  A re a s

© N E R C  (B G S )

B ou logne-

C he rb ou rg !

B o u lo gn e-

C he rb ou rg)

Figure 10.1. B ritish  Geological Survey iBGSl m aps to describe: 
lal proposed aggregate extraction  licensed areas, Ibl seabed 
geology characte risa tion  show ing cha lk  and te rtia ry  m uds, Ici 
seabed geology show ing in filled  sedim ent channe ls and Idl seabed 
sedim en ts in the eastern English Channel region.

data and s idescan sonar covering  app rox im a te ly  7200 km 2. 

D uring 2006 a co m p le m e n ta ry  geophysica l su rvey w as 

also conduc ted  to  co llec t add itiona l acoustic  In fo rm a tion  to  

co m p le m e n t ex is ting  lines to  th e  east and w e s t o f th e  area 
w a s  a lso undertaken.

Cefas conduc ted  th e  g round -tru th lng  su rvey over both 

years. Grabs, tra w ls  and v ldeo-s ledge tran se c ts  w e re  used 

to  sam ple  th e  areas w h e re  d iffe re n t hab itat typ e s  w e re  

know n to  be p resent. This p rog ram m e covered  a to ta l o f 

4850  km o f geophysica l lines, 230 grabs, 73 2-m beam 

tra w l and 62 v ideo  and cam era s ite s  w e re  co llec ted  over 

th e  tw o  years (Figure 10.2).

The s ta tis tica l analysis w a s  conduc ted  using univaria te 

ana lyses and m u ltiva ria te  te ch n iq u e s  w e re  ca lcu la ted  

fro m  th e  Flamon grab sam p les  to  provide a quantita tive  

asse ssm e n t o f th e  ben th lc  fauna from  w ith in  each acoustic  
region over tim e . The s o ftw a re  PRIMER vers ion  6 fo r 

W in d o w s  (P lym outh  R outines In M u ltiva ria te  Ecological 

Research) w as used fo r th is  purpose. N on-param etrlc

m u lti d im ens iona l sca ling  (M DS) o rd ina tion  using th e  

Bray-C urtis s im ila rity  m easure w a s  app lied to  spec ies  

abundance data fo llo w in g  square root tran s fo rm a tio n  of 

th e  data (exc lud ing  colonia l taxa) to  assess changes In 
spec ies  com pos ition  (Clarke and W a rw ick , 1994). A na lys is  

o f s im ila rities  (A N O S IM , Clarke, 1993) w as p e rfo rm ed  to  

de te rm in e  w h e th e r th e re  w e re  any s ign ifican t d iffe rences  

In m acroben th lc  assem blage  com pos ition  over tim e  and 

b e tw e e n  d iffe re n t a co u s tica lly  d is tin c t reg ions. The 

nature o f g roup ings Iden tified  In th e  M D S ord ina tions w as  

exp lo red  fu rth e r by app ly ing  th e  s im ila rity  pe rcen tages 

p rog ram m e (SIMPER) to  de te rm in e  th e  con trib u tio n  of 

ind ividual spec ies  to w a rd s  th e  d iss im ila rity  b e tw e en  years 

and s ta tions.

The re la tio n sh ip s  b e tw e e n  m u ltiva ria te  c o m m u n ity  

s tru c tu re  and env ironm en ta l variab les w ill be assessed 

using th e  BIO-ENV rou tine . For s im p lic ity  on ly  th e  Initial 

M D S analysis is p resen ted  In th is  a rtic le  fo r th e  d is tribu tion  

o f Infaunal com m u n itie s .

tsm ou th

B o u lo gn e-
su r-M e r

C he rb ou rg !

H avre
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Legend

*  BGS Offshore Samples 

□ Crab Larvae Survey

o Holmei 961

o International Herring Larvae Survey

•  REA samples

Scallop wheel house records

  BGS Offshore Geophysical Lines

 Geophysical Survey 06/2005

 Geophysical Survey 02/2006

Ground-truthing July 2005

• Hamon grab

•  2 m Beam trawl

•  Camera sledge 

Scallop survey

•  4 m Beam trawl - GFS

Ground-truthing July 2006
•  Hamon grab

•  2 m Beam trawl

•  3 m Beam trawl

•  Camera sledge

K ilo m e tre s

Figure 10.2. Sam pling  a rray  fo r  the com pleted geophysica l and 
g ro u n d -tru th  survey fo r 2005 and 2006 in the Eastern English 
Channel.

10.3 Results
G eo phys ica l in te rp re ta tio n
Prelim inary analysis o f the  acoustic surveys and ground-truth 

sam ples indicated that the  centre and w e s t o f the  study

area is com posed of gravels. There is also a clear presence 

o f sands d istributed to  the  east, central and to p  o f the 

w e s t of the  area. Rock and rock w ith  th in  sed im ents w ere  

encountered over the  full s tudy area but the  m ajority can be 

seen in the  w e s t side of the  s tudy area (Figure 10.3).

Figure 10.3. P re lim ina ry  
d is trib u tio n  of seabed 
sedim en ts in the  Eastern 
English Channel.

Legend

A re a  w ith  ro ck  & rock  w ith  th in  sed im e n t

G rave l

S and

2 0  3 0  40
i K ilom e tre s

10 
E

A
S

TE
R

N
 

E
N

G
LIS

H
 

C
H

A
N

N
E

L 
B

R
O

A
D

S
C

A
LE

 
M

A
P

P
IN

G



10 
E

A
S

TE
R

N
 

E
N

G
LI

S
H

 
C

H
A

N
N

E
L 

B
R

O
A

D
S

C
A

LE
 

M
A

P
P

IN
G

64

0 100 200 300 400
Metres

0 100 200 300 400
Metres
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Figure  10.4. Exam ples of geophysica l in te rp re ta tion : (a] m u ltibeam , 
(b) s idescan sona r of ch a lk  and a 18 m high ridges and also the  cross 
s trike  fa u ltin g , (c) m u ltib e a m  im age show ing the  presence of sand 
w aves on g rave lly  sand, d] s idescan so na r show ing the  presence of 
sand w aves on g rave lly  sand and (d) th re e -d im e ns io na l im age of the  
ch a ra c te r of the  seabed across sand w aves in rock.

The in itia l ana lysis o f th e  geophysica l in te rp re ta tio n  s h o w e d  

w id e  range typ e s  o f b ed fo rm s. A  clear exam p le  can be 
seen in co rrido r 2, w ith  a p resence  o f cha lk and a 18 m 

high ridges and a lso  th e  cross s tr ike  fa u ltin g  w h ich  m igh t 

co rrespond  to  th e  p resence  o f A n n e x  I hab ita ts  (Figure

10.4(a-b)). F u rthe rm ore , th e  presence  o f sand w a ve  w a s  
a lso  observed  in co rrido r 1 w ith  a c lear com p o s itio n  o f 

sand and grave lly  sand (Figure 10.4(c-d)). The m u ltibeam  

in fo rm a tion  w a s  a lso draped on bo o m e r record and revea led 

th e  p resence  o f sand w a ve s  on rock (Figure 10.4(e)).
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10.4 Biological interpretation
R esults th e  Infaunal analysis accorded w e ll w ith  th e  Initial 

BGS se d im e n t m ap o f th e  area. The M D S ord ination 

d e m o n s tra te d  d is tin c t c lus te rs  com posed  by g roups J, I and 

L (F lgu re  10.5). T h e s e g ro u p s c o rre s p o n d e d to c o m m u n lt le s  

th a t Inhabit gravels, sandy gravels and sand respec tive ly  In 

th e  area. It Is obse rved  a clear tran s itio n  o f th e  spec ies  

Inhab iting  th e se  se d im e n t types . S im per analysis he lped 

to  Iden tify  th e  species th a t ty p ify  th e se  se d im e n ts . In th e  

gravels th e  presence o f Galathea in te rm ed ia , P om atoceros  

tr ique te r, Pisidia long ico rn is  and H arm o th o e  sp. w e re  found  

am ong th e  to p  spec ies . E ch inocyam us pusillus, G lycera  

lap idum , N em ertea , A on id e s  paucib ranch ia ta  and Spio  

filico rn is  w e re  abundant In th e  sandy gravels. In th e  sand 

th e  presence o f Ech inocyam us pusillus, Poecilochaetus  

serpens, N em ertea , Spiophanes bom byx, Lagis ko re n i and 

N oto m a s tu s  la te riceus  w e re  characte ris tics  and abundant 
In th e ir  d is tribu tion .

The v ideo  su rvey a lso c learly de m o n s tra te d  th e  presence 

o f d is tin c t hab ita ts In th e  s tu d y  area. A n e m o ne s  and 

sponges are encrusted  In cobb les (Figure 10.6(b)) In th e  

w e s te rn  area. B rittle  s tar beds w e re  d is tribu te d  In g rave lly

se d im e n ts  In th e  w e s te rn  co rne r (Figure 10.6(a). S o ft 

se d im e n ts  hosting  a less d iverse  eplfauna c o m m u n ity  

(Figure 10.6(d)) w e re  found  east o f th e  area. G ravelly 

se d im e n t w a s  observed  In th e  cen tre  o f th e  s tu d y  area, 

w h e re  th e  Industry  have Iden tified  th e ir  resources w ith  a 

m uch m ore  d iverse  co m m u n ity  and th e  p resence o f red 

gurnard A sp itr ig la  cucu lus  w as Identified  from  th e  v ideo  

s tills  (Figure 10.6(c)).

10.5 The way forward
This section  prov ides p re lim ina ry  resu lt o f th is  p rog ram m e. 
The In fo rm a tion  fro m  th is  o n g o ing  m u ltid is c ip lin a ry  

p rog ram m e Is d u e to f ln ls h  In M arch 2007. The o u tcom e s  of 

th is  p ro jec t w ill enhance our know ledge  and understand ing  

o f th e  species, hab ita ts and p rocesses occurring  at th e  

ECR. The fina l resu lts  o f th is  p rog ram m e w ill be p resen ted  

In th e  next A E M R .

The next s teps to  ach ieve  th e  overall a lm s are:

•  To co m p le te  th e  data analysis

•  To genera te  GIS layers

•  To produce c lass ified  m aps

•  To d issem ina te  fina l p ro jec t ou tpu ts

Figure 10.5. M u lt i­
d im ens iona l sca ling (MDS) 
o rd ina tion  show ing the 
in fauna l d is trib u tio n  at the  
eastern  English Channel.

2D Stress: 0.23

T ▼ 1  ▼ Ä T A

A j  

▼ i
■  i

♦  k

g

+ e 

X  d

*  f
A  b
V  c
□  h

O  a

10 
E

A
S

TE
R

N
 

E
N

G
LIS

H
 

C
H

A
N

N
E

L 
B

R
O

A
D

S
C

A
LE

 
M

A
P

P
IN

G



10 
E

A
S

TE
R

N
 

E
N

G
LI

S
H

 
C

H
A

N
N

E
L 

B
R

O
A

D
S

C
A

LE
 

M
A

P
P

IN
G

66

Figure 10.6. Video s ti l l  im ages co llected at the eastern English 
Channel: la] b r ittle s ta rs  bed on coarse substra tum , lb] sponges 
and anem ones, le] red gurnard  A s p it r ig la  c u c u lu s  on gravel 
subs tra tum  and Id] s ta rfish  A s te r ia s  ru b e n s  on soft sedim ents.

The m ain o u tcom e s  o f th is  p rog ram m e w ill be:

•  C ritica lly re v ie w  re levan t sc ie n tif ic  data fo r th e  EEC 

to  Iden tify  know ledge  gaps In th e  reg ion. Co lla te  th e  
m etadata  w ith in  a GIS fram e w o rk .

•  C o llect add itiona l data th ro u g h  th e  conduct o f n e w  

geophysica l, sed im e n t, b io logica l and fishe ries  surveys 

In th e  EEC to  ta rg e t know ledge  gaps.

•  In tegra te  n e w  and ex is ting  geo logical, geophysica l and 

biological data w ith in  th e  GIS to  provide com prehens ive  

m aps o f th e  d is tribu tion  o f m arine spec ies  and hab itats 

w ith in  th e  EEC. This o u tpu t w ill a lso assis t In p rov id ing 
add itiona l In fo rm a tion  on th e  d is tribu tion  o f any sens itive  

spec ies  or habitats.

•  Iden tify  causal re la tionsh ips /co rre la tions  b e tw e en  th e  

physical e n v iro n m e n t and associa ted  fauna.

•  To te s t and re fin e  e x is tin g  hab ita t c la ss ifica tio n  

sys tem s.

•  Provide add itiona l geophysica l, geo logica l and biological 

data to  underp in  th e  In tegra ted  m anagem ent o f o ffsh o re  

resources In th e  EEC and to  su p p ort Im proved spatial 
p lanning.

•  Produce p roducts  th a t w ill be used to  b e tte r m anage 

m arine o ffsh o re  ac tiv itie s  n o w  and Into th e  fu tu re  and 
w h ich  w ill also reso lve co n flic ts  regard ing sea floo r use.

•  D issem ina te  In te rp re ted  data, m aps and n e w  know ledge  

d irec tly  to  s takeho lde rs  via th e  W o rld  W id e  W eb, 

reports, sc ie n tif ic  pub lica tions, m u ltim ed ia  and o ther 

m eans.
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11. Licensing of deposits in
the sea Author: Chris Vivian

11.1 Introduction
This section  g ives in fo rm a tion  about th e  licensing  o f 

depos its  in th e  sea around th e  coasts o f England and 

W a les in 2005 under Part II o f th e  Food and E nv ironm en t 

P ro tection  A c t 1985 (as am ended) (FEPA) (Great Britain - 

Parliam ent, 1985a). In o rder to  prov ide  a co m p le te  p ic tu re  

fo r th e  UK as a w ho le , licensing  s ta tis tic s  fo r S cotland and 

N orthern  Ireland are also included in th is  section .

11.2 Legislation and licensing authorities
The d e p os it o f su b s tan ce s  and a rtic les  in th e  sea, 

p rinc ipa lly  th e  disposal o f dredged m ateria l (as opposed  to  

d ischarge in to  th e  sea via p ipe lines) and th e  use o f m ateria l 

during m arine cons tru c tio n  and coastal de fence  w orks, 

is con tro lled  by a sys te m  o f licences issued under Part II 

o f FEPA. C erta in opera tions (eg th e  depos it o f sc ie n tif ic  
eq u ip m e n t or navigation aids) are exe m p t fro m  licensing 

under th e  D epos it in th e  Sea (E xem ptions) O rder 1985 

(Great Britain - Parliam ent, 1985b).
F o llow in g  d e vo lu tion  in 1999, Defra (then M AFF) 

con tinued  to  license depos its  in th e  sea around th e  W e lsh  

coast on behalf o f th e  W e lsh  A sse m b ly  G ove rnm ent. In 

Scotland, th e  licensing  fu n c tion  becam e th e  respons ib ility  
o f th e  S co ttish  E xecutive  (then SERAD). In N orthern  

Ireland th e  issu ing o f licences rem ained th e  respons ib ility  

o f th e  E nv ironm en t and H eritage Service, an agency o f th e  

D epa rtm e n t o f th e  E nv ironm en t fo r N orthern  Ireland.

11.3 Enforcement
S c ien tis ts  fro m  th e  Cefas Burnham  Laboratory have th e  

po w e rs  to  en fo rce  L icence prov is ions. V is its  are m ade to  

cons tru c tio n  s ite s  and d isposal vesse ls . Sam ples are taken 

and records, inc lud ing  logbooks, are checked. S c ien tific  

s ta ff carried out 21 inspections in 2005.

O ffice rs  o f th e  D e p a rtm e n t's  M arine F isheries A gency  

(M FA) are charged w ith  en fo rc ing  th e  p rov is ions o f FEPA 

(Part II) and undertake  regu lar inspections fro m  a n e tw o rk  

o f port o ffice s  in England and W ales. The M FA carried out 

153 inspections in 2005 in re lation to  cons truc tion  w o rks  

and th e  d isposal o f w a s te  m ateria ls  (dredged m ateria ls  and 

a sm all am o u n t o f she llfish  w as te ) at des ignated  d isposal 

areas. Further deta ils  are given in Table 11.1.

In England and W a le s  3 w r it te n  w a rn ing  le tte rs  w e re  

issued fo r  apparen t b reeches o f licens ing  co n tro ls  in 

2005. D eta ils  are as fo llo w s :

Table 11.1. I nspection activ ity  by the MFA during  2005.

District No. of Inspections No. of
infringements

Construction Disposal

Central 11 7 1

Eastern 34 2 6

London 0 0 0

N orthern 6 8 1

South Eastern 25 7 2

South W este rn 13 5 1

W este rn 3 0 2

W ales 30 2 1

A n n u a l T o ta l 122 31 14

•  Investiga tions in to  un licensed cons tru c tio n  w o rks  at 

Portland resu lted  in 2 o ffic ia l w a rn ings  being issued.

•  Investiga tions in to  un licensed cons tru c tio n  w o rks  at 

F lee tw ood  resu lted  in an o ffic ia l w a rn ing  being issued.

In England and W a les in 2005 the re  w e re  3 success fu l 

p rosecu tions  fo r illegal m arine w o rks . The de ta ils  are as 

fo llo w s :

•  Investiga tions in to  un licensed disposal and cons truc tion  

w o rk s  at M ostyn , F lin tsh ire  resu lted  in a success fu l 

p rosecu tion  in 2005 w h e re  th e  de fendan t w as fined  

£64 ,000  and o rdered  to  pay costs o f £24 ,000.

•  Investiga tions in to  un licensed disposal and cons truc tion  

w o rk s  at Langstone Elarbour, E lam pshire resu lted  in 2 

su ccess fu l p rosecu tions  in 2005 w h e re  th e  de fendan ts  

w e re  fin e d  £8 ,000  and £5 ,000  respec tive ly  and w e re  

o rdered  to  pay costs  o f £750  each.

In Scotland, certa in  au tho rised  s ta ff o f th e  F isheries 
Research S ervices (FRS) M arine Laboratory, A berdeen  

and th e  S co ttish  F isheries P ro tec tion  A g e n cy  (SFPA) 

hold s im ila r e n fo rce m en t pow ers . The FRS m ade 12 

e n fo rce m e n t v is its  in 2005. The SFPA m ade 3 e n fo rce m en t 

v is its  in 2005.

In N orthe rn  Ire land th e  E nv ironm en t and Eieritage 

S ervice (EHS) m ade 10 e n fo rce m en t v is its  in 2005. EHS 

also carried out 12 investiga tion  v is its  in 2005 w h ich  

resu lted  in 3 w a rn ing  le tte rs  being issued to  te rm in a te  th e  

un licensed activ ities .
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Table 11.2. S um m ary  of dredged m a te ria l licensed and disposed of at sea in 2005.

Country Year Licences
issued

Licensed
quantity
(tonnes]

Wet
tonnage
deposited

Dry
tonnage
deposited

Quantities of metal contaminants in wastes 
deposited (tonnes]

Cd Cr Cu Hg Ni Pb Zn

England 2001 124 39,297,549 29,660,448 14,881,254 7.61 1,040 731 5.84 478 1,099 3,310

and W ales 2002 124 72,851,190 27,884,495 14,725,603 5.53 912 457 4.66 409 1,166 2,664

2003 97 31,836,123 29,526,580 15,800,897 5.41 950 498 4.29 443 1,183 2,694

2004 80 44,790,919 28,516,645 14,949,123 5.27 886 513 4.35 412 1,190 2,648

2005 87 37,483,750 27,777,496 14,792,977 5.18 764 579 4.30 419 1,037 2,617

Scotland 2001 29 3,307,800 2,217,981 1,162,856 0.36 79 48 0.74 36 77 165

2002 21 2,959,045 2,203,016 1,188,129 0.33 59 46 0.85 29 69 134

2003 29 3,573,981 2,764,020 1,647,881 0.61 70 57 1.40 41 101 175

2004 23 2,412,670 1,484,408 742,204 0.19 27 19 0.51 14 31 54

2005 20 5,293,220 2,723,703 1,376,334 1.23 181 112 1.59 69 174 360

N orthern 2001 3 183,000 3,420,411 2,495,714 0.72 246 37 0.42 66 76 226

Ireland 2002 8 1,161,500 976,102 458,108 0.46 31 19 0.19 19 26 86

2003 2 189,900 115,404 73,382 1.47 8 4 0.06 3 2 12

2004 4 432,904 111,208 79,135 0.04 3 1 0.06 1 1 7

2005 3 37,800 585,187 308,111 0.11 23 10 0.03 13 14 47

UK Total 2001 156 42,788,349 35 ,298,840 18,539,824 8.69 1,365 816 7.01 579 1,251 3,701

2002 153 76,971,735 31,063,613 16,371,841 6.31 1,003 522 5.70 457 1,261 2,884

2003 128 35,600 ,004 32,406 ,004 17,522,159 7.50 1,027 559 5.75 487 1,286 2,881

2004 107 47,636,493 30,112,261 15,770,462 5.50 917 533 4.92 427 1,223 2,709

2005 110 42,814,770 31,086,386 16,477,422 6.52 968 700 5.92 502 1,225 3,024

Notes: Tonnages deposited re la te  to  quan tities  in the  ca lendar ye a r 2005, w h ich  m ay be covered by 2 o r m ore licences, inc lud ing  one o r m ore 
issued in previous years.

11M Licensing of dredged material
Table 11.2 g ive deta ils  fo r  th e  period 2001 to  2005 o f th e  

n um ber o f sea d isposal licences Issued, th e  qu a n tity  of 

w a s te  licensed and th e  quan tity  actually  depos ited , to g e th e r 

w ith  In fo rm a tion  on th o se  con tam inan ts  In th e  w a s te s  

w h ich  th e  UK Is requ ired to  report In te rna tiona lly  to  m ee t 

ob liga tions under th e  OSPAR and London C onventions. A 

p roportion  o f th e  trace  m eta ls  In th is  dredged m ateria l Is 

natural, bu t th e  m inera l s truc tu re  Is such th a t It w ill no t be 

available to  m arine organ ism s.

Figure 11.1 sh o w s  th e  m ain disposal s ite s  used In 2005 

and th e  quan titie s  used at each s ite . A lth o u g h  app lica tions 

fo r licences are requ ired  to  s h o w  evidence  th a t th e y  have 

cons ide red  a lte rna tive  d isposal op tions  Including benefic ia l 

use, th e  p rob lem s o f having s ilty  m ateria ls, and m atch ing  

th e  tim in g  o f dredg ing  cam pa igns and th e  dem and fo r 

sed im en ts , have m eant th a t m os t o f th e  fine r m ateria ls, In 

particu lar, are depos ited  at sea.

11.5 Other licensed activity
U nder Part II o f FEPA, licences are also requ ired  fo r certa in 

o the r ac tiv itie s  or depos its  m ade b e lo w  th e  m ean high 
w a te r sp rings m ark fo r cons truc tion  purposes. Each licence 

app lica tion Is care fu lly  considered , In particular, to  assess 

th e  Im pact on th e  tida l and In tertida l habitat, hydro logica l 

e ffe c ts , po ten tia l In te rfe rence  to  o th e r users o f th e  sea 

and risk to  hum an hea lth. D eta ils o f th e se  licences Issued 

In 2005 are sh o w n  In Table 11.3.

F u rthe r a c tiv it ie s  Invo lve  th e  use o f trace rs , th e  
app lica tion o f b iocides, and burial at sea. G enera lly th e  

a n tic ipa ted  env ironm en ta l Im pact from  th e se  depos its  Is 

m in im al and little  or no m on ito ring  Is required. Details of 

these  licences Issued In 2005 are also show n  In Table 11.3.

Such licences have a lso au tho rised  th e  disposal o f a 

sm all am o u n t o f fish  w as te , deta ils  g iven In Tables 11.4(a) 

and (b).
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Figure 11.1. A m ounts  of dredged m a te ria l d isposed of at sea in 
2005, in d ry tonnes.

Table 11.3. O ther ca tegories of licences issued in 2005.

Licence category England and Wales Scotland Northern Ireland Total

C onstruc tion  - ne w  and renew al 274

Tracers, b iocides etc. 8

Burial at sea 15

148

2

0

13

0

0

435

10

15
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Table 11.4(a). Fish w aste  licensed fo r  d isposa l at sea in 2005

Country Licensed 
quantity 
(tonnes) 111

Company and 
source of waste

Disposal sites Quantity Quantity 
deposited deposited 
(wet tonnes) (dry tonnes)

E n g land  

and  W a le s

0 Q u a y  F resh  and  

F rozen  F o o d s  L td , 

N e w  Q u a y

N e w  Q u a y 1 ,988  1 ,988

Notes : 1" No Fish W astes w ere licensed o r d isposed of in Scotland o r N orthe rn  Ire land during  the  period covered by th is  report. 
For in fo rm a tion  on licensed quan tities  and tonnages deposited see foo tno te  to Table 11.2.

Table 11.4(b). S um m ary  of fish  waste licensed and disposed of at sea

Country Year Licences
issued

in 2005.

Licensed
quantity
(tonnes)

Wet
tonnage
deposited

Dry
tonnage
deposited

England And Wales 2001 3 938 687 6 8 7

2002 2 2 ,2 0 0 808 808

2003 1 6 ,0 0 0 953 953

2 0 0 4 0 0 1 ,8 3 4 1 ,8 3 4

2005 0 0 1 ,988 1 ,988

Scotland 2001 0 0 66 53

2002 0 0 0 0

2003 0 0 0 0

2 0 0 4 0 0 0 0

2005 0 0 0 0

Northern Ireland 2001 0 0 0 0

2002 0 0 0 0

2003 0 0 0 0

2 0 0 4 0 0 0 0

2005 0 0 0 0

UK Total 2001 3 938 753 7 4 0

2002 2 2 ,2 0 0 808 808

2003 1 6 ,0 0 0 953 953

2 0 0 4 0 0 1 ,8 3 4 1 ,8 3 4

2005 0 0 1 ,988 1 ,988

Notes: For in fo rm a tion  on licensed quan tities  and tonnages deposited see foo tno te  to Table 11.2.
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