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Background
Ind ica to r rep o rtin g  by the E uropean  
E nvironm ent Agency (EEA) will be based on 
yearly u p d a ted  inform ation . T he use of 
indicators facilitates m ajor com m unication 
on the p resen t an d  fu tu re  state o f the 
env ironm ent in  re la tion  to E uropean  
environm ental policies. In d ica to r testing by 
the E uropean  Topic C entres is the  basis fo r 
the fu rth e r  harm onisation  o f the assessm ent 
reports  from  the  reg ional sea conventions 
an d  the developm ent o f  a core set o f 
indicators fo r EEA ind ica to r based reporting .

This re p o rt is the  second in a series o f th ree 
reports  on ind ica to r testing fo r the m arine 
an d  coastal env ironm ent an d  describes the 
process an d  the results o f testing o f poten tia l 
indicators fo r EEA rep o rtin g  by m eans of 
identification  o f  data availability, data 
reliability, an d  data processing o f a selected 
set o f descriptive param eters fo r the  policy 
issue 'hazardous substances'. T he  testing 
focused on  the  inputs o f hazardous 
substances in to  the m arine env ironm ent fo r 
po ten tia l pressure indicator, an d  the 
concen tra tion  o f  hazardous substances in 
sed im ent an d  in  organism s fo r po ten tia l state 
indicator.

D ue to  a lack o f reliable an d  com parable 
E uropean  data, the testing mainly 
co ncen tra ted  on the m eth o d  fo r aggregation 
o f data from  m on ito ring  stations an d  the 
p resen ta tion  o f trends in  hazardous 
substances in  the north-east A tlantic 
includ ing  the  N orth  Sea (OSPAR data). 
OSPAR has n o t ad o p ted  an  indicator-based 
approach  n o r  ann u al assessments. T herefo re  
this testing study aims to show, if  an d  how 
OSPAR data can be used fo r the EEA core set 
o f indicators on hazardous substances. The 
results o f this testing  exercise w ere discussed 
with m em b er countries o f M arine 
C onventions an d  EEA du ring  an  In te r  
Regional Forum  w orkshop on indicators in 
Ju n e  2001 an d  are  reflected  in  a separate 
w orkshop re p o rt as well as in  the  fu rth e r 
developm ent o f H azardous substance 
indicators as p resen ted  in  the  th ird  rep o rt in 
this series. H azardous substances considered  
in this re p o rt are those w ithin OSPAR 
m on ito ring  program m es: cadm ium , mercury, 
lead, zinc, lindane PCB7 an d  TBT. However,

tim e series on  inpu ts an d  concentrations o f 
tributyl tin  (TBT) were n o t available, and  
hence  TBT was excluded from  fu rth e r 
testing.

Pressure indicator on direct and riverine 
input o f  hazardous substances
An ind ica to r p ro d u ced  from  the sum  of 
d irect an d  riverine inputs o f all six hazardous 
substances in to  the north-east A tlantic 
includ ing  the N orth  Sea shows a decreasing 
tren d  o f roughly 40 % in  total inputs betw een 
the years 1990 an d  1998. S tated at this high 
level o f aggregation, this conclusion is ra th e r  
accurate.

Since policies address reduction  m easures fo r 
individual substances occurring  at d ifferent 
quantities an d  with d ifferen t toxicities, 
indicators fo r individual substances are  also 
necessary. At a lower level o f  aggregation, 
w hen looking in  m ore  detail at changes in 
inputs o f individual substance by sea area o r 
even by country, tren d  detection  o f  inputs 
becom es sensitive to the m issing data an d  the 
irregularities in  the  tim e series. Since OSPAR 
tim e series are  incom plete, conclusions on 
trends m ust be drawn with caution at such 
lower level o f  aggregation.

T he testing showed tha t the d irect and  
riverine in p u t ind ica to r needs im provem ent 
in  the  quality o f data, the com pleteness o f the 
tim e series an d  in  the  aggregation 
m ethodology. Priority should  be given by 
countries to im provem ent o f the data on 
d irect an d  riverine in p u t aim ed b o th  at 
com pleting  the  data set an d  at quality 
assurance. Only th en  should  the statistical 
m ethods an d  techniques to detect trends 
receive a tten tio n  fo r im provem ent. A nd 
finally, the  re la tion  betw een river flow (water 
quantity) an d  riverine in p u t loads o f 
hazardous substances should  be analysed in 
m ore  detail, m aking it possible to determ ine  
norm alised  in p u t loads in d ep en d en t o f yearly 
variable river flow.

State indicator on concentrations o f  
hazardous substances in sediment
T he D angerous Substances Directive as well 
as the OSPAR C onvention requ ire  tren d  
m easurem ents o f hazardous substances in 
sedim ents. T herefo re, EEA aims at
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developing a state ind ica to r on hazardous 
substances in  sedim ents w ithin its core set. 
From  an exam ination o f OSPAR data on 
cadm ium  concen trations in sed im ent in 
coastal waters, it is concluded  tha t the 
reliability an d  com parability o f  the data are 
such tha t using the  data currently  available 
fo r state ind ica to r developm ent can n o t be 
justified . Extensive tim e series o f 
concentrations o f hazardous substances in 
sed im ent a t individual locations are  n o t 
available. An ind ica to r could only be 
developed, w hen data on  concen trations of 
hazardous substances in sed im ent are 
im proved, fo r exam ple com plete tim e series 
fo r at least a 10-year period  an d  quality 
assurance o f the  data.

State indicator on concentrations o f  
hazardous substances in organisms
T he D angerous Substance Directive as well as 
the OSPAR C onvention also requ ire  trend  
m easurem ents o f hazardous substances in 
m arine organism s. Since no  environm ental 
quality standards have been  set fo r coastal 
waters against which m easured  
concentrations could  be assessed, OSPAR has 
developed b ack g ro u n d /re fe ren ce  
concentrations an d  ecotoxicological 
assessm ent criteria instead. These have been

used in  the developm ent o f  the p roposed  
indicator. An ecological reference  index  
(ERI) fo r concentrations o f  hazardous 
substances in  organism s is de te rm in ed  by 
dividing concen trations o f  these substances 
in organism s by the b ack g ro u n d /re fe ren ce  
concen tra tion  (BRC) o r the u p p e r lim it o f 
the ecotoxicological assessm ent criteria 
(EAC) ranges. U sing OSPAR data on 
concentrations o f hazardous substances in 
b lue m ussel in the  north-east A tlantic 
includ ing  the N orth  Sea, a decreasing tren d  
was fo u n d  in the ERI d u rin g  the period  1990- 
96. T he ERI appears to provide a suitable 
state indicator. T he first testing results look 
p rom ising an d  it is recom m ended  to fu rth e r 
explore the possibilities o f  using this 
indicator.

Monitoring strategy
It is reco m m en d ed  to standardise and  
harm onise  m on ito ring  o f inpu ts and  
concentrations o f hazardous substances on a 
E uropean  scale by bu ild ing  u p o n  In te r 
R egional Forum  initiatives. Efforts to 
standardise data collection and  
dissem ination n eed  to be encouraged  and  
enh an ced  at all levels: m em b er country, 
M arine C onvention an d  E uropean  level.
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1. Introduction

1.1. Background

In  1998, the EEA presen ted  the rep o rt 
E urope's environm ent: the  second 
assessm ent (EEA, 1998). T he m ain subjects 
iden tified  as them es fo r concern  in  the 
m arine an d  coastal env ironm ent chap ter 
were: eu troph ica tion , hazardous substances, 
overfishing an d  degradation  o f  coastal zones.

In  the  EEA re p o rt Environment in the European 
Union at the turn of the century (EEA, 1999) the 
actual an d  foreseeable state o f  the 
env ironm ent in  the EU an d  accession 
countries was assessed. T he outlook  was 
based on socioeconom ic an d  environm ental 
policies tha t are assum ed to be im plem ented  
by 2010. T he rep o rt describes the 
in terrelations betw een h u m an  activities and  
the env ironm ent an d  serves to inform  policy
m akers on  developm ents in environm ental 
param eters an d  the  effects o f m easures 
taken. As such, the  re p o rt is a reference  fo r 
strategic policy developm ent. T he analysis 
follows the  DPSIR assessm ent fram ew ork 
adop ted  by the EEA. It starts with the  driving 
forces (o r h u m an  activities) th a t lead to 
pressures (tha t is, emissions) on the 
environm ent. As a result, changes in the  state 
o f the  env ironm ent may lead to  impacts. 
Responses m ust be defined  to reduce  the 
adverse impacts.

This EEA rep o rt also discussed the m ain 
challenges an d  problem s in  the  coastal zones 
o f fo u r regional seas (the Atlantic, the N orth  
Sea, the Baltic, the w estern M ed ite rran ean ). 
T he pressures o f econom ic grow th and  
spatial developm ent differ betw een the 
regions. D ue to various ecological qualities, 
the coastal zones o f  the  regional seas have a 
d ifferent sensitivity to the  pressures up o n  
them .

In  the  EEA rep o rt En vironmental signals 2000  
(EEA, 2000), the  ind ica to r assessm ent based 
on the DPSIR assessm ent fram ew ork was 
w orked ou t m ore  quantitatively, p resen ting  
eu troph ica tion  indicators etc. fo r coastal 
waters. For hazardous substances however, 
indicators still h ad  to be developed an d  were 
published  first in  'Environm ental signals 
2001' (EEA, 2001). Forthcom ing  EEA 
'Environm ental signals' repo rts  will give a

yearly overview on  selected policy them es, 
includ ing  hazardous substances.

1.2. Hazardous substances

1.2.1. Introduction
D ue to h u m an  activities, m any hazardous 
substances (m ineral oils, PCBs, PAHs, etc.) 
are  em itted  in to  the env ironm ent an d  reach 
coastal waters o r  are d ischarged directly in to  
coastal waters. In  this repo rt, focus is placed 
on substances tha t are  p resen t mostly in 
relatively low concen trations in  the 
environm ent. A distinction is m ade betw een 
inorganic  substances (heavy m etals) and  
organic substances (o rganochlorine 
com pounds, etc.).

At least 100 000 substances are  em itted  in to  
the environm ent, due  to  h u m an  activities. 
M ore than  100 o f them  are  considered 
hazardous fo r the m arine env ironm ent 
because they are toxic, persisten t and  
bioaccum ulative. As analysis techniques and  
in form ation  technology im prove, m ore 
in form ation  will becom e available on 
emissions an d  on the fate o f  hazardous 
substances in the  environm ent. In  the  past, 
data has been  ga thered  on heavy m etals and  
som e organic substances such as PCBs and  
lindane. These substances are  included  in 
m arine m o n ito ring  program m es. A 
provisional selection o f  hazardous substances 
inc luded  in these m o n ito ring  program m es 
has been  used fo r the  developm ent of 
indicators:

• heavy metals: cadm ium  (Cd), m ercury 
(H g), lead  (Pb) an d  zinc (Zn);

• organic substances: lindane (g-HCH), 
PCBs (polychlorinated  biphenyls) an d  TBT 
(tributyl tin).

1.2.2. Heavy metals
Heavy m etals in  coastal waters n o t only 
orig inate from  h u m an  activities 
(an th ropogen ic  sources) b u t also from  
natu ra l sources. Metals do  n o t degrade in the 
environm ent. However, only p a rt o f  the  m etal 
concen trations in  coastal waters is 
bioavailable, since m etals occur in d ifferent 
chem ical spéciations an d  only som e o f these 
spéciations can be taken up  by organism s.
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1.2.3. Lindane
L indane is used as an  insecticide. It degrades 
slowly in  the  env ironm ent an d  may affect 
h o rm o n e  cycling in  organism s (AMAP, 2000).

1.2.4. PCBs
Polychlorinated biphenyls (PCBs) are 
chemically stable an d  h ea t resistant. For tha t 
reason, PCBs are  used as transfo rm er and  
capacitor oils an d  in  o th e r applications 
w here lubricants o r oils are  n eed ed  at h ig h er 
tem peratures. D ue to th e ir  stability and  
relative volatility, PCBs have been  spread 
worldwide. PCB concen trations have been  
correlated  with reduced  fertility in  grey, 
h a rb o u r an d  ringed  seals (AMAP, 2000).

T he sum  o f seven congeners (PCB7) is being  
m onito red , an d  is used as indicator. PCB7 
consists o f  the  congeners 28, 52, 101, 111, 
138, 153 an d  180.

1.2.5. TBT
Tributyl tin (TBT) is used as an tifou ling  pain t 
on ship hulls, and  releases o f TBT from  this 
an tifou ling  pa in t are an  im p o rtan t source of 
TBT in coastal waters. TBT is degraded  in 
w ater (half-life o f a few days to  several w eeks). 
In  sedim ents, decom position takes place 
m ore slowly, especially in  anaerobic 
conditions (half-life o f m any years) (AMAP, 
2000). TBT has recently  been  identified  in 
sperm  whales stranded  on the D utch and  
D anish coasts, illustrating tha t this substance 
is no  longer only fo u n d  in  harbours (OSPAR, 
2000). T he m ost well-known toxic effect o f 
TBT is im posex, reco rd ed  in m arine snails 
even at extrem ely low environm ental 
concentrations (AMAP, 2000). Im posex is a 
p h en o m en o n  by which fem ales develop m ale 
sexual characteristics an d  becom e sterile.

1.2.6. Policies aimed at input reduction
M easures to  reduce  the em ission an d  release 
o f hazardous substances an d  to  p ro tec t the 
m arine env ironm ent are be ing  taken as a 
result o f various initiatives on all levels 
(global an d  regional conventions, and  
m inisterial conferences, E uropean , 
national) : UN Global P rogram m e o f A ction 
fo r the  P ro tection  o f  the M arine 
E nvironm ent against Land-Based Activities; 
M editerranean  action p lan  (MAP); Helsinki 
C onvention 1992 on the  P ro tection  o f the 
M arine E nvironm ent o f the Baltic Sea Area; 
OSPAR C onvention 1998 fo r the P rotection 
o f the  M arine E nvironm ent o f the North-East 
Atlantic; EU w ater fram ew ork directive. The 
target is a substantial reduction  in  the in p u t 
o f specific heavy m etals an d  organic

substances in to  coastal waters. In  addition, 
the application  o f TBT in the m arine 
env ironm ent is restricted  u n d e r  EU Directive 
199 9 /5 1 /E C  o f 26 May 1999. T he use o f  TBT 
is fo rb idden  on ships' hulls with a total length  
o f less than  25 m etres.

1.3. Objectives

T he developm ent o f a com m on set o f 
indicators to  support policy fram ing  and  
im plem enta tion  was stressed at the fou rth  
E u ropean  conference o f  m inisters o f  the 
env ironm ent in  A arhus in  Ju n e  1998. 
Indicators can play a vital p art in  focusing 
an d  illum inating  the significance of 
environm ental change an d  the  progress 
m ade on  ro u te  to sustainable developm ent. 
Indicators are item s o f  quantified  
in form ation  th a t he lp  to  explain how the 
quality o f  the  env ironm ent changes over tim e 
o r varies spatially.

Indicators are  linked to policy questions, 
which should  be answ ered by the ind ica to r 
(EEA, 2000b). T he various in p u t reduction  
policies are m en tio n ed  above. Policy 
questions addressed  by this re p o rt are  those 
listed below.

• W hat is the  situation concern ing  the 
concen trations o f  heavy m etals an d  POPs in 
m arine waters, coastal sedim ents and  
organisms? Are standards exceeded?

• W hat is the  tren d  concern ing  the  discharge 
o f  heavy m etals an d  POPs?

• W hat volum es o f po llu tan ts are deposited  
from  the atm osphere  to the sea?

Providing reliable an d  relevant data and  
inform ation  to su p p o rt widely ag reed  key 
ind ica to r sets in  a consistent an d  timely way 
should  be a m ain  objective o f any 
environm ental m o n ito ring  an d  data- 
g a thering  p rogram m e. To achieve the 
developm ent o f such indicators, the  EEA 
works as a facilitator betw een m em ber 
countries, C om m unity institu tions an d  o th e r 
environm ental organisations and  
program m es.

Thus, the  aim  o f this testing o f a set o f 
provisional indicators fo r the  m arine and  
coastal environm ent, derived from  easily 
available data, is m ean t to be able to supply 
concise, reliable, quantitative in form ation  on 
a regu lar basis to sup p o rt EEA reporting . T he 
objective is to develop fu rth e r  an  ind icato r
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database tha t supplies basic (indicator) 
in form ation  on the E uropean  coastal zones, 
based on the DPSIR assessm ent fram ework.

In  ag reem en t with OSPAR guidelines 
(OSPAR/RID, 1998), OSPAR m em ber 
countries m o n ito r the  hazardous substances 
mercury, cadm ium , copper, zinc, lead and  
lindane. PCB7 is recom m ended  fo r 
m on ito ring  on a voluntary basis. Except fo r 
copper, these substances were selected fo r 
ind ica to r testing  as part o f the study 
u n d e rp in n in g  this re p o rt p rep ared  by the

E uropean  Topic C entre  on the  M arine and  
Coastal E nvironm ent (ETC /M C E).

1.4. Scope

This rep o rt describes the findings o f the 
testing o f hazardous substance indicators. 
C hap ter 2 deals with the  inputs o f  the 
selected hazardous substances to coastal 
waters, constitu ting  pressure indicators. State 
indicators, rep resen ted  by the  concentrations 
o f the  selected hazardous substances in 
sed im ent an d  in  b iota in  coastal waters, are 
discussed in  C hap te r 3.
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2. Pressure indicators of hazardous 
substances

2.1. M ethodo logy

Pressure indicators o f hazardous substances 
fo r the  m arine env ironm ent are  emissions to 
w ater an d  air, riverine an d  d irect inputs in to  
coastal an d  m arine waters an d  atm ospheric 
deposition  to coastal an d  m arine waters. 
Emission indicators have n o t been  
considered  here , due  to the lack o f available 
data. For riverine an d  d irect inputs as well as 
deposition, indicators on a lim ited  am o u n t of 
substances were able to  be tested.

T he testing o f pressure indicators of 
hazardous substances has been  carried  ou t 
th ro u g h  the following steps.

1. C hecking fo r data availability o f in p u t 
param eters with ind ica to r potential, bo th  
quantitative an d  qualitative (uncertain ty  
m argins an d  reliability) an d  selection of 
in p u t param eters to  be used fo r testing. 
Relevant aspects o f in p u t data are:

• sources con tribu ting  to the inputs o f 
hazardous substances;

• tim e coverage (tim e series);
• geographical coverage.

2. D evelopm ent o f  an  aggregation and  
p resen ta tion  m ethod . Choices are  m ade 
on:

• aggregation o f  substances;
• aggregation  over coastal w ater areas;
• p resen ta tion  o f country  contributions.

3. Testing o f in p u t param eters:

• detection  o f  trends;
• d e te rm in ing  the  robustness o f the  

tren d  detection , taking in to  account 
the reliability o f the data;

• draw ing conclusions abo u t the 
usefulness o f the  indicator.

4. M aking recom m endations fo r im proving 
the  in p u t indicators with respect to:

• geographical coverage;
• standardisation  an d  harm onisation  of 

sam pling an d  analysis p rocedure;

• rep o rtin g  results (including m etadata 
an d  inform ation  on representativeness 
o f sam ples).

These steps are described in  the  following
paragraphs.

2.2. Data collection and data  
availability

2.2.1. Data sources and geographical and 
time coverage

T hree  large m arine areas are  distinguished
(see Figure 2.1).

• T he north-east A tlantic inc lud ing  the 
N orth  Sea (OSPAR area): Arctic waters, the  
N orth  Sea, Celtic seas, the  Bay o f Biscay and  
the  Iberian  coast. OSPAR collects data on 
inputs o f  hazardous substances in to  its 
coastal waters on a yearly an d  systematical 
basis.

• T he H elcom  area: the  Baltic Sea. H elcom  
systematically collects data on  inputs of 
hazardous substances on  a five-yearly basis 
(annually from  2000 onw ards).

• T he U N EP/M A P area: the M editerranean  
w here it borders EU countries. M edpol 
collects data on  inputs o f hazardous 
substances in to  the M editerranean .

Inputs o f hazardous substances in to  coastal
waters consist o f the  types listed below.

• D irect inputs: d irect discharges in  coastal 
w ater, from  coastal discharges o f industries 
an d  m unicipalities, waste discharges at sea 
an d  release at sea, fo r exam ple from  
sh ipp ing  an d  oil p roduction .

• Riverine inputs: loads o f  hazardous 
substances en te rin g  coastal waters with 
river inflow. Both h u m an  activities as well as 
na tu ra l sources in  the  whole river basin 
con tribu te  to this input.

• A tm ospheric input: wet an d  dry deposition 
on  coastal waters. A tm ospheric transpo rt of 
substances may take place over long 
distances. Again, h u m an  activities and  
natu ra l sources may con tribu te  to  this 
input.
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The European coastal w aters  Figure  2.1.
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Table 2.1 presen ts an  overview o f the data on 
d irect an d  riverine inputs o f hazardous 
substances in to  E uropean  coastal waters that 
were available fo r the p rodu c tio n  o f this

repo rt. T im e coverage (com pleteness o f time 
series) as well as geographical coverage 
(yearly country  con tribu tion  to  inputs) are 
presen ted .

A vailable data on d irect and riverine inputs from  OSPAR, Helcom  and U N E P /M A P  Table 2.1.

Substance Coastal w a te r area and country  
contribution (1) to  inputs

Tim e series (2) available in th e  
perio d  1 9 9 0 -9 8

Cadm ium OSPAR area:

•  Belgium, G erm any , Ireland, N e the r lands ,  Norway, UK 1 9 90-98

• D enm ark 1990

• France 1 9 90-96

• Portugal,  S w ed en 1 9 9 0 -9 5 ,  1 9 97-98

• Spain 1 9 9 3 -9 5 ,  1 9 97-98

Baltic Sea
(Denmark, Finland, G erm any , Sweden)

1995

M e d i te rran ean
(France, G reece ,  Italy, Spain)

n.d.
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Substance Coastal w a te r  area and country  
contribution (1) to  inputs

Tim e series (2) available in the  
period  1 9 9 0 -9 8

Mercury OSPAR area:

•  Belgium, G erm any , N ether lands ,  Norway, UK 1 9 90-98

•  D enm ark 1990

• France 1 9 9 0 -9 6

•  Ireland 1 9 90-95

•  Portuga l,  S w ed en 1 990-95 ,  19 9 7 -9 8

•  Spain 1 9 9 7 -9 8

Baltic Sea
(Denmark, Finland, G erm any ,  Sweden)
M e d ite rranean
(France , G re e c e ,  Italy, Spain)

1995

n.d.

Lead OSPAR area:

•  Belgium, G erm any , Ireland, N e the r lands ,  Norway, UK 1 9 9 0 -9 8

•  D enm ark 1990

• France 1 9 9 0 -9 6

•  Portuga l,  S w ed en 1 9 9 0 -9 5 ,1 9 9 7 -9 8

•  Spain 1991-92 ,  1994-95 ,  1 9 97-98

Baltic Sea
(Denmark, Finland, G erm any ,  Sweden)

1995

M e dite rranean
(France , G re e c e ,  Italy, Spain)

n.d.

Zinc OSPAR area:

•  Belgium, G erm any , Ireland, N e the r lands ,  Norway, UK 1 9 9 0 -9 8

•  D enm ark 1990

• Portuga l,  S w ed en 1 990-95 ,  19 9 7 -9 8

•  Spain 1 9 9 1 -9 8

Baltic Sea
(Denmark, Finland, G erm any ,  Sweden)

1995

M e dite rranean
(France , G re e c e ,  Italy, Spain)

n.d.

Lindane OSPAR area:

•  G erm any ,  N e the r lands ,  Norway, UK 1 9 9 0 -9 8

•  Belgium 1 990-95 ,  19 9 7 -9 8

•  D enm ark 1 990-95 .

•  France 1 9 9 0 -9 6

•  Ireland,  Sweden) n.d.

•  Portugal 1 9 93-95

•  Spain 1 9 9 7 -9 8

Baltic Sea
(Denmark, Finland, G erm any ,  Sweden)

n.d.

M e d i te rranean
(France , G re e c e ,  Italy, Spain)

n.d.

p c b 7 OSPAR area:

•  G erm any ,  N e the r lands ,  Norway, UK 1 9 9 0 -9 8

•  Belgium 1 990-95 ,  19 9 7 -9 8

•  D enm ark 1 9 90-95

•  France 1 9 9 0 -9 6  (3)

•  Ireland,  Spain, S w ed en n.d.

•  Portugal 1 9 92-95

Baltic Sea
(Denmark, Finland, G erm any ,  Sweden)

n.d.

M e d i te rranean
(France , G re e c e ,  Italy, Spain)

n.d.

TBT OSPAR area ,  Baltic Sea, M e d i te rranean n.d.

(1) Only EEA m e m b e r  countr ies  a re  c o n s id e red .
(2) n.d. = no da ta .
(3) Input d a ta  com pr ise  only five c o n g e n e r s  ins tead  of  seven.
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T he OSPAR data on  d irect an d  riverine 
inputs is n o t com plete. For som e countries, 
in p u t data is lacking, an d  tim e series of 
country  con tribu tions do  n o t always cover the 
w hole period  1990-98. In p u t data on TBT in 
the north-east Atlantic includ ing  the N orth  
Sea is lacking; only som e rough  estim ates on 
TBT inputs are  available. T he H elcom  data 
on d irect an d  riverine in p u t o f heavy m etals 
in to  the Baltic seas is partly estim ated and  
incom plete, an d  is only available fo r the  year 
1995. In p u t data on lindane, PCB7, an d  TBT 
is lacking. U N EP/M A P has som e data 
available on d irect an d  riverine inpu ts of 
hazardous substances in to  the 
M editerranean . EEA /U N EP (1999) rem arks 
that, in the M editerranean , heavy m etals arise 
m ainly from  natu ra l processes an d  the 
con tribu tion  from  an tropogen ic  activities has 
a lim ited  influence on local pollu tion  
problem s. This find ing  m akes m o n ito ring  o f 
inputs less u rg en t in this area.

OSPAR also presen ts data on yearly 
a tm ospheric inpu ts o f  cadm ium , m ercury  
an d  lead in to  the  N orth  Sea (area of 
525 000 km 2). This in p u t data is estim ated, 
based on deposition  m easurem ents in  coastal 
stations su rro u n d in g  the N orth  Sea fo r the 
period  1987-95.

2.2.2. Data reliability
For reasons o f com parability an d  fo r m aking 
tren d  analysis reliable, data on inpu ts should  
be com plete. However, Table 2.1 shows that 
this is n o t the  case. A lo t o f  data is missing. 
Besides, even if  data on  inpu ts fo r a coastal 
area is available this does n o t m ean  tha t all 
d irect an d  all riverine inputs in  th a t area are 
covered.

A close look at the  data on d irect an d  riverine 
inputs o f OSPAR m em ber countries, in 
A nnex 2, reveals m any irregularities in  the  
tim e series, while o th e r  tim e series are 
questionably unchanging . A ccording to a 
m em ber country  com m ent, data on  d irect 
discharges are  less variable th an  riverine 
in p u t data because they are, in m ost cases, 
estim ated an d  n o t m easured  values.
H elcom  (1998) reports  tha t m any 
uncerta in ties rem ain , due to  incom plete  data 
sets concern ing  heavy m etals from  nearly all 
con tracting  parties. A ccording to EEA / 
UNEP (1999), quality assurance an d  control 
p rocedures should  be fu rth e r  developed and  
im p lem en ted  fo r the M editerranean , to 
ensure data quality and  reliability.

T he sam pling an d  analysis p rocedu res and  
the load calculation m eth o d  in  rivers affect 
the  accuracy an d  reliability o f the  in p u t data. 
De Vries an d  Klavers (1994) showed in  a case 
study fo r the  D utch parts o f  the rivers Rhine 
an d  M euse tha t the reliability o f annual load 
estim ates is largely dete rm in ed  by the 
m o n ito ring  strategy (in particu lar sam pling 
frequency) an d  tha t the  reliability o f the 
estim ates can differ significantly fo r d ifferent 
substances and  rivers. W hen the  d istribution 
o f the  total annual load o f  substances is 
m ainly dete rm in ed  by flushing events 
(extrem ely h igh  river flow due to heavy 
rainfall), m issing sam ples du ring  such 
flushing events will result in  an 
underestim ation  o f the  annual load. For such 
rivers, load calculation im proves with the 
frequency o f sam pling.

T he loads o f substances yearly transported  
with rivers in to  coastal waters is re la ted  to 
yearly river flows. In  years with h igh river 
flows, in p u t loads are  h ig h er than  in years 
with low river flows. T he re la tion  betw een 
flow an d  in p u t loads, however, is n o t linear. 
T he n a tu re  o f the  re la tion  depends on: the 
substance involved (solubility in w ater and  
adsorp tion  to suspended  solids, con tribu tion  
o f na tu ra l sources to the  loads) ; river 
characteristics (rain-fed o r glacier river, flow 
velocities, flow distribution w ithin a year and  
frequency and  ex ten t o f flushing events and  
suspended  solids concentration) ; river basin 
characteristics (population , landscape and  
slopes and  land  use w ithin the river basin). 
T hat m eans that, at p resen t, an  unam biguous 
relation  betw een river flow an d  in p u t loads 
canno t be given an d  that, probably, the 
relation  will be d ifferent fo r each river.

W hen analysing results fo r a substance lower 
than  the detection  limit, two load estim ates 
(u p p er an d  lower values) are  used by OSPAR 
an d  H elcom . T he lower estim ate is calculated 
such th a t any result below the detection  limit 
is considered  equal to  zero while, fo r the 
u p p e r estim ate, the value o f the detection  
lim it is used. W here this range is wide, it is an 
ind ication  th a t m ost o f the  concentrations 
were below the  detection  limit, an d  previous 
experience has shown tha t in  such a case the 
u p p e r estim ate tends to be unrealistically 
h igh (OSPAR/QSR, 2000). T he detection  
limits d ep en d  bo th  on the analytical m eth o d  
used an d  on  the laboratory. Large differences 
in  detection  limits fo r the sam e substance are 
observed betw een countries in  the  Baltic Sea 
area (H elcom , 1998).
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T he difference betw een the h igh  and  low 
values in the OSPAR database fo r d irect and  
riverine inpu ts varies betw een substances. 
T he d ifference betw een h igh an d  low values 
in the  database is large, especially fo r PCB7. 
T he d ifference betw een the average values 
calculated an d  the  h igh  an d  low values 
am o u n t to  abou t 80 % fo r PCB7. This 
d ifference is sm aller fo r the  o th e r substances: 
up  to 20-30 % fo r cadm ium , m ercury  and  
lindane; u p  to abou t 10 % o r less fo r lead  and  
zinc. A very h igh  uncerta in ty  m argin  o f m ore 
than  90 % is observed fo r the  con tribu tion  o f 
the UK to PCB7 inputs. This con tribu tion  
therefo re  is highly u ncerta in  an d  probably 
overestim ated.

Air transpo rt m odels a n d /o r  extrapolation  
m ethods are  used to  derive atm ospheric 
inputs in to  coastal waters. T he results differ 
dep en d in g  on the estim ation m ethod  
chosen. T he atm ospheric in p u t values may 
therefo re  be biased. Thus, these values 
should  n o t be com pared  directly with d irect 
an d  riverine inputs. However, tim e series o f 
a tm ospheric in p u t data calculated with the 
sam e estim ation m eth o d  may be used fo r 
tren d  analysis, as the relative reliability o f  the  
com pared  data is n o t sensitive to  the bias.

2.3. Aggregation and presentation

2.3.1. Trend detection m ethods
T rends can be shown using absolute num bers 
(inpu t loads) o r  relative num bers. T he inputs 
differ largely fo r the  six substances 
considered, w hich m akes com parison 
difficult. U sing relative num bers makes 
com parison betw een the substances easier. 
M oreover, in  po llu tion  abatem ent, targets are 
often fixed as percen tage emission 
reductions.

Several m ethods may be used fo r tren d  
detection  o f inputs; from  sim ple and  
straightforw ard to m ore sophisticated. 
Dividing inpu ts in  the last year o f  the  period  
by the  inputs o f  the  first year o f  the 
investigated perio d  is a very sim ple and  
straightforw ard m eth o d  to  detect trends. 
Since this m eth o d  only uses the first an d  last 
year o f  the  tim e series, the resu lting  tren d  
detec ted  is sensitive to the values only of 
these two years com pared  with the general 
p a tte rn  o f the  inpu ts over time.

M ore sophisticated m ethods use statistical 
techniques. For instance, tren d  lines may be 
constructed  using the  m e th o d  o f the least 
squares, m inim ising the distance o f individual 
observations to  a tren d  line. Several tren d

line curves are possible, fo r exam ple linear, 
logarithm ic, exponential. T he tren d  line 
curve selected should  reflect the developm ent 
to be expected  over tim e (see Figure 2.2).

C onstructing  tren d  line curves m eans 
sm ooth ing  o f irregu lar pa tterns of 
developm ent over time, showing possible 
trends m ore  clearly. These curves do n o t 
reveal the  statistical significance o f the trends 
shown. M any statistical m ethods an d  m odels 
are available to  de term ine  the statistical 
significance. T he trend-y-tector (see web site: 
http:/www. w a te rlan d .n e t/rik z /o sp a rw g / 
trend-y-tector) is an  exam ple.

In  the  OSPAR database, som e in p u t data fo r 
countries and  years is lacking an d  som e tim e 
series on  country  con tribu tions are  highly 
irregu lar in  th e ir in p u t values; o th e r tim e 
series are questionably u nchang ing  in in p u t 
values. A pplying a sophisticated statistical 
analysis m eth o d  m igh t suggest a h ig h er 
reliability o f  in p u t data than  tha t ob tained  in 
reality. T herefo re, in  this report, a sim ple and  
straightforw ard m eth o d  is used to describe 
the trends. Some sensitivity analysis is carried 
ou t using o th e r m ethods o f  tren d  detection  
to determ ine  the robustness o f  the 
conclusions drawn from  the results. In 
fu ture , w hen validated in p u t data are 
available, it is reco m m en d ed  to  use a 
statistical based m eth o d  fo r detection  (see 
O SPA R /SIME, 2000).

2.3.2. Trend detection applied on the inputs 
o f hazardous substances

T he atm ospheric inpu ts an d  the  sum  of 
d irect an d  riverine in p u t are dealt with 
separately, since the coastal w ater areas fo r 
which data are available are  d ifferen t an d  the 
accuracy o f  bo th  types o f in p u t data does no t 
com pare very well.

T hough  incom plete  an d  n o t very accurate, 
the OSPAR data on d irect an d  riverine inputs 
o f hazardous substances in the  perio d  1990- 
98 are used fo r tren d  analysis an d  ind ica to r 
testing. O ld er OSPAR data are  less reliable 
an d  therefo re  n o t used. T he tren d  detection  
is carried  ou t fo r the fo u r heavy m etals 
(cadm ium , mercury, lead an d  zinc) as well as 
lindane an d  PCB7. T rend  detection  with TBT 
is n o t possible, as data on inputs is lacking. To 
derive relative num bers fo r each substance, 
the sum  o f loads o f all d irect an d  riverine 
inputs in to  the north-east A tlantic including  
the N orth  Sea in 1990 is set at 100 %. The 
in p u t percentages fo r o th e r  years fo r each 
substance are  calculated relative to the  1990 
data.
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Expected deve lo pm en t o f inputs as a result o f pollution ab ate m en t Figure  2.2.
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Data on atm ospheric inputs is available for the 
N orth  Sea for the  period  1987-95 (OSPAR/ 
ASMO, 1998). The atm ospheric inputs were 
estim ated using M ethod III from  the CAMP 
(com prehensive atm ospheric m onitoring 
program m e) principles. For mercury, wet 
deposition data is used (M ethod I la ) .

T he aggregation p ro ced u re  fo r a tm ospheric 
inputs is sim ilar to  tha t fo r the  sum  o f d irect 
an d  riverine inputs. For each o f the  th ree 
m etals fo r w hich data is available an d  for 
every year o f the perio d  1987-95, an 
atm ospheric  in p u t percen tage is calculated 
using the 1990 atm ospheric  in p u t o f tha t 
substance as a base (100 %).

2.3.3. Levels o f  aggregation and presentation
Results fo r d irect an d  riverine inputs are 
p resen ted  at fo u r levels o f aggregation, from  
high (1) to  low (2).

1. Total inputs sum m ed up  fo r the n o rth 
east A tlantic includ ing  the N orth  Sea, 
an d  aggregated fo r six substances;

2. Total inputs fo r each o f the six substances 
separately, an d  added  u p  fo r the n o rth 
east A tlantic includ ing  the N orth  Sea;

3. Total inputs fo r each o f the six substances 
separately, an d  added  u p  fo r each o f the 
fou r regional coastal waters o f the n o rth 
east A tlantic includ ing  the N orth  Sea;

4. C ountry contribu tions to  the in p u t of 
each o f the  six substances separately, and  
ad d ed  up  fo r the  north-east Atlantic 
includ ing  the N orth  Sea.

2.4. Results of testing

2.4.1. Trends in direct and riverine inputs 
aggregated for the north-east Atlantic 
including the North Sea and integrated 
over six substances

P resentation  on the  h ighest aggregation level 
provides a general overview o f the  tren d  in 
inputs o f hazardous substances over the 
perio d  considered.

T he six substances have a d ifferen t fate and  
ecotoxicity in coastal waters. As a 
consequence, the  six in p u t loads can n o t be 
simply added  together; n e ith e r  the  absolute 
n o r  the relative num bers (percentages). To 
add  the  inputs fo r d ifferent substances, some 
k ind o f  w eighting o f the  inpu ts o f  each 
substance would be needed . W eighting 
factors, however, are  usually subjective and  
often m ore o r less arbitrary. A simple 
aggregation p ro ced u re  is chosen using the 
in p u t o f each substance in  a year (expressed 
as percen tage o f the in p u t in  1990) as relative 
num bers. For each year, these six in p u t 
percen tages are  averaged (see A nnex 1). T he 
yearly average percentages may be 
in te rp re ted  as an  index  showing the general 
developm ent o f quantities o f inputs o f 
hazardous substances over time.

M em ber countries recom m end  n o t to  use 
this aggregated  ind ica to r as such, since the 
selected hazardous substances have levels o f 
toxicity differing by factors o f 100 an d  m ore. 
C oncentrations would n eed  to be converted 
to toxicity equivalents p rio r to aggregation in 
o rd e r to  show the tren d  o f ecotoxicological 
risk to the  m arine environm ent.
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T he results are  p resen ted  in  Figure 2.3. Apart 
from  the tren d  line fo r average values, the 
highest an d  lowest value ob tained  fo r the  six 
substances in  a year are  also given. Based on 
the 1990 an d  1998 in p u t values, a decreasing 
tren d  o f 42 %, on average, aggregated  inputs 
o f hazardous substances over the period  
1990-98 is calculated.

In  OSPAR, p rocedu res fo r river load 
calculation have been  agreed  u p o n  (OSPAR/ 
RID, 1998). But bias rem ains possible and  
mistakes can be m ade in  reporting . Some 
exam ples are  listed below.

• Sam pling may n o t be representative, fo r 
exam ple due to disturbances. In  the 
N etherlands, suspended  solids con ten t 
observed in  the  river outflow in the mid- 
1990s was abou t th ree  tim es h ig h er 
com pared  with the perio d  before  an d  after 
(D epartm ent o f Public W orks in  the 
N etherlands, 1999). H azardous substances 
are strongly adsorbed  on  suspended  solids 
resu lting  in h igh values fo r calculated 
riverine inputs from  the  N etherlands fo r 
these years (see A nnex 2).

• Data on lindane in p u t from  the 
N etherlands in  the  period  1990-92 is 
wrong, due to a change in  the  analysis 
p ro ced u re  starting  in  1993 which provided 
m ore  accurate data.

• Som e u p p e r  values fo r inputs in  the years 
1997 an d  1998 are below the lower values.

• A n u m b er o f irregularities are  observed in 
the  tim e series o f country  contribu tions 
(see A nnex 2) :

—  cadm ium  inputs from  Portugal over the 
years are very irregular;

—  the 1990 in p u t o f lead  from  Portugal is 
unbelievably h igh  com pared  with the 
loads in  the following years;

—  PCB7 in p u t from  Norway in  1990 is very 
h igh com pared  with the loads in the 
following years;

—  the tim e series on inputs from  Spain are 
very irregular.

• Equal loads over a n u m b er o f years in  tim e 
series also ap p ea r to be suspect (see zinc, 
lindane an d  PCB in p u t from  France, and  
lindane an d  PCB7 in p u t from  D enm ark  in 
A nnex 2).

To test the robustness o f the conclusion o f a 
42 % decrease in  inputs betw een 1990 and  
1998, a tentative (illustrative) sensitivity 
analysis is carried  ou t in  Figure 2.3 fo r the 
sum  o f d irect an d  riverine inpu ts o f 
hazardous substances. In  the data set, 
tentative corrections are  m ade fo r missing 
values, fo r known biases an d  fo r the m ost 
suspect irregularities.

• T he con tribu tions o f the N etherlands to 
the  inpu ts o f hazardous substances in  1994 
an d  1995 are red u ced  to 33.3 % o f th e ir 
original values.

Trend in sum o f d irec t and riverine inputs into th e  north-east A tlantic  including th e  N orth  Sea in th e  period
Figure  2.3. 1 9 9 0 -9 8 , averaged fo r cadm ium , mercury, lead, zinc, lindane and PCB7, and based on OSPAR data

(the input o f each substance in 1 9 9 0  is 100  %)
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Trend in th e  sum o f d irect and riverine inputs into th e  north-east A tlantic  including th e  N orth  Sea in the  
period  1 9 9 0 -9 8 , ag g reg a ted  fo r cadm ium , mercury, lead, zinc, lindane and PCB7 Figure  2.4.

100

1990 1991 1992 1993 1994 1995 1996 1997 1998

Actual average 
C orrected average

Linear (actual average) 

Linear (corrected average)

N o te :A  curve using th e  actual OSPAR d a ta  is p r e s e n te d  as well as a curve with ten ta t iv e  correc tions of  th e  d a ta  
(the input of  each  s u b s ta n c e  for bo th  cases  in 1990 is 100 %).

Trend detection  fo r th e  sum o f d irect and riverine inputs, using actual and 
corrected data and using d iffe ren t tren d  detec tion  m ethods

M eth o d  applied Decrease using actual 
OSPAR data

(%)

D ecrease using corrected  
data
(%)

Simple an d  s t ra igh tfo rw ard 42 39

Linear t r e n d  using m e th o d  of  least sq u a res 42 48

• T he con tribu tion  o f the N etherlands to the 
in p u t o f  lindane in the period  1990-92 is 
co rrec ted  to the 1993 in p u t value.

• T he in p u t o f  lead by Portugal in 1990 is 
red u ced  to 10 % o f its rep o rted  value.

• T he tim e series o f  Spain are om itted.

• T im e series o f country contribu tions 
lacking five o r m ore  in p u t data are  om itted.

• Missing values fo r country  con tribu tions to 
inputs are given the  value o f the previous 
year. W hen the  m issing data concerns in p u t 
values a t the  start o f the tim e series, values 
o f la ter years are applied.

W ith this co rrec ted  data, a revised graph  has 
been  constructed  an d  p resen ted  in 
Figure 2.4. T he correc ted  curve is decreasing 
m ore regularly than  the  curve using the 
actual (uncorrected) data. Based on the 
co rrec ted  curve, a decrease in  input, by

dividing 1998 in p u t values by 1990 values, is 
calculated to be 39 %. W ith b o th  the actual 
an d  the  co rrec ted  data, linear tren d  lines are 
constructed  (using the  m eth o d  o f the  least 
squares reg ression ). For bo th  tren d  lines, 
decreasing trends are  calculated using the 
tren d  line values o f 1990 an d  1998. T he 
results are p resen ted  in Table 2.2.

W hat can we learn  from  Figure 2.4 and  
Table 2.2?

• T he differences in trends detec ted  betw een 
sim ple an d  m ore  sophisticated m ethods 
an d  betw een using the available data (data 
is m issing an d  irregularities are  observed in 
the  data) an d  im proved data are relatively 
small.

• At a h igh aggregation  level, ra th e r robust 
conclusions may be drawn w hen the trends 
are  significant (here  a large percen tage 
decrease).
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• W hen the trends are less significant (small 
percen tage change), draw ing conclusions 
from  tren d  detection  may becom e ra th e r 
speculative.

• Im proving the in p u t data leads to an  in p u t 
curve closer to  the linear tren d  line (using 
the m eth o d  o f the least squares).

2.4.2. Trends in total direct and riverine 
inputs, by substance

This aggregation level focuses on each 
substance separately an d  shows the 
developm ent o f inpu ts by substance fo r the 
w hole north-east A tlantic inc lud ing  the 
N orth  Sea, over tim e. T he results are 
p resen ted  in  Figure 2.5. Table 2.3 gives the 
results o f  the sim ple and  straightforw ard 
tren d  detection  fo r each substance, bo th  fo r

the actual OSPAR data as well as fo r the 
co rrec ted  data (see parag raph  2.4.1). From  
Figure 2.5 an d  Table 2.3 it becom es clear 
that, am ong  the metals, the reduction  
p ercen tage using the  actual OSPAR data is 
largest fo r m ercury  an d  dim inishes in the 
o rd e r cadm ium , lead  an d  zinc. For PCB7, a 
larger reduction  percen tage  is observed than  
fo r lindane. In  this finding, the  unreliability 
an d  p robable  overestim ation o f  the  UK in p u t 
o f PCB7, as m ajor contributor, are no t 
accoun ted  for. Table 2.3 also shows tha t the 
robustness o f the results is greatest fo r the 
larger percen tage decreases. T he sm aller 
p ercen tage decreases (for lead, zinc and  
lindane) are  m ore sensitive to data 
corrections.

j  i I ,, ,  Decrease in th e  d irect and riverine input o f hazardous substances in th e  period  1 9 9 0 -9 8 ,
a 6 based on trend detec tion

Substance Decrease using actual OSPAR data
(%)

Decrease using corrected data
(% )

Cadm ium 47 51

Mercury 66 66

Lead 34 40

Zinc 18 26

Lindane 37 42

p c b 7 (1) 51 47

A v erag e 42 39

(1) The PCB7 inputs  of  th e  UK are  unreliable an d  p ro b ab ly  ov e re s t im a te d .  This m ay affect  t h e  results of  th e  t r e n d  
d e te c t io n  for this s u b s tan ce .

Trends in th e  sum o f d irec t and riverine inputs o f hazardous substances into th e  north-east 
Figure  2.5. A tlantic  including th e  N orth  Sea in th e  period  1 9 9 0 -9 8 , based on OSPAR data

(the sum o f input o f each substance in 1 9 9 0  is 10 0  % )
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2.4.3. Trends in direct and riverine inputs 
into the four coastal waters o f  the 
north-east Atlantic including the North  
Sea, by substance

This aggregation level gives insight in to  
trends fo r each substance in the fo u r coastal 
waters o f the north-east A tlantic including  the 
N orth  Sea, and  w here trends are decreasing 
m ost and  w here less o r  n o t decreasing.

Figure 2.6 an d  Table 2.4 bo th  show —  in a 
d ifferen t way —  the percen tage changes o f 
the d irect an d  riverine inputs in to  the fou r 
regional coastal waters fo r each substance 
over the perio d  1990-98 (com parison o f  two

years). From  the figure an d  the table, it can 
be seen th a t the  percen tage change o f  in p u t 
differs betw een the fo u r regional coastal 
waters. For the N orth  Sea, relatively less 
reduction  is realised than  fo r the  o th e r 
coastal w ater areas. At this lower level o f 
aggregation, the  in fluence o f missing data 
an d  irregularities in the  data becom es m ore 
evident. For instance, reliable percentages o f 
change could n o t be dete rm in ed  fo r th ree  
substances fo r the Bay o f Biscay an d  the 
Iberian  coast.

Percentage o f change in th e  sum o f d irec t and riverine input o f hazardous substances into th e  north-east -  , , „ .
A tlantic  including th e  N orth  Sea, b e tw een  1 9 9 0  and 1 9 9 8 , based on OSPAR data  a e . .

Substance Arctic w aters G reater N orth  Sea Celtic seas Bay o f Biscay and  
Iberian coast

Cadm ium - 8 3 - 3 0 - 6 8 - 1 8
Mercury - 4 7 - 6 2 - 7 4 - 7 7
Lead - 4 6 - 9 - 3 -9 1
Zinc 7 - 3 1 - 2 6 n.c.

Lindane - 7 6 - 3 9 - 9 n.c.

p c b 7 - 9 5 - 4 0 -6 1 n.c.

n.c. = no t  ca lcula ted ,  as  t im e  se ries  for th e  Bay of  Biscay an d  th e  Iberian coas t  a re  Incom plete ;  blue: m o re  than 
40 % d e c r e a s e  in th e  p e r iod  1990-98 ;  green: b e tw e e n  40 an d  20  % d e c re a s e  in th e  per iod  1990-98 ;  yellow: 
b e tw e e n  20 an d  0 % d e c r e a s e  in t h e  p e r iod  1990-98 ;  red: increase  In th e  per iod  1990-98 .

Percentage o f change in th e  sum o f d irec t and riverine input o f hazardous substances into th e  north-east p. „ ,
A tlantic  including th e  N orth  Sea b e tw een  1 9 9 0  and 19 9 8  (com parison o f tw o  years), based on OSPAR data  igure
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N o te :T im e  se ries  of  t h e  input of  PCB7 into th e  Bay of  Biscay and  th e  Iberian co as t  com pr ises  only th e  per iod  
1992-95 .  Input d a ta  of  Spain a re  lacking for zinc and  l indane in 1990, while r e p o r te d  inputs  in 1998 are relatively 
high. Due to  this lack of  da ta ,  no p e r c e n ta g e s  of  c h a n g e  of  Inputs into th e  Bay of  Biscay an d  th e  Iberian coas t  are  
ca lcula ted  for zinc, l indane an d  PCB7.
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2.4.4. Trends in country contributions to
direct and riverine input, by substance

This low aggregation level gives in form ation  
on the developm ent o f country  contribu tions 
to inputs over tim e. It m ust be rem em bered  
h ere  tha t countries are n o t always fully 
responsible fo r these inputs, since part o f the 
riverine in p u t a ttrib u ted  to a country  may 
originate from  sources in  upstream  countries.

Many graphs are n eed ed  to p resen t the 
results fo r six substances, fo r 11 countries (in 
the OSPAR data set) an d  fo r n ine  years 
(period  1990-98). In  the  exam ple figure 
below, all country  con tribu tions to the  in p u t 
o f zinc are presen ted .

Figure 2.7 shows tha t the  con tribu tions to the 
in p u t o f zinc in to  the north-east A tlantic 
includ ing  the  N orth  Sea differ largely 
betw een the countries involved. A ccording to 
the data delivered to OSPAR, Belgium, 
France, Portugal an d  Sweden con tribu te  
relatively little to the in p u t o f zinc. T he 
U nited  K ingdom  an d  G erm any con tribu te  
m ost to the  total decrease in  in p u t o f zinc.

A part from  show ing trends in  country  
contribu tions to  d irect an d  riverine inputs, 
this aggregation level reveals the reliability of 
the in p u t data. Gaps in the tim e series are 
shown, as well as irregularities and  
questionable regularities. T he zinc in p u t

from  France is questionably unchanging . O n 
the o th e r hand , the in p u t from  Spain is 
highly irregular, an d  very h igh inputs are 
observed fo r the  N etherlands fo r the  years 
1994 an d  1995. P resen ting  the country  
con tribu tions in  this way should  raise 
questions, lead ing  to suggestions fo r 
im provem ents o f  the  in p u t database.

In  A nnex  2, all data is p resen ted  on country  
con tribu tions to inputs, revealing the gaps in 
the data on inputs o f  hazardous substances as 
well as the  irregularities an d  the questionable 
regularities in  the data supplied  to OSPAR by 
the countries concerned .

From  Figure 2.7 an d  the data in  A nnex 2, it 
follows tha t the contribu tions o f m any 
countries to the d irect and  riverine inputs o f 
hazardous substances in to  the north-east 
A tlantic includ ing  the N orth  Sea decrease 
significantly in the  perio d  1990-98. T he 
U nited  K ingdom , as the  m ain  co n trib u to r of 
inputs o f hazardous substances in  1990, is 
m ainly responsible fo r the  decrease in  inputs 
in to  the north-east A tlantic includ ing  the 
N orth  Sea. G erm any also contribu tes strongly 
to the decrease in  inputs o f mercury, and  
Norway to  the  decrease in  inpu ts o f  lindane. 
Based on  the  data delivered to OSPAR, 
Portugal fully accounts fo r the  decrease in 
in p u t o f lead  observed betw een 1990 and  
1998.

Contributions o f countries to  d irect and riverine inputs o f zinc into th e  north-east A tlantic  including the  
N orth Sea during th e  period  1 9 9 0 -9 8 , based on OSPAR data  (tota l zinc input in 1 9 9 0  is 1 0 0  % )
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Very
irregular

Very
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N o te : ln p u t  d a ta  for D enm ark  covers  only 1990 an d  Is no t  p re se n te d .
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T he inputs from  the N etherlands in  the  years 
1994 an d  1995 are h igh com pared  with 
inputs in o th e r  years. These h igh inputs are 
probably due  to  relatively h igh (and no t 
representative) concen trations o f suspended  
solids in  the sam ples o r due to h igh  river 
flow. T he in p u t data on PCB7 are  unreliab le  
an d  probably overestim ated fo r the  U nited  
K ingdom  (see parag raph  2.2.2). T herefore, 
the results o f tren d  detection  o f the UK 
inputs on PCB7 m ust be considered  with 
caution. For D enm ark  an d  Spain so m uch 
data is missing tha t a tren d  analysis is no t 
possible. For Ire land  an d  Sweden the  same 
holds fo r the inputs o f lindane and  PCB7.

2.4.5. Trends in atmospheric inputs
Most substances have a ra th e r  sho rt residence 
tim e in  the atm osphere  (o f the o rd e r o f a few 
days), an d  they are  rapidly deposited  by rain  
(wet deposition) o r  th ro u g h  sed im entation  
(dry d ep o sitio n ). T he general p a tte rn  shows 
a clear decrease in deposition  levels fu rth e r 
from  the  coast an d  towards o pen  water. The 
lim ited residence times imply tha t the 
con tribu tion  o f  m ore  d istan t countries (not 
b o rd erin g  seas) to atm ospheric  deposition  to 
the seas is small. In  contrast, hazardous 
substances such as PCBs exhibit very long 
residence times an d  th e ir  a tm ospheric

transpo rt m ust be considered  on a larger, 
even global, scale (OSPAR/QSR 2000).

A part from  som e local (oil p roduction ) and  
diffuse (shipping) sources fu rth e r  away from  
the coasts, d irect an d  riverine inpu ts in to  the 
seas becom e nil. A lthough atm ospheric 
deposition  also decreases, fu rth e r  away from  
the coasts a tm ospheric in p u t becom es the 
m ajor an d  often  the only source o f input.

Table 2.5 illustrates the im portance  o f 
atm ospheric  inputs in con tribu ting  to  total 
inputs in  coastal waters. In  this table, the 
atm ospheric  inputs o f cadm ium , m ercury  
an d  lead in to  the  N orth  Sea in  1995 are 
com pared  to d irect an d  riverine inputs. T he 
con tribu tion  o f  a tm ospheric  in p u t to total 
inputs ranges from  20 % fo r mercury, to 
28 % fo r cadm ium  an d  32 % fo r lead.

A tm ospheric inputs to  the  north-east A tlantic 
includ ing  the N orth  Sea also are calculated 
using a long-range a ir transpo rt m odel and  
a ir em ission data. T he results differ 
considerably from  the atm ospheric  in p u t 
data in  Table 2.5, w hich is based on 
deposition  m easurem ents in  coastal stations 
su rro u n d in g  the  N orth  Sea. T he differences 
are due to overestim ation o f the  m easured  
wet deposition  an d  an  underestim ation  of 
the  em ission data (OSPAR/ASMO 1998).

Inputs o f cadm ium , m ercury and lead from  d iffe ren t sources into th e  N orth  Sea (5 2 5  0 0 0  km 2) 
in 1 9 9 5 , based on deposition m easurem ents in coastal stations surrounding th e  N orth  Sea Table 2.5.

Input source Cadm ium

T onnes  %

M ercury

T o n n es  %

Lead

Tonnes  %

Direct 2.5 3 0.6 3 61 3

Riverine 53 69 15.5 77 1 361 65

A tm osphe r ic 22 28 4 20 670 32

Total 78 100 20 100 2 092 100

Source: OSPAR/ASMO 
1998, using a v e ra g e  
values for direct and  
riverine Inputs.
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Trend in atm ospheric inputs o f cadm ium , m ercury and lead into th e  N orth  Sea in th e  period  1 9 8 7 -9 5 , based  
Figure  2.8. on OSPAR data  derived  from  deposition m easurem ents in coastal stations surrounding th e  N orth  Sea

(the atm ospheric input o f each m etal in 1 9 9 0  is 10 0  % )
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Figure 2.8 gives an  overview o f the trends in 
atm ospheric inputs o f the  heavy m etals 
cadm ium , m ercury  and  lead  in to  the  N orth  
Sea in the  perio d  1987-95. From  this figure, 
it becom es clear tha t the  atm ospheric  inputs 
o f cadm ium , m ercury  an d  lead decrease 
significantly (on average by abou t 55 %)  
betw een 1987 an d  1995. T he inputs o f 
m ercury  an d  lead  decrease relatively m ore 
than  the in p u t o f cadm ium  in the  period  
considered. A ccording to the figure, the  
yearly decrease in  the  perio d  until 1990 is 
som ew hat la rger than  the yearly decrease in 
the period  thereafter.

D eterm in ing  trends in this way is sensitive to 
deviations in  the  in p u t values fo r the  first and  
last year com pared  with the general p a tte rn  
over tim e (see parag raph  2.3.1 ). For instance, 
yearly rainfall may affect wet deposition.

2.5. Conclusions and 
recom m endations

2.5.1. Trend detection and robustness o f  
results

From  the results p resen ted  in the  p reced ing  
paragraphs, the  following conclusions can be 
drawn abou t trends in the inputs o f 
hazardous substances in to  the north-east 
Atlantic inc lud ing  the N orth  Sea.

Sum of direct and riverine inputs of six hazardous 
substances into the north-east Atlantic 
©  T he  inpu ts decrease on average by 

roughly  40 % in the  perio d  1990-98.
© T he decrease in  inputs betw een 1990 and  

1998 varies am ong  the regional coastal 
waters o f the  north-east A tlantic

includ ing  the  N orth  Sea. T he decrease is 
relatively less fo r the g rea te r N orth  Sea 
than  fo r the o th e r th ree  reg ional coastal 
waters.

Direct and riverine inputs o f each hazardous
substances separate
©  A m ong the metals, the d irect and

riverine in p u t o f m ercury  decreases m ost 
betw een 1990 an d  1998. This is followed 
by cadm ium . T he decreases in  inputs of 
lead an d  zinc are  less substantial.

©  T he in p u t o f PCB7 decreases m ore  than  
the in p u t o f lindane betw een 1990 and  
1998.

Direct and riverine inputs by country
©  T he con tribu tions o f m any countries to 

the inputs o f hazardous substances 
decrease significantly betw een 1990 and  
1998.

© T he U nited  K ingdom , as the  m ain 
co n trib u to r o f  inputs o f hazardous 
substances in  1990, is m ainly responsible 
fo r the decrease in  inputs.

Atmospheric inputs
©  T he inputs o f cadm ium , m ercury  and  

lead in to  the  N orth  Sea decrease 
significantly betw een 1987 an d  1995.

© T he in p u t o f m ercury  an d  lead decrease 
relatively m ore  th an  the  in p u t o f 
cadm ium  betw een 1987 an d  1995.

Robustness of results of trend detection
©  At h igh  levels o f aggregation, results of 

tren d  detection  may be ra th e r  robust 
w hen the trends detec ted  are  significant. 
In  tha t case, the  results are also less
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sensitive to the m eth o d  applied  fo r tren d  
detection . Simple an d  straightforw ard 
m ethods (directly com paring  the value o f 
the  last year o f the  perio d  considered 
with th a t o f the  first year) give results 
com parable to  those o f m ore 
sophisticated (statistical) m ethods.

©  At lower levels o f aggregation  a n d /o r  
w hen trends detec ted  are  less significant, 
the  results o f tren d  detection  becom e 
sensitive to  missing data and  
irregularities in tim e series, an d  to the 
m eth o d  applied . In  such cases, 
conclusions on trends m ight becom e 
speculative.

©  A low reliability o f  in p u t data on
substances also m akes tren d  detection  
less reliable. C aution is n eed ed  in 
draw ing conclusions on  tren d  detection.

2.5.2. U sefulness o f  the input indicator
Inputs o f hazardous substances in to  coastal 
waters ap p ear to  provide a m eaningful 
pressure indicator. T he ind ica to r makes 
visible the  effects o f E u ropean  policies to 
abate an th ropogen ic  emissions o f hazardous 
substances to  the environm ent.

T he in p u t ind ica to r can be used at d ifferent 
levels o f  aggregation. At the  h ighest level, the 
inputs o f d ifferen t hazardous substances are 
in teg ra ted  an d  sum m ed up  over all coastal 
areas. This level gives general insight in  (an 
overview of) the  results o f  aba tem en t policies 
fo r hazardous substances. At lower levels o f 
aggregation, details are  shown fo r d ifferent 
substances an d  geographical areas, which is 
useful, fo r instance, in  de term in ing  ‘h o t 
spots’, w here inpu ts are  high, an d  in 
d e te rm in ing  the effects o f substance-specific 
aba tem en t policies.

P resen tation  o f inputs a t low levels o f 
aggregation m akes it possible to check in p u t 
data, to identify missing values, an d  to 
question irregularities an d  suspect 
regularities in rep o rted  tim e series. As a 
result, the  data set will becom e m ore 
com plete and  the  reliability o f the  data will 
im prove. T he usefulness o f d irect and  
riverine inpu ts o f  hazardous substances as a 
pressure ind ica to r benefits significantly from  
data im provem ent. T hen , trends detec ted  
from  the  data becom e m ore  accurate and  
reliable an d  the trends observed follow a 
m ore regu lar p a tte rn  (closer to  reality).

2.5.3. Recommendations for improving the 
input indicator

In  parag raph  2.2.2, som e rem arks are  m ade 
on the reliability o f in p u t data rep o rted  by

countries. T he usefulness o f inputs o f 
hazardous substances as an  ind icato r 
im proves significantly w hen the  data set on 
inputs is m ade com plete an d  is checked for 
the  reliability an d  com parability o f the  data.

D eterm in ing  riverine inputs is com plex and  
laborious. For each river inflow to a coastal 
w ater this includes freq u en t flow m easuring, 
freq u en t sam pling an d  analysing fo r (often 
barely detectable) hazardous substances, and  
calculating yearly loads from  this 
inform ation . As a consequence, data sets are 
often incom plete an d  the  reliability o f data 
may be questioned. This also m eans that 
item s o f data fo r rivers can n o t always be 
com pared  with each other.

G uidelines fo r m o n ito ring  exist (OSPAR/ 
RID, 1998; H elcom , 1998) b u t im provem ent 
rem ains possible an d  harm onisation  on  a 
E uropean  scale is recom m ended . EEA / 
UNEP (1999) reports  th a t developm ent o f  an 
effective, com m on M editerranean  
m o n ito ring  system o f m easurem ents of 
contam inants an d  th e ir effects is still missing, 
a lthough  m o n ito ring  in  the M editerranean  
has been  in  place fo r a long tim e. T hat rep o rt 
also states that, in  the  M editerranean , quality 
assurance and  contro l p rocedures should  be 
fu rth e r  developed an d  im p lem en ted  to 
ensure data quality an d  reliability. ICES 
(2000) indicates tha t efforts to standardise 
data collection an d  dissem ination n eed  to be 
encouraged  an d  en h an ced  an d  tha t th ere  is a 
n eed  fo r im proved, in teg ra ted  m on ito ring  
th ro u g h  coord ination  an d  harm onisation  of 
existing national and  in ternational m onitoring 
activities, as well as th ro u g h  im plem entation  
o f new m ethods an d  technology.

Priority should  be given to im proving the 
data on  inpu t, by aim ing at com pleting the 
data set an d  at quality assurance. Only then  
should  a tten tion  be paid  to  im proving 
statistical m ethods an d  techniques to  detect 
trends. Finally, the re la tion  betw een river 
flow an d  riverine in p u t loads shou ld  be 
analysed in m ore  detail, m aking it possible to 
de term ine  norm alised  in p u t loads 
standard ised  fo r yearly variable river flow.

D eterm in ing  atm ospheric  inputs is com plex 
too. O ften, sim ulation m odels are used to 
determ ine  atm ospheric  inputs, w hich makes 
the atm ospheric  in p u t data com parable with 
each o th e r bu t often  n o t directly with d irect 
an d  riverine inputs. F u rth e r im provem ent of 
m ethods to  determ ine  atm ospheric  inputs 
an d  to in teg ra te  these inpu ts with d irect and  
riverine inpu ts is recom m ended .
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3. State indicators of hazardous 
substances

3.1 . M ethodo logy

T he p roposed  state indicators o f  hazardous 
substances in  coastal waters concern  the 
concentrations o f these substances in 
sed im ent as well as in  organism s. Each 
ind ica to r is dealt with separately.

T he testing o f state indicators o f hazardous 
substances has been  carried  ou t th ro u g h  the 
steps listed below.

1. C hecking fo r data availability for 
concen trations o f hazardous substances 
with ind ica to r potential, both  
quantitative an d  qualitative (uncertain ty  
m argins an d  reliability) an d  selection of 
concen tra tion  param eters to be used fo r 
testing. Relevant aspects o f data on 
concen trations are:

• concentrations in  sed im ent an d  in 
organism ,

• tim e coverage (tim e series),
• geographical coverage.

2. D evelopm ent o f  an  aggregation and  
p resen ta tion  m ethod . Choices are  m ade 
on:

• aggregation o f  substances,
• aggregation  over coastal w ater areas.

3. Testing o f concen tra tion  param eters:

• detection  o f  trends,
• d e te rm in ing  the  robustness o f the  

tren d  detection , taking in to  accoun t the 
reliability o f  the data;

• draw ing conclusions abo u t the 
usefulness o f the indicator.

4. M aking recom m endations fo r im proving 
the  concen tra tion  indicators with respect 
to:

• geographical coverage an d  spatial 
d istribution,

• standardisation  an d  harm onisation  of 
sam pling an d  analysis p rocedure ,

• rep o rtin g  o f results (including 
m etadata  an d  inform ation  on 
representativeness o f sam ples).

These steps are described in  the  following 
paragraphs, first fo r concen trations of 
hazardous substances in sed im ent an d  then  
fo r concen trations in  organism s.

3.2 . Availab ility  o f data on sedim ent 
concentrations

3.2.1. Data sources and geographical 
and time coverage

ETC /M C E com piled a database with data on 
concentrations o f hazardous substances in 
sed im ent o f coastal waters. To gain insight 
in to  the availability o f data an d  the 
geographical an d  tim e coverage, the  data 
dealing with cadm ium  has been  exam ined  in 
m ore detail.

T he database contains data on sed im ent in 
the coastal waters o f Greece in  the 
M editerranean , an d  in  the  north-east A tlantic 
includ ing  the  N orth  Sea, b o rd e rin g  Belgium, 
France, Germany, Ire land , the N etherlands, 
Norway, Spain, Sweden an d  the U nited  
K ingdom . For cadm ium , the data covers the 
p eriod  1985-97.

T he data in  the database comprises:

• country, coastal zone, an d  location of 
sam pling;

• year o f  sam pling an d  som etim es the  m onth;
• the  u n it in  which the  results are expressed;
• the  n u m b er o f sam ples taken at the 

location;
• the  m in im um  observed result, the 

m axim um , an d  the m edian  p e r  year.

If  two sam ples are  taken at one  location  in  a 
year, the m edian  value in  the  database is set 
equal to the  arithm etic  m ean  o f the two 
samples. Filling the  database has n o t been  
carried  ou t uniformly. For instance, data fo r 
Spain is p resen ted  separately fo r each sam ple 
taken at one  location instead o f  a m inim um , 
a m axim um  an d  a m edian  value o f all 
sam ples taken in a year. T he units in  which 
the results are  expressed differ betw een 
locations, an d  som etim es betw een years at 
the same location.

For cadm ium , tim e series covering m ore than  
th ree  years a t one  location are rare. Two tim e 
series are  available fo r G reece, one covering
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fou r years and  d ie oti)e r covering five years. 
O ne tim e series, covering the  perio d  1985- 
98, is available fo r the  N etherlands, bu t 1996 
data is missing.

3.2.2. Data reliability
E xam ining the data fo r cadm ium  raised 
m any questions abo u t the reliability and  
com parability o f the  data. D ifferent units are 
used to p resen t results o f the analysis on 
cadm ium , an d  the reco rd ing  o f the  units in 
the database seems questionable. T he same 
holds fo r reco rd ing  the analysis results in  the 
data set. A valué as h igh as 250 m g /k g  
cadm ium  in sed im ent is reco rd ed  fo r G reece. 
Belgium  reports  on  sam pling at one location 
with widely divergent analysis results 
(differing by a factor o f 10 to  20).

M etadata on sam pling an d  analysing 
procedures is lacking. It is known that, in 
analysing the samples, the  choice o f the 
liquid to extract m etals from  the  sed im ent 
has a m ajor effect on  the analysis results. The 
grain size d istribution  in  the sam ple also 
affects the  results. For reasons o f com parison, 
norm alisation  o f results to a standard  grain 
size d istribution is needed . It is also 
im portan t to know w here sam ples are taken. 
T he analysis results from  sam ples taken in  a 
highly dynam ic (erosive) area  may differ 
strongly from  those in  a sed im entation  area 
in the n e ig h b o u rh o o d  o f in p u t sources.

3.2.3. U sefulness o f  sediment 
concentrations as indicator

P rolonged  tim e series are n eed ed  fo r reliable 
tren d  analysis. Since these are lacking, no  
tren d  analysis o f cadm ium  in sed im ent was 
perfo rm ed . Furtherm ore , from  the 
exam ination  fo r cadm ium , we conclude that 
the doubts abou t reliability and  
com parability o f the  data on concentrations 
o f hazardous substances in  sed im ent are 
such, th a t using the  data currently  available 
fo r state ind ica to r developm ent canno t be 
justified . T here  are n o  indications tha t the 
data on o th e r substances is m ore  reliable or 
m ore com parable. T herefo re, the  testing of 
these param eters was ended .

T he usefulness o f  concentrations o f 
hazardous substances in sed im ent as an 
ind ica to r may im prove w hen the  data set on 
concentrations is m ade com plete an d  is 
checked fo r the  reliability an d  com parability 
o f the  data. P erfo rm ing  tren d  analysis with 
the im proved data may th en  show th a t this 
p aram eter has ind ica to r potential.

OSPAR (1994) has guidelines on  the 
m o n ito ring  o f sedim ent. However, it is 
recom m ended  to  develop an d  harm onise 
m o n ito ring  o f concentrations o f  hazardous 
substances in sedim ents on  a E uropean  scale 
(see parag raph  2.5.3). In  developing a 
E uropean  strategy, m orphodynam ics of 
sam ple areas shou ld  be addressed. Also, the 
geographical scale o f  collecting data on 
concen trations in  sedim ents should  be 
ag reed  up o n  as well as the tim e scale (once 
every two o r th ree  years seem s e n o u g h ) . The 
m o n ito ring  strategy m ust fu rth e r  deal with 
the standardisation o f sam pling an d  analysis 
p rocedures (norm alisation to  standard  grain 
size d istribution, extraction liquid to use fo r 
analysis).

3.3 . Availab ility  o f data on
concentrations in organisms

3.3.1. Data sources and geographical 
and time coverage

T he data set o f  O SPA R/M O N  (1998) 
contains data on  concen trations o f hazardous 
substances in  organism s in the  north-east 
A tlantic inc lud ing  the N orth  Sea. M arinebase 
(Nygaard et al. 2001) also contains M edpol 
data on  concen trations in  organism s in  the 
M editerranean . Some data are  available for 
the  Baltic Sea b u t tim e series are  missing.

T he data from  O SPA R/M O N  (1998) and  
M arinebase includes:

• the concentrations o f  the heavy m etals 
(cadm ium , m ercury, lead  an d  zinc) an d  o f 
lindane an d  PCB7 in organism s, bu t n o  data 
on TBT ;

• the country, the  station an d  the coastal 
zone o f sam pling;

• the organism  an d  the tissue analysed 
(concen tration  in soft body tissue fo r the 
b lue mussel, in  fish m uscle, in  fish liver, or 
in  all tissues, based on fat weight) ;

• the yearly m edian  values fo r the 
concen tra tion  an d  the n u m b er of 
observations in a year.

Data was subm itted  to O SPA R/M O N  by 
Belgium, D enm ark, France, Germany, 
Iceland, the  N etherlands, Norway, Spain, 
Sweden an d  the U nited  Kingdom . T he vast 
m ajority o f the  data concerns the  coastal 
waters o f  the N orth  Sea. T he O SPAR/M ON 
data set contains data fo r the  perio d  1978-96, 
bu t the  tim e series are far from  com plete.



Testing of indicators for th e  marine and coastal environm ent in Europe

Data from  m any years is lacking. For som e 
locations, data is available m ainly from  the 
p eriod  before  1990; fo r others, m ainly fo r the  
period  1990-96.

In  the OSPA R/M O N  data set, data fo r PCB7 
is lim ited. Seven tim e series covering the 
p eriod  1991-96 are available fo r PCB7 in blue 
mussel a long  the  Spanish coast. G erm any 
reports n in e  tim e series bu t only fo r th ree  
years. Tim e series rep o rted  by the  UK cover 
11 to 12 years but, instead o f  PCB7, these tim e 
series concern  a n o th e r selection of 
congeners. O th e r countries d id  n o t subm it 
data on PCBs.

France, G reece, Italy an d  Spain subm itted  
data to M edpol on concen trations of 
hazardous substances. This M edpol data is 
available in  M arinebase an d  covers the  
p eriod  before  1990. However, m ost data is 
from  the period  before  1980.

3.3.2. Data reliability
OSPA R/M O N  (1998) applied  quality 
assurance on the data subm itted  by the 
countries rejecting  data o f  ‘p o o r’ quality. 
Only recently  the M edpol data has been  
scrutinised, cleared  an d  classified accord ing  
to its reliability (EEA/UNEP, 1999). Only 
data after 1987 are  used in this report.

C oncentrations o f  hazardous substances in 
organism s may be sensitive to  seasonal 
variations, an d  to  age an d  sex o f the 
organism  (AMAP, 2000). For exam ple, 
H eesen (1995) showed tha t the 
concentrations o f hazardous substances in 
b lue mussels vary strongly over the  seasons, 
probably due to fluctuations in  body weight. 
H e also proved tha t concen trations of 
hazardous substances in mussels decrease 
w hen body w eight increases. In  its guidelines 
fo r m o n ito ring  o f  biota, OSPAR (1994) 
accounts fo r these variations.

3.4 . A ggregation  and presentation

3.4.1. Statistical trend analysis
Generally, a tim e lag will be observed 
betw een chang ing  inputs o f  hazardous 
substances in to  coastal waters and  
concentrations in  organism s in these waters. 
T he tim e lag depends on the m etabolism  of 
substances in  organism s (uptake, 
accum ulation , degradation , excretion). 
T herefo re  p ro longed  tim e series are  need ed  
to detect significant trends following the 
trends in  inputs.

OSPA R/M O N  (1998) statistically analysed 
the tim e series in  the  database th a t covered at 
least five years, to find  trends. T he results o f 
this tren d  analysis fo r the six hazardous 
substances considered  h ere  are p resen ted  in 
Table 3.1. In  total, 380 tim e series were 
analysed. O f these tim e series, only 65 (17 %)  
show a significant trend , o f w hich 10 (3 %)  
are upwards an d  55 (14 %)  downwards. The 
best results are  ob tained  fo r lindane: 38 % o f 
the tim e series analysed show a statistically 
significant downward trend .

3.4.2. Further trend detection applied  
to concentrations in organisms

Quality assurance was app lied  to  the  OSPAR/ 
M ON data. T herefore, this database was used 
fo r fu rth e r  testing. O f the  65 significant 
trends observed fo r the six substances at 
d ifferent locations an d  fo r the d ifferent 
organism s an d  tissues, 39 (i.e. the  majority) 
concern  the  b lue mussel.

Statistically significant linear trends in 
concentrations o f hazardous substances in 
b lue mussels are fo u n d  in the  coastal waters 
o f Belgium, D enm ark, France, Germany, 
Iceland, Norway, Spain and  Sweden, mainly 
a t locations in  estuaries an d  fjords.

T he statistical analysis gave best results fo r 
lindane, so the nex t step  in  testing was m ade 
with lindane concen trations in b lue mussel. 
OSPA R/M O N  data is available fo r the  period  
1978-96. T he tim e series can be split in to  
tim e series before an d  after 1990 (see 
p arag raph  3.3.1). T he period  1990-96 was 
chosen fo r fu rth e r testing. This resu lted  in 21 
tim e series fo r cadm ium , 24 fo r m ercury, 16 
fo r lead, 26 fo r zinc an d  35 fo r lindane. 
Roughly one th ird  o f the  yearly data 
concentrations is lacking. T he data on 
concentrations in  b lue mussel covers the 
coastal waters o f Belgium, France (no data on 
lindane), G erm any (no data on m ercury  and  
lead), the  N etherlands, Norway an d  Sweden.

For the perio d  1990-96, the  m axim um  and  
m inim um  o f the m edian  lindane 
concentrations in  b lue mussels observed in a 
year ( in d ep en d en t o f  the location) were 
p lo tted . Also, the  arithm etic  average value o f 
all m edians in  a year was calculated and  
plo tted . T he average values p lo tted  show a 
clear decreasing tren d  in  the  perio d  1990-96. 
R epeating  this p rocedure  fo r the heavy 
m etals gave sim ilar results, bu t the  trends in 
the average values observed are  less evident. 
PCB7 was excluded from  this testing, due to 
the few data available.
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Trend analysis by O S P A R /M O N  (1 998) p e rfo rm ed  on tim e series fo r concentrations o f six hazardous  
substances in organisms in th e  north-east A tlantic  including th e  N orth  Sea

Substance Length o f tim e series 
(years)

N um ber
analysed

N um ber (1) o f linear 
trends up

N um ber (1) o f linear 
trends dow n

Cadm ium 5 -6 34 0 2
7+ 36 1 3

70 1 5

Mercury 5 -6 32 0 3
7+ 64 1 8

96 1 11

Lead 5 -6 36 0 6
7+ 20 2 2

56 2 8

Zinc 5 -6 38 2 3
7+ 55 3 6

93 5 9

Lindane 5 -6 20 1 3
7+ 38 0 19

58 1 22

p c b 7 5 -6 7 0 0
7+ 0 0 0

7 0 0

Total of  six 5 -6 160 3 17
hazardous 7+ 220 7 38
su b s ta n c e s

380 10 55

(1) Only t e m p o ra l  t r e n d s  with a signif icant I near  c o m p o n e n t  (P < 0.05) and  no signif icant non-linear c o m p o n e n t
(7+ years  t im e  series) a re  r e p o r te d .

Based on  these results, a sim ilar exercise was 
carried  out, using the M edpol data in the 
M arinebase, on  cadm ium  concen trations in 
the mussel in  the  M editerranean  in the 
period  1981-90. A tren d  could n o t be 
detec ted  in  this period . Also, since the 
M edpol data on  concentrations o f hazardous 
substances in  organism s in the 
M editerranean  is ra th e r  old, an d  its quality is 
n o t assured, fu r th e r  testing on the M edpol 
data was n o t applied.

For reasons of com parison, the concentrations 
o f substances in  organism s m ust be translated  
to un iform  an d  com parable units. This is 
done by dividing the concentrations in  the 
blue mussel by the  value o f the b ack g ro u n d / 
reference  concen tra tion  (BRC) o r the 
ecotoxicological assessm ent criteria (EAC) 
fo r each substance. T he resu lting  factor

represen ts an  ecological reference  o r a 
po ten tia l fo r environm ental effects an d  is 
nam ed  ecological reference  index  (ERI) :

ERI = m easured  concentration: BCR or 
ERI = m easured  concentration: EAC

A ssum ing tha t the  ecological references o f 
the  five substances considered  are 
in d ep en d en t (no synergetic o r antagonistic 
effects), the individual ERIs o f substances 
may be ad d ed  u p  to an  aggregated  o r 
com bined  ERI.

T he BCR o r EAC values used to  calculate the 
ERI are  p resen ted  in  Table 3.2. T he BCR or 
EAC values are derived from  A nnex 5 of 
OSPA R/M O N  (1998). T he u p p e r limits of 
the  BCR o r EAC ranges are  used here .
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Table 3 .2 . U pper limit o f  BCR or EAC ran g es for hazardous su b sta n ces  in b lu e m ussel accord ing to  OSPAR/M ON (1998)

Substance U pper lim it o f EAC  
ranges (1)

U pper lim it o f BCR 
value (1)

Unit

Cadm ium 550 n g /g  dry w eigh t

Mercury 50 n g /g  dry w eigh t

Lead 950 n g /g  dry w eigh t

Zinc 150 000 n g /g  dry w eigh t

Lindane 40 n g /g  fa t w eigh t

(1) The lower limit Is a b o u t  10 t im es  smaller.

Ecological reference index value fo r cadm ium  in blue mussel in th e  north-east A tlantic  
Figure  3.1. including th e  N orth  Sea in th e  period  1 9 9 0 -9 6  (m inim um , average and m axim um  o f m edian

values observed in a year fo r all locations)

1989 1990 1991 1992 1993 1994 1995 1996 1997

Ecological reference index value fo r m ercury in blue mussel in th e  north-east A tlantic  
Figure  3.2. including th e  N orth  Sea in th e  period  1 9 9 0 -9 6  (m inim um , average and m axim um  o f m edian

values observed in a year fo r all locations)

1989 1990 1991 1992 1993 1994 1995 1996 1997
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3.5 . Results o f testing

T he m edian  concentrations o f  the  BCR or 
EAC range fo r each hazardous substance are 
used to  give the  ERI values. Next, fo r each 
substance the m inim um , the m axim um  and  
the arithm etic  m ean  o f all ERI values in  a 
year were dete rm in ed  (see A nnex 3). T he 
resu lting  ERI values were in d ep en d en t o f the 
location.

In  Figures 3.1 to 3.5, the  results o f  the  tren d  
detection  are  p resen ted  separately fo r each 
substance. These results are n o t aggregated 
further. Principally, assum ing no  synergetic 
o r antagonistic effects o f com binations of

hazardous substances in  organism s, it is 
allowed to  add  up  the ERI values fo r the 
substances considered. T he question  arises 
abou t how to deal with concen trations below 
the u p p e r lim it o f the  EAC ranges (ERI < 1), 
w hich indicates n o  po ten tia l fo r 
environm ental effects. A dding u p  ERI values 
fo r d ifferen t substances each below a value of 
1 may result in  ERI > 1, suggesting that 
ecological risk increases significantly fo r the 
sum  o f these substances. We are  n o t sure if 
this is true, an d  hence  we can n o t decide 
w heth er to  add  up  fully the ERI values 
calculated fo r each substance o r to  add  up  
only the  parts o f the ERI values above 1.

Ecological reference index value fo r lead (upper lim it) in blue mussel in th e  north-east A tlantic
including th e  N orth  Sea in th e  period  1 9 9 0 -9 6  (m inim um , average and m axim um  o f m edian Figure  3.3.

values observed in a year fo r all locations)

1989 1990 1991 1992 1993 1994 1995 1996 1997

Ecological reference index va lue fo r zinc in blue mussel in th e  north-east A tlantic  
including th e  N orth  Sea in th e  period  1 9 9 0 -9 6  (m inim um , average and m axim um  o f m edian Figure  3.4.

values observed in a year fo r all locations)

1989 1990 1991 1992 1993 1994 1995 1996 1997
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Ecological reference index value fo r lindane in blue mussel in th e  north-east A tlantic  
Figure  3.5. including th e  N orth  Sea in th e  period  1 9 9 0 -9 6  (m inim um , average and m axim um  o f m edian

values observed in a year fo r all locations)
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Figures 3.1 to 3.5 show tha t the  average ERI 
values are h ighest fo r m ercury. D ue to  a very 
h igh m axim um  ERI value in 1991 (in the  
Soerfjord in  Norway), the average ERI is 
abou t 8 in  tha t year. T he ERI value fo r 
lindane am ounts to  abou t 5 in 1990, 
decreasing after that. D ecreasing trends are 
also fo u n d  fo r cadm ium  an d  zinc in  the 
period  1990-96, b u t the  ra te  o f decrease is 
less than  fo r lindane. Lead does n o t show a 
clear trend .

T he ecological risks o f  concen trations below 
an ERI value o f 1 are small. In  1993, the 
average values fo r zinc an d  lindane d ro p p ed  
below this limit. For the  o th e r th ree  
substances, an  ERI value as low as 1 was no t 
reached  in  the perio d  1990-96.

3.6 . Comparison o f pressure and 
state indicators for hazardous  
substances

T he trends detec ted  in  concentrations of 
hazardous substances in the  blue m ussel in 
the north-east Atlantic inc lud ing  the  N orth  
Sea in  the  period  1990-96 are  n o t quite 
sim ilar to the  trends observed in the inputs of 
these substances in to  the sam e coastal waters 
(see parag raph  2.4). For instance, lead  does 
n o t show a clear decreasing tren d  in  the ERI 
value although  the in p u t o f lead  is clearly 
going down.

Many explanations may be fo u n d  fo r this 
discrepancy. T rend  detection  on 
concentrations in  organism s has been

p erfo rm ed  in  a rough  way using all data on 
concentrations o f hazardous substances in 
b lue mussels. Also, taking in to  account the  
lim ited  reliability (see parag raph  3.3.2) and  
representativeness o f the  data (com pare, fo r 
exam ple, the  effect o f one  extrem ely high 
value on the average fo r m ercu ry ), the 
accuracy o f this tren d  detection  is ra th e r  low. 
A tim e lag betw een changing  inputs in to  
coastal waters an d  concen trations in blue 
mussels may also play a role. Also the 
p ressure-sta te  re la tionsh ip  betw een inputs 
an d  concentrations in  organism s is probably 
non-linear. This re la tionsh ip  com prises the 
cause-effect chain from  yearly inputs of 
hazardous substances to concen trations in 
coastal waters, th en  to bioavailability and, 
finally, to yearly m ed ian  concentrations in 
organism s.

3.7 . Conclusions and 
recom m endations

3.7.1. Trend detection and robustness 
o f results

From  the results p resen ted  in  parag raph  3.5 
we may draw the  following conclusions about 
trends in  the  ERI values o f hazardous 
substances in  the  b lue mussel in the n o rth 
east A tlantic includ ing  the N orth  Sea.

Ecological risk
© T he ecological risk o f  concen trations of 

hazardous substances in  the  b lue mussel 
in the  north-east A tlantic includ ing  the 
N orth  Sea appears to  have decreased in 
the  perio d  1990-96.
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© T he decrease is m ost clear fo r lindane. 
For cadm ium  an d  zinc, the  ra te  of 
decrease is less than  fo r lindane. Lead 
does n o t show a clear trend . M ercury 
shows a som ew hat irregu lar pa ttern , due 
to one  extrem ely h igh m axim um  
concen tra tion  in  1991.

Robustness of results o f trend detection 
©  T he accuracy o f the tren d  detection  

p erfo rm ed  is ra th e r  low.

© N evertheless, w here large (decreasing) 
trends are  found , the  conclusion on the 
d irection  o f  the tren d  will be relatively 
firm.

© W here relatively small trends are
detected , conclusions based on these 
results are  highly speculative.

3.7.2. U sefulness o f  concentrations in the 
blue mussel as a state indicator

C oncentrations o f  hazardous substances in 
the blue mussel, expressed in ERI values 
ap p ear to  provide a m eaningfu l indicator. 
T he first results with this ind ica to r look 
prom ising an d  the  possibilities to use this 
ind ica to r should  be fu r th e r  explored.

3.7.3. Recommendations for improving the 
concentration indicator

In  parag raph  3.3.2, som e rem arks are  m ade 
on data reliability. T he usefulness o f 
concentrations o f hazardous substances in 
blue mussels as a state ind ica to r may im prove 
significantly w hen the  data set is m ade 
com plete fo r each location an d  is checked 
fo r the reliability an d  com parability o f  the 
data.

M uch data is available on the concentrations 
o f hazardous substances in  organism s. 
OSPA R/M O N  m ade a statistical analysis on 
tim e series o f  concentrations o f hazardous 
substances in organism s. T he results were 
ra th e r  d isappoin ting  when viewing the 
n u m b er o f statistically significant trends 
detected . From  the  results o f these statistical 
analyses, we concluded  tha t the blue mussel 
m ight be the m ost p rom ising organism  to use 
fo r tren d  detection . It is also w idespread in 
E uropean  coastal waters.

O th e r organism s probably also have ind ica to r 
potential. Research on  conditions to be 
fulfilled, fo r exam ple sam pling locations in 
re la tion  to m igration  patterns, is 
recom m ended . M onitoring  o f  organism s 
w ithout proven ind ica to r po ten tia l (and  with 
n o  im portance  fo r h u m an  consum ption) 
should  preferably be e n d ed  to save tim e and  
budget fo r m o n ito ring  o f organism s that 
seem  m ore  rew arding, unless th ere  are  o th e r 
reasons fo r the m onitoring.

OSPAR (1994) has guidelines on m on ito ring  
o f bio ta w ithin its region. However, it is 
recom m ended  to  develop an d  harm onise 
m o n ito ring  o f concentrations o f  hazardous 
substances in  biota on a E uropean  scale (see 
parag raph  2.5.3) by build ing  u p o n  In te r 
Regional Forum  activities. In  developing a 
E uropean  strategy, the results o f research  on 
de te rm in ing  prom ising ind ica to r organism s 
should  be incorpora ted . Also the 
geographical scale o f  collecting data on 
concentrations in  b io ta should  be agreed 
u p o n  as well as the timescale.
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Annex 1

Sum o f d irect and riverine inputs o f hazardous substances into th e  north-east A tlantic
including th e  N orth  Sea in th e  period  1 9 9 0 -9 8

A verag e percentage (1) A g g re g a te d  values

Cadmium M ercury Lead Zinc Lindane p c b 7 minimum m axim um average

990 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

991 89.8 73.3 70.2 85.8 85.5 53.5 53.5 89.8 76.3

992 88.9 80.5 66.1 88.9 64.0 36.8 36.8 88.9 70.9

993 55.6 65.7 75.4 90.3 85.6 65.2 55.6 90.3 73.0

994 63.8 61.0 85.0 103.4 76.8 65.1 61.0 103.4 75.8

995 67.6 53.2 76.9 114.2 84.7 58.5 53.2 114.2 75.9

996 44.1 25 .7 50.3 68.9 57.5 38.2 25.7 68.9 47.5

997 48.1 33.3 44.4 86.9 76.9 23.5 23.5 86.9 52.2

998 52.6 33.7 66.1 82.2 63.5 48.9 33.7 82.2 57.8

(1) Total Input In 1990 for each  su b s ta n c e  Is 100 %.
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Annex 2

Country contributions to  d irect and riverine inputs o f hazardous substances into th e  north-east A tlantic  
including th e  N orth  Sea in th e  period  1 9 9 0 -9 8  and in th e  Baltic Sea in 19 95
(as % of to tal  Input of  each  su b s ta n c e  In 1990)

C adm ium Belgium

1990 3.9

1991 3.6

1992 6.1

1993 3.1

1994 3.2

1995 3.5

1996 2.7

1997 2.4

1998 2.2

Baltic 1995

Mercury Belgium

1990 9.9

1991 2.8

1992 1.7

1993 6.4

1994 7.6

1995 1.5

1996 0.1

1997 0.6

1998 1.5

Baltic 1995

Lead Belgium

1990 1.2

1991 1.7

1992 1.5

1993 1.7

1994 2.2

1995 2.0

1996 2.0

1997 1.8

1998 2.3

0.5

0.3

0.3

France Germany Ireland N etherlands Norway Portugal Spain Sweden UK %

4.3 7.8 3.1 9.5 14.9 8.3 - 0.6 47.1 100.0

3.0 6.6 3.1 6.4 7.6 13.8 - 0.3 45.3 89.8

4.1 9.7 2.1 5.2 7.3 22.0 - 0.5 31.8 88.9

2.9 8.4 1.6 4.3 6.6 1.6 0.1 0.1 26.9 55.6

2.9 7.5 2.2 11.7 8.5 3.6 0.1 0.4 23.7 63.8

2.5 6.9 2.0 24.4 8.3 0.2 0.1 0.2 19.6 67.6

2.0 5.2 3.6 7.7 5.4 - - - 17.5 44.1

- 5.8 2.3 3.7 4.8 1.2 13.3 0.4 14.1 48.1

- 5.7 3.2 8.9 7.1 0.6 6.2 0.5 18.1 52.6

France Germany Ireland N etherlands Norway Portugal Spain Sweden UK %

14.0 25.9 6.0 7.8 2.1 12.0 - 0.3 21.6 100.0

6.6 24.6 6.0 8.1 1.2 4.3 - 0.3 19.3 73.3

21.4 27.1 5.9 8.0 1.3 0.1 - 0.3 14.7 80.5

2.0 24.7 5.9 8.5 1.2 0.6 - 0.3 16.1 65.7

2.7 13.9 5.9 15.7 0.9 2.1 - 0.2 11.9 61.0

2.0 11.4 5.9 19.8 1.3 0.9 - 0.4 10.1 53.2

1.2 7.2 - 8.1 1.2 - - - 8.0 25.7

- 4.8 - 6.6 1.0 2.8 6.4 0.2 10.8 33.3

- 5.3 - 5.3 7.0 1.8 1.0 0.3 11.5 33.7

France Germ any Ireland N etherlands Norway Portugal Spain Sweden UK %

6.8 9.6 2.9 15.7 5.5 30.8 - 0.4 26.8 100.0

6.8 13.5 2.9 10.4 4.7 3.6 0.3 0.2 26.1 70.2

5.0 14.3 3.7 10.0 3.2 5.4 0.1 0.2 22.7 66.1

4.5 17.1 2.5 17.8 2.7 0.3 - 0.1 28.6 75.4

7.7 11.2 3.6 31.8 3.7 0.3 0.1 0.5 23.9 85.0

2.5 8.4 2.9 39.5 3.7 0.1 0.1 0.4 17.4 76.9

3.0 5.7 5.2 17.3 2.8 - - - 14.1 50.3

- 6.9 5.5 10.6 2.9 1.9 0.8 0.4 13.7 44.4

. 8.2 6.5 11.7 6.8 0.2 2.4 0.6 27.2 66.1

Baltic

Denmark Finland Germ any Sweden

0.40 2.19 0.17 1.22

Baltic

Denmark Finland Germ any Sweden

0.80 2.43 0.26 1.22



Zinc

1990

1991

1992

1993

1994

1995

1996

1997

1998

Baltic

Linda

1990

1991

1992

1993

1994

1995

1996

1997

1998

p c b 7
1990

1991

1992

1993

1994

1995

1996

1997

1998

Annex 2 35

Belgium Denmark France Germany Ireland N etherlands Norway Portugal Spain Sweden UK

2.5 0.7 2.0 15.5 7.3 17.5 14.7 3.3 - 2.1 34.3

3.2 - 2.0 15.2 7.3 11.1 9.1 1.3 2.3 1.8 32.5

2.2 - 2.0 22.1 7.1 11.6 7.6 0.1 0.6 1.5 34.1

2.2 - 2.0 22.0 7.5 14.6 8.3 0.6 3.7 1.4 28.0

2.3 - 2.0 16.7 9.2 31.8 7.8 1.0 0.8 1.6 30.0

3.8 - 2.0 13.1 12.2 48.3 8.5 0.4 0.1 1.4 24.3

3.2 - 2.7 9.5 8.2 16.9 8.8 - 1.1 - 18.5

3.4 - - 9.4 6.1 10.8 8.0 1.8 26.9 1.0 19.5

4.4 . . 11.3 6.1 12.3 11.1 0.6 11.3 1.5 23.6

Belgium Denmark France Germany Ireland N etherlands Norway Portugal Spain Sweden UK

5.7 1.5 9.8 19.1 - 0.9 30.0 - - - 32.9

6.2 1.5 9.8 10.5 - 0.4 14.6 - - - 42.5

4.6 1.5 9.8 11.6 - 0.6 5.5 - - - 30.4

4.5 1.5 9.8 10.7 - 20.2 5.1 0.2 - - 33.7

4.2 1.5 9.8 14.6 - 12.9 4.9 0.8 - - 28.1

3.1 1.5 9.8 16.3 - 20.7 6.0 0.2 - - 27.1

- - 5.6 13.4 - 16.8 4.2 - - - 17.5

3.7 - - 20.7 - 16.8 4.4 - 11.4 - 19.8

6.2 - - 14.6 - 14.5 4.7 - 0.8 - 22.6

Belgium Denmark France Germany Ireland N etherlands Norway Portugal Spain Sweden UK

1.0 1.0 3.2 4.6 - 4.8 15.6 - - - 69.7

0.8 1.0 5.2 2.9 - 4.2 1.2 - - - 38.2

0.9 1.0 4.2 1.4 - 3.2 1.3 0.2 - - 24.7

6.8 1.0 4.2 1.7 - 4.2 0.7 0.8 - - 45.8

7.2 1.0 5.2 3.1 - 9.7 1.8 2.7 - - 34.5

1.5 1.0 4.2 4.7 - 15.2 0.9 0.8 - - 30.3

- - 3.2 4.1 - 6.5 0.5 - - - 23.9

2.1 - - 3.5 - 5.5 0.7 - - - 11.6

4.4 . . 2.8 . 5.8 0.7 . . . 35.2

% Baltic

Denmark Finland Germ any Sweden

100.0

85.8

88.9 

90.3 

103.4

114.2

68.9

86.9

82.2

0.16 5.62 0.17 11.33

%

100.0

85.5

64.0

85.6

76.8

84.7

57.5

76.9

63.5

%

100.0

53.5

36.8 

65.2

65.1

58.5

38.2

23.5

48.9
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Annex 3

ERI values o f hazardous substances in th e  blue mussel
( a g g re g a te d  over  all locations)

C adm ium

A verage

Minimum

Maximum

1990
3.20

0.76

6.73

1991
3.29

1.13

9.62

1992
2.48

0.95

4.35

1993
2.85

1.00

8.02

1994
2.07

0.40

3.58

1995
2.28

0.70

5.93

1996
1.94

0.84

2.91

M ercury

A verage

Minimum

Maximum

1990
3.68

0.75

14.20

1991
7.45

0.95

60.20

1992
5.14

0.79

19.52

1993
3.75

0.64

24.40

1994
3.28

0.96

7.04

1995
3.38

0.67

13.58

1996
2.41

0.77

7.30

Lead

A verage

Minimum

Maximum

1990
1.96

0.66

3.52

1991
1.84

0.78

3.87

1992
2.18

0.83

4.16

1993
1.93

0.90

4.98

1994
1.86

1.09

3.03

1995
1.90

0.53

5.33

1996
1.64

0.66

2.33

Zinc

A verage

Minimum

Maximum

1990
1.32

0.21

3.81

1991
1.17

0.43

3.19

1992
1.22

0.64

2.79

1993
0.79

0.17

2.59

1994
0.87

0.48

1.41

1995
0.96

0.49

1.93

1996
0.82

0.54

1.64

Lindane

A verage

Minimum

Maximum

1990
4.61

0.26

37.50

1991
I.76  

0.36

II .7 5

1992
1.25 

0.17

6.25

1993
0.59

0.19

1.55

1994
0.54

0.12

2.50

1995
0.46

0.12

2.75

1996
0.62

0.11

2.75
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