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ABSTRACT: Monitoring of the marine environment requires considerable resources. Effective 
programs providing information tailored to needs are essential. The design of monitoring programs 
should follow from a clear strategy, integrating informational needs, chemical, physical and biologi- 
cal processes, statistics, analytical aspects and specific (chemical or hydrological) features of the area 
to be monitored. A quahty system should be devised and maintained. In this paper, monitoring 
strategy is discussed and critical aspects in the execution are dealt with. Examples from the recently 
revised Dutch monitoring program are given. 

INTRODUCTION 

The contaminat ion of the marine envi ronment  by chemical substances gives rise to 
considerable concern. Several signals point to possible adverse effects, the most recent  
be ing the massive blooms of Chrysochromulina polylepis along the Swedish and  Norwe- 
gian coasts, and the death of seals in the North Sea observed in 1988. The problems have 
urged the governments  of the countries along the North Sea to develop a co-operative 
policy for the protection of the North Sea, to which end special conferences were held in 
Bremen (1984) and London (1987). Special attention is devoted to the Wadden  Sea, owing 
to the importance and ecological value of this area. 

In the Ministerial Declarations a set of measures has b e e n  delineated.  Along with 
these measures  it is noted that significant improvements  in monitoring data are needed  
for thorough assessments of the condition of the North Sea. Furthermore, nat ional  and 
internat ional  monitoring are considered necessary to ensure comphance with regulat ions 
to reduce inputs to the North Sea. 

The need  for monitoring has been  expressed clearly. Several programs are operative 
on the nat ional  level, while internationally a program is managed  by the Joint Monitoring 
Group of the Oslo and Paris Commissions. I n  addition, the Internat ional  Council  for 
Exploration of the Sea, ICES, has co-ordinated basel ine studies of contaminants  in fish 
and shellfish (ICES, 1984), and of trace metals in seawater (ICES, in preparation). 

Monitoring in the marine envi ronment  has special difficulties. The levels of conta- 
minants  in samples from the marine  envi ronment  are general ly low and  require sophisti- 
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ca ted  analyt ical  methodology.  In addit ion,  sampl ing  cruises are expens ive ,  restr ic t ing in 
pract ice  the extensiveness  of programs.  Clearly, it is of par t icular  i m p o r t a n c e  to have 
cost-effective p rograms  at hand.  

Evaluations of d a t a  from moni tor ing  programs all h ighl ight  ana ly t i ca l  problems.  
Inadequa te  detec t ion  limits, poor in tercomparabihty ,  and  other ana ly t i ca l  p rob lems  are  
often encountered.  In many  cases, the  analyt ical  aspects  dominate  d i scuss ions  to such an 
extent  that  other  p roblems  are masked .  

Reliable da ta  are a prerequis i te  for p roper  evaluations,  but  do not  g u a r a n t e e  that  a 
moni tor ing p rogram will provide  the  information needed .  To this end, t h e  des ign  of the 
whole  program has to meet  specif icat ions which have  to be  der ived from t h e  information 
requirements .  The quali ty of the information of a monitor ing p rogram d e p e n d s  on the 
qual i ty  of both  des ign  and execution.  

In this paper ,  a f ramework  is desc r ibed  for a systematic  approach  t o w a r d s  the des ign  
and  implementa t ion  of (chemical) moni tor ing programs.  The f r a m e w o r k  is b a s e d  on 
discussions within the ICES "Mar ine  Chemis t ry  Working  Group" and " W o r k i n g  Group 
on Environmental  Assessments  and  Moni tor ing Strategies" ,  and  on e x p e r i e n c e  with the  
moni tor ing p rogram of the  Dutch Pubhc Works  Depar tment .  It is s t r e s sed  that  quahty  
assurance  should be  an  integral  par t  of the program.  The lat ter  topic will b e  dea l t  with in 
a more  genera l  sense,  following the ISO norms 9000-9004, dea l ing  with qua l i ty  m a n a g e -  
men t  and  quahty  systems (ISO, 1987). 

THE DESIGN AND IMPLEMENTATION OF PROGRAMS FOR THE MiDNITORING 
OF CHEMICAL SUBSTANCES 

The des ign of monitor ing p rograms  should be  rooted in clear ly de f i ne d  information 
needs ,  should systemat ical ly  a s semble  re levant  knowledge  on character is t ics  of the  area  
to be monitored, on environmental processes, statistics, and on technical aspects, and use 
this knowledge in an effective scheme. The implementation has to meet specified quality 
standards. Finally, a critical evaluation and assimilation of the data is required, employ- 
ing the concepts which have been used to construct the program. The whole can be 
designated as the development of a monitoring strategy, and is schematically outlined in 
Figure I. 

Elements from this figure will be elaborated on in more detail in the following 
sections. 

Definition of information needs 

Environmental policy and management have specific requirements for information. 
It is of utmost importance that these requirements are described explicitly (Ward, 1986; 
McBride, 1986; Segar & Stamman, 1986). 

According to the objectives, a differentiation can be made between regulatory and 
descriptive monitoring (Harvey, 1981). 

Regulatory monitoring stems from national or international legislation. For example, 
in the Netherlands the Public Works Department performs monitoring in the marine 
environment to comply with the EC directives on water for bathing (directive 76/160/EC) 
and on water for shellfish culture (directive 79/923/EC). National water quality criteria 
have as yet not been established for marine waters, but are in preparation and will 
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DEFINITION OF INFORMATION NEEDS 

* qualitative and quantitative 

PROBLEM ANALYSIS 

* hydrography 

* inputs 

* environmental processes (chemical, biological and/or physical In nature) 

* statistics 

* analytical aspects (sampling, field measurements, analyses) 

* data managment 

ESTABLISHMENT OF FRAMEWORK 

* compartments 

* IocaUons 

* frequencies, seasons 

* methodology 

* data base 

* quality assurance 

IMPLEMENTATION AND EXECUTION 

* quality control 

EVALUATION 

* quality assessment 

* hydrography 

* environmental processes 

* statistics 

ACCOUNT OF RESULTS 

* alignment to Information needs 

Fig. 1. An outline of monitoring strategy 

require  monitoring too. The Agricul ture  Advisory  Commission of the Ne ther lands  Minis- 
try o f  Agricul ture  and Pisheries opera tes  a p rogram to identify the hea l th  of fish 
populat ions,  and  the potent ial  risks of fish products  for consumers  (Hagel, 1986). Results 
from this p rogram are  submit ted  to  the Joint Moni tor ing Group of the Oslo and  Paris 
Commission, to fulfill the Dutch commitments  wi th  respect  to purpose  "a": the assess-  
ment  of possible  hazards  to h u m a n  health.  

Descriptive monitoring is a collective term for severa l  objectives.  Within the  Nether-  
lands,  an impor tant  aim is to assess the effect iveness of measures  t aken  for the reduct ion 
of mar ine  pollut ion (trend monitoring),  a nat ional  equiva len t  of purpose  "d" of the  Joint 
Monitor ing Group.  Purpose "c" of the JMG, the assessment  of the exist ing level  of mar ine  
pollution, is another  objective in this category.  
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Often, object ives are  qual i tat ive s ta tements .  S tandards  are not a lways  e s t a b h s h e d  or 
are  s ta ted  ra ther  vague ly  (for example ,  the  F.C directives ment ioned  above).  T h e  
min imum de tec tab le  t rend  with a s ignif icance interval  is se ldomly spec i f i ed  for t rend  
monitoring.  In order  to des ign  moni tor ing programs properly,  and  to m a k e  the word  
"effective" meaningfu l  in this context,  information expecta t ions  have  t o  be  def ined  
qual i ta t ively  and quanti tat ively.  

S t a t i s t i c a l  a s p e c t s  

In a moni tor ing program,  information has  to be  inferred from a se r i e s  of measu re -  
ments.  The des ign  of the  p rogram must  have  a firm statistical basis,  so that  the  inference  
can be  m a d e  with the des i red  level  of significance.  A discussion of ava i l ab l e  statist ical  
techniques  {e.g. t ime series analysis} is b e y o n d  the scope of this paper .  I t  is s tressed,  
however ,  that  the appl icat ion of stat ist ical  techniques  should run p a r a l l e l  with an 
evalua t ion  of the processes  de te rmin ing  the envi ronmenta l  behav iour  of chemica l  en- 
tities. 

The  results  ob ta ined  in a cer tain a rea  vary  from one observat ion to another .  The 
var iabi l i ty  has spatial  and  tempora l  components  and  is a contribution put  fo rward  by  the 
technical  p rocedures  employed  {field measurements ,  sampling,  analyses).  

The spat ia l  and  tempora l  var iabi l i ty  can par t ia l ly  be  a t t r ibuted to chemica l ,  biologi-  
cal and /o r  physical  processes  affecting the concentrat ions in the c o m p a r t m e n t  under  
invest igat ion.  Insight  into the  na ture  of these  processes  gives rise to p r o c e d u r e s  for da t a  
handhng  {corrections, normalisat ions)  or s a m p h n g  s t ra tegy {e.g. compos i te  samples}, In 
correc ted  or no rmahsed  datasets ,  the var iabi l i ty  is usual ly  reduced.  Fur the rmore ,  the  
(normahsed) da ta  can be  corre la ted in ternal ly  with respect  to t ime or o ther  va r i ab l e s  {e.g. 
salinity). Apprec ia t ion  of the in ternal  correlat ion structure provides  a m e a n s  for opti- 
mahsat ion  of the sampl ing  scheme and  for quali ty assessment  of the data.  

The var iabi l i ty  in t roduced  by  the technica l  p rocedures  leads  to s eve ra l  considera-  
tions. 

The accuracy and precis ion of analyt ica l  p rocedures  genera l ly  increase  wi th  increas-  
ing concentrat ions  (Horwitz, 1982}. In this respect ,  the choice of the env i ronmen ta l  
compar tmen t  for monitor ing becomes  important ,  especia l ly  for micropol lutants .  Variabi l -  
ity m a y  be  r educed  by  analys ing  samples  in manifold.  

A l ead ing  term at this point  is qual i ty  assurance  within the  labora tor ies .  A facet  of 
quahty  assurance  is the  critical select ion and  val idat ion of analyt ica l  me thodo logy ,  
capab le  of per formance  a t tuned  to the informat ion needs.  The labora tory  a lso  has  to have  
the analyt ica l  p rocedure  in statistical control, main ta in ing  accuracy and  p rec i s ion  at a 
cer tain level.  

After  considerat ion of re levant  aspects  as out l ined above,  the statistics wil l  requi re  a 
number  of measurements  to obtain the  des i red  l e v e l  of significance. Resources  a re  
limited, so that  inevi tably  it is necessa ry  to restrict  the n u m b e r  of compar tmen t s  and  a reas  
in order  to be  able  to collect the r equ i red  n u m b e r  of data. 

S e l e c t i o n  of  c o m p a r t m e n t  

In a schemat ic  sense,  aquat ic  ecosys tems can b e  d iv ided  into the  c ompa r tme n t s  
biota, water ,  su spended  sohds and  sediments ,  each of which can be  subd iv ide d  further. 
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The distribution of contaminants among the (sub)compartments depends on the physico- 
chemical properties of both contaminants and compartments. In general, heavy metals 
and hydrophobic organic micropollutants accumulate in particulate matter and organ- 
isms. Therefore, these compartments are often preferred for monitoring, or for inventory 
surveys of these substances (Chapman et al., 1982; CUWVO, 1989}. 

The selection of compartments which accumulate (classes of) pollutants for monitor- 
ing and surveys can have several motives. It may be important to do measurements in a 
compartment which forms an actual or potential problem in environmental management, 
for example, sediments. The availability or feasibility of methods for samphng and 
analysis in the required concentration range are other important points to consider. This 
is particularly true for micropollutants, as analytical procedures (samphng, sample 
treatment and instrumental analysis} for measurements in seawater require speciahzed 
and cumbersome methods {e.g. Duinker & Hillebrand, 1983; Berman & Yeats, 1985; Mart, 
1979a, b). The enhanced concentrations in accumulating compartments result in general 
in data with a higher level of accuracy and precision (Horwitz, 1982}. 

Biota and sediments give a time-averaged view of the exposure. These compart- 
ments are not appropriate for studies on processes on a short time scale. However, the 
time-averaging effect is an advantage, when monitoring concerns trends on longer time 
scales (in the order of years). 

The combination of time-averaging and higher analytical accuracy and precision 
may result in a lower overall variabihty in the data, improving resolution in the trend 
analysis. 

Moni tor ing in sediments  

Trace metals are bound via various complexation and sorption processes (physical 
adsorption, chemical adsorption, ion exchange) to particulate matter. Depending on the 
metal and the physico-chemical conditions, precipitation also can occur (Salomons & 
F6rstner, 1984}, 

IApophilic organic compounds have a high affinity for the organic fraction of particu- 
late matter. The mechanism for distribution between the water and this organic phase 
can be represented a sa  partitioning process. The partitioning can be modelled with the 
octanol-water partitioning coefficient (Bruggeman, 1982; Davies & Dobbs, 1984; Zaroo- 
gian et al., 1985}. 

Polar organic compounds generally have a high affinity for the water phase, but 
chemical processes may affect the distribution (e.g. chemical bounding to particulate 
matter}. 

The sorption of contaminants by particulate matter is determined by its composition, 
important factors being the grain size distribution and the fraction of organic material 
(F6rstner & Wittmann, 1979; Salomons & F6rstner, 1984; Karickhoff et al. 1979; Brugge- 
man, 1982). The redox conditions of the environment can severely influence the contents 
of trace metals in sediments and their exchange with the water phase. Factors such as 
resuspension and bioturbation mix the upper layer of sediments (Kramer, 1986), decreas- 
ing the attainable time resolution in trend monitoring. Furthermore, the hydrographical 
characteristics of the area to be studied should be taken into account: the interpretation of 
data extracted from sediment monitoring is different for sediment-transport, -erosion and 
-accumulation zones. 
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In view of the influence of the composition of the sediments on the concentrations, it 
is necessary to apply a normalization procedure to the data before tempoxal or spatial 
comparisons can be made. Considerable attention has been paid to rlormahzation 
procedures for trace metals. Possible methods include (Fbrstner & Wittl"nann, 1979; 
Ackermann et al., 1983; Salomons & Fbrstner, 1984): 
(1) The sieving of sediments followed by measurement in the fraction with small grain 

size. 
(2) Extrapolation of regression curves of total (trace element) content against a variable 

representative for the fraction of fine material. 
(3) Comparison with conservative elements: the ratio between the metal and  elements as 

A1, Sc, Cs, Eu and Sin. 
For organic micropollutants, measurement in the fraction with small grain size seems 
appropriate. A further correction for the organic carbon content may be aplahed. 

Within the JMG it has been agreed to sieve sediments over 63 micrometer and to 
analyse the fine grained fraction. In cases where contamination of the coarse fraction is 
suspected, both fractions should be analysed. 

Moni tor ing in biota 

Biota exhibit accumulating properties for trace metals, which vary, depending on the 
biological species and the tissue (Martin & Coughtrey, 1982; Phillips, 1977, 1980; Philhps 
& Segar, 1986). Lipophilic organic compounds are accumulated to a high degree by fat 
tissues. The partitioning model described above is also applicable here. 

The uptake by biota depends on the forms in which the pollutants are present in the 
abiotic compartments (speciation), and the physiological conditions, and the stage of 
development of the species. Metabolic regulation or transformation of the pollutants may 
occur, while interaction between pollutants may influence the uptake (Phillips & Segar, 
1986; Bryan, 1980; Bryan et al., 1980; Boon & Duinker, 1986). Furthermore, biological 
factors, such as body composition, sex, age, size, sexual cycle and feeding habits, 
influence the concentrations of contaminants in biota (Harms & Kerkhoff, 1988; Kruse & 
Kriiger, 1984; Gordon et al., 1980). 

Basic prerequisites for monitoring organisms have been established: accumulation 
ability, high concentration factors for several contaminants, a high abundance, wide 
distribution, reasonable size, a sedentary mode of life, easily recognizable and collect- 
able, availability through the whole year, and tolerance to low sahnities (Phillips, 1977, 
1980; Topping, 1983). 

In practice, it may be difficult to find the species at all sampling stations. In some 
cases, the latter may be obviated by translocation of organisms (Davies & Pirie, I978; 
Simpson, 1979; de Kock, 1983). 

Several types of biota have been apphed, e.g. fish, shellfish, algae and plants. 
Mussels are frequently being used to monitor marine pollution (Goldberg et al., 1978; 
National Academy of Sciences, 1980; de Kock, 1986). It may be advantageous to use biota 
at higher trophic levels, e.g. bird eggs (Reuterg~rdh & Olsson, 1986). 

Variability in measurements on organisms may be decreased by selection of samples 
discriminating on factors such as sex, age and length. This approach has been employed 
in the ICES baseline study of contaminants in fish and shellfish (ICES, 1984). A further 
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improvemen t  may  be  a t ta ined by  normal iz ing the concentrat ions to a pa r ame te r  charac-  
teristic for the phase  which is (est imated to be) impor tant  for the uptake .  For hpophil ic  
organic  compounds  such as chlorobipheriyls  and  polycychc aromat ic  hydrocarbons,  the 
hpid  content  of the  t issue is an often app l ied  parameter ,  concentrat ions be ing  expressed  
on hp id  basis (Boon & Duinker,  1986; Bruggeman,  1982). Recently, it has  b e e n  shown that  
the fat content  of cod l iver significantly inf luences the accumulat ion  of a number  of heavy  
meta ls  (Grimes et al., 1985). 

M o n i t o r i n g  in  t h e  w a t e r p h a s e  

The wate r  column can be considered to be  composed  of the compar tments  wate r  and 
suspended  par t icula te  mat ter  (SPM). The bounda ry  of these  two compar tments  is opera-  
fionally def ined by  the separat ion technique  employed,  e.g. filtration over 0.45 ~m or 
centrifugation.  

Measur ing  "total" water  samples  is not usual ly  r ecommended .  A la rge  number  of 
pa rame te r s  have  rela t ively high concentrat ions in the  suspended  par t icula te  matter.  
Especia l ly  in es tuar ies  and near  coastal  zones, the SPM content  of samples  can vary 
highly  on small  t empora l  and spat ial  scales, implying that  concentrat ions  of pa ramete r s  
which  are s trongly associated with SPM will exhibi t  a large  variabil i ty.  In open sea 
samples ,  however ,  filtration is often omit ted owing to low SPM concentra t ions  and the 
r isk of contaminat ion.  Concentrat ions of "dissolved" chemical  const i tuents  are affected 
by  a number  of processes.  An impor tant  factor is the  mar ine  water / f resh  water  mixing 
ratio. Superposed  on this physical  mixing of wate r  masses,  chemical  and  Biological 
processes  may  occur. The extent  of the processes  can be  inves t iga ted  by  construct ing 
dissolved concentra t ion-sahni ty  plots. The salinity is a conservat ive pa rame te r  which can 
be  used  as an index of the mixing (Salomons & F6rstner,  1984). Subs tances  which behave  
conservat ively  in the  range s tudied  will exhibit  a hne.ar re la t ionship with salinity. 
Chemica l  and biological  processes may  lead  to exchanges  b e t w e e n  phases  and accord- 
ingly  to deviat ions from the theoret ical  dilution line. Knowledge  of the geochemica l  
behav iour  is necessary  for a meaningful  in terpre ta t ion of the results. 

As an example ,  salinity plots are g iven in Figure  2. In Figure  2 A, the dissolved Cd- 
sal ini ty plot is g iven  for t he 'Wes te rn  Scheldt,  with da ta  ob ta ined  in 1979 and  1986 by 
Yeats, Berman, Wflhe, Mykt ivk and  Cofino (unpubl.). The profile is character is t ic  for 
es tuar ine  addition. A comparison of the  profiles m e a s u r e d  in 1979 and 1986 indicates  that  
the Cd  burden  has  b e e n  reduced.  This f inding is conf i rmed by  moni tor ing with mussels.  
Conservat ive  behavior  has been  observed  for dissolved Cu for the Dutch coast  (Pig. 2 B). 
The river Rhine provides  the pr incipal  component  in the  f reshwater  fraction. In principle,  
changes  in the copper  emissions will become visible by  changes  in the angle  of 
inchnation,  providing corrections are  made  for differences in the river discharge.  The 
da ta  indicate  that  the copper  emissions were  quite s table  in the  per iod  b e t w e e n  1983 and 
1987. 

Conservat ive  behavior  has also b e e n  found for the  Dutch coast  for dissolved Ni, Zn, 
Pb and,  in the win te r  season, for nutrients.  

Moni tor ing in suspended  par t icula te  mat ter  has not  b e e n  carr ied out on a large scale 
up to now, p re sumab ly  due mainly to problems with collecting a sufficient amount  of 
mater ia l  for analysis.  SPM is an impor tant  compar tment  because  similar to sediments  it is 
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enriched,  in contrast  to water,  with heavy  meta ls  and  hydrophobic  organic micropollut-  
ants, and  as carrier  it de te rmines  to a significant extent  the pa thway  of (classes of) 
pol lutants  through the mar ine  environment .  

The collection of SPM in estuaries  and  near  coastal  zones can be  carr ied  out 
convenient ly  wi th  continuous flow centrifuges.  The composit ion of SPM may  d e p e n d  on 
the season and  on the hydrological  and  meteorological  conditions. As with sediments ,  
corrections for the composit ion are necessary.  Despi te  these problems,  SPM is a sui table  
compar tment  for monitor ing or surveys (Chapman  et al., 1982; CUWVO, 1989). 

T h e  d e n s i t y  of  s t a t i o n s  a n d  f r e q u e n c y  of s a m p l i n g  

Preferably,  the selection of samphng  areas  is b a s e d  on invest igat ions,  r evea l ing  basic  
information on hydro logy  and the envi ronmenta l  behavior  of the  subs tances  to be  
monitored.  

The station densi ty  and  f requency of s amphng  should be  der ived  from a statist ical  
evaluation,  account ing for tempora l  and  spat ia l  correlations and  the var iabi l i ty  adhe ren t  
to the  measurements .  In general ,  in estuaries  and  coastal  zones a number  of stations 
a long sahnity and/or  pollution gradient  will be  chosen. The coherence  b e t w e e n  the da ta  
of different stations provides  a basis  for quali ty assessement  and  interpretat ion.  In areas  
with a more homogeneous  wate r  mass (open sea), several  samples  in an a rea  will  be 
required.  

QUALITY MANAGEMENT OF DATA AND INFORMATION 

Recently, the  Internat ional  Organisa t ion  for S tandardisa t ion  (ISO) has r e l ea sed  a 
series of s tandards  (9000-9004) dea l ing  with qual i ty  m a n a g e m e n t  and qual i ty  systems 
(ISO, 1987). 

The s tandards  provide guidel ines  to m a n a g e  organisat ions  in such a manne r  that  
quali ty object ives  are met. Important  are 

- the organisation has to formulate a quali ty policy, descr ib ing quali ty object ives  and  the 
means  and resources  to achieve them. This pol icy has to be  confirmed by  the m a n a g i n g  
board.  

- In compl iance  with above, quali ty m a n a g e m e n t  is necessary,  implying s t ra tegic  plan-  
ning, the al location of facilities and  resources  and the p resence  of a qual i ty  system. 

The quali ty sys tem encompasses  the technical,  adminis t ra t ive  and human  factors which 
affect the qual i ty  in all phases  from the assessment  of qual i ty  requ i rements  to the 
product .  

For laborator ies  work ing  in the pharmaceu t i ca l  or toxicological  field, r equ i rements  
for the qual i ty  system, commonly known as G o o d L a b o r a t o r y P r a c t i c e (GLP), 
are  often posed  by  nat ional  regula tory  agencies .  No comparab le  nat ional  or in terna t ional  
requi rements  exist  for laborator ies  working  in the  envi ronmenta l  field. The GLP princi- 
ples may  be adap t ed  for use by these laboratories .  In the  Nether lands ,  the  Dutch 
S tandards  Organisa t ion  has pub l i shed  a gene ra l  s tandard  (NEN 2653) for Q u a l i t  y 
A s s u r a n c e in laboratories.  The Joint  European  S tandards  Institution, CEN/ 
CENELEC, has  a s tandard  with a comparab le  scope,  EN45001, in preparat ion.  

The pr inciples  of quali ty m a n a g e m e n t  app ly  to both laborator ies  and  to the  nat ional  
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and international bodies managing monitoring programs. These two levels will be 
discussed separately. 

Quali ty m a n a g e m e n t  in laboratories  

The quahty system provides laboratories a framework to provide valid data. Ele- 
ments of this program are the proper elaboration and documentation of 
(1) the "infra-structure" of the laboratory: allocation of responsibilities, level of educa- 

tion, facilities, safety rules, administrative procedures and so on 
(2) treatment and maintenance of facilities, equipment (including calibration-, optimiz- 

ing-, operation-procedures) 
(3) all analytical procedures 
(4) a quahty assessment program. 
Guidelines for the construction of a quality system can be found in literature (e.g. 
Vijverberg & Cofino, 1987). It is stressed, however, that a quality system is an  aid, and not 
a guarantee, for obtaining qualitatively sound data. A critical judgement by  professional, 
motivated analytical chemists is required at all steps. 

Special attention has to be paid to the validation of analytical methodology and 
quality assessment measures. 

The selection and the development of analytical methodology has to be  directed by 
requirements derived from the objective of the measurements. After development, 
validation is needed (Taylor, 1983). Firstly, it must be assessed that the measuring 
process is in statistical control. This will involve a series of measurements rendering 
information on the precision. Secondly, the accuracy should be estabhshed. This can be 
accornphshed by measuring certified reference materials, and/or by comparing with a 
method or laboratory with known accuracy. The analytical methods ought to be validated 
before application. 

Laboratories need to take measures to ensure that they maintain a certain level of 
accuracy and precision. Control charts are important tools for internal quality assessment. 
These charts are graphical means for monitoring the measurement process or the status 
of an instrument, and provide feedback for process control (ASTM 1976; Juran et al., 
1974; Kateman & Pijpers, 1981; Vijverberg & Cofino, 1987; National Institute of Stan- 
dards and Technology, 1985; Ishikawa, 1982). Quahty parameters hke reference materi- 
als, measurements of blanks or standard solutions, the difference between duplicate 
measurements, sensitivity and so on can be recorded. Notably the use of certified or self- 
made reference materials combined with control charts is a powerful tool for internal 
quality assessment. 

Sampling and working up of samples are critical points, specifically for trace metals 
and organics. A well ordered laboratory and stimulating (quality) management  should 
create the conditions for handling these problems adequately. 

Qual i ty  m a n a g e m e n t  in the o rgan iza t ion  m a n a g i n g  the mon i to r ing  p r o g r a m  

The organization managing the program should develop a quahty system. In a 
manual, an outline of the monitoring program and all administrative and technical 
procedures should be documented. 
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Special at tention has to be devoted to the quality assurance of the data submit ted by 
the participating laboratories. 

Standardization of all methods for sampling and analysis is r ecommended  but  not 
always possible. A scheme for quality assurance of data is: 
(1) specification of the analytical methodology as far as feasible; 
(2) prescription of the procedure for validation of analytical methodology, assessing both 

statistical control and accuracy with the aid of, for example, certified reference 
materials (see also ICES, 1989); 

(3) the implementa t ion of a quality assessment program. 
The manag ing  organization could disseminate uncertified reference materials. Par- 
ticipating laboratories should analyse these materials regularly in the same runs as 
the actual samples. Data on both the "external reference material" and  the samples 
should be reported. This approach resembles a long-term intercalibration and  makes  
it possible to reveal systematic differences or lack of control. 

AN OUTLINE OF THE MONITORING PROGRAM OF THE DUTCH PUBLIC WORKS 
DEPARTMENT 

The program was revised in 1988. Details on the previous program have b e e n  
described by Beukema et al. (1986), 

Regulatory ("control") monitoring is performed to comply with the EC directives 76/ 
160/EC and 79/923/EC (see section 2.1). In addition, specific parameters are de te rmined  
at "hot spot" areas. 

Monitoring to establish the effectiveness of measures to reduce pollution is per- 
formed in several environmenta l  compartments  as summarized in the following table 
(Table I): 

Table 1. Environmental compartments monitored to establish effectiveness of measures to reduce 
pollution 

Parameter Compartment 
Water Suspended Sediment Mytilus edilus 

particulate matter 

Nutrients x 
Trace metals x x x x 
PCBs, PAHs x x x 

The suspended particulate matter  is collected with continuous flow centrifuges. 
Mytilus edilus are collected in the Eastern Scheldt and selected according to length.  
Three times a year, baskets with approximately a hundred  individuals are t ranslocated to 
fifteen stations. After six weeks, the baskets  are collected and  the samples are analysed.  

In addition, in every compartment  parameters  are measured in order to characterize 
the matrix. 

This scheme is considered a good ba lance  be tween  monitoring in different compart-  
ments  and restricted resources. 
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Fig. 3. Map indicating the sampling stations 

F r e q u e n c i e s  a n d  l oca t i ons  h a v e  b e e n  c h o s e n  o n  t he  b a s i s  of d a t a  a v a i l a b l e  f rom 

m o n i t o r i n g  a n d  p ro jec t s .  A n  o v e r v i e w  is g i v e n  in  F i g u r e  3. 
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