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THE METROLOGICA L STAKES OF THE EUROPEAN WATER FRAMEWOR K
DIRECTIV E

M. Coquery, B. Lepat and A. Morin

INERIS, Institut national de I'environnement industriel e des risques BP 2, F-60550 Verneuil-en-Halatte, France

Résung

L'Union européena a introduit ave la nouvelk
réglementatio su I'eay ure dimensim nouvelk dars le
domaire de la surveillane de I'environnementll ne s'agt
plus seulemende mesure un éta de contaminatiormars de
suivre et rende compe de I'éta de qualitt écologiqe et
chimique des eaux Cd éta doit s'améliore ave un
objectf exigeam de « bon état» des 2015 pou tous les
étas membres Une telle mesure qu doit s traduie
notammen pa ure intensificatiom du contrée des
contaminarg chimiques a des conséquenceimportants
en termes de métrologie Afin d'assure la comparabilié
des donnés au niveau européenil appardi indispensald
de développe des méthods de mesurs appropriés e
validées au plan internation& et d'organise des exercice
d'intercompargon.

Abstract

With the newv Wate Directive the Europea Union
has given anew dimensim to environmentamonitoring It
is now necessarto follow ard accoum for the ecologich
and chemicé statis of aquatc ecosystems This statis
shoubl improwve with the objective of "goad statu$ in 2015
for all wates of Membe States Sud aregulation will lead
to an intensification of chemicé contaminarg control ard
has importart metrologicé implications In orde to ensue
the comparabiliy of datg it appearsnecessar to devel@
internationaly validatel standad method ard to organie
intercomparison exerciss for analytica laboratories

Introductio n

The Europea Wate Framewok Directive (WFD,
2000/6Q [1] is probaby the mog significart legislative
instrumen in the wate field to be introducel on an
internation& bass for mary years The Directive takes a
broad view of wate managemenard has as its key
objectives the preventim of ary further deterioration of
wate bodies ard the protectim ard enhancemenof the
statls of aquatc ecosystemslts implementatio shoud
resut in an intensificatiom of monitoring aquatc
ecosysters with an increag of contaminarg control The
overriding objective of the policy is the achievemen of
"goad status in all waters

Article 16 of the WFD set out the Communiy
strategy agains pollution of wate by chemicé substances
According to the provisiors of this article a list of priority
substanceshal be establishd which represena significart
risk to or via the aquatc environmeha Communiy level
Following the proposa of the Europea Commissio in
Februay 200 ard Januay 200L ard the first Parliamens
reading Counci ard Europea Parliamenfinally agree to
alist of 33 substancg[2].

Contrd of chemicé substance is targetel on toxic effed
on ecosystemsGoal chemica statis for a wate body is
reaché when pollutart concentratios are less tha the
Environmenth Quality Standard (EQS) The EQS haw
been elaboratd throughot discussio betwea expers
from Membe State using the risk assessmenapproab
describé in the Technicd Guidane Documen [3, 4]. A
daughte directive will list the EQS for the priority
substancesIn orde to reah the "goad statu§ for all
Europea surfae waters Membe Stats will hawe to
implemert river basn managemenplans including wate
monitoring programme ard take measurs when resuls do
not comply with the EQS

In orde to implemen appropria¢ wate quality
monitoring programme ard to ensue the comparabiliy of
datn on the stae of contaminatio of the aquatc
environmentit appeas necessarto devel@ internationaly
validatal standad methodsto define ard organie quality
assurane ard control ard to sd targes for uncertaintis of
results

Thisimplies

- To defire newv analytich method for chemich
substance regulatel by the WFD in water
suspende matter sedimenard biota ;

- To attan detectio limits for the analyss of priority
substancetha are compatibé with the EQS ;

- To defire @ the Europea level, dat quality criteria
in ordeg to attan the desirel degre of
environmenthprotectio ;

- To ensue the traceability of resuls by developimg
new certified referene materias ;

- To ensue the comparabiliy of analytica resuls on
wate pollution in the aquatt environmeh on a
nationa ard Europea levd by organisig inter
laboratoy trials.

Analytical challenges for the measue of
priority substance

The Wate Framewok Directive requires the
monitoring of wate quality to be performel by method




which are confom to CEN/JISO Standard or
National/InternationlaStandard which ensue the provision
of dak of an equivalen scientific qualiy ard
comparability Far a large numbe of priority substance
Europea harmonisd method for samplig ard analyss
are alrea availabe through CEN/TC230 However somne
of the method will haw to be revisel in orde to fit
requiremenrd of the WFD.

For instance lower limits of detectim ard bette
precisia a low environmenthlevel would be needd for
a numbe of substanceaccordimg to the proposd EQS [4].
Existing method hawe indeal insufficiert sensitiviy for the
measuremen of cadmium chlorpyrifos ard tributyltin
compound in watet

Also the method are still unde developmenard no
routine methodologie are availabke yet to Membe State
for severh othe substances alkylphenols pentabrome
diphenylethes ard C10-C13 chloroalkanes

Finally, CEN/ISO standadl method are availabk for
the determinatio of a majority of the priority substancgin
water, but a numbe of thee method are nat applicabé to
transitiond ard coasth wates (e.g, for metals) ard
standad method practicaly do na exid for suspends
matter sedimenard biota samples In generathe standaal
method for wate sample may be applied to the analyss
of sedimen without dramatt changs of procedures
However the pre-treatmenste need to be elaboratd or
in some case adjustel to the distind need None of the
standard has been validatel for investigatios of biota
including fish. For sedimeh samples nationa standard
exid in some cases but mog routine laboratoris use
internd method for the pre-treatmeh step which are
usually derived from standadl method on soils or sludge
We will also detal belov the specifc difficulty of
analysirg organt substance in watg sample containirg
large amoun of suspendg matter

Nead for the developmen of reference

methods for _new priority substance

Fou priority substances namey brominatel
diphenylethers C,o-C;s;-chloralkanes, nonylphenat ard
octylpenols compri® rathe poorly defined groups of
chemicas consistirg partially of a large numbe of isomers
For this reason monitoring da@ which are availabé for
thee group of substance often relak to differen
individua chemicas$ or hawe beea gainal by quantification
method which ar not comparable It is, therefoe
suggested tha strorg efforts shoud be made first to
identify indicata substance ard standad materials
wheneve possible or to define areferene methal for eah
of the® priority substancesFa the time being an ISO
committee draft exiss regardigy the determinatio of
alkylphenos in surfa@ wates ard the determinatio of
brominatel diphenylethesin sedimehard sludge

Pat 1 of an ISO committee draft for the
determination of selectd alkyphenols in unfiltered wates
is availabke [5]. The metha propose for nonylphendt is
also suitabk for octylphenol.

For the determinatio polybrominated dipheny
ethers seva individud congenes ar mog frequenty
detectd and therefoe are propose as indicata substance
in the 1SO drat metha [6]. This list of congenes is
currently unde discussia within the drafting group

For the chloralkanes neithe an agreel analytica
referene methdl is availabé nor does a well-defined sé of
indicata substance exid as for othe pollutans e.g PAH
or PCB. C10-C13 chloralkans are the mog challenginy
group of substance with respet to analyse ard
quantification This groyp comprise a mixture of a large
numbe of individud congenes (C10, C11, C12 C13 with
varying numbe of chlorine atons ard varying chlorire
atam positions) Analyticd standad method do na permt
the identification ard quantification of single isomers In
practie@ commercid mixtures are characterisgé by ther
chlorine contemh expressg as a percentag by weight
Neithe singke congenes nar defined pure mixtures are
availabke as standadl materid commerciay a present
Only technicd mixtures with known chlorine conten are
available The use of technicd producs from differert
manufactures as externd standad materid for
quantification has shown discrepancig in the resuls of an
interlaboratory stud/ [7]. Ore explanatio given was tha
the amoun of additives ard impurities is differert from one
manufactureto the other According to the forementiond
properties of commercif chloroalkae mixtures it seens
impossibe to selet indicata substanceslin this ca® the
only way to gan comparabiliy of resuls would be to
clearly define an analytich methodolog which has to be
usel by al Ilaboratoris participatig in a commm
monitoring programme

Referene methods for suspendd matter and
sedimens ?

Unde the WFD, EQS for sedimen will be derived
for the priority substances with sediment-partitio
coefficiert (log Kp) >3 for organc contaminarg or metals
When no dab ar availabé for Kp, the octanol-water
partition coefficiert Kow will be usal (log Kow >3) for
organc  substances In tha case contaminah
concentratios in suspendd matte or in settlal sedimen
shoutl be measurd preferaby than in the wate phase ard
compare with EQS values Severd questios arie
concernig the monitorirng of suspenda matter First as we
hawe briefly discussd above ISO/CEN standad analytica
method for the sedimen and suspenda matte neeal to be
urgently developd in orde to ensue the quality of dag
produced Secondly method for suspendd matte
samplig alo nea to be developd armd harmonised
Samplig method are generaly basel on continuows
centrifugatim or large volume filtration, as sufficiert
amoun of materid is needd for the extractiom stefs (in
particula for organt contaminants) Thee method are
relatively complex and costy to implement in routine
laboratoris (e.g risk of sampé contaminatio or
adsorption) ard the comparabiliy of method shout be
verified (e.g different size of particles selectd by
centrifugation ard filtration).

Also, the ca® of wate sample with high suspenda
particulate matteg (SPM loads shoutd be specificaly



considerd ard discussed Proposd EQS for organc
substance are establishd on totd concentratia (dissolvel
+ particulate) [4]. Thus monitorig of organc priority
substancesshoutl aim a the totd concentratio of the
contaminarg in water However standad methods for
organc contaminarg do not offer ary clea advie for
wates with elevatel SPM levels Fo instance the
standard for organochlorie insecticides PCBs ard
chlorobenzeng (NF ISO 6468 1999 ard for organc ard
phosphoros compound (EN I1SO 10695 2000 indicae
that the methal is only applicabé for wates with SFV
belov 50 mgL ard speciy tha interference are highe
abo\e this level. Howeve no recommendatiois given for
the treatmen of wates with SRM abo\e this limit. The
standad for chlorophend (EN 12673 199§ simply
mentiors the possibiliy of interference in presene of
SAM tha cen lower extraction recoveries The Frend
standad for 6 PAHs (NF T 90-115, 1988) is more precise
it advise to reped severd times the extraction procedue
(et leas 3 timeg in presene of high SPM ard recommed
to filter the sampé abowe 200 mg/l of SAM ard to extrad
the 2 phass separately

It is clea tha solvert extractiom of bulk wate
sample with high SAM concentrationswill be mud les
efficient for substancewith logKp >3 (e.g PCBs PAHS
trichlorobenzenes, pentachlorophenpl endosulfan etc)
than if performel on the SAM themselvesusirg extraction
method designd for solids phase sud as sedimen or
soil. Analyses performel on unfiltered sample will provide
underestimai@ and poa quality data

In orde to ensue comparabiliy of resuls for high
SAM wate bodies sud as large rivers ard estuaries a
thoroudh examinatio of standad method shoudl be taking
place aiming & homogenisig the recommendatia for
SPM treatment

Measuremern uncertainties targets

Compliane with EQS requirs tha the
concentration of the priority substancgin water sedimen
or biota be shown to be within sé limits. Measuremen
uncertainy clearly has implicatiors for the interpretation of
analyticd resuls in this context

ENV 1SO 1353 proposs guidelines for the
definition of analytica requiremerg for wate analyss
including defining the relevarn concentratio range
required accurag (or maximd tolerabk erro) and
reportirg of results Theren is described as commam
practi® the lowed relevan concentratia beirg 10% of a
limit value (e.g, EQS ard the maximd tolerabke erra
being 20 to 25% of tha concentration

The "Analysis ard Monitoring of Priority
Substancésexpet groyp (AMPS) of the EC for the WFD
has proposd targetvalue for measuremedruncertaing on a
Europea scak (i.e. combinel standad uncertainy of 25%
for al substances) The proposition is derived from
information on actua laboratoy uncertaintis obtainel
from 10 Europea countries The AMPS noted howeve
that for some of the priority substancesthere is currenty
no availabke dawa for measuremen uncertaing (e.g,
chloroalkanes PBDE TBT) ard in ary case for mog of

them the challeng is to decreas the uncertainy rang in
orde to fulfill Europea recommendationsin addition
methodologie for uncertaintie determinatio hawe to be
homogenisé all over Europe

Comparability of analvtical results in
Europe

Accordig to the WFD, besids ecologich
parametersclassification of wate bodies is basel on EQS
sd for priority substancesin orde to ensue comparabiliy
of the classificatim schems betwea differet Membe
States ard River basins the analytica resuls hawe to be
comparable The organisatio of intercompariso
campaigs for analyticd laboratoris on a Europea scaé
would ensue progres towards sud a goal

Developmert _of inter-laboratory _trials for
priorit y substances

In orde to obtan a satisfactoy comparabiliy of
monitoring resuls on the chemicé quality of wate bodies
at a nationd ard Europea scale analytica performane
shoull be improved Efforts shoutl focus on organc
substance for which the situation appeas to be the mog
problematt as we will shav below Within some Membe
States Regiors and River basins quality assurane via
proficiengy testirg is currenty applied but does nat include
all priority substancesMoreover it will be necessar to
investigaé how the® approache can be linked in orde to
achieee a European-wid comparabiliy of analytica
results Specift intercomparisn exercise for priority
substance of the WFD will neeal to be organisd on a
Europea scale

Sine 1999 INERIS has been organisig nation
wide intercomparisn exercise for Frend analytica
laboratories This has allowed us to compleé a detailel
examination of pag exercisesin particula concernig the
priority substance tha hawe been tested A new sdé of
intercompariso exerciss is now beirng organisd ard it is
aimed at improving performance for families of organc
contaminarg for which difficulties hawe been identified It
will alo include sone of the priority substance tha hawe
not been testel previousy on anationa level.

Interlaboratory exercises : an_essentia tool for
quality assurance/contrd

Participatim  of analyticd laboratorie in
intercompariso exercise constitute an essentia elemenm
of quality assurane for environmenth analysis It is the
only procedue which allow a regula ard reliable externé
ted of analytich resuls for a given laboratory The
laboratoy can compae its resuls to tha of othe
laboratoris ard follow its performane ove time for a
given test It is alo the bed approab to ensue the
accurag of resuls in the absene of appropriag¢ certified
referene materials which are still badly lacking for
organc contaminard in naturd waters



The aims of intercomparison exercise for analytica
laboratoris shoudt be clearly defined ard can include the
following:

> to measue the quality ard performane of a laboratoy
and obtan official accreditatio ard agreemerst from
ministries:

> to demonstra the value of the analytica resuls to
administrationlocd authoritiesindustriesetc

» to discus analyticd problens encounteré for analyss
in comple« matrices (marire waters sediment wase
waters sewag@ sludge etc) ard improwe the quality of
alaboratoy in collaborative work ;

> to evaluaé the uncertaintis of the resuls tha can be
linked to the methodologise (repeatability
reproducibility) ;

» to evaluaeé the performane of a newly developd
method

Main findings of intercomparison testing schems
in France

The objective of the stud/ carried out by INERIS
was to asses the resuls of 4 yeas of intercompariso
testig (1999-2002 for the analyse of chemicéa
contaminarg in wate [8]. The® exerciss haw bee
organisé within the framewok of the provisian of the
official agreemerstfor analytica laboratoris by the Frent
Ministry of the Environment All resuls of intercompariso
tess on naturd ard wastewates obtain@ from participans
for the 3 intercomparisn scheme existing in Frane (i.e,
organised by INERIS, BIPEA amd AGLAE) were
scrutinised In general laboratoris use Frend (NF) or
internation& (ISO, EN) standardize analytich methods
Resuls shav clea tendencie for the reproducibilify of
resuls for the different wate quality parametes and al
cleary shov ares were progres is needed "Between
laboratory reproducibiliy (CVR) for a given teg is the
relative standad deviation calculatel from all laboratoy
resuls (excep outliers)
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Figure 1. Reproducibility of intercomparison test for
conductivity as a function of concentration levd

An averag CVR for a given concentratia range
could be obtainel for a parametewhen sufficiert tess had
been performel (see exampé in Fig.l). General the
reproducibiliy increasd a lower concentrations

Most resuls were satisfactoy for generd wate
quality parametes (e.g, pH, conductivity alkalinity,
hardness SPM chlorides sulfates nitrogen phosphorus
potassiumcalcium etc.) Fa the parametersthe averag
reproducibiliy betwea laboratoris is les than 15% or
evan less than 5-10%, for awide range of concentrations

Reproducibiliy was al satisfactoy (<20% for the
priority metat (i.e, Cd Hg, Ni, Pb) a the mg/l level
typicd for contaminaté wastewaters It was mud more
variabe amd coud be significanty highe for
concentratios a the pg/l levd (or ng/l for mercury) more
representatie of concentratios in naturd wates ard close
to the EQS levels

For mog organt contaminantsthe intercompariso
exercise showel tha thee are recurremh problens of
reproducibiliy betwea laboratories The organc
substance testel were the following: polychlorinatel
biphenyk (PCBs 7 individud congeners)6 halogenate
volatile organis (HVO), benzene/toluene/xyler(BTX), 15
pesticides 9 polycyclic aromatt hydrocarbos (PAH9 ard
3 chlorophenols Severa of the individud compound
testel belorg to the list of priority substance of the WFD.

> Fa mary of the organc substancetested there are nat
an adequa amoun of resuls (i.e, na enoudn
intercompariso tess performel for a given substance)
or the resuls are too dispersd in orde to establis a
trend of the reproducibiliy betwea laboratories

> CVR ae aroud 3% for chloroforme
tetracholoethylea  ard trichloroethylee  for
concentratios betwea 1-20 pg/l.

» CVR are betwe@ 30-40% for mog pesticides (15-3000
ng/l) ard PAH (15-2000 ng/1)

» CVR are abowe 40% for 16 substancesThe® are the
PCBs (40-50%) benzer ard toluere (50-56%) two
pesticids (43-%6 %), ard chlorophend (57-100%).

Clearly the performane of laboratoris for the
determinatio of organc contaminard in wate sampls
need to be improved Fo this purpose the INERIS is
currenty organisiig a specifc intercompariso exercig for
two families of priority substancesOHVs ard PAHs 35
laboratoris in Frane@ hawe expresseé ther interes to
participae in this exercise

In orde the tes the capaciy of laboratoris to
measue contaminarg in wate with high SRV content the
exercie will include a specifc tak on this matter Far the
determinatio of PAHS a wate sampé with a significart
amourt of SAM will be distributed Participarg will be
askel to analyg PAHSs in the bulk wate sampé ard als to
repot resuls from the determinatio of PAHs in the
dissolvel ard the particulate fractiors separately The®
exercise shoutl enabé the laboratoris to improwe ther
performancs for the determinatio of priority pollutans
ard increasg the reliability of resuls from wate monitoring
programmes
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