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BackgroundBackground

 TheThe LaboratoryLaboratory ofof Water Quality of the CHS (CEDEX),Water Quality of the CHS (CEDEX),
since its inception in the mid 70's, has been conductingsince its inception in the mid 70's, has been conducting
studies ofstudies of QualityQuality andand PollutionPollution in water and otherin water and other
matrices related to the Water Environment (sludge, soil,matrices related to the Water Environment (sludge, soil,
sediments).sediments).

 For these studies advanced analytical techniques haveFor these studies advanced analytical techniques have
been required, such as gas chromatography with differentbeen required, such as gas chromatography with different
detectors and gas chromatography coupled with highdetectors and gas chromatography coupled with high
resolution mass spectrometryresolution mass spectrometry (HRGC / HRMS)(HRGC / HRMS)..



BackgroundBackground
 TheThe VG 70VG 70 –– 250250,, a high resolution mass spectrometera high resolution mass spectrometer

resolution was, with the CSIC of Barcelona, one of theresolution was, with the CSIC of Barcelona, one of the
first spectrometer in Spain dedicated to the study offirst spectrometer in Spain dedicated to the study of
organic pollutants in water.organic pollutants in water.

This spectrophotometer, along with a gas chromatographThis spectrophotometer, along with a gas chromatograph
((KonikKonik), was used to perform), was used to perform specific studiesspecific studies of pollutionof pollution ..



–– Studies of pesticideStudies of pesticide leachingsleachings ((carbamatescarbamates)) in Lasin Las
PalmerillasPalmerillas ((AlmerAlmerííaa).).

–– Pollution by shipPollution by ship spillingsspillings, comparing the different oil, comparing the different oil
fractions of samples taken from the ship's bilge to samples offractions of samples taken from the ship's bilge to samples of
seawater.seawater.

–– StudiesStudies relatedrelated toto thethe D. 76/464/CEED. 76/464/CEE

BackgroundBackground

 These studies were carried out in processes ofThese studies were carried out in processes of

contamination that were detected in Spain, such as:contamination that were detected in Spain, such as:

–– Toxic waste found in the upper basin of RioToxic waste found in the upper basin of Rio GGáállegollego in 1987,in 1987,
which containedwhich contained hexachlorocyclohexanehexachlorocyclohexane..

SpecificSpecific studiesstudies



 "Progress in the study of dangerous substances as defined"Progress in the study of dangerous substances as defined
by the EEC"by the EEC"::

–– Made between 1988 and 1989 and requested by the DGOPH of theMade between 1988 and 1989 and requested by the DGOPH of the
MOPU.MOPU. It studied the presence of substances inIt studied the presence of substances in List IList I and referredand referred
to into in List IIList II, belonging to, belonging to Directive 76/464/EECDirective 76/464/EEC, from which, from which
emission limit values and environmental quality standards foremission limit values and environmental quality standards for
variousvarious substances were established.substances were established. This directive wasThis directive was
transposed into Spanish legislation through various laws, Royaltransposed into Spanish legislation through various laws, Royal
Decrees, etc.Decrees, etc.

– The guidelines were derived from this first set out in Annex IX ofAnnex IX of
the WFD.the WFD.

–– Is carried out on samples taken in surface water and for variousIs carried out on samples taken in surface water and for various
projects as the "Intensive management of the quality of reservoiprojects as the "Intensive management of the quality of reservoirr
water for supply to population in the river basin of Guadiana" (water for supply to population in the river basin of Guadiana" (19931993--
1994).1994).

BackgroundBackground
SpecificSpecific studiesstudies::

D. 76/464/CEED. 76/464/CEE



 FromFrom the 80sthe 80s studiesstudies onon groundwatergroundwater werewere initiatedinitiated ..
–– Issue:Issue: sincesince itit isis aa hiddenhidden resourceresource, for a long time attention, for a long time attention waswas

notnot focusedfocused onon itit,, soso therethere waswas no information and fewno information and few studiesstudies werewere
performedperformed.. TheThe laboratorylaboratory hashas alwaysalways beenbeen committedcommitted to theto the studystudy
ofof suchsuch waterswaters ..

–– SpecificSpecific studiesstudies werewere begunbegun implementingimplementing policiespolicies thatthat werewere
subsequentlysubsequently listedlisted inin Annexes VIII and IX of the WFDAnnexes VIII and IX of the WFD

 "Evolution of the content of"Evolution of the content of heavyheavy metalsmetals,, nutrientsnutrients andand organicorganic
micropollutantsmicropollutants inin groundwatergroundwater CastellCastellóónn de la Plana in collaborationde la Plana in collaboration
withwith thethe GeologicalGeological Survey" (1980Survey" (1980--1991).1991).

 "Contamination of"Contamination of groundwatergroundwater in the province of Valencia andin the province of Valencia and itsits
supplysupply toto urbanurban population " .population " .

 ""OrganicOrganic micropollutantsmicropollutants in the water of thein the water of the hydrogeologicalhydrogeological unitsunits 04.0404.04
WestWest ManchaMancha and 04.06 Campo deand 04.06 Campo de MontielMontiel"" ..

BackgroundBackground
SpecificSpecific studiesstudies



 There have beenThere have been generalgeneral studiesstudies onon groundwatergroundwater,, priorprior toto
WFDWFD andand sincesince 1991 to date,1991 to date, throughthrough managementmanagement
agreementsagreements withwith DGOHCA,DGOHCA, currentcurrent DGA,DGA, whosewhose resultingresulting

datadata werewere sent to thesent to the MinistryMinistry..

 All dataAll data thatthat thethe laboratorylaboratory hashas fromfrom the 90the 90’’s ares are beingbeing
introducedintroduced in thein the HIDROHIDRO databasedatabase of the Centre forof the Centre for
HydrographicHydrographic StudiesStudies ..

 DataData fromfrom thesethese studiesstudies havehave alsoalso beenbeen takentaken intointo accountaccount
to carry out theto carry out the designdesign ofof qualityquality controlcontrol networks.networks.

 AnalyticalAnalytical andand protocolsprotocols usedused::

BackgroundBackground
GeneralGeneral studiesstudies



GeneralGeneral studiesstudies (1987(1987 –– 2000)2000)

– Chloroform

– Hexachlorobenzene

– Hexachlorobutadiene

– 1,2-Dichloroethane

– Trichlorobenzenes

– Trichloroethylene

– Tetrachloroethylene

– Carbon tetrachloride

– Hexachlorocyclohexane

– DDT, DDD and DDE

– Pentachlorophenol

– Aldrin

– Dieldrin

– Endrin

– Isodrin

 Compounds with EC directive:

 Semicuantitative screening (MS) - EPA 625 Method

Pollutants organic

Cadmium

Copper

Iron

Chromium

Manganese

Lead

Mercury

Arsenic

Boron

Total phosphorus

Kjeldhal Nitrogen

Chlorides

Sulphates

Carbonates

Bicarbonates

Calcium

Magnesium

Sodium

Potassium

Nitrates

pH

Conductivity

Temperature

MetalsAdditional parametersPrincipal ionsIn situ

Sample
5 L

Neutral pH
L/L Extraction with Cl2 CH2

Cl2 CH2 Extract

Drying: SO4Na2

Analysis

Cuantitative
GC (ECD)

Cualitative
HRGC/HRMS

Cleaning:
•Silica geL or florisil

Concentrate:
• Rotavap up to 10 ml
• N2 flow up to 100 µl

Reject water
phase

ANALYTICAL PROTOCOL .ANALYTICAL PROTOCOL .

ORGANIC POLLUTANTSORGANIC POLLUTANTS



GeneralGeneral studiesstudies (1987(1987 –– 2000)2000)
ANALITICAL PROTOCOL.ANALITICAL PROTOCOL.
ORGANIC POLLUTANTSORGANIC POLLUTANTS

Sample
5 L

Neutral pH
L/L Extraction with Cl2 CH2

Cl2 CH2 Extract

Drying: SO4Na2

Analysis

Cuantitative Semicuantitative
HRGC/HRMS

Cleaning:
•Silica gel or florisil

Concentrate
TurboVap of change to

the solvent

RejectReject waterwater
phasephase

P & T
5 mL

GC - ECD
Volatils y semivolatils

GC – ECD
Organochlorides

GC – NPD
Organophosphorides

HPLC Fluorescence
PAHs



GeneralGeneral studiesstudies (1987(1987 –– 2000)2000)

 PolycyclicPolycyclic aromaticaromatic hydrocarbonshydrocarbons ::

(HPLC(HPLC –– FluorescenceFluorescence))

–– FluoranthenoFluorantheno

–– Benzo [a]Benzo [a] pyrenepyrene

–– Benzo [b]Benzo [b] fluoranthenefluoranthene

–– Benzo [k]Benzo [k] fluoranthenefluoranthene

–– Benzo [Benzo [g,h,ig,h,i]] peryleneperylene

–– IndenoIndeno [1,2,3[1,2,3--c,dc,d)) pyrenepyrene

OrganophosphateOrganophosphate pesticidespesticides ::

(GC(GC--NPD) (EPA 507/8140/8141)NPD) (EPA 507/8140/8141)

–– DemetonDemeton –– SS

–– DiazinonDiazinon

–– DisulfotonDisulfoton

–– MethylMethyl parathionparathion

–– ParathionParathion

–– MalathionMalathion

–– EthionEthion

–– AzinphosAzinphos methylmethyl

 OCsOCs pesticidespesticides::

(GC(GC--ECD) (EPA 608/8080)ECD) (EPA 608/8080)

–– HexachlorobenzeneHexachlorobenzene

–– --hexachlorocyclohexanehexachlorocyclohexane

–– -- hexachlorocyclohexanehexachlorocyclohexane

–– γγ-- hexachlorocyclohexanehexachlorocyclohexane

–– -- hexachlorocyclohexanehexachlorocyclohexane

–– HeptachlorHeptachlor epoxideepoxide

–– HeptachlorHeptachlor

–– AldrinAldrin

–– DieldrinDieldrin

–– EndrinEndrin

–– EndrinEndrin aldehydealdehyde

–– EndosulfanEndosulfan sulphatesulphate

–– EndosulfanEndosulfan II

–– EndosulfanEndosulfan IIII

–– opop´́DDEDDE

–– pppp´́DDEDDE

–– opop´́DDDDDD

–– pppp´́DDDDDD

–– opop´́DDTDDT

–– pppp´́DDTDDT

 VolatileVolatile andand semivolatilesemivolatile::

((P&TP&T/GC/GC--ECD) (EPA 624)ECD) (EPA 624)

–– ChloroformChloroform

–– CarbonCarbon TetrachlorideTetrachloride

–– 1,21,2-- dichloroethanedichloroethane

–– TrichloroethyleneTrichloroethylene

–– 1,3,51,3,5 –– TrichlorobenzeneTrichlorobenzene

–– 1,2,41,2,4 –– TrichlorobenzeneTrichlorobenzene

–– 1,2,31,2,3 –– TrichlorobenzeneTrichlorobenzene

–– HexachlorobutadieneHexachlorobutadiene

 SemiquantitativeSemiquantitative screeningscreening (MS)(MS) -- EPA 625EPA 625 MethodMethod

Organico Pollutants

CadmiumCadmium

CopperCopper

IronIron

ChromeChrome

ManganeseManganese

LeadLead

MercuryMercury

ArsenicArsenic

BoronBoron

ZincZinc

NNííckelckel

totaltotal phosphorusphosphorus

KjeldhalKjeldhal NitrogenNitrogen

SuspendedSuspended SolidsSolids

NitratesNitrates

AmmoniumAmmonium

FluoridesFluorides

CODCOD

CloridesClorides

SulphatesSulphates

CarbonatesCarbonates

BicarbonatesBicarbonates

CalciumCalcium

MagnesiumMagnesium

SodiumSodium

PotassiumPotassium

pHpH

ConductivityConductivity

TemperatureTemperature

MetalsAdditional parametersPrincipal IonsIn situ



–– ““StudyStudy ofof groundwatergroundwater qualityquality””.. CanaryCanary IslandsIslands andand BasinsBasins: Duero, Ebro,: Duero, Ebro,
Guadalquivir, Guadiana, JGuadalquivir, Guadiana, Júúcar Norte, Sur, Seguracar Norte, Sur, Segura andand Tajo. (1996Tajo. (1996 –– 1999)1999)
((KeyKey CEDEX: 44CEDEX: 44--493493--66--004)004)

 In all these studies the current directives are applied, set inIn all these studies the current directives are applied, set in AnnexesAnnexes
IV (protected areas) and VI (list of measures to be includes witIV (protected areas) and VI (list of measures to be includes withinhin
the program of measures) of the WFD.the program of measures) of the WFD.

 ListList ofof worksworks::

–– ““StudyStudy ofof agriculturalagricultural pollutantspollutants inin groundwatergroundwater””. Baleares. Baleares IslandsIslands andand
BasinsBasins: Duero, Ebro, Guadalquivir, Guadiana, J: Duero, Ebro, Guadalquivir, Guadiana, Júúcar, Sur, Seguracar, Sur, Segura andand
Tajo. (1992Tajo. (1992--1996) (1996) (KeyKey CEDEX: 44CEDEX: 44--472472--11--029)029)

GeneralGeneral studiesstudies



OtherOther studiesstudies

Fe (assimilable)

Fe (total)

Na (total)

K (assimilable)

Na (assimilable)

K (total)

Mg (assimilable)

Mg (total)

Ca (assimilable)

Ca (total)

P (assimilable)

P (total)

C/N ratio

Nitrógen (total)

Oxydizable organis matter

Total carbon

Conductivity

pH

Agronómics Parameters

Microwave extraction and analysis by optical ICPCu

Microwave extraction and analysis by optical ICPZn

Microwave extraction and analysis by optical ICPPb

Thermal decomposition, amalgamation and atomic
absorption spectrophotometry

Hg

Microwave extraction and analysis by optical ICPNi

Microwave extraction and analysis by optical ICPCr

Microwave extraction and analysis by optical ICPCd

Analytical MethodHeavy metals

 YearsYears 20042004--20062006 -- Programme ofProgramme of characterizationcharacterization ofof sewagesewage
sludgesludge generatedgenerated in Spainin Spain -- StudyStudy of the composition ofof the composition of sludgesludge fromfrom
wastewaterwastewater treatmenttreatment plants in Spain.plants in Spain. ParametersParameters::

HRGC/MS (Draft ISO/DIS 22032) (Draft ISO/DIS 22032. ISO
TC 147/SC 2)

PBDE

GC/HRMS (EPA 1613) (Method 1613)PCDD/F

GC/MS (NERI (2003) y Planas et. al. (2002)PCB

GC/MS (NERI (2003) y Planas et. al. (2002)PAH

GC/MS (NERI (2003) y Planas et. al. (2002)NPE

GC/MS (NERI (2003) y Planas et. al. (2002)DEHP

HPLC/FLD (horizontal project proposal)LAS

Microvolumetric analysis (discontinuous method) DIN 38409-
H14 (1985) and UNE-EN 1485 (1977)

AOX

Analitycal MethodOrganics Comp.



Average concentration of total Cr in sludge from different watewater treatment plants
studied

___ Valor limite en lodos destinados a su utilización
agraria en suelos con pH>7 R.D. 1310/1990 de 29
Octubre
___ Valor limite en lodos destinados a su utilización
agraria en suelos con pH<7 R.D. 1310/1990 de 29
Octubre y Valor limite en lodos destinados a su
utilización agraria en suelos Propuesta Directiva, 30
Abril 2003

. Geographical distribution of total Cr content in the sludge of different wastewater

treatment plants studied

 Years 2004Years 2004--20062006 -- ProgrammeProgramme of characterization of sewageof characterization of sewage
sludge generated in Spainsludge generated in Spain -- Study of the composition of sludge fromStudy of the composition of sludge from
wastewater treatment plants in Spain.wastewater treatment plants in Spain. ExamplesExamples ::

OtherOther studiesstudies



 Years 2004Years 2004--20062006 -- ProgrammeProgramme of characterization of sewage sludgeof characterization of sewage sludge
generated in Spaingenerated in Spain -- Study of the composition of sludge from wastewaterStudy of the composition of sludge from wastewater
treatment plants in Spain.treatment plants in Spain. Organic parameters:Organic parameters:

OtherOther studiesstudies



Chromatograms of studied pigments

 PhotosyntheticPhotosynthetic pigmentpigment analysisanalysis –– Calibration ofCalibration of remoteremote

sensingsensing sensorsensor ..

Spanish reservoirs studied

OtherOther studiesstudies



WFDWFD andand qualityquality monitoringmonitoring networknetwork
Legal FrameworkLegal Framework

DirectiveDirective 2000/60/EC:2000/60/EC:

–– Art. 8:Art. 8: EEMMEEMM ensureensure the establishment of monitoring programs of waterthe establishment of monitoring programs of water statusstatus inin orderorder

to have ato have a coherentcoherent andand comprehensivecomprehensive overviewoverview of waterof water statusstatus withinwithin eacheach river basin.river basin. InIn

the case ofthe case of groundwatergroundwater monitoringmonitoring programsprograms itit includesincludes chemicalchemical and quantitativeand quantitative

statusstatus..

–– InIn protectedprotected areasareas, programs are, programs are supplementedsupplemented by theby the specificationsspecifications of the standardof the standard

underunder whichwhich itit waswas establishedestablished..

–– Anexo V.2.4Anexo V.2.4:: Monitoring of theMonitoring of the chemicalchemical statusstatus ofof groundwatergroundwater

 Monitoring network ofMonitoring network of groundwatergroundwater (surveillance(surveillance andand operativeoperative control)control)..

–– Aim,Aim, selectionselection of points,of points, selectionselection ofof parametersparameters and controland control frequencyfrequency



 Surveillance monitoring program:Surveillance monitoring program: Surveillance NetworkSurveillance Network

 Operational Control Program:Operational Control Program: Operative NetworkOperative Network

 Control of protected areas program:Control of protected areas program:

–– Water used for drinking water catchmentWater used for drinking water catchment

–– NutrientNutrient--sensitive areas: Directive 91/676/EECsensitive areas: Directive 91/676/EEC

–– Other possible protected areasOther possible protected areas

 Other programs of control:Other programs of control:

–– Specific pollution network (prevent or limit pollutant inputs)Specific pollution network (prevent or limit pollutant inputs)

 Other information exchange obligations:Other information exchange obligations:

–– Network WISENetwork WISE--SOE:SOE: GroundwaterGroundwater qualityquality

WFDWFD andand qualityquality monitoringmonitoring networknetwork



Conventions:Conventions:

–– "Conducting studies on the quality of groundwater" Basins:

Duero, Guadalquivir, Segura, South and Júcar. (2001 - 2005) (Key

CEDEX: 44-400-1-078)

– "Technical assistance, research and technological development in

the areas of competence of the Directorate General of Water" (2007

- 2011) (Key CEDEX: 44-406-1-105 / 44-406-1-106 / 44-409-5 -

001). Factsheet: "Implementation of analytical determinations at

checkpoints in networks of groundwater quality.« Basins: Duero,

Norte, Júcar, Segura and Ebro.

WFDWFD andand qualityquality monitoringmonitoring networknetwork



 Scale of regional work.

 Proposal of most favorable areas

 Proposal of points within areas

 Areas and control points must follow specific criteria

 SScalecale ofof regionalregional workwork..

 ProposalProposal ofof mostmost favorable areasfavorable areas

 ProposalProposal of pointsof points withinwithin areasareas

 Areas and control points mustAreas and control points must followfollow specificspecific criteriacriteria

INTRISIC CRITERIAINTRISIC CRITERIA:
––CarbonatedCarbonated surfacedsurfaced percentagepercentage ofof thethe UHUH

––NatureNature  presencepresence andand protectionprotection

––ReliefRelief  averageaverage slopeslope

––GeologyGeology  relativerelative complexitycomplexity

––AquiferAquifer typetype freefree oror confinedconfined

––AvalaibleAvalaible resourcesresources entriesentries

––ReservationsReservations  storedstored volumevolume

––SideSide inputsinputs  undergroundunderground connectionconnection

––SideSide outputsoutputs  undergroundunderground connectionconnection

PRESSURE CRITERIA:PRESSURE CRITERIA:
––LevelLevel ofof OperationOperation  pumpingpumping regardingregarding inputsinputs

––LandLand forfor cultivationcultivation  percentagepercentage ofof landland useuse

––LandLand forfor IndustryIndustry  percentagepercentage ofof landland useuse

––Mines,Mines, dumpsdumps andand landfillslandfills  percentagepercentage useuse

––PopulationPopulation  populationpopulation densitydensity

NetworkNetwork adaptationadaptation forfor groundwatergroundwater monitoring.Criteriamonitoring.Criteria forfor
thethe definitiondefinition ofof surveillancesurveillance networksnetworks ((cont.cont.))

DeterminationDetermination of network densityof network density



NetworkNetwork adaptationadaptation forfor groundwatergroundwater monitoring.Criteriamonitoring.Criteria forfor
thethe definitiondefinition ofof surveillancesurveillance networksnetworks (cont.)(cont.)

NETWORK DENSITYIN THE
INTERCOMMUNITARY BASINS

EstimationEstimation ofof networknetwork densitydensity



ProposedProposed SurveillanceSurveillance networknetwork

PROPOSED SURVEILLANCE NETWORKPROPOSED SURVEILLANCE NETWORK

RPROPOSED SURVEILLANCENETWORKRPROPOSED SURVEILLANCENETWORK
IN THE SEGURA BASININ THE SEGURA BASIN

PROPOSED SURVEILLANCE NETWORKPROPOSED SURVEILLANCE NETWORK
IN THE DUERO BASININ THE DUERO BASIN



ChemicalChemical statusstatus monitoringmonitoring networknetwork

5821.3132.6370,93352.8273266TOTAL ESPAÑA

1098828682,5951.8131.343TOTAL

0691352,747.437204CANARIAS

63671132,694.196113BALEARES

104150,752.26817PAÍS VASCO

00410,3113.13341GALICIA

07055009,479.551904CATALUÑA

07150,34.97415C.A.ANDALUZA

3630490,4810.25449C.M. ANDALUZA

Protected

areasOperativeSurveillance

Chemical status

stations

(n/100 km2)

Water mass

area (km2)

Program for

chemical status

monitoring

Intecommunitary

Demografic

catchment areas

4734311.7690,64301.0141.923TOTAL

1471886161,1254.858616EBRO

113622190,5440.573219JÚCAR

2641190,9715.025145SEGURA

64621330,4934.754171GUADALQUIVIR

55251200,5422.113120GUADIANA

4061260,5622.311126TAJO

0843430,5776.503433DUERO

280780,4517.27378NORTE

00150,0917.60515MIÑO-LIMIA

Protected

areas
OperativeSurveillance

Chemical status

stations

(n/100 km2)

Water mass

area (km2)

Program for

chemical status

monitoring

Intecommunitary

Demografic

catchment areas



ChemicalChemical statusstatus monitoringmonitoring networknetwork



ChemicalChemical statusstatus monitoringmonitoring networknetwork
Network D. 91/676/CEENetwork D. 91/676/CEE

5821.162.637352.82710923266TOTAL ESPAÑA

1092.632,5951.81313651.343TOTAL

01.302,747.43797204CANARIAS

632.692,694.196113113BALEARES

100.660,752.2681517PAÍS VASCO

00.310,3113.1334141GALICIA

09.819,479.551937904CATALUÑA

00.820,304.9744115C.A.ANDALUZA

361.180,4810.25412149C.M. ANDALUZA

Protected
areas

Density
stations

Network Directive
91/676/CEE

Density
Chemical

status stations
(n/100 km2

Water mass
area (km2)

Stations
Network Directive

91/676/CEE

Program for
chemical status

monitoring

Intecommunitary
Demografic

catchment areas

4730.911.769301.01427271.923TOTAL

1472.321,1254.8581272616EBRO

1130.530,5440.573214219JÚCAR

261.710,9715.025257145SEGURA

640.490,4934.754171171GUADALQUIVIR

550.540,5422.113120120GUADIANA

400.730,5622.311163126TAJO

00.570,5776.503437433DUERO

280.450,4517.2737878NORTE

00.090,0917.6051515MIÑO-LIMIA

Protected
areas

Density
stations

Network Directive
91/676/CEE

Density
Chemical

status stations
(n/100 km2)

Water mass
area (km2)

Stations
Network Directive

91/676/CEE

Program for
chemical status

monitoring

Intecommunitary
Demografic

catchment areas



ChemicalChemical statusstatus monitoringmonitoring networknetwork
Network D. 91/676/CEENetwork D. 91/676/CEE



ChemicalChemical StatusStatus MonitoringMonitoring Network:Network: analyzedanalyzed parametersparameters inin
thethe networknetwork..

WFD (2000/60/CE)WFD (2000/60/CE) andand DAS (2006/118/CE)DAS (2006/118/CE)

PesticidesPesticides

TrichloroethyleneTrichloroethylene

TetrachloroethyleneTetrachloroethylene

……

IronIron

ManganeseManganese

ArsenicArsenic

MercuryMercury

CadmiumCadmium

ChromeChrome

CopperCopper

LeadLead

ZincZinc

NickelNickel

BerylliumBeryllium

CobaltCobalt

SeleniumSelenium

VanadiumVanadium

BariumBarium

NitratesNitrates

NitritesNitrites

AmmoniumAmmonium

CODCOD

TotalsTotals CyanidesCyanides

FluoridesFluorides

ChloridesChlorides

SulphatesSulphates

BicarbonatesBicarbonates

CalciumCalcium

MagnesiumMagnesium

SodiumSodium

PotasiumPotasium

SilicaSilica

pHpH

ConductivityConductivity

DissolvedDissolved oxygenoxygen
OxygenOxygen

NitrateNitrate

AmmoniumAmmonium

Other pollutantsMetals
Additional
Parameters

Principal IonsIn situ



SURVEILLANCE NETWORKSURVEILLANCE NETWORK
PARAMETERS ANALYZED IN THE LABORATORY.PARAMETERS ANALYZED IN THE LABORATORY.

MMA. EECCMMA. EECC –– 1/06 Technical1/06 Technical InstructionInstruction

SpectrophotometrySpectrophotometryStandard Methods 19Standard Methods 19thth. Method 4500. Method 4500--Si FSi FSSíílicalica

PotassiumPotassium

SodiumSodium

MagnesiumMagnesium

ICPICP--EEAEEAUNEUNE--EN ISO 11885:1998EN ISO 11885:1998

CalciumCalcium

CarbonatesCarbonates

VolumetricVolumetricUNEUNE--EN ISO 9963EN ISO 9963--1:1994, 19961:1994, 1996

BicarbonatesBicarbonates

IonIon ChromatographyChromatographyUNEUNE--EN ISO 10304EN ISO 10304--1:19951:1995SulphatesSulphates

IonIon ChromatographyChromatographyUNEUNE--EN ISO 10304EN ISO 10304--1:19951:1995

VolumetricVolumetricUNEUNE--EN ISO 77041:2002EN ISO 77041:2002

ChloridesChlorides

MethodStandardParameter

Principal Components



SurveillanceSurveillance networknetwork:: parametersparameters analyzedanalyzed (cont.)(cont.)

ColorimetryColorimetryEPA Method 410.2EPA Method 410.2OxidabilityOxidability toto dichromatedichromate

AutomatizedAutomatized ColorimetryColorimetryEPA 335.3EPA 335.3CyanidesCyanides

IonIon ChromatographyChromatographyUNEUNE--EN ISO 10304EN ISO 10304--1:19951:1995

ColorimetryColorimetryStandard Methods 19Standard Methods 19thth. Method 4500. Method 4500--FF-- DD

FluoridesFluorides

IonIon ChromatographyChromatographyUNEUNE--EN ISO 10304EN ISO 10304--1:19951:1995

SpectrophotometrySpectrophotometryUNEUNE--EN ISO 26777:1994EN ISO 26777:1994

NitritesNitrites

SpectrophotometrySpectrophotometryStandard Methods 19Standard Methods 19thth. Method 4500. Method 4500--NHNH33 CCAmmoniumAmmonium

SpectrophotometrySpectrophotometryStandard Methods 19Standard Methods 19thth. Method 4500. Method 4500--NONO33 BBNitratesNitrates

MethodStandardParameter

Aditional compounds



SurveillanceSurveillance networknetwork:: parametersparameters analyzedanalyzed (cont.)(cont.)

VanadiumVanadium

SeleniumSelenium

LeadLead

NickelNickel

ManganeseManganese

IronIron

ChromiumChromium (total)(total)

CopperCopper

CobaltCobalt

ZincZinc

CadmiumCadmium

BeriliumBerilium

BariumBarium

ICPICP-- OESOESUNEUNE--EN ISO 11885:1998EN ISO 11885:1998

ArsenicArsenic

EspectrophotometryEspectrophotometryStandard Methods 19Standard Methods 19thth. Method 3500. Method 3500--Cr DCr DChromium VIChromium VI

Atomic absorption spectrometryAtomic absorption spectrometryEPA Methods 7473EPA Methods 7473MercuryMercury

MethodStandardParameter

Metals



SurveillanceSurveillance networknetwork:: parametersparameters analyzedanalyzed (cont.)(cont.)

GC/ECDGC/ECDEPAEPA--8000/80808000/8080

BrominatedBrominated DiphenyllDiphenyll ethersethers

CC1010--1313--chloroalcaneschloroalcanes

EndosulfanEndosulfan (( isomersisomers ,,  yy sulphatesulphate))

HexachlorobenceneHexachlorobencene

HexachlorocyclohexaneHexachlorocyclohexane (( isomersisomers ,, ,,  yy ))

GC/ECDGC/ECDEPAEPA--8000/80808000/8080
PentachlorobenzenePentachlorobenzene

PentachlorophenolPentachlorophenol

GC/FIDGC/FIDEPAEPA--8000/80208000/8020BenzeneBenzene

PoliaromaticPoliaromatic HydrocarbonsHydrocarbons (())

NaftaleneNaftalene

FluorantheneFluoranthene
HPLC/HPLC/FluorescenceFluorescenceEPAEPA--550.1550.1

AntraceneAntracene

TrifluralinTrifluralin

SimazineSimazine

ChlorpiriphosChlorpiriphos

ChlorfenvinphosChlorfenvinphos

AtrazineAtrazine

GC/NPDGC/NPDEPAEPA--507/8140/8141507/8140/8141

AlachlorAlachlor

MethodStandardParameter

Water Frame Directive Priority Substances



SurveillanceSurveillance networknetwork:: parametersparameters analyzedanalyzed (cont.)(cont.)

P&T/GC/ECDP&T/GC/ECDEPAEPA--5030B/8010B5030B/8010B

1,21,2--dichloroetaneodichloroetaneo

DichloromethaneDichloromethane

HexachlorobutadieneHexachlorobutadiene

TrichlorobenzeneTrichlorobenzene (( 1,2,3; 1,2,4 y 1,3,5)1,2,3; 1,2,4 y 1,3,5)

TrichloromethaneTrichloromethane

Water Frame Directive Priority Substances (cont.)

MethodStandardParameter

GC/MSEPA-8270

Di(2-ethylhexyl)phtalate (DEHP)

Cold SteamStandard Methods 19th.Method 3500-HgMercury

Lead

Nickel ICP-EEAUNE-EN ISO 11885:1998

Cadmium

Isoproturon
HPLC/Diodo-ArrayEPA-619

Diuron

Butyltin compounds ( mono, di, tri and tetra)

Octylphenols (only for p-ter-octylphenol)

Nonyiphenols (only for p-nonylphenol)



SurveillanceSurveillance networknetwork:: parametersparameters analyzedanalyzed (cont.)(cont.)

AutomatizedAutomatized ColorimetryColorimetryEPA 335.3Cyanides

ColorimetryStandard Methods 19th. Method 4500-F- D
Fluorides

IonIon ChromatographyChromatographyUNE-EN ISO 10304-1:1995

EspectrophotometryEspectrophotometry
Standard Methods 19th.Method 3500-Cr DChromium VI

ICP-EEAUNE-EN ISO 11885:1998

Arsenic

Cupper

Chromium (total)

Nickel

Lead

Selenium

Zinc

GC/MSEPA-8270Butyltin Compounds ( mono, di, tri y tetra)

HPLC/FluorescenceEPA-550.1Naphtalene

1,1,1-Trichloroethane

Dichlorobenzene ( orto, meta y para) P&T/GC/ECDEPA-5030B/8010B

Chlorobenzene

Xylene ( orto, meta y para)

Toluene

Ethylbenzene
GC/FIDEPA-8000/8020

Benzene

Terbutylazine

Metolachlor

Simazine
GC/NPDEPA-507/8140/8141

Atrazine

MethodStandardParameter

Preferential Substances



CurrentCurrent lineslines ofof workwork

 EmergingEmerging substancessubstances::

““Environmental contaminants that have recently beenEnvironmental contaminants that have recently been
introduced into the environment, so that previously wereintroduced into the environment, so that previously were
not considered dangerous to himself, or substances thatnot considered dangerous to himself, or substances that
so far we know very little or nothing and whose detectionso far we know very little or nothing and whose detection
has been made possible by development of new andhas been made possible by development of new and
more sensitive methods of analysis, both chemical andmore sensitive methods of analysis, both chemical and
biological"biological"



CurrentCurrent lineslines ofof workwork:: EmergingEmerging substancessubstances

Tri (Tri (dichlorisopropyldichlorisopropyl)) phosphatephosphate

Tri (2Tri (2--chloroethylchloroethyl)) phosphatephosphate

TriclosaneTriclosane ((antimicrobialantimicrobial desinfectantdesinfectant))FireFire retardantsretardants

BisphenolBisphenol A (A (usedused inin polimerpolimer))diethoxylatediethoxylate OctylphenolOctylphenol (OPEO2)(OPEO2)

PhtalicPhtalic anhydrideanhydride ((usedused inin plasticplastic))monoethoxylatemonoethoxylate OctyphenolOctyphenol (OPEO1)(OPEO1)

pp--cresol (cresol (woodwood preservativepreservative))diethoxylatediethoxylate nonylphenolnonylphenol (NPEO2)(NPEO2)

AcetophenoneAcetophenone ((fragancefragance))monoethoxylatemonoethoxylate nonylphenolnonylphenol (NPEO1)(NPEO1)

1,41,4--dichlorobenzenedichlorobenzene ((fumigationfumigation))pp--nonylphenolnonylphenol

PhenolPhenol ((desinfectantdesinfectant))DetergentDetergent metabolitesmetabolites

TetrachloroethyleneTetrachloroethylene ((solventsolvent))TriphenylTriphenyl phosphatephosphate

OthersOthersDiethylDiethyl phtalatephtalate

2,62,6--didi--terttert--butyilbutyil--pp--benzoquinonebenzoquinonebisbis(2(2--ethylhexylethylhexyl)) pftalatepftalate

ButylatedhydroxytolueneButylatedhydroxytoluene (BHT)(BHT)EthanolEthanol--22--butoxybutoxy--phosphatephosphate

ButylatedhydroxyanisoleButylatedhydroxyanisole (BHA)(BHA)bisbis(2(2--ethylhexylethylhexyl)) adipateadipate

55--methylmethyl--1H1H--benzotriazolebenzotriazolePlasticizersPlasticizers

2,62,6--didi--terttert--butylphenolbutylphenolDieldrinDieldrin

AntioxidantAntioxidantMethylMethyl parathionparathion

Benzo (Benzo (11)) pyrenepyreneLindaneLindane

PyrenePyreneN, NN, N--diethiyltoluamidediethiyltoluamide (DEET)(DEET)

FluorantheneFluorantheneciscis--chlordanechlordane

AnthraceneAnthraceneChlorpyirifosChlorpyirifos

PhenantrenePhenantreneCarbarylCarbaryl

NaphtaleneNaphtaleneDiazinonDiazinon

PolycyclicPolycyclic aromaticaromatic hidrocarbonshidrocarbons (( fossilfossil fuelsfuels))InsecticidesInsecticides

Industrial and domestic products



EstigmastanolEstigmastanol ((plantsplants sterolssterols))

33bb--coprostanolcoprostanol ((carnivorecarnivore feacalfeacal indicatorindicator))

CholesterolCholesterol ((feacalfeacal indicatorindicator))ciscis--AndrosteroneAndrosterone

SterolesSterolesProgesteroneProgesterone

EquilinEquilin (terapia de reemplazo hormonal)(terapia de reemplazo hormonal)TestosteroneTestosterone

EquilenineEquilenine (terapia de reemplazo hormonal)(terapia de reemplazo hormonal)EstriolEstriol

1919--noretisteronenoretisterone ((ovulationovulation inhibitorinhibitor ))EstroneEstrone

MestranolMestranol ((ovulationovulation inhibitorinhibitor ))1717ununestradiolestradiol--

17 etinilestradiol (17 etinilestradiol (ovulationovulation inhibitorinhibitor ))1717bb--estradiolestradiol

PharmaceuticalsPharmaceuticalsBiogenicsBiogenics

Steroids Hormones

CurrentCurrent lineslines ofof workwork:: EmergingEmerging substancessubstances



CurrentCurrent lineslines ofof wordword:: EmergingEmerging substancessubstances

RoxitromycinRoxitromycin

VirginiamycinVirginiamycinTylosineTylosine

CarbadoxCarbadoxErytromycinErytromycin--H2O (H2O (metabolitemetabolite))

TrimethoprimTrimethoprimMacrolidesMacrolides

LincomycinLincomycinSarafloxacinSarafloxacin

OthersOthersNorfloxacinNorfloxacin

SulfamethoxazoleSulfamethoxazoleEnrofloxacinEnrofloxacin

SulfamethiazoleSulfamethiazoleCiprofloxacinCiprofloxacin

SulfadimethoxineSulfadimethoxineFluoroquinolonesFluoroquinolones

SulfathiazoleSulfathiazoleTetracyclineTetracycline

SulfametazineSulfametazineOxytetracyclineOxytetracycline

SulfamerazineSulfamerazineDoxicyclineDoxicycline

SulfachlorpyridazineSulfachlorpyridazineChlortetracyclineChlortetracycline

SulfonamidesSulfonamidesTetracyclinesTetracyclines

Veterinary and medical antibiotics



CurrentCurrent lineslines ofof wordword:: EmergingEmerging substancessubstances

DigoxigeninDigoxigenin ((digoxindigoxin metabolitemetabolite))

DehydronifedipineDehydronifedipine ((antianginalantianginal metabolitemetabolite))

GemfibrozilGemfibrozil ((antihyperlipidemicantihyperlipidemic))

SalbutamolSalbutamol ((antiasthmaticantiasthmatic))

WarfarinWarfarin ((anticoagulantanticoagulant))

ParoxetineParoxetine ((antidepressantantidepressant,, ansiolyticansiolytic))

FluoxetineFluoxetine ((antidepressantantidepressant))

CotinineCotinine ((nicotinenicotine metabolitemetabolite))DiltiazemDiltiazem ((antihypertensiveantihypertensive))

1,71,7--dimethylxanthinedimethylxanthine (( caffeinecaffeine metabolitemetabolite))DigoxinDigoxin

CaffeineCaffeine ((estimulantestimulant))EnalaprilEnalapril ((antihypertensiveantihypertensive))

CodeineCodeine ((analgesicanalgesic))RanitidineaRanitidinea ((antiacidantiacid))

IbuprofenIbuprofen ((antianti--inflammatoryinflammatory,, analgesicanalgesic))CimetidineCimetidine ((antiacidantiacid))

Paracetamol (Paracetamol (analgesicanalgesic))MetforminMetformin ((antidiabeticantidiabetic))

Medicines



CurrentCurrent lineslines ofof wordword:: EmergingEmerging substancessubstances

LCLC –– MS/MS/MSMS
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RT: 3.30
SN: 479

RT: 3.33
SN: 358

RT: 2.86
SN: 327

RT: 2.84
SN: 279

RT: 2.81
SN: 57

NL:
3.25E8
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RT: 1.64
SN: 102

RT: 1.48
SN: 28

NL: 2.09E6

TIC F: + c ESI sid=10.00 SRM
ms2 163.100@cid28.00
[116.995-117.005,
129.995-130.005] MS Genesis
Emergentes_Positivo_1mL_02
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RT: 1.67
SN: 135

RT: 9.56
SN: 30

NL: 8.62E5

TIC F: + c ESIsid=10.00 SRM
ms2 177.000@cid24.00
[79.995-80.005,
97.995-98.005] MS Genesis
Emergentes_Positivo_1mL_02
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RT: 2.40
SN: 193

RT: 9.48
SN: 22

NL: 2.70E6

TIC F: + c ESI sid=10.00 SRM
ms2 195.000@cid23.00
[109.995-110.005,
137.995-138.005] MS Genesis
Emergentes_Positivo_1mL_02

Caffeine

RT: 0.00 - 12.00
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RT: 3.30
SN: 2421

NL: 3.25E8

TIC F: + c ESI sid=10.00 SRM
ms2 237.000@cid34.00
[192.995-193.005,
193.995-194.005] MS Genesis
Emergentes_Positivo_1mL_02

Carbamazepine

RT: 0.00 - 12.00
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RT: 3.15
SN: 4951

NL: 6.10E7

TIC F: + c ESIsid=10.00 SRM
ms2 254.000@cid29.00
[91.995-92.005,
155.895-155.905] MS Genesis
Emergentes_Positivo_1mL_02

Sulfometoxazole

RT: 0.00 - 12.00
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RT: 2.65
SN: 1689

NL: 3.18E7

TIC F: + c ESI sid=10.00 SRM
ms2 291.000@cid24.00
[229.995-230.005,
260.995-261.005] MS Genesis
Emergentes_Positivo_1mL_02

Trimetoprim

RT: 0.00 - 12.00
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RT: 2.86
SN: 27120

NL: 2.23E8

TIC F: + c ESI sid=10.00 SRM
ms2 360.100@cid26.00
[244.995-245.005,
316.095-316.105] MS Genesis
Emergentes_Positivo_1mL_02

Enrofloxacin

RT: 0.00 - 12.00
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RT: 2.84
SN: 9105

NL: 1.90E8

TIC F: + c ESI sid=10.00 SRM
ms2 445.100@cid28.00
[153.895-153.905,
409.995-410.005] MS Genesis
Emergentes_Positivo_1mL_02

Tetracycline

RT: 0.00 - 12.00
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RT: 3.34
SN: 116

NL: 5.04E3

TIC F: + c ESI sid=10.00 SRM
ms2 743.300@cid32.00
[157.895-157.905,
576.095-576.105] MS Genesis
Emergentes_Positivo_1mL_02

Erythromycin
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MicrocystinMicrocystin--YRYR

MicrocystinMicrocystin--RRRR

MicrocystinMicrocystin--LRLR

IndividualIndividual substancessubstances::CyianotoxinsCyianotoxins

AlgalAlgal toxinstoxins

 CyanotoxinsCyanotoxins::
–– MicrocystinsMicrocystins are a family of more than seventyare a family of more than seventy hepatotoxichepatotoxic peptides produced by different generapeptides produced by different genera
ofof cyanobacteriacyanobacteria ((MicrocystisMicrocystis, Anabaena,, Anabaena, PlanktothrixPlanktothrix,, OscillatoriaOscillatoria andand NostoscNostosc), present in surface), present in surface
waters as blooms.waters as blooms.

–– The "Blooms' ofThe "Blooms' of cyanobacteriacyanobacteria are able to produce toxins that can cause serious health probleare able to produce toxins that can cause serious health problemsms
in water for human consumption.in water for human consumption. Its high frequency of apparition, its wide distribution and someIts high frequency of apparition, its wide distribution and some
poisoning episodes have led to consider them a serious risk worlpoisoning episodes have led to consider them a serious risk worldwide.dwide.
In the case of Spain, studies in recent years indicate that theIn the case of Spain, studies in recent years indicate that the most abundant toxins in the reservoirsmost abundant toxins in the reservoirs
are theare the microcystinsmicrocystins (MCs), and has been estimated that over 15% of them, presented(MCs), and has been estimated that over 15% of them, presented in levels ofin levels of
MCs everMCs ever totaling over 1 mg / L, limit value recommended by the World Heatotaling over 1 mg / L, limit value recommended by the World Health Organization (WHO)lth Organization (WHO)
for MCfor MC--LR in drinking water.LR in drinking water.

–– Spain included this same value forSpain included this same value for microcystinsmicrocystins in DRin DR 140/2003 (Dir. 98/83/EC) where the health140/2003 (Dir. 98/83/EC) where the health
criteria for water quality for human consumption are establishedcriteria for water quality for human consumption are established..
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A: agua + 0.08% acido fA: agua + 0.08% acido fóórmicormico
B: acetonitrilo + 0.08% acido fB: acetonitrilo + 0.08% acido fóórmicormico

MobileMobile phasephase

200200 µµll//minminFlowFlow

KromasilKromasil CC1818 3.53.5 µµm 10 cm x 2.1m 10 cm x 2.1 mmmm i.di.dColumnColumn

Chromatografic Conditions

Esquema espectrEsquema espectróómetro de masas triplemetro de masas triple
cuadrupolocuadrupolo TSQ Quantum (TSQ Quantum (ThermoThermo).).

ElectrosprayElectrospray, modo positivo, modo positivoIonizationIonization modemode

Conditions ESI-MS/MS

8 iones monitorizados8 iones monitorizadosSIMSIM

400400--1200 m/z a 1.2 s /1200 m/z a 1.2 s /scanscanFull ScanFull Scan

TripleTriple cuadrupolocuadrupoloAnalyzerAnalyzer

TSQ Quantum Discovery MaxTSQ Quantum Discovery Max
((ThermoThermo))

MassMass spectrometerspectrometer



••MetalsMetals LaboratoryLaboratory –– metalsmetals analysisanalysis..

••OrganicOrganic LaboratoryLaboratory –– organicorganic micropollutantsmicropollutants analysisanalysis.. CompletelyCompletely differentdifferent
areasareas ofof analysisanalysis,, toto avoidavoid anyany crosscross contamintioncontamintion duedue toto lowlow concentrationconcentration
levelslevels atat whichwhich thesethese compoundscompounds areare presentpresent..

LaboratoryLaboratory StructureStructure

 TheThe LaboratoryLaboratory ofof WaterWater QualityQuality isis divideddivided intointo threethree partsparts::

••GeneralGeneral LaboratoryLaboratory –– therethere inin wherewhere conventionalconventional analyticalanalytical isis performedperformed toto
characterizecharacterize thethe waterwater andand thethe determinationdetermination ofof additionaladditional inorganicinorganic
contaminantscontaminants: nitrates,: nitrates, nitritesnitrites,, fluoridesfluorides,, silicasilica, COD, COD……
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ATTENTION!ATTENTION!


