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Resum / Summary

Resum

Tant el desenvolupament huma com [’assoliment d’un bon estat ecologic dels
ecosistemes requereixen d’una aigua de qualitat. En aquest sentit, els processos de
depuraci6 i1 regeneracié de 1’aigua residual sén claus per tal de garantir una gestid
sostenible d’aquest recurs.

El treball dut a terme en la present tesi es desglossa en dos grans blocs. El primer d’ells
es centra en ’estudi del comportament dels contaminants organics durant el seu
tractament en aiguamolls construits i el segon té¢ en consideracidé la formacio de
subproductes de desinfeccid durant el procés de regeneracio.

Els contaminants organics estudiats en la present Tesi pertanyen al grup dels farmacs i
productes d’higiene personal (PPCPs), al de les substancies prioritaries establertes com
a tals en la Directiva Marc de 1’Aigua 2000/60/EC i als subproductes de desinfecci6. En
aquest sentit s’han desenvolupat metodologies analitiques aplicades a 1’analisi d’aquests
compostos tant en aigiies com en solids suspesos 1 sediments.

L’estudi del comportament d’aquests compostos en aiguamolls construits (de flux
superficial 1 subsuperficial) s’ha realitzat des de dos enfocaments diferents. El primer
d’ells és la injeccio directa dels contaminants d’estudi, conjuntament amb un tracador
mentre que el segon estudia I’atenuacid dels PPCPs presents a 1’aigua residual a mesura
que aquests travessen 1’aiguamoll.

Com a resultat d’aquest estudi s’ha constatat una major eficiéncia en I’eliminacié de
gran part dels contaminants en aquells sistemes on hi predominen les rutes metaboliques
aerobies. En aquest sentit, la transferéncia d’oxigen als aiguamolls a través de la
vegetacid s’ha vinculat amb un increment en 1’eliminacié de contaminants organics.
D’altra banda, es demostra com les interaccions d’aquests compostos amb la matéria
organica 1 el conjunt de la rizosfera tenen un paper clau a I’hora d’eliminar-los, sobretot
quan es tracta de compostos més hidrofobics.

Finalment, en I’estudi de la formacid de subproductes de desinfeccid en aigiies residuals
regenerades, s’ha demostrat que la preséncia d’amoni en els efluents de les EDARs
disminueix el risc de formacié de trihalometans, essent un parametre clau per tal de

controlar la formaci6 d’aquests compostos.
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Resum / Summary

Summary

Water of quality is a scarce and essential resource for human development. Then
wastewater treatment and water reuse and reclamation are of high importance in order
to assure a sustainable management of this resource.

The work carried out in this thesis has been splitted in two parts, the first one related to
the study of the behavior of organic pollutants in constructed wetlands and the other one
to the evaluation of disinfection by-products formation during regeneration processes.
The organic pollutants considered can be classified in three classes; pharmaceutical and
personal care products (PPCPs), the ones included as priority substances by the EU
Framework Directive 2000/60/EC and the disinfection by-products. In this sense,
analytical methodologies have been developed in order to analyze these compounds in
water, suspended solids and sediments.

The behavior of these compounds in constructed wetlands (surface and subsurface flow)
has been assessed by both, the injection of pollutants with a tracer, and by studying the
attenuation of organic pollutants already present in raw wastewater.

As a result of these studies, it has been observed the highest removal efficiencies in
vertical flow constructed wetlands where organic matter removal is predominantly by
aerobic pathways. Consequently a positive vegetation effect has been observed due to
its increase on oxygen transfer to the system. On the other hand, it has been shown that
organic pollutants have a high interaction with the organic matter and the rizosphere and
that is more relevant for the hydrophobic ones.

Finally, in the study of disinfection by-products formation, it was observed that the
presence of ammonium in WWTPs effluents decrease the risk of trihalomethanes

formation.
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ACRONIMS

ACA Agencia Catalana de I’ Aigua

BAF Bioaccumulation Factor, factor de bioacomulacid

BSTFA N, O-bis-trimethylsilyl-trifluoroacetamide, N,O-bi-trimetilsilil
trifluoroacetamida

COD Chemical Oxygen Demand, demanda quimica d’oxigen

DB-1 100% dimetilpolisiloxa

DB-5 5% fenil, dimetilpolisiloxa

DBOs Biological Oxygen Demand, demanda biologica d’oxigen a cinc
dies

DTE Dithioerytrol, ditioeritrol

DVB/CAR/PDMS  Fibra de divinilbenzé/carboxe/polidimetilsiloxa
EC50 Half Maximal Effective Concentration, concentracio a la qual es

ddna el 50% de la resposta maxima

ECD Electron Capture Detector, detector de captura d’electrons
EDAR Estacié Depuradora d’ Aigiies Residuals

ETAP Estacio de Tractament d’Aigiies Potables

GC Gas Chromatography, cromatografia de gasos

HFCW Horizontal Flow Constructed Wetland, aiguamoll construit de

flux horitzontal

HPLC High Performance Liquid Chromatography, cromatografia
liquida d’alta resolucio

HRT Hydraulic Residence Time, temps de residéncia hidraulica

HS Headspace, espai d’aire confinat en equilibri amb una mostra
aquosa

IARC International Agency for Research on Cancer, agéncia

internacional de recerca sobre el cancer

LC Liquid Chromatography, cromatografia de liquids
LLE Liquid-Liquid Extraction, extraccid liquid-liquid
LOD Limit of Detection, limit de deteccid

LOQ Limit of Quantification, limit de quantificacid
MBR Membrane Bioreactor, bioreactor de membra




Acronims

MIP
MS
MSTFA

MTBSTFA
MXR
NDMA
NPD

OMS

PEC

PFBBr
PNEC

PPCPs

PSE

PT

RSD
SFCW

SPE
SPME
SSFCW

TBA-HSO4

THMs

TMSH
TMSI

Molecular Imprinted Polimer, polimer d’impressié molecular
Mass Spectrometry, espectrometria de masses
N-methyl-N-trimethylsilyl-trifluoroacetamide, N-metil, N-
trimetilsilil-trifluoroacetamida
N-(tert-butyldimethylsilyl)-N-methyltrifluoroacetamide, N-(tert-
butildimetilsilil-N-metiltrifluoroacetamida

Multixenobiotic Resistance, resisténcia multixenobiodtica
Nitrosodimethylamine, Nitrosodimetilamina

Nitrogen and phosphor detector, detector de fosfor i1 nitrogen
Organitzacié Mundial de la Salut

Predicted environmental concentration, concentracié ambiental
estimada

Pentafluorobenzyl bromide, bromur de pentafluorobenzil

Predicted Non Effect Environmental Concentration, concentracid
ambiental a la qual no presenta efecte

Pharmaceutical and Personal Care Products, farmacs i
productes d’higiene personal

Pressuritzed Solvent Extraction, extraccio en solvent a alta
pressio

Purge and Trap, sistema de purga i captura

Restricted Access Media, fase d’accés molecular restringit
Relative Standard Deviation, desviacio estandard relativa
Surface Flow Constructed Wetland, aiguamoll construit de flux
superficial

Solid Phase Extraction, extraccio en fase solida

Solid Phase Microextraction, microextraccio en fase solida
Subsurface Flow Constructed Wetland, aigunamoll construit de
flux subsuperficial

Tetrabutyl ammonium hydrogen sulfate, hidrogen sulfat de
tetrabutilamoni

Trihalometans

Ttrimethylsulfonium hydroxide, hidroxid de trimetilsulfoni.

Trimethylsilylimidazole, trimetilsilil d’imidazole
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Acronims

TOC
TSCF

TSS
UPLC

USEPA

Uv
VFCW

Total Organic Carbon, carboni organic total

Transpiration Stream Concentration Factor, factor de
concentracio per corrent de flux de transpiracio

Total Suspended Solids, solids suspesos totals

Ultra Performance Liquid Chromatography, cromatografia
liquida d’ultra resoluci6

United States Environmental Protection Agency, agencia de
proteccié ambiental dels Estats Units

Ultraviolat

Vertical Flow Constructed Wetland, aiguamoll construit de flux
vertical

Wilow Systems, sistemes de salzes

Varian¢a normalitzada

Temps de residéncia mig

Temps de retard normalitzat
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