
Hydraulic Barrier: Injecting treated wastewater to conform a pressure ridge 
along the coast, stopping the seawater from entering the aquifer has been established:
-Four injections wells were constructed for water injection (P1 to P4)
-Water injection started in March 2007
- Daily volume injected : 2500m3/day
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- The study revealed that a small numbers of compounds were efficiently removed  after tertiary treatment.
- After the WWATP treatment the majority of analites are removed from tertiary treated wastewater ot their concentration is reduced significantly
- 26 contaminants detected in groundwater are not detected in the injected water, it seems probably that their presence is related to the natural aquifer recharge.
- Injected water contributes to the improvement of groundwater quality

Injection well

Chloride concentration in the main aquifer of the Llobregat delta in 2006.
(from Ortuño Govern et al, 2008) 

Study area location. Local monitoring network and injection wells location

Reuse of water originating from sewage treatment plants considers that all possible polluting agents are eliminated through stándar
treatment. However, not all contaminants are removed through standard treatments. A number of compound are known to persist
through tertiaty treatment process in an unaltered form. Between these persistent compounds is the emergent polluting agent group.
The occurrence of 170 emerging contaminants, priority substances (2008/105/CE Directive) and heavy metals has been
investigated in the Lobregat aquifer. Among micro contaminants selected are 82 pharmaceuticals (antibiotics, lipid regulationg
agents, analgesic/anti-inflammatory drugs, etc) 18 personal care products (sunscreen agents, preservatives and
disinfectants/antiseptics), 4 metals, 44 pesticides, 6 volatile priority pollutants, 16 PAHS and dioxins.
Water samples were obtained from municipal wastewater tertiary treatment plant (WWTP) and from water with an additional
treatment (WWATP) for the seawater hydraulic barrier injection and from the aquifer receving recharge.

Pharmaceuticals Personal care products PAHs and dioxins Pesticide Volatile priority pollutants Metals

4-amino-antipiryne (4-AA)
2,7/2,8-dichloro-dibenzo-p-
dioxin

2,3,7,8-tetrachloro-dibenzo-p-
dioxin

4,4’-DDE
1,2,3-trichlorobenzene Cd

4-dimethylaminoantipiryne (4-DAA)
3-(4-methylbenzylidene) 
camphor Acenafteno

4,4’-DDT
1,2,4-trichlorobenzene Hg

4MAA Benzophenone-3 Acenaphtylene Alachlor 1,3,5-trichlorobenzene Ni
Acetaminophen BHT Anthracene Aldrin Hepta-brominated diphenyl ether Pb
Amitriptyline Biphenylol Benzo (a) anthracene Alfa-hexachlorocyclohexane Penta-brominated diphenyl ether
Amoxicillin Celestolide Benzo (a) fluoranthene Alpha-Endosulfan Tetra-brominated diphenyl ether
Antipyrine Chlorophene Benzo (a) pyrene Ametryn
Atenolol Ethylhexyl methoxycinnamate Benzo (b) fluoranthene Atrazin desethyl
Azithromycin Galaxolide Benzo (k) fluoranthene Atrazine
Benzafibrate Musk ketone Benzo(ghi)perylene Beta-endosulfan
Caffeine Musk xylene Chrysene Beta-hexachlorocyclohexane
Caffeine C13 Octocrylene Dibenzo(a,h)anthracene Chlorfenvinfos A
Carb,Epoxide Octyl-triazone Fluoranthene Chlorfenvinfos B
Carbamazepine Phantolide Fluorene Chloropyrifos ethyl
Cefotaxime TCPP Indene(1,2,3-cd)pyrene Chlorotoluron
Ciprofloxacin Tonalide Pyrene Chlorpyriphos-Methyl
Citalopram Traseolide Chrysene
Clarithromycin Triclosan Delta-hexachlorohexane
Clofibric acid Deltametrin
Clomipramine Diazinon
Clotrimazole Dieldrin
Codeine Diuron
Cotinine Endosulfan sulphate
Cyclophosphamido Endrin
Diatrizoate Ethion
Diazepan Gamma-hexachlorocyclohexane (lindane)
Diclofenac Heptachlor
Erythromycin Hexachloro 1,3-butadiene
Famotidine Hexachlorobenzene
Fenofibrate Iprodion
Fenofibric Acid Isodrin
Fenoprofen Isoproturon
Fluoxethine Metoxychlor
Furosemide Naftalene
Gemfibrozil Parathion ethyl
Hydrochlorothiazide Parathion methyl
Ibuprofen Pentachlorobenzene
Ifosfamide Phenanthrene
Indomethacine Procymidone
Iopamidol Propazine
Iopromide Simazine
Ketoprofen Terbutrin
Ketorolac Terbutylazine
Lansoprazole Trifluralin
Lincomycin
Loratadine
Mefenamic Acid
Mepivacaine
Methylprednisolone 6-alpha sodium 
succinate (Urbason)
Metoprolol
Metronidazole
Mevastatin
N-acetyl-4-amino-antipiryne (4-AAA)
Nadolol
Naproxen
N-formyl-4-amino-antipiryne (4-FAA)
Nicotine
Norfloxacin
Ofloxacin
Omeprazole
Paraxanthine
Paroxethine
Phenacethin
Pravastatin
Primidone
Propanolol hydrochloride
Propyphenazone
Ranitidine
Salbutamol
Salicilic Acid
Simvastatin
Sotalol
Sulfadiazine
Sulfamethazine
Sulfamethoxazole
Sulfapyridine
Sulfathiazole
Tamoxifen
Terbutaline
Tetraciclyne
Trimethoprim
Velafaxime

Tertiary treatment
•Physical processes
•Biological processes

Aditional treatment
•Ultrafiltratiom
•Reverse osmosis
•Ultraviolet disenfection

Water Storage 
Deposit

Injected water treatment (WWATP)

Monitoring for water quality
• Inlet-outlet wastewater treatment plant
• Storage tank (for injection)
• Groundwater (wells located at 1km 
distance from injection wells)

Pharmaceuticals: The most detected group, in frecuency and concentration.
•After tertiary treatment           Concentration still high (>>0.1μg/l)
•After WWATP treatment           Concentrations  reduced below 0.1 μg/l. Some of them are 
totally removes from water
•In groundwater            Presence in the range of ng/l
•Most commonly deteted: stimulants, anaesthetics, diuretics, blood lipid regulators, antibiotics 
and analgesics.
•Some compounds detected in groundwater were not found in injected water

Pesticides, other priority contaminants and metals:
• Diuron (herbicide), α- HCH, β-HCH, δ- HCH, Simazine and Hexaclorobenzene (fungicides)                           
. the only pesticides found in all types of sampled  waters (compounds included in 
2008/105/CE Directive))
•Ni and Pb         found in all types of water. 
•Only Cd and Ni          above the maximun allowable concentration according to the directive
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A) Frecuency of detection of compunds according to the group of action and type of water and B) concentration detected (mean values)
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Injection wells function (from USGS, 2005)

Personal Care Products:
•After WWATP, 7 compounds found in groundwater 
•Only Galaxolide  (fragance), BHT (antioxidant) and TCPP (flame retardant) detected with  
concentration > 0.1 μg/l  in samples from the aquifer

The  Llobregat river delta, southwest of .Barcelona, is a Quaternary age coastal formation characterised by two 
aquifers (the upper and lower aquifer). The deep aquifer is the aquifer of the concern due to:
•Main aquier of the delta: Strategic water resource for the Barcelona Area, under a great explotation since the 60s 

important piezometric level decrease          water intrusion           deteroration in the grounwater quality 
• To solve the seawater intrusion problem: the inplementation of an hydraulic barrier

Results
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A) Ultrafiltration and Reverse Osmosis 
treatments. B) UV Disinfection treatment. 
(from T. Cazurra, 2006)
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