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EXTENDED ABSTRACT 
 

To cope with water scarcity problem and growing demands and to comply with the 
environmental policies in Catalonia and Spain, increasing attention has being given to the use 
of non-conventional water resources, specially desalination plants and reclaimed water 
(treated wastewater) reuse. Under this umbrella, at the Baix Llobregat (Barcelona, Spain) 
wastewater reclamation plant, reuse actions have been defined for the ecological flow of the 
river and wetlands maintenance, irrigation for agriculture and a hydraulic barrier injection to 
control seawater intrusion in a confined aquifer. Only aspects related to the hydraulic barrier 
will be presented. Reclaimed water used for the hydraulic barrier is subjected to a tertiary 
treatment plus an additional process of ultrafiltration, reverse osmosis and UV disinfection 
(WWAT) before being injected in four pumping wells. In the frame of on-going project, studies 
have been realized to determine the efficiency of the injected-water treatment and its possible 
effects in groundwater by monitoring the presence of 170 emerging contaminants 
(Pharmaceuticals, PCPs, Pesticides, Metals, Priority Pollutants, PAHs and Dioxines) of 
treated water, injected water in wells and aquifer. Also, quality water monitoring includes 
major ions, microbiological content and toxicity analysis. 
Monitoring results for a period of three years (2007-2010) show that the most detected group 
in frequency and concentration are pharmaceuticals. Caffeine, Nicotine and Galaxolide (non-
prescribed drugs) were present in more than 60% of the samples, and only Diuron (pesticide) 
is the priority substance being detected in all type of waters. After the WWAT treatment the 
majority of analytes concentration is reduced below 0.1 g/L, and some of them are totally 
removed. With regard to groundwater presence of microcontaminants, five chemicals 
(Codeine, Ibuprofen, Iopamidol, Iopromide and Paraxanthine) have been only detected in 
groundwater samples, which may be related to natural recharge of the aquifer receiving a 
mixture of water from the river and untreated wastewater. 
Findings of the study indicate that daily consumed compounds (Caffeine, Nicotine) are found 
in all type of waters independently of the treatment and their presence maybe related to 
abundant use and inefficient removal. Only a small number of compounds are efficiently 
removed after tertiary treatment, and even with the advanced treatment (WWAT).  Results 
show that water at monitoring wells impacted by the recharge met drinking water standards 
for the parameters specified pursuant existing regulations, although some of the samples 
show an increasing trend of concentration in some emerging contaminants (Carbamazepine, 
Hydrochlorothiazide, Benzafibrate, Mepivacaine, Diclofenac, and Diazepam, among others) 
since September 2008. Further studies in the occurrence and fate of these compounds 
especially in groundwater are needed to identify contaminants targeted for monitoring and to 
predict their behavior under field conditions 
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1. INTRODUCTION 
 
It is known accepted by the international community that not all polluting agents are 
removed from sewage through standard treatments (Ternes et al., 2002). Among 
persistent compounds, the emergent polluting agent group (pharmaceuticals, diagnosis 
products, hormones and steroids, antiseptics, personal care products, petrol additives, 
endocrine disruptors, heavy metals, etc.), characterised by its high production and 
consumption entailing its continuous presence in the environment (Daughton and Ternes, 
1999; Sedlak et al, 2000; Daughton, 2004) are of special concern. As their effects on the 
environment and human health still remain unknown a great interest has been taken in 
studying its presence in aquatic media (Sedlak et al., 2000). 
 
In the Barcelona metropolitan area, water is a limited resource and of great importance 
due to the presence of an extended industrial activity and water supply demand. In order 
to reduce this deficit and to comply with the environmental water policies, increasing 
attention has being given to the use of non-conventional water resources, specially 
desalination plants and reclaimed water (treated wastewater) reuse.  Under this umbrella, 
wastewater reclamation plant reuse actions have been taken at the Llobregat area 
(Figure 1) to supply ecological flow of the river and wetlands, irrigation water for 
agriculture and a seawater intrusion hydraulic barrier. Only results of the hydraulic barrier 
first phase are presented here. 
 
2. STUDY SITE 
 
The Llobregat river delta (Barcelona, Spain) (Figure 1) is a delta formation covering 97 
km2 formed by Quaternary material deposits of a detritic nature over materials of a 
Pliocene age. From the hydrogeologic point of view, this delta is characterised by two 
aquifers (surficial and deep confined) separated by a silt wedge confining the lower 
aquifer, except at the borders of the delta, where this silt package disappears and they 
are connected. 
 
 

 
Figure 1. Situation of the study area 

 
 
The lower aquifer, with an average thickness of 6 m constituted by fine sands and gravels 
of Quaternary age, occupies almost the entire delta surface, extending under the sea 
below the silt wedge. The aquifer formation has been highly exploited since the 1970’s, 
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leading to the presence of sea water intrusion in different parts of the aquifer. As a result, 
a progressive deterioration in the groundwater quality has been observed, reducing the 
possibilities of exploiting the aquifer. The area has been extensively studied since the 
sixties and a large number of reports and publications focussing on the hydrogeologic 
aspects of the seawater intrusion wedge (Custodio, 1981; Candela et al., 1988; Gamez, 
2007; Solá, 2009). 
  
In 2006, a hydraulic barrier of injecting treated recycled water to conform a pressure 
ridge, therefore stopping the seawater from entering the aquifer was built (Cazurra, 2006; 
Ortuño Govern et al., 2008). For the first phase, four fully penetrating wells located 1500 
m from the seashore and separated by a distance of 300m between them, were drilled up 
to 70 m deep in the confined aquifer.  
 
3. INJECTED WATER  
 
Water injection started in March 2007. The initial injection (620 m3/day) consisted of an 
equal mixture of treated wastewater and tap water. In March 2008 the fraction of tap 
water was removed and injection water was replaced by reclaimed water with the daily 
volume being increased to 2500 m3/day.  
 
The injected treated wastewater consists of tertiary treated water (WWTP) with an 
additional treatment of ultra-filtration, reverse osmosis and UV disinfection (WWAT). 
Water is stored in a deposit before being injected in wells. A detailed description on the 
Depurbaix treatment plant facility is presented in Cazurra (2006) and Ortuño Govern et al. 
(2008). 
 
4. MONITORING 
 
Monitoring consisted on sampling the influent and effluent from the tertiary treatment 
were on a monthly basis, the injection water storage deposit and groundwater from the 
local network every second month. The local network consists of three injection wells, 6 
previously existing monitoring wells located between 250 and 800 m from the injection 
points and two piezometers (Figure 2). On a fortnightly basis, in situ measurements of 
temperature, dissolved oxygen, Eh, pH, conductivity and piezometric level were also 
taken from wells in the local network and in the water tank for injection.  
 
First sampling campaign started in March and were carried out by the Comunitat 
d´Usuaris d’Aigües del Delta del Llobregat (CUADLL), Agencia Catalana del l´Aigua 
(ACA) and UPC. Until the present day 17 sampling events have taken place 
 
With regard to emerging contaminants and priority substances as defined in the 
2008/105/EC directive on environmental quality, 170 compounds were selected (Table 1). 
Among those selected compounds are 82 pharmaceuticals (antibiotics, analgesic/anti-
inflammatory drugs, lipid regulating agents, etc.), 18 personal care products-PCPs 
(fragances, sunscreen agents, preservatives and disinfectant/antiseptics), 44 pesticides 
of different chemical class, 6 volatile priority pollutants, 4 metals, 16 PAHs and dioxins 
(Teijón et al. 2010). The choice of compounds was basically based on metabolic routes of 
pharmaceuticals (Kasprzyk-Hordern et al., 2008) and their use in a wide range of 
household products. Also persistence in the aquatic media (i.e. carbamazepine; Gielen, 
2007), and environmental risk (i.e. endocrine disruptors: pesticides, musks, PAHs; 
http://ec.europa.eu/research/endocrine/background_disruption_en.html) was considered.   
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Figure 2. Local monitoring network and injection wells location 

 
 
Four analytical methods were used for the chemical analysis, according to the different 
physicochemical properties. All chemical determinations were performed at laboratories 
of the Pesticide Residue Research Group (University of Almería) and Dep. of Physical 
and Analytical Chemistry (University of Jaen). Regulated chemicals, major ions and 
physical characteristics of WWTAP and groundwater samples were analysed by the ACA. 
 
5. RESULTS AND DISCUSSION 
  
Monitoring results for the monitoring period (2007-2010) show that the most detected 
group in frequency and concentration were pharmaceuticals and personal care products, 
showing still high concentration after the tertiary treatment. Nicotine, Galaxolide (musk 
fragance), BHT (antioxidant) and TCPP (flame retardant), were found to be present in 
more than 60% of the analysed samples and the only priority substance being detected in 
all type of waters was Diuron (a non-selective pesticide derived from urea). Diuron is 
highly persistent in the environment and is known probable carcinogen. 
 
5.1 Pharmaceuticals and Personal Care Products 
 
A total of 36 active compounds were identified at the WWTP inflow with a concentration 
significantly higher than 0.1µg/L. Diuretics, blood lipid regulators, beta-blockers, 
analgesics, antibiotics and Galaxolide (fragrance) are the compounds with the highest 
values. The minimum values were found in groundwater samples, as could be expected, 
with all compounds in the range of ng/L. 
 
After tertiary treatment (WWTP-effluent data) a significant reduction in concentration is, 
observed for all compounds, ranging between 100% for Ibuprofen, and 2.5% 
(Galaxolide). 
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Table1. List of microcontaminants analysed classified according to group classes 

Pharmaceuticals Personal Care Products Pesticide 

       
4-amino-antipyrine            
(4-AA) 

Mepivacaine 
2,7/2,8-dichloro-dibenzo-p-
dioxin 

4,4'-DDE 

4-dimethyl 
aminoantipyrine(4-DAA) 

Methylprednisolone 6-alpha 
sodium succinate (Urbason 

3-(4-methylbenzylidene) 
camphor 

4,4'-DDT 

4MAA Metoprolol Benzophenone-3 Alachlor 

Acetaminophen Metronidazole BHT Aldrin 

Amitriptyline Mevastatin Biphenylol Alfa-hexachlorocyclohexane 

Amoxixilin 
N-acetyl-4-amino-
antipyrine(4AAA) 

Celestolide Alpha-endosulfan 

Antipyrine Nadolol Chlorophene Ametryn 

Atenolol Naproxen Ethylhexyl methoxycinnamate Atrazin desethyl 

Azithromycin 
N-formyl-4-amino-
antipyrine(4FAA) 

Galaxolide Atrazine 

Benzafibrate Nicotine Musk Ketone Beta-endosulfan 

Caffeine Norfloxacin Musk Xylene Beta-hexachlorocyclohexane 

Caeffeine C13 Ofloxacin Octoocrylene Chlorfenvinfos A 

Carb,Epoxide Omeprazole Octyl-triazone Chlorfenvinfos B 

Carbamazepine Paraxanthine Phantolide Chloropyrifos-ethyl 

Cefotaxime Paroxethine TCPP chlorotoluron 

Ciprofloxacin Phenacethin Tonalide Chloropyrifos-methyl 

Citalopram Pravastatin Traseolide Delta-hexachlorohexane 

Clarithromycin Primidone Triclosan Deltametrin 

Clofibric acid Propanolol hydrochloride   Diiazinon 

Clomipramine Propyphenazone   Dieldrin 

Clotrimazole Ranitidine PAHs and dioxins Diuron 

Codeine Salbutamol   Endosulfan sulphate 

Cotinine Salicilic acid 
2,3,7,8-tetrachloro-dibenzo-p-
dioxin 

Endrin 

Cyclophosphamido Simvastatin Acenafteno Ethion 

Diatrizoate Sotalol Acenaphtylene 
Gamma-hexachlorocyclohexane 
(lindane) 

Diazepam Sulfadiazine Anthracene Heptachlor 

Diclofenac Sulfamethazine Benzo(a)anthracene Hexachloro 1,3-butadiene 

Erythromycin Sulfamethoxazole Benzo(a)fluoranthene Hexachlorobenzene 

Famotidine Sulfapyridine Benzo(a)pyrene Iprodion 

Fenofibrate Sulfathiazole Benzo(b)fluoranthene Isodrin 

Fenofibric acid Tamoxifen Benzo(k)fluoranthene Isoproturon 

Fenoprofen Terbutaline Benzo(ghi)perylene Metoxychlor 

Fluoxethine Tetraciclyne Parathion ethyl Naftalene 

Furosemide Trimethoprim Parathion methyl   

Gemfibrozil Velafaxime Oxyfluorfen   

Hydrochlorothiazide Chrysene Pentachlorobencene Volatile priority pollutants 
Ibuprofen Dibenzo(a,h)anthracene Phenantrene   

Ifosfamide Fuoranthene Procymidone 1,2,3-trichlorobenzene 

Indomethacine Fluorene Propazine 1,2,4-trichlorobenzene 

Iopamidol Indene(1,2,3-cd)pyrene Simazine 1,3,5-trichlorobencene 

Iopromide Pyrene Terbutrin Hepta-brominated diphenyl ether 

Ketoprofen   Terbutylazine Penta-brominated diphenyl ether 

Ketorolac   Trifluralin Tetra-brominated diphenyl ether 

Lansoprazole       

Lincomycin       

Loratadine   Metals   

Mefenamic acid   Cd   

    Hg   

    Ni   

    Pb   
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The majority of analytes concentration at WWAT samples (mean value) was reduced 
below the 0.1 µg/L, being some of them totally removed. The WWAT removal efficiency 
was between 100% for Codeine and not obvious for Mepivacaine and Ofloxacin. Only 11 
compounds were still at concentrations higher than the 0.1 µg/L limits, with mean values 
between 9.5 and 299.2 ng/L. However, pharmaceuticals were still detected at a much 
lower concentration and below therapeutic doses.  Data reveal the efficiency of 
wastewater treatment 
 
A total of 29 pharmaceuticals and personal care products were detected in groundwater 
at least in one sample. Among them Codeine (analgesic), Ibuprofen (anti-inflammatory), 
Iopamidol and Iopromide (organic iodine applied as contrast agent) and Paraxanthine 
(metabolite of caffeine), were not detected in the WWAT water samples, currently being 
injected in the aquifer for the hydraulic barrier system. Chemicals only present in 
groundwater samples maybe related to natural recharge from lateral boundary areas or 
southern part of the river valley connected to the delta formation. 
 
High levels (mean value greater than 100 ng/L) of Ciprofloxacin, Codeine, Diclofenac, 
Gemfibrozil, Hydrochlorotiazide, Ibuprofen, Iopamidol, Iopromide, N-acetyl-4-amino-
antipyrine (4-AAA), Naproxen, N-formyl-4-amino-antipyrine (4-FAA), Velafaxime, BHT 
and Galaxolide were found in samples from the aquifer. Its presence may be related to 
high excretion as an unchanged drug (e.g. Codeine, Kasprzyk-Hordern et al., 2008), 
persistence as organic iodine (Drewes et al., 2003), high consumption rate (Ibuprofen.  
 
5.2 Pesticides, other priority contaminants and metals 
 
The only pesticides found in all types of sampled waters were Diuron (herbicide), α-HCH, 
β-HCH and Hexachlorobenzene (fungicide). These compounds are included in the list of 
priority substances (2008/105/EC) although concentration was in the range of ng/L. under 
the maximum allowable concentrations. For the selected heavy metals, all compounds 
were found in groundwater samples with mean concentration values between 0.45 and 
12.1 mg/l. Only Cd and Ni were above the maximum allowable concentration according to 
the Directive. 
 
6. CONCLUSION 
 
Findings of the study indicate that pharmaceuticals were the class most commonly 
detected in all sampled waters and that a small number of compounds were efficiently 
removed after tertiary treatment or even after the advanced treatment (WWAT). 
Nevertheless, concentrations were generally found to be much lower and below 
therapeutic doses.  
 
Microcontaminants only detected in groundwater are indicative of the presence of non 
treated or insufficiently treated wastewater effluents in the recharge area of the aquifer, or 
disposal in the aquatic system through toilets, or wastes. Reduction of concentration in 
groundwater can be attributed to multitude of factors and processes governing 
subsurface flow and transport. As well injection does not retain contaminants like soil 
filtration does through chemical, transformation and attenuation processes, research on 
occurrence and fate of compounds are needed to predict their behavior under field 
conditions. 
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