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Project objectives

Project EMCO addresses the hot issue of so-called “emerging” or “new” contaminants (i.e. human and veterinary drugs, surfactants, textile dyes), whose emission has recently emerged as an environmental problem. It focused on their tracing in industrial and municipal effluents and removal by advanced water treatment technologies (membrane processes: MBR, RO/UF/NF and advanced sorbents). Emphasis was given on the application of small units for on-site treatment of industrial and municipal effluents with the objective to reduce environmental and health risks through an improvement of the quality of receiving surface waters. 
Additionally, EMCO provided comprehensive data on the occurrence of emerging contaminants in effluents in the participating WB and EU countries and the extent to which these compounds can be removed by advanced treatment technology in order to allow their introduction on the list of relevant compounds to be monitored, and setting of new limits of emission and the development of avoidance strategies. 

The specific objectives were as follows:

1.
To improve the treatment of wastewaters by using novel membrane technology and to investigate its removal potential with respect to emerging contaminants from household and industry (pharmaceutical and textile)

2.
To apply advanced sorption treatment using recycled materials as cost-effective sorbents for the treatment of textile effluents

3.
To recommend a battery of treatment steps for the elimination of emerging contaminants from different types of wastewater prior to their discharge to municipal collection systems or receiving waters 

4.
To evaluate the ecotoxicological relevance of selected classes of emerging contaminants in relation with their biodegradability and elimination during treatment by existing and advanced wastewater and drinking water technologies

5.
To provide the EU and the WBC with sufficient information about emerging contaminants on the basis of their degree of elimination during wastewater treatment

Methodology and approaches applied

Three main methodological elements are being integrated in the project workplan:

1. Stocktaking – compilation of existing data and collection of missing data on the occurrence of priority and emerging contaminants in the aquatic system of WBC. Data are used to  evaluate the environmental risks posed by emerging contaminants from municipal and industrial sources and to identify the ecotoxicologically most critical contaminant groups in WBC wastewaters. 
2. Development of analytical tools – development, optimization, validation of chemical and biological methods to be used for ecotoxicological study and risk assessment. Analyses included both parent compounds and possible degradation products, studying the behaviour or selected compounds in the environment and during waste and drinking water treatment.
3. Evaluation of treatment technologies – the stepwise adjustment of wastewater treatment technologies: (i) membrane bioreactors (MBR), (ii) reverse osmosis (RO) and nanofiltration (NF) and (iii) advanced sorbent materials from laboratory scale  to pilot plants. Three pilot MBR were installed at locations in Croatia, Bosnia and Herzegovina and Spain, respectively. Pilot plant for RO/NF was installed in Croatia. Conventional physico-chemical and biological treatment are evaluated with respect to the elimination of select classes of emerging contaminants from water and drinking water. Data are used to recommend the best treatment strategy for each specific study site using criteria based on environmental impact and costs analysis. 
Main results achieved:

Inventory 
Inventory included identification and inter-comparison of the current state-of-the-art of wastewater treatment in the region and available expertise as well as the current status of legislation and standards related to wastewater treatment in WB countries

Inadequate waste management is a significant ecological problem in B&H, Croatia and SCG. The improved performance in environmental protection can be accomplished only through a well-defined legal framework accompanied by the application of the adequate policy and a wide public support. Current process of political, social and economic changes in the countries of the South-Eastern Europe, catalysed by accession process to the EU, is a promising basis for the introduction of systemic measures in accordance with environmental acquis. Despite growing potential for private initiative in the environmental sector, priority measures and activities require an active participation of governmental institutions and close cooperation of relevant authorities as well as a strong involvement of internationally supported actions. The most important part of the approach are long-term systematic sanitary measures. However, due to the acute problems in waste management, some urgent preventive measures should be implemented to mitigate the consequences of pollution in the some critically polluted areas.

These measures comprise a marked socio-economic and technological development and require engagement of significant financial resources. Financial resources, which, in the past, have often been an important obstacle in the realisation of adopted environmental protection policies, should include different sources such as budget funds, private funds, resource usage compensations etc.  It is expected that the process of accession to the EU will result in a significant progress in the terms of strengthening regional cooperation on water protection. 

New analytical methods

· A multiresidue method for trace level quantification of 29 pharmaceutical compounds in waste and environmental waters (target analysis using a HPLC-MS-MS (QqQ) with confirmation using an UPLC-Q-TOF)
· A multiresidue LC/MS/MS method for the analysis of 3 prominent classes of antibiotics, including sulfonamides, fluoroquinolones and macrolides, in wastewater 
· HPLC/DAD/FL method for the analysis of veterinary antibiotics in process waste water. 

· Analytical methods for polar organic acids (hyphenization of ion chromatography and Q-Tof-MS) as well as antibiotics (LC/MS and online LC-UV)): Barbiturates: Aprobarbital, Amobarbital, Butalbital, Hexobarbital, Pentobarbital, Secobarbital, Phenobarbital; Fungal skin infection agent: Clotrimazole; Pharmaceuticals: Carbamazepine, diclofenac, 
· An automated SPE method for on-line measurement for the antibiotic chloramphenicol 

· CLSA-GC-MS and SPE-GC-MS methods for musk compounds and fragrances in waters.

· A multi-residue analytical method has been developed to determine 80 multiple-class pharmaceuticals using liquid chromatography-quadrupole-linear ion trap tandem mass spectrometry. 

· An analytical method to analyze eight β-blockers in wastewaters based on Molecular imprinted polymers (MIP) followed by liquid chromatography-quadrupole-linear ion trap tandem mass spectrometry. 

· An LC-MS/MS method has been developed for the determination of drugs of abuse in wastewaters and surface waters.

· An analytical LC-MS/MS method for the persistent metabolite desphenyl-n-chloridazon and 70 further polar pollutants has been developed and applied to waste and surface water.

Bioanalytical tools for the assessment of ecotoxicological risks of emerging contaminants in the environment.

An overall evaluation of the different bioassays was performed. The selection of the bioassays was based on the following criteria:

· Easy standardization and cost effectiveness (low cost/fast application )

· Precision and accuracy

· Use of test organisms that belong to different trophic level  in order to  reflect effects on  different organizational structures and sensitivities in the ecosystem, 

· Each of them  must be selective to a number of different compounds or groups 

· The selected tests should clearly show co-linearity but not complete equivalence with each other and provide complementary information 

A battery of bioassays is selected based on tests already available at the labs of the participants. A battery of tests covers a wide range of ecotoxicologically relevant end-points in a reasonable cost-effective way, allowing relatively simple and high-throughput characterization of wastewater samples and identification of relevant contaminants in complex environmental mixtures. In addition, the tests applied are based on a variety of test organisms belonging to different trophic levels, reflecting different aspects of the ecosystem, provide complementary information.

· Microtox test
· Determination of CYP1A induction potential of environmental samples – EROD activity in primary culture of rainbow trout (Oncorhynchus mykiss) hepatocytes
· Chronic toxicity test protocol - growth inhibition test with unicellular algae (Selenastrum capricornutum) – microplate method
· Yeast estrogen screen (YES-assay) for the detection of ER-active compounds
· Detection of MXR-inhibiting properties of chemicals and environmental samples – “Pgp-inhibition assay” 

Occurrence of emerging contaminants in wastewater from Wester Balkan region

Two comprehensive sampling campaigns were performed in Croatia (16 locations), one in Bosnia and Herzegovina (6 locations) and Serbia (7 locations). The majority of samples from Bosnia and Serbia were untreated municipal and industrial wastewaters, while in Croatia, effluents from the existing wastewater treatment plants (WWTPs) were also collected, which allowed the assessment of the removal efficiencies for the most prominent classes of emerging contaminants. 
The results obtained confirmed a widespread occurrence of the emerging contaminants in municipal wastewaters of the WB region. Regarding raw wastewaters, the situation is similar to that in the Western Europe and USA. However, due to the rather poor wastewater management practices in WB countries, there is a significant difference with respect to the increased percentage of wastewater contaminants that ultimately reach the ambient waters in WB countries. 
Treatment of emerging contaminants in WW using membrane bioreactors (MBR)
Four MBR laboratory and pilot scale plants were used duringthe course of the project:
· MBR Zenon was situated at the Municipal wastewater treatment plant (WWTP) of City of Čakovec in northern Croatia (P4 and P2)
· A submerged MBR purchased from Kubota (Osaka, Japan) installed in a municipal WWTP in Rubí (Barcelona, Spain). (P1)
· A pilot plant MBR consisting of submerged hollow fiber and flat membranes, respectively, installed at WWTP Terrasa (Spain) (P1)
· Laboratory-scale MBR installed at pharmaceutical industry Bosnaliek, Sarajevo, Bosnia and Herzegovina (P8)

The behavior of several pharmaceuticals belonging to different therapeutic categories (analgesics and anti-inflammatory drugs, lipid regulators, antibiotics, etc.) was monitored during treatment of wastewater in a laboratory-scale membrane bioreactor (MBR). The results were compared with their removal in a conventional activated sludge (CAS) process in an existing wastewater treatment facility. In general pharmaceuticals were removed to a higher extent in the MBR integrated system than during CAS process. For most of the investigated compounds MBR treatment had better performance (removal rates>80%) and steadier effluent concentrations than the conventional system (e.g. diclofenac, ketoprofen, ranitidine, gemfibrozil, bezafibrate, pravastatin, ofloxacin). In some cases the removal efficiencies were very similar and high for both treatments (e.g. ibuprofen, naproxen, acetaminophen, paroxetine, hydrochlorothiazide). The antiepileptic drug carbamazepine turned out to be the most persistent pharmaceutical as it passed both through MBR and CAS system untransformed. Since there was no washout of biomass from the reactor, high- quality effluent in terms of chemical oxygen demand (COD), ammonium content (N-NH4), total suspended solids (TSS) and total organic carbon (TOC) was obtained. 
Treatment of emerging contaminants in WW using reverse osmosis/nanofiltration (RO/NF)
A pilot-plant unit containing two 5 μm cartridge filters and three spiral wound membrane elements [L = 1000 mm (40”), D = 64 mm (2.5”) and active area = 2.6 m2] was installed at Veterina, Kalinovica (Croatia). The performance results show the complete removal of all the antibiotics by the RO membrane and by the tight nanofiltration membrane NF90. Only the loose nanofiltration membrane element HL incompletely removed the smaller sulfonamide antibiotics. All these findings confirm again the size exclusion as the decisive antibiotics removal mechanism, which was explained earlier by the membranes pore size distribution curves.  

Treatment of emerging contaminants in WW using advanced sorbent material
As a major achievement, the experimental unit specifically designed for treatment of real textile wastewater from “SIMPO-Dekor” (Vranje, Serbia) was constructed. The results obtained indicate that RWNM can be used as a good sorbent for lead, copper, zinc and cobalt cations. On the other hand, insufficient sorption of direct dyes occurred whether in the case of untreated RWNM or RWNM treated with biopolymer chitosan or hydrogen peroxide. It was shown that sorption of these dyes was significantly affected by initial dye concentration, pH and temperature. CODMn and TOC values of dye solutions decreased after the sorption.

The possibility of using the RWNM for purification of real effluents from textile industry was investigated in the experimental unit especially constructed for this project. In accordance with results obtained in laboratory conditions, hydrogen peroxide treated RWNM was selected as a sorbent for the study of real effluents. Twelve different effluents released from dyehouse of “SIMPO Decor” (Vranje, Serbia), containing different types of dyes were collected and analysed. The results demonstrated that decrease in CODMn of each investigated sample was obtained after 3 h of sorption. Sorption on RWNM also provided decolourisation of effluent that was more or less evident, depending on the dye type present in the effluent. The results showed that pH adjustment of the effluent can provide sufficient degree of decolourisation, particularly when the metal complex dyes were present in the effluent.  

The overall results indicated that RWNM can be efficiently used for removal of different pollutants from textile effluents. Its application in combination with other treatment to achieve maximum purification of effluent is recommended.

Fate of emerging contaminants in conventional wastewater treatment 

· Fate of drugs of abuse during CAS treatment was studied in Spain and Germany. Cocaine and its metabolite (benzoylecgonine) were detected at concentrations up to 225 ng/l and 2307 ng/l, respectively in Spanish wastewater influents and up to 47 ng/l (cocaine) and 928 ng/l (benzoylecgonine) in wastewater effluents. For German samples, these values were 99 ng/l and 892 ng/l, respectively for influents and <LOD and 339 ng/l in effluents. Amphetamines such as MDMA (ecstasy) were also identified with maximum values of 91 ng/l and 14 ng/l in wastewater influents from Spain and Germany, respectively. The concentrations in wastewater effluents reached up to 67 ng/l in Spain and <LOQ in Germany.

Biodegradation studies

To investigate the microbial degradation of selected pharmaceutically active compounds, batch reactors were freshly loaded with 1L of sewage sludge taken from the aeration basin of wastewater treatment plant (WWTP) Rubí, Barcelona, Spain. Potential sorption of pharmaceuticals was monitored in batch reactors with formaldehyde added to sludge, which excludes any biotic degradation and assures that possible attenuation in the concentration of a compound is consequence of its adsorption to sludge particles. Selected compounds were gemfibrozil, hydrochlorothiazide, ranitidine and glibenclamide. 
Behavior and removal of selected compounds during drinking water treatment using RO/NF 
Feed, permeate, concentrate and treated water samples from an RO/NF DWTP Besos (Barcelona) were monitored for musks and fragrance compounds; triazines and metabolites; chlorinated solvents and dioxanes and dioxolanes in order to study their occurrence and removal. All compounds are efficiently removed except Galaxolide lactone (metabolite of Galaxolide) which is poorly eliminated using NF but can be improved using RO. Other musk compounds such as Galaxolide, Tonalide and musk present intermediate percentages of elimination in NF and RO processes. An incomplete elimination of common chlorinated solvents such as trichloroethylene and perchloroethylene, in NF and RO processes is achieved. On the other hand, the effciency of both treatments for odorous pollutants at ultratrace level (ng/L) such as dioxanes and dioxolanes is proved with a complete elimination.

Prospective analysis of the most suitable treatments for selected study sites in WB countries

All treatment technologies applied at study site demonstrated to be suitable to improve the removal of selected emerging contaminants. MBR has shown to be a ready available technology that is nowadays increasing its market share. This technology achieved a full scale implementation in the pharmaceutical industry Bosnalijek, Sarajevo, Bosnia and Herzegovina, for the treatment of their process wastewater.

Although the advanced stage of development many researches needs to focused on understanding, optimization of the process and discovery of new application. Removal of emerging contaminants is not complete but generally improved if compared with conventional technology. The use of tertiary treatment after MBR to further reduce the emrging contaminants load is also facilitated by the better quality of the secondary effluent.

Application of reverse osmosis and nanofiltration processes achieved the best results in terms of emerging contaminants reduction in the effluent however identification of proper solution to handling the concentrate/rejected stream should be further investigated. Additional researches on membrane selection and process optimization are of high importance to further decrease the investment and operational cost of this technology.

Advanced sorbent material is a technology initially specifically tailored for the textile industry that shown to have potential also in other application (reduction of heavy metals and oils). The most suitable treatment for the selected study site appears as a combination of biological and physico-chemical treatments with the final treatment with low-cost sorbent manufactured from recycled wool-based nonwoven material.
	Treatment technology
	Invest./ Operat.

costs
	Emerging contaminants removal efficiency
	Notes

	Conventional Activated Sludge
	- / -
	+
	

	Membrane Bioreactor (MBR)
	-/ --
	++
	

	Micro – Ultra filtration
	-/ --
	+
	

	Nano filtration – Reverse Osmosis
	--- / ---
	+++
	Require high feed water quality

	Activated carbon adsorption
	-- / ---
	+++
	Require high feed water quality

	Advanced sorbent adsorption
	- / -
	++
	Suitable for specific applications (i.e. textile industry)

	AOPs
	--- / ---
	+++
	Require high feed water quality


Section 2. - Workpackages 

WP 1. Inventory

Contractors involved:

P2, P3 (lead), P5 and P8
Objectives:

· Inventory of the current knowledge on occurrence and fate of pollutants in aquatic systems in Western Balkan countries, 

· Identification and inter-comparison of the current state-of-the-art of wastewater treatment in the region and available expertise 

· Inventory of the current status of legislation and standards related to wastewater treatment in WB countries

· To link European and international regulatory systems to specific regional problems in respect to the problem of municipal and industrial wastewaters.

Achievements made

An attempt was made to compare water resources, current status of water supply, water quality as well as wastewater management in Bosnia and Herzegovina, Croatia and State Union of Serbia and Montenegro. A special emphasis was on wastewater treatment as the key factor, which determines quality of receiving ambient waters. Another important issue was confronting the current water protection policies in WBC with European legislation in order to identify key problems to be solved in order to improve the situation.
The main deliverable is a joint paper (P2, P3, P5 and P8) titled: Water resources and waste water management in Bosnia and Hercegovina, Croatia and State union of Serbia and Montenegro, which is published in Water Policy. 

 Another important objective was a literature overview regarding the occurrence of emerging contaminants in wastewaters and the aquatic environment (D3). Since the preliminary literature surveys indicated that such data are rather scarce, especially those published in the open literature, it was decided to combine the activities in D1 and D3.
Deliverables

	No
	Deliverable name
	WP 
	Lead participant
	Estimated person-months
	Nature
	Dissemination
level
	Delivery 
date

	D1
	Report on the current status of standards and regulations related to wastewater treatment in WBC
	1
	FKIT
	2
	Re
	PU
	4



	D3
	Report on the occurrence of priority and emerging contaminants in wastewaters and the aquatic environment in WBC - Overview of existing data
	1
	IRB
	3
	Re
	PU
	6


WP 2A. Development, validation and quality assurance of analytical methods: Chemical analysis

Contractors involved:

P1 (lead), P2, P3, P6, P7

Objectives:

· Development and validation of innovative, analytical tools for the fast and sensitive analysis of selected emerging contaminants 

Achievements made

P1 

· A multiresidue method for trace level quantification of 29 pharmaceutical compounds in waste and environmental waters (target analysis using a HPLC-MS-MS (QqQ) with confirmation using an UPLC-Q-TOF)

· A multi-residue analytical method to determine 80 multiple-class pharmaceuticals using liquid chromatography-quadrupole-linear ion trap tandem mass spectrometry.
· an analytical method to analyze eight β-blockers in wastewaters based on molecular imprinted polymers (MIP) followed by liquid chromatography-quadrupole-linear ion trap tandem mass spectrometry.
P2 

· A multiresidue LC/MS/MS method for the analysis of 3 prominent classes of antibiotics, including sulfonamides, fluoroquinolones and macrolides, in wastewater has been developed and applied for the survey of wastewaters in Croatia and Bosnia and Herzegovina. 
· The initial protocols by IRB analytical group (D4) included some earlier published HPLC methods using fluorescence detection for the determination of anionic surfactants of linear alkylbenzene sulphonate (LAS) type and nonionic surfactants of alkylphenol polyethoxylate (APnEO) type. A special emphasis was on the biotransformation products of APnEO, including nonylphenol (NP), nonylphenol mono- and diethoxylate (NP1EO and NP2EO) and nonylphenoxy carboxylic acids (NPnEC). 
· Alternative analytical procedures for these alkylphenolic target compounds, using LC-MS-MS, have been adopted from the recent literature and optimized by using deuterated internal internal standards
P3 

· HPLC/DAD/FL method for the analysis of veterinary antibiotics in process waste water. 
· Quantitative TLC video densitometric determination of antibiotics: enrofloxacin, oxytetracycline and trimethoprim in aquatic samples
· A SPE-TLC method for simultaneous identification and quantification of enrofloxacine, oxytetracycline, trimethoprime, sulfadimidine, sulfadiazine, sulfaguanidine and penicillin G/procain was optimized and validated. 

P6 
· Analytical methods for polar organic acids (hyphenization of ion chromatography and Q-Tof-MS) as well as antibiotics (LC/MS and online LC-UV)): Barbiturates: Aprobarbital, Amobarbital, Butalbital, Hexobarbital, Pentobarbital, Secobarbital, Phenobarbital; Fungal skin infection agent: Clotrimazole; Pharmaceuticals: Carbamazepine, diclofenac, 
· An automated SPE method and on-line measurement for the antibiotic chloramphenicol
· An analytical LC-MS/MS method for the persistent metabolite desphenyl-n-chloridazon and 70 further polar pollutants has been developed and applied to waste and surface water.

P7
· CLSA-GC-MS and SPE-GC-MS methods for musk compounds and fragrances in waters.
· an LC-MS/MS method for the determination of emerging contaminants (drugs of abuse) in wastewaters and surface waters
Deliverables
	No
	Deliverable name
	WP 
	Lead participant
	Estimated person-months
	Nature
	Dissemination
level
	Delivery 
date

	D4
	Initial protocols for the analysis of selected compounds
	2
	CSIC
	6
	Re
	RE
	6

	D14
	Evaluation of analytical methods
	2
	CSIC
	20
	Re
	PU
	18

	D21
	Optimized generic protocols for the analysis of emerging contaminants
	2
	CSIC
	13,5
	Re
	PU
	24


WP 2B. Development, validation and quality assurance of analytical methods: Bioassays

Contractors involved:

P2, P9 (lead)

Objectives:

· Development and evaluation of different bioassays in order to find the most suitable protocols and methods capable for: a) detection of biologically relevant exposure; and b) determination of ecotoxicologically significant effect of selected emerging contaminants in different environmental samples.

Achievements made

An overall evaluation of the different tests used by the participants of the WP2b was performed. The selection of the bioassays was based on the following criteria:

· Easy standardization and cost effectiveness (low cost/fast application )

· Precision and accuracy

· Use of test organisms that belong to different trophic level  in order to  reflect effects on  different organizational structures and sensitivities in the ecosystem, 

· Each of them  must be selective to a number of different compounds or groups 

· The selected tests should clearly show co-linearity but not complete equivalence with each other and provide complementary information 

A battery of biological tests included: 

a) determination of CYP1A induction potential of environmental samples (EROD activity) in primary culture of rainbow trout (Oncorhynchus mykiss) hepatocytes, 
b) chronic toxicity test protocol - growth inhibition test with unicellular algae (Selenastrum capricornutum) – microplate method, 
c) Yeast estrogen screen (YES-assay) for the detection of ER-active compounds and 
d) detection of MXR-inhibiting properties of chemicals and environmental samples – “Pgp-inhibition assay”, has been selected (WP4B – D22). 
e) Microtox test for acute toxicity

Various mixtures of the pharmaceuticals were also tested and their combined toxic effects determined.

Deliverables

	No
	Deliverable name
	WP
	Lead participant
	Estimated person-months
	Nature
	Dissemination
level
	Delivery 
date

	D2
	Initial protocols for the selected bioassays
	2
	SLEnv
	2
	Re
	RE
	4

	D8
	Evaluation of bioassays
	2
	SGL Env
	18
	Re
	PU
	12 (planned)

18 (actual)

	D22
	Standardisation and final definition of a battery of bioassays
	2
	SLEnv
	22,5
	Re
	PU
	24


WP 3. Screening of emerging contaminants – Evaluation of environmental risks

Contractors involved:

P1, P2 (lead), P3, P5, P6, P7, P8

Objectives:

· Investigation of the presence of emerging contaminants in wastewaters from domestic and industrial sources in participating WB countries using chemical analytical methods and bioassays developed in WP2. Identification of those contaminants, which are present at environmentally relevant concentrations;

· Evaluation of environmental risks posed by emerging compounds, their metabolites and chemical degradation products on the basis of their toxic, ecotoxic, physicochemical and environmental properties.

Achievements made
Two comprehensive sampling campaigns were performed in Croatia (16 locations), one in Bosnia and Herzegovina (6 locations) and Serbia (7 locations) (Fig. 1). The majority of samples from Bosnia and Serbia were untreated municipal and industrial wastewaters, while in Croatia, effluents from the existing wastewater treatment plants (WWTPs) were also collected, which allowed the assessment of the removal efficiencies for the most prominent classes of emerging contaminants. 
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Fig. 1
Map of the region with indicated sampling locations for wastewater monitoring campaigns in Bosnia and Herzegovina, Croatia and Serbia; Legend: municipal wastewaters (circles); industrial wastewaters (squares).

The results obtained confirmed a widespread occurrence of the emerging contaminants in municipal wastewaters of the WB region. Regarding raw wastewaters, the situation is similar to that in the Western Europe and USA. However, due to the rather poor wastewater management practices in WB countries, there is a significant difference with respect to the increased percentage of wastewater contaminants that ultimately reach the ambient waters in WB countries. Futhermore, this study confirms that the removal rates for some of the emerging contaminants, including numerous pharmaceuticals, in WWTPs using conventional activated sludge treatment are very low, which indicates that more advanced treatment methods might be necessary to cope with the increasing inputs of such contaminants.
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Fig. 2 Frequency of detection for individual emerging contaminants (%). A) Pharmacueticals; B) Surfactants, fragrances, flame retardants, insect repellents and pesticides
The main deliverable is a joint paper (P1, P2, P5, P6, P7 and P8) submitted to Sci. Total Environ. 
S. Terziċ, I. Senta, M. Ahel, M. Gros, M. Petroviċ, D. Barcelo, J. Müller, T.P.  Knepper, D. Mitjans, F. Ventura,, P. Jovancic, D. Jabucar: Occurrence and Fate of Emerging Wastewater Contaminants in Western Balkan Region
Deliverables
	No
	Deliverable name
	WP 
	Lead participant
	Estimated person-months
	Nature
	Dissemination
level
	Delivery 
date

	D9
	Inventory of emerging contaminants in municipal and industrial WW in participating WB countries
	3
	IRB
	12
	Re
	PU
	12

	D13
	Assessment of the elimination efficiencies for emerging contaminants given the present practices of wastewater treatment in WB countries
	3
	IRB
	6
	Re
	PU
	16

	D23
	Identification of the ecotoxicologically most critical contaminant groups based on the application of TIE protocols
	3
	IRB
	5
	Re
	PU
	24


WP 4.A. Advanced membrane treatments: reverse osmosis (RO), nanofiltration (NF), ultrafiltration (UF) 

Contractors involved:

P3, P1, P7 
Objectives:
· Selection of optimal membrane type for the antibiotics removal by RO/NF from the wastewaters of Veterina factory and  evaluation of the removal efficiency

· Investigation of behavior of pharmaceutical residues present in groundwater feeding waterworoks Besós during its nanofiltration (NF) and reverse osmosis (RO) membrane treatment. 

Progress/Achievements made
Selection of optimal membrane type for the antibiotics removal by RO/NF from the wastewaters of Veterina factory and  evaluation of the removal efficiency

A newly built pilot-plant unit (Figures 1 and 2) containing two 5 μm cartridge filters and three spiral wound membrane elements [L = 1000 mm (40”), D = 64 mm (2.5”) and active area = 2.6 m2] was installed at Veterina, Kalinovica. The membrane elements chosen after the laboratory screening were: a reverse osmosis membrane XLE from Dow/ FilmTec, Midland MI; and two nanofiltration membranes: NF90 from Dow/FilmTec and HL Desal, Osmonics, GE Infrastructure Water & Process Techn., Vista, CA. 

 SHAPE  \* MERGEFORMAT 



Figure 1. Schematic representation of pilot-plant
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Figure 2. Pilot-plant unit

The membrane permeate samples withdrawn from the unit were analyzed by the common analytical methods. The results are shown in Figure 3.

The wastewater experiments were performed in the batch circulation mode in order to avoid the membranes’ fouling, because the pilot unit did not include a comprehensive pretreatment section. Additionally, the inspection of the wastewater basins has shown that the wastewater from basin no. 2 was oily, with a layer of oil substances on the surface. The experiments with such feed and the incomplete water pretreatment would cause almost immediate membranes’ fouling, so the experiments were done only with the wastewater from the basin no. 1. Before the introducing this wastewater into the pilot unit, it was treated by a coagulation/flocculation and subsequent filtration using a filtering cloth to eliminate the 
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Figure 3. Permeate flux changes of the examined membrane elements

suspended floccules. After that it was spiked with the selected antibiotics in addition to some antibiotic material already present in the wastewater. It as previously found namely, that the tested wastewaters do not contain all the examined antibiotics due to the sporadic character of the antibiotics production in the pharmaceutical works.

The membrane permeate samples withdrawn from the unit were analyzed on the antibiotics content and the calculated results on the antibiotics removal are shown in Table 1.
Table 1. Removal of antibiotics

	
	Feed / μg L-1
	Rpermeate

	Membrane type:
	
	NF90
	XLE
	HL

	     SGUA
	495
	> 99,99%
	> 99,99%
	65,45%

	     SDIAZ
	810
	> 99,99%
	> 99,99%
	88,27%

	     SMETH
	560
	> 99,99%
	> 99,99%
	94,54%

	     TMP
	406
	> 99,99%
	> 99,99%
	> 99,99%

	     ENRO
	   89,5
	> 99,99%
	> 99,99%
	98,93%


The performance results show the complete removal of all the antibiotics by the RO membrane and by the tight nanofiltration membrane NF90. Only the loose nanofiltration membrane element HL incompletely removed the smaller sulfonamide antibiotics. All these findings confirm again the size exclusion as the decisive antibiotics removal mechanism, which was explained earlier by the membranes pore size distribution curves.  

Investigation of behavior of pharmaceutical residues present in groundwater feeding waterworoks Besós during its nanofiltration (NF) and reverse osmosis (RO) membrane treatment. 

     The sampling campaign was done in waterwork Besós (Barcelona, Spain) during September-December, 2006. In total 70 samples were analyzed, 45 samples from reverse osmosis (RO) pilot plant, and 25 samples from nanofiltration (NF) pilot plant. The method used was a specific multi-residue analytical method for the analysis of concentration of pharmaceuticals in multiple reaction monitoring (MRM) mode, both in positive and negative electrospray ionization mode (Gross, Petrovic et al. 2006). This method was refined for the analysis of hydrochlorothiazide and glibenclamide. Two reverse osmosis (RO) and nanofiltration (NF) pilot-plants are currently operating, with a capacity of processing 30 hm3/year of entering river water. 

Compounds that were detected in feed stream (groundwater) of all five sampling campaigns and at relatively high concentrations (>100 ng L-1) were diuretic hydrochlorothiazide, analgesics and anti-inflammatory drugs ketoprofen, diclofenac and propyphenazone, lipid regulator pravastatin and antiepileptic drug carbamazepine. 
Excellent overall performance of both NF and RO was noted, with high rejection percentages for almost all of the pharmaceutical residues investigated. Pharmaceutical residues detected in all five sampling campaigns were analgesics and anti-inflammatory drugs ketoprofen, diclofenac, acetaminophen and propyphenazone, β-blockers sotalol and metoprolol, antiepileptic drug carbamazepine, antibiotic sulfamethoxazole, lipid regulator gemfibrozil and a diuretic hydrochlorothiazide. Highest concentrations in feed stream (groundwater) were found for a diuretic hydrochlorothiazide, analgesics and anti-inflammatory drugs ketoprofen, diclofenac and propyphenazone, lipid regulator pravastatin and antiepileptic drug carbamazepine (>100 ng L-1). No removal in either of the investigated processes was seen for psychiatric drug paroxetine and β-blocker propranolol (<20%). However, since these two pharmaceutical residues were detected only in one or two sampling campaigns, this data cannot be taken as conclusive. 

Removal rates of the detected pharmaceuticals were calculated and they are presented in Fig. 5. 
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Figure 5 Rejection efficiencies in conditioning, UV, NF/RO stage of treatment are illustrated for frequently found pharmaceutical residues. Rejections are presented as mean values with their corresponding RSDs. 

Due to the high efficiency of NF and RO treatments, permeate concentrations of compounds detected in the feed water were below limit of detection (bLOD) or below limit of quantification (bLOQ) in most of the cases. The highest effluent concentrations were found for hydrochlorothiazide and gemfibrozil that had NF permeate concentrations of 73.0 and 60.0 ng L-1, whereas their RO permeate concentrations were slightly lower- 24.6 and 33.5 ng L-1, respectively (see Table 2).

Table 2  Concentrations ranges and frequencies of detection of compounds in permeate water of NF and two RO treatment lines of Besós waterworks. 

Compounds
Frequency of
NF permeate 
 Frequency of
RO permeate


detection in NF
concentration
detection in RO
concentration

                                          permeate (N=5)
(ng L-1)a
permeate (N=9)
(ng L-1) 
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Hydrochlorothiazide
5
2.6-329.7 (73.0)
9 
0.8-117 (24.6)

Ketoprofen
1
bLOD-37.3 (7.5)
2 
bLOD-51.4 (8.0)

Gemfibrozil
3
bLOD-297.9 (60.0)
4 
bLOD-288.3 (33.5)

Diclofenac
0
bLOD
0
bLOD

Acetaminophen
4
bLOD-9.3 (bLOQ)
5 
bLOD-16.7 (bLOQ)

Sotalol
0
bLOD 
1
bLOD-3.1 (bLOQ)

Sulfamethoxazole
1
bLOD-4.8 (bLOQ) 
0 
bLOD


Metoprolol
1
bLOD-8.1 (1.6) 
2 
bLOD-13.5 (2.6)


Propyphenazone
3
bLOD-7.9 (3.2) 
4  
bLOD-12.0 (2.4)


Carbamazepine
5
0.5-5.7 (2.3) 
7  
bLOD-1.8 (0.9)


Mefenamic acid
3
bLOD-19.9 (4.5)
4 
bLOD-19.8 (4.7)


Glibenclamide
1
bLOD-2.9 (bLOQ)
2 
bLOD-2.8 (bLOQ)

Propranolol
2
bLOD-57.8 (11.6) 
2 
bLOD-51.5 (10.3)

Ofloxacin
1
bLOD-7.0 (bLOD)
1 
bLOD-11.5 (bLOQ)

Pravastatin
0
bLOD 
0 
bLOD


Erythromycin
0
bLOD 
0 
bLOD


Loratidine
0
bLOD 
0
bLOD

Nifuroxazide
1
1.0
0 
bLOD


Bezafibrate
1
bLOD-1.1 (bLOD)
2 
bLOD

Atenolol
1
bLOD-0.3 (bLOD)
0 
bLOD

Paroxetine
1
bLOD-3.9 (0.8)
2 
bLOD-2.2 (0.8)

aPermeate water concentrations are presented as a range, with mean values inside the brackets.

Deliverables
	No
	Deliverable name
	WP 
	Lead participant
	Estimated person-months
	Nature
	Dissemination
level
	Delivery 
date

	D16
	Protocols for the membrane (NF/RO) treatment of the model (spiked) water
	4
	FKIT
	12
	D
	PU
	18

	D24
	Evaluation of the examined NF/RO membranes
	4
	FKIT
	12
	Re
	PU
	24


WP 4.B. Advanced membrane treatments: membrane bioreactor (MBR)

Contractors involved:

P4 (lead) and P2

Objectives:
· Testing laboratory-scale MBR-units for the removal of selected emerging contaminants

· Establishment of the protocols for the advanced treatment of wastewater using a combination of MBR, reverse osmosis, nanofiltration, ultrafiltration, and advanced oxidation

Progress/Achievements made
P1

A behavior of several pharmaceuticals belonging to different therapeutic categories (analgesics and anti-inflammatory drugs, lipid regulators, antibiotics, etc.) was monitored during treatment of wastewater in a laboratory-scale membrane bioreactor (MBR). The results were compared with their removal in a conventional activated sludge (CAS) process in an existing wastewater treatment facility. Performance of an MBR was monitored during approximately two months in order to investigate a long-term operational stability of the system and a possible influence of solids retention time on the removal efficiencies of target compounds. In general pharmaceuticals were removed to a higher extent in the MBR integrated system than during CAS process. For most of the investigated compounds MBR treatment had better performance (removal rates>80%) and steadier effluent concentrations than the conventional system (e.g. diclofenac, ketoprofen, ranitidine, gemfibrozil, bezafibrate, pravastatin, ofloxacin). In some cases the removal efficiencies were very similar and high for both treatments (e.g. ibuprofen, naproxen, acetaminophen, paroxetine, hydrochlorothiazide). The antiepileptic drug carbamazepine turned out to be the most persistent pharmaceutical as it passed both through MBR and CAS system untransformed. Since there was no washout of biomass from the reactor, high- quality effluent in terms of chemical oxygen demand (COD), ammonium content (N-NH4), total suspended solids (TSS) and total organic carbon (TOC) was obtained. 
Table 3 Mean removal rates (RRs) of selected pharmaceuticals for MBR and CAS process
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Analgesics and anti-inflammatory drugs 

Naproxen
99.3 (1.52) *
85.1 (11.4)

Ketoprofen
91.9 (6.55)
51.5 (22.9)

Ibuprofen
99.8 (0.386)
82.5 (15.8)

Diclofenac
87.4 (14.1)
50.1 (20.1)

Indomethacin
46.6 (23.2)
23.4 (22.3)

Acetaminophen
99.6 (0.299)
98.4 (1.72)

Mefenamic acid
74.8 (20.1)
29.4 (32.3)

Propyphenazone
64.6 (13.3)
42.7 (19.0)

Anti-ulcer agents

Ranitidine
95.0 (3.74)
42.2 (47.0)

Psychiatric drugs

Carbamazepine
no elimination**                no elimination

Paroxetine
89.7 (6.69)
90.6 (4.74)

Antibiotics

Ofloxacin
94.0 (6.51)
23.8 (23.5)

Sulfamethoxazole
60.5 (33.9)
55.6 (35.4)

Erythromycin
67.3 (16.1)
23.8 (29.2)

Β-blockers

Atenolol
65.5 (36.2)                        no elimination

Metoprolol
58.7 (72.8)                        no elimination

Diuretics

Hydrochlorothiazide
66.3 (7.79)
76.3 (6.85)

Hypoglycemic agents

Glibenclamide
47.3 (20.1)
44.5 (19.1)

Lipid regulator and cholesterol lowering statin drugs

Gemfibrozil
89.6 (23.3)
38.8 (16.9)

Bezafibrate
95.8 (8.66)
48.4 (33.8)

Clofibric acid
71.8 (30.9)
27.7 (46.9)

Pravastatin
90.8 (13.2)
61.8 (23.6)

* values are presented as average with relative standard deviation (%) in brackets, for aN=10 and bN=8 samples.

**as “no elimination” were considered all cases with elimination efficiency less than 10%. 

P4

Nanofiltration (NF), reverse osmosis (RO) and ozonation were investigated for removal of contaminants from the synthetic water spiked with selected antimicrobials as well as from the landfill leachate. NF was capable of removal of all the contaminants with removal efficiency mostly over 90% while RO completely removed all of the investigated contaminants and produced water suitable for further reuse (Table 3). Removed contaminants from the waste water that ended up in the concentrate stream were submitted to ozonation where complete disappearance of the observed contaminants was achieved. However, results suggest that ozonation did not degrade organic matter completely to carbon dioxide or other gaseous products but to some products which should be further investigated.

Among the investigated compounds in the leachate most abundant ones were diacetone ketogulonic acid (DAG) and diacetone sorbose (DAS) which originate from the production of vitamin C. Ozonation was performed on a raw leachate with different ozone doses. Up to 60% of COD was removed and results suggest that further degradation is possible with higher ozone dozes. As with synthetic wastewater the removal of organic matter here was not complete and only part of the organic matter was oxidized to gaseous products such as CO2.
Table 3. Removal of contaminants (%) from the MBR effluent with RO and NF

	Contaminant
	NF
	RO

	Sulfadiazine (SDZ)
	95
	100

	Sulfathiazole (STZ)
	87
	100

	Sulfapyridine (SPY)
	91
	100

	Trimethoprim (TMP)
	86
	100

	Sulfamethazine (SMZ)
	94
	100

	Sulfamethoxazole (SMX)
	95
	100

	Norfloxacin (NOR)
	88
	100

	Ciprofloxacin (CIP)
	87
	100

	Azithromycin (AZI)
	95
	100

	Erythromycin (ERY)
	97
	100

	Clavocin (CLA)
	98
	100

	Roxitromycin (ROX)
	99
	100


For both media investigated, analyses of contaminants of interest were done through the cooperation with the P2, who was responsible for the analyses.  


Treatment of leachate with NF was successful with average removal efficiency of COD more than 90%. What is more, TOC removal by nanofiltration was also above 90% which proves that organic matter was removed from permeate in contrast with partial transformation achieved with ozonation. NF also removed well over 90% of DAG present in leachate and about 50% of DAS. The difference in relative removal is probably caused by difference in molecular weights of the compounds.

P8

The Membrane Bio Reactor pilot plant has been started up in Bosnalijek pharmaceutical industry (Bosnia and Heregovina). Adaptation of activated sludge to Bosnalijek technological wastewater has been carried out scheduling a slowly (two weeks) shift from municipal to industrial wastewater. After this period other two weeks was left for process stabilization before a first sampling campaign at 12 hours hydraulic retention time.  A second sampling has been organized after two weeks adaptation to a lower hydraulic retention time (8hours). All samples after solid phase extraction were sent to partner 1 for advanced analysis of pharmaceuticals concentration. The plant has been managed for additional 5 weeks (partially with direct connection to Bosnalijek wastewater collector) in order to get insight of reliability, operability and stability of the technology at the investigated site. During all the period the plant was continuously monitored for standard parameters and pollutants. Once gathered the results on emerging contaminants removal efficiency these data was compared with similar results obtained from laboratory investigation on conventional activated sludge system. The results show a general increase on removal efficiency. The effect of changes in the hydraulic residence time is generally low.
During the early period of pilot scale construction and experiments, the Bosnalijek management decided the construction of a full scale (30 m3/d with future possible expansion to 60m3/d). Membrane Bio Reactor has been selected has the most suitable for the investigated site.

Deliverables
	No
	Deliverable name
	WP 
	Lead participant
	Estimated person-months
	Nature
	Dissemination
level
	Delivery 
date

	D15
	Experimental protocol for the elimination of selected emerging contaminants from the synthetic wastewater spiked with target compounds and from the real wastewaters using MBR
	4
	PBF
	10
	D
	PU
	18

	D26
	Recognition of the removal mechanisms and optimization of the key operational parameters for the MBR treatment of wastewaters containing selected emerging contaminants
	4
	PBF
	10
	Re
	PU
	24

	D29
	Testing and evaluation of a pilot plant
	4B
	PBF
	0,5
	Re
	PU
	33


WP 5. Advanced sorbent treatments

Contractors involved:
P5 

Objectives:

The main objectives for the WP 5 in the reporting period were:

· To demonstrate the effectiveness of RWF sorbent for treatment of real textile wastewater collected in SIMPO “Dekor” in Vranje (Serbia);

· To provide a strategy for the purification of real textile wastewater incorporating the advanced sorption process.

Progress/Achievements made

As a major achievement, the experimental unit specifically designed for treatment of real textile wastewater from “SIMPO-Dekor” (Vranje, Serbia) was constructed (detailed description of the experimental unit is given as a part of D27). The overall results obtained in the course of the project indicated that the RWNM can be efficiently used for removal of different pollutants from textile effluents. Its application in conjunction with other treatment is a strategy for the purification of real textile wastewater incorporating the advanced sorption process (more details of the strategy are given in D30 and D31).

This part of the research was aimed at investigating the possibility of using the recycled wool-based nonwoven material (RWNM) developed by our group as a sorbent for removal of basic, reactive, metal complex and direct dyes. These certain dyes are chosen for investigation as they are used for dyeing of textile materials in company “SIMPO Decor” (Vranje, Serbia), our industrial partner. To improve the sorption properties, the material was treated with biopolymer chitosan and hydrogen peroxide. The influence of pH, temperature and initial dye concentration on dye uptake as well as sorption kinetics was studied. Additionally, the toxicity of selected dyes was determined. Finally, the efficiency of experimental unit especially designed for this project with an aim to monitor the real effluent (originating from “SIMPO Decor”) sorption on RWNM is discussed.

Sorption of direct dyes on untreated and H2O2 treated RWNM is almost unaffected by prolongation of sorption time, except in case of sorption of Solophenyl orange TGL on H2O2 treated RWNM. This sample exhibited almost the same sorption behavior as CHT treated sample in the whole range of investigated times. Generally, after the rapid sorption on CHT treated RWNM in the first three hours, process slowed down, but the equilibrium was achieved only in case of Tubantin blue GLL. Apparently, uptake of direct dyes on untreated RWNM is low. Selected direct dyes have high molecular weight with several sulphonate groups. Basic dyes were remarkably better sorbed on H2O2 treated RWNM compared to untreated and CHT treated RWNM. H2O2 treated RWNM rapidly sorbed all investigated basic dyes and equilibrium was reached almost after the one hour of sorption. Untreated and CHT treated samples performed similar behavior. Each modification of RWNM brought about increase in uptake of reactive dye Lanaset yellow 4GN. In the first several hours, CHT treated sample showed higher uptakes in comparison with H2O2 treated RWNM, but sorption decreased within last 12 hours of sorption, causing almost the same final uptake (24 h) for both samples. Uptake of metal complex dyes on CHT and H2O2 treated RWNM was higher compared to untreated sample. The exception was sorption of Lanaset marine R where untreated and H2O2 treated samples behaved almost identically independently on sorption time. Although CHT treated sample demonstrated higher uptake of this dye in the first 12 hours of sorption, the uptake on all three investigated samples was the same after 24 hours of sorption. It can be noticed that dye sorption on CHT treated samples was more prominent particularly in the first hour of sorption compared to other samples.

Temperature positively affected sorption of direct dyes on untreated and H2O2 treated RWNM. Basic dye uptake is not considerably affected by temperature independently on RWNM studied. In case of reactive and metal complex dyes, the rise of temperature led to an increase in dye uptake for untreated and H2O2 treated RWNM. On the contrary, sorption on CHT treated sample decreased with an increase in temperature.

The increase in pH negatively influenced the sorption of direct dyes. Such behavior was expected since the rise of pH causes the inhibition of amino groups protonation that are the main sites on wool for establishing the ionic interaction with sulphonate groups of dyes. The rise of pH induced significant increase in basic dye uptake. This effect was particularly pronounced in case of H2O2 treated RWNM. The influence of pH on sorption of reactive and metal complex dyes is similar to that obtained for direct dyes.  RWNM was found to be efficient for removal of some components of commercial surfactants, decreasing the toxicity of their solutions. Components based on etoxylates cannot be sorbed by RWNM.

Hydrogen peroxide treated sorbent seems to be very efficient for the removal of most of the investigated pollutants. Therefore, hydrogen peroxide treated sorbent was selected for the treatment of real textile industry effluent from dyehouse of “SIMPO Decor”, Vranje. Experimental unit consisting of three baths (for pH adjustment, sorption and neutralization) was constructed for the study on purification of real effluent comprising of different dyes, surfactants and auxiliaries. The main problem was the characterization of the real wastewater. CODMn value and colour were selected for the evaluation of the sorption efficiency. The results indicated that RWNM can be used as a sorbent for the removal of dyes from real effluents since the decourisation (sometimes almost complete) of water occurred. Additionally, CODMn decreased after the sorption of 3 h to a certain level depending on water sample analysed. 
Deliverables
	No
	Deliverable name
	WP 
	Lead participant
	Estimated person-months
	Nature
	Dissemination
level
	Delivery 
date

	D11
	Optimisation of treatment parameters for modification of sorbent depending on type and nature of emerging contaminants to be analysed
	5
	TMF
	6
	Re
	PU
	15

	D20
	Monitoring of the RWF sorbent efficiency for different contaminants
	5
	TMF
	3
	D
	PU
	20

	D27
	Evaluation of RWF sorbent efficiency for different contaminants in real textile wastewater
	5
	TMF
	9
	Re
	PU
	30


Deviations from Technical Annex

Due to the unsolved financial problems, the previous industrial partner YUMCO, Vranje had to be substituted with producer of home textiles SIMPO,”Decor”, Vranje.
Owing to the specificity of SIMPO-Decor production gamma and the lack of the laboratory equipment and skilled stuff, we mutually agreed that the research work previously assigned to the YUMCO has to be done by TMF as a contractor.
WP 6. Conventional treatment of wastewaters and drinking waters

Contractors involved:
P6 (lead), P1, P7, P8

Objectives:
· Assessing the fate of emerging contaminants in conventional physico-chemical and biological processes (AST)
· Development of protocols for biodegradation tests and study on metabolites of the selected compounds.

Progress/Achievements made
A) Fate of drugs of abuse in conventional activated sludge treatment

The occurrence of several psychoactive drugs in water resources from NE-Spain and Germany has been evaluated. The drugs were analyzed by ultra performance liquid chromatography coupled to tandem mass spectrometry (UPLC-ESI-MS/MS) after the enrichment by solid-phase extraction (SPE). Most of the controlled drugs were found in both influent and effluent wastewater samples. 

Thus, cocaine and its metabolite (benzoylecgonine) were detected at concentrations up to 225 ng/l and 2307 ng/l, respectively in Spanish wastewater influents and up to 47 ng/l (cocaine) and 928 ng/l (benzoylecgonine) in wastewater effluents. For German samples, these values were 99 ng/l and 892 ng/l, respectively for influents and <LOD and 339 ng/l in effluents.

Amphetamines such as MDMA (ecstasy) were also identified with maximum values of 91 ng/l and 14 ng/l in wastewater influents from Spain and Germany, respectively. The concentrations in wastewater effluents reached up to 67 ng/l in Spain and <LOQ in Germany.

Three river water samples in Germany and 16 samples collected in the Llobregat River (Spain) were monitored. Cocaine (up to 10 ng/l) was only found in Spanish samples whereas benzoylecgonine (up to 111 ng/l) was detected in Llobregat river and in one German sample (399 ng/l). MDMA and MDA were identified in two German rivers (up to 48.3 ng/l and 19.3 ng/l, respectively) whereas only MDMA was found at trace levels (up to 3.5 ng/l) in the Spanish river.

B) Biodegradation tests 

    To investigate the microbial degradation of selected pharmaceutically active compounds (PhACs), batch reactors were freshly loaded with 1L of sewage sludge taken from the aeration basin of wastewater treatment plant (WWTP) Rubí, Barcelona, Spain. They were spiked to a concentration of 10 µg/L of each compound and aerated during approximately 20 days. Potential sorption of pharmaceuticals was monitored in batch reactors with formaldehyde added to sludge, which excludes any biotic degradation and assures that possible attenuation in the concentration of a compound is consequence of its adsorption to sludge particles. Selected compounds were gemfibrozil, hydrochlorothiazide, ranitidine and glibenclamide. 
Gemfibrozil is clinically prescribed to lower plasma triglycerides, but it is also reported to lower very low density lipoproteins (VLDLs) and total cholesterol, and to increase high density lipoproteins (HDLPs). (Spencer and Barradell 1996) Drugs from the class of lipid regulators have been detected in domestic wastewater, surface water and drinking water all over Europe, and gemfibrozil is one of the most widely distributed compounds in this class. (Ternes 1998) Gemfibrozil in human organism mainly undergoes oxidation of a ring methyl group to successively form a hydroxymethyl metabolite. 70% of the administered dose is excreted in urine, mostly as glucuronide conjugates (less than 2% is excreted as unchanged drug, and 6% is eliminated with feaces. (www.emedicine.com) Its degradation during MBR treatment was very good (89.6%) and substantially higher than in conventional process (only 39%). 
During batch experiments, gemfibrozil was degraded up to 80% in the first 12 days, whereas the acclimation period of sludge was relatively short (6-7 days). In the experiments with added formaldehyde into batch reactors, no abiotic removal was recorded.
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Fig 6. Aerobic biodegradation of gemfibrozil in a batch reactor spiked to 10 µg/L.
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Fig 7. Abiotic elimination of gemfibrozil in a batch reactor with added formaldehyde and spiked to 10 µg/L.

Hydrochlorothiazide is anti-hypertensive agent and diuretic that reduces plasma volume by increasing the excretion of natrium, chlor and water, and to a lesser extent kalium as well. (www.emedicine.com) In human organism it is not completely metabolized. However, elimination of hydrochlorothiazide in WWTPs has been reported by several authors. This can be due to either its sorption to sewage sludge particles or to biodegradation. 
Biotic degradation of hydrochlorothiazide was investigated in batch reactors spiked to a level of commonly found environmental concentrations (50 ng/L), and to 10 µg/L. In the first set of experiments, biotic degradation was investigated with using hydrochlorothiazide as a sole substrate, while in the second one powdered milk was being added daily (0.2 g/L.day) to allow a co-metabolic degradation oh this pharmaceutical. Additionally, its removal by sorption was also investigated, which turned out to be insignificant.

Results of the two experiments of biodegradation of hydrochlorothiazide were very similar, both showing a decrease and then sudden increase in its concentration, whereas the decrease occurred after 5 days in the case of co-metabolic degradation, and after 15 days in the batch reactors that had no additional substrates added. These results possibly indicate conjugation and de-conjugation of hydrochlorothiazide, or a forming of its metabolite. However, no metabolites have been detected yet, and further investigation is planned. 

Ranitidine is an anti-ulcer agent that is widely prescribed for the treatment of peptic ulcer, reflux oesophagitis and dyspepsia. (www.emedicine.com) In the influent of WWTP Rubí it was detected in concentration range of 100-800 ng/L. As it can be seen from the figures 8 and 9, ranitidine was very rapidly eliminated within the first three days. However, attenuation of its initial concentration is probably a consequence of adsorption to sewage sludge particles in both batch reactors (with and without added formaldehyde). This could explain its better elimination in MBR than in CAS, since MBR sludge has higher sorption potential, because of the smaller floc size and higher content of organic matter. 
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Fig 8. Aerobic biodegradation of ranitidine in a batch reactor spiked to 10 µg/L.
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Fig 9 Abiotic elimination of ranitidine in a batch reactor with added formaldehyde and spiked to 10 µg/L.

Glibenclamide is a second generation sulfonylurea used in the treatment of nonisulin dependent diabetes. Its hypoglycemic effect is mainly due to stimulation of insulin release from pancreatic beta cells and sensitization of the peripheral tissues to insulin (Sweetman 2002.) Glibenclamide is metabolized in liver mainly to hydroxylated metabolites, 30-60% of which are excreted in urine. It had partial removal in both of the investigated treatments (CAS and MBR). 

In biodegradation experiments glibenclamide showed an extremely short acclimation period (2-3 days), while after 8-9 days it was almost completely degraded. As far as sorption is concerned, the concentration of glibenclamide remained relatively constant over a 10 days time-span of the abiotic elimination study. (see fig. 10 and 11.)

Fig 10. Aerobic biodegradation of glibenclamide in a batch reactor spiked to 10 µg/L.


Fig 11. Abiotic elimination of glibenclamide in a batch reactor with added formaldehyde and spiked to 10 µg/L.

A) Behavior and removal of selected compounds during drinking water treatment using RO/NF experiments: Feed, permeate, concentrate and treated water samples from an RO/NF DWTP Besos (Barcelona) are being monitored for musks and fragrance compounds; triazines and metabolites; chlorinated solvents and dioxanes and dioxolanes in order to study their occurrence and removal. All compounds are efficiently removed except Galaxolide lactone (metabolite of Galaxolide) which is poorly eliminated using NF but can be improved using RO. Other musk compounds such as Galaxolide, Tonalide and musk present intermediate percentages of elimination in NF and RO processes. An incomplete elimination of common chlorinated solvents such as trichloroethylene and perchloroethylene, in NF and RO processes is achieved. On the other hand, the effciency of both treatments for odorous pollutants at ultratrace level (ng/L) such as dioxanes and dioxolanes is proved with a complete elimination.
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Fig. 3. Scheme of the Besós RO/NF drinking water treatment plant.

B) Analysis of emerging pollutants (i.e. pharmaceutical, estrogens, surfactants and miscellaneous compounds) in different scenarios considered to improve the quality of Barcelona’s drinking water. Arbitrary values of 3 (elimination 100%); 2 (elimination >50%); 1 (elimination <50%) and 0 for no elimination were considered. 
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The average results per scenario indicate a value of 2.1 (O3+GAC); 1.0 (EDR) and 2.2 for Cl2.  The following average evaluation per unit was observed for:

Estrogens: O3+GAC (2.5); EDR (2) and Cl2 (3)

Pharmaceuticals: O3+GAC (2.1); EDR (1) and Cl2 (2.2)

Surfactants: O3+GAC (2); EDR (1.5) and RO (3)

Miscellaneous: O3+GAC (2.3); EDR (1.8) and RO (3)

Deliverables
	No
	Deliverable name
	WP 
	Lead participant
	Estimated person-months
	Nature
	Dissemination
level
	Delivery 
date

	D17
	Information on the occurrence and behaviour of selected emerging contaminants in AST treatment of municipal wastewater in various EU and WBC
	6
	EFF
	9
	Re
	PU
	18

	D18
	List of emerging contaminants that are not removed by existing AST technique for municipal and industrial WW treatment
	6
	EFF
	2
	Re
	PU
	18

	D25
	Information on the elimination of emerging contaminants during drinking water production
	6
	AGBAR
	8
	Re
	PU
	24

	D28
	Presentation of biodegradation and transformation pathways for selected emerging contaminants during WW and DW treatment, respectively
	6
	EFF
	10,5
	Re
	PU
	30


WP 7. Integrated analysis of treatment technologies

Contractors involved:
P8

Objectives:
1. Comparison of data between MBR, conventional activated sludge technology and other technologies;

2. Finalization of collection of data from literature, EMCO partners and full scale plants and prepare the final technical and economical evaluation of the proposed technologies;

3. Finalization of the study of the best available treatments for selected study sites in WB countries, regulatory issues and identify hot spot for further research needs

Progress/Achievements made
Information (investment cost, operational costs and design parameters) were collected during the on going construction phase (full scale plant will be at regime during autumn) and have been used to define the economical and technical evaluation of the technology.

At the same time information relative to other technology under investigation in EMCO project were collected from partners as well as information regarding best suitable technologies for study sites in WB countries, available costs estimation and technical problems occurred. All these information have been included in deliverable D30 and D31.

Technical evaluation of wastewater treatment based on the combination of innovative and conventional technologies and assessment on treated wastewater reuse

Based on data gathered, the studied technologies prove to be effective for removing emerging contaminants.  The recycled wool-based nonwoven material as a sorbent has been developed specifically for the textile industry while the other technologies have more wide range of applications.

Membrane Bio Reactor seems, for technical and economical considerations the technologies which can have more full scale market in the close future.

Although it proves to achieve better results than conventional systems, the removal of some families of emerging contaminants is almost negligible and in most cases at least not complete.

Pilot scale tests with reverse osmosis and nanofiltration show excellent results in terms of rejection rate. However, if from one side advanced membrane technologies produce an effluent of excellent quality (with the possibility of recycling), they produce a stream of concentrated pollutants too. The fate of this concentrated stream needs to be the main topic of future research. Combination of reverse osmosis –nanofiltration membranes and AOP technologies seems to be one of the best research topics on this direction. 

Prospective analysis of the most suitable treatments for selected study sites in WB countries

All treatment technologies applied at study site demonstrated to be suitable to improve the removal of selected emerging contaminants. MBR has shown to be a ready available technology that is nowadays increasing its market share. This technology achieved a full scale implementation in the study site 2 for treatment of pharmaceutical wastewater.

Although the advanced stage of development many researches needs to focused on understanding, optimization of the process and discovery of new application. Removal of emerging contaminants is not complete but generally improved if compared with conventional technology. The use of tertiary treatment after MBR to further reduce the emrging contaminants load is also facilitated by the better quality of the secondary effluent.

Application of reverse osmosis and nanofiltration processes achieved the best results in terms of emerging contaminants reduction in the effluent however identification of proper solution to handling the concentrate/rejected stream should be further investigated. Additional researches on membrane selection and process optimization are of high importance to further decrease the investment and operational cost of this technology.

Advanced sorbent material is a technology initially specifically tailored for the textile industry (study site 4) that shown to have potential also in other application (reduction of heavy metals and oils). The most suitable treatment for the selected study site appears as a combination of biological and physico-chemical treatments with the final treatment with low-cost sorbent manufactured from recycled wool-based nonwoven material.
	Treatment technology
	Invest./ Operat.

costs
	Emerging contaminants removal efficiency
	Notes

	Conventional Activated Sludge
	- / -
	+
	

	Membrane Bioreactor (MBR)
	-/ --
	++
	

	Micro – Ultra filtration
	-/ --
	+
	

	Nano filtration – Reverse Osmosis
	--- / ---
	+++
	Require high feed water quality

	Activivated carbon adsorption
	-- / ---
	+++
	Require high feed water quality

	Advance sorbents  adsorption
	- / -
	++
	Sutable for specific applications (i.e. textile industry)

	AOPs
	--- / ---
	+++
	Require high feed water quality


Deliverables
	No
	Deliverable name
	WP 
	Lead participant
	Estimated person-months
	Nature
	Dissemination
level
	Delivery 
date

	D19
	Environmental and economic assessment of the innovative waste water treatment
	7
	HEIS
	10
	Re
	PU
	18

	D30
	Technical evaluation of wastewater treatment based on the combination of innovative and conventional technologies and assessment on treated wastewater reuse
	7
	HEIS
	6
	Re
	PU
	33

	D31
	Prospective analysis of the most suitable treatments for selected study sites in WB countries
	7
	HEIS
	4
	Re
	PU
	34


WP 8. Co-ordination, management, benchmarking, dissemination of results

Contractors involved:
P1 and all partners

Objectives:
· To provide the necessary financial and administrative management for the project

· To ensure exchange of information among the partners and to the correct evolution of the project with respect to tasks assigned providing administrative and scientific co-ordination

· To coordinate the dissemination and exploitation of the results and to establish the relationships of the consortium with the end users and authorities through project meetings and workshops 

· Direct interaction with legislation authorities in order to evaluate the implementation into national and European legislations. 
Progress/Achievements made
Project meetings

1st project meeting of the EMCO consortium was held on 23th July, 2004 in Barcelona, Spain. 

2nd consortium meeting was held at 21st and 22nd March in Sarajevo, Bosnia and Herzegovina, and organized by the participant 8 (HEIS)

3rd project meeting was held in Dubrovnik, Croatia on 19. October 2005. 

4th project meeting was held in Larnaca, Cyprus on 

5th project meeting was held in Idstein, Germany on 23 October 2006
6th project meeting was held in Belgrade on 25. April 2007. 

7th project meeting was held in Barcelona, 15. June 2007. 
The EMCO web-page www.cid.csic.es/emco/home.htm was updated in May 2007 including the list (with DOI link) of all published papers and proceedings and presentations given at the 2nd EMCO workshop. 
EMCO workshop:

The first EMCO workshop was held in Dubrovnik, Croatia on 20th and 21st October 2005. All preparations are successfully concluded in collaboration with the participant 3 (FKIT). The workshop was announced through the EMCO web page and the flyer (with the preliminary programme and call for papers), which was prepared in March 2005 and distributed to more than 1000 addresses. 

The workshop web page (www.cid.csic.es/dubrovnik2005/home.htm), with all the necessary information, was activated in May. 

Additionally, a link to 1st EMCO workshop web page was included at dozen other web pages such as EMWIS, Aquaterra, SedNet, Med-reunet, Swis DAC, water media network, etc.). 

The workshop report is published in Trends in Analytical Chemistry (Vol. 25, No. 3, 2006) and the full papers published in two special issues: one of Analytical and Bioanalytical Chemistry (Springer Verlag) and another in Talanta (Elsevier). Both issues are in press and the papers available on-line. 

The second EMCO workshop was held in Belgrade, Serbia on 27 and 28th April 2007. All preparations are successfully concluded in collaboration with the participant 5 (TMF). The workshop was announced through the EMCO web page and the flyer (with the preliminary programme and call for papers), which was prepared in December 2005 and distributed to more than 1000 addresses. 

A web page dedicated to the workshop (www.cid.csic.es/belgrade2007/home.htm) is put in function with all the information needed regarding the scientific programme, participating, accommodation etc.  
Additionally, a link to 2nd EMCO workshop web page was included at dozen other web pages such as NORMAN, Aquaterra, Med-reunet, Swis DAC, water media network, etc.). 
The workshop report will be published in Trends in Analytical Chemistry (corrected proof are available on-line) and the full papers will be published in a special issues Trend in Analytical Chemistry (Elsevier). In total 12 full papers is submitted. Publication is planned for January 2008. 
Book on emerging contaminants

The consortium has prepared a book for Springer-Verlag series “The Handbook of Environmental Chemistry” (series edited by Prof. Hutzinger) titled Emerging Contaminants from Industrial and Municipal Wastewaters (Editors: D. Barcelo and M. Petrovic). The list of chapters and authors is listed below (the chapters by EMCO partners are written in bold). Till the date of this report 10 of 14 chapters are submitted to the Springer, while the rest is the final stage of preparation. The publication of the book is planned for  the end of 2007. 

	first and family name
	institute’s name 

and address
	Contribution/

tentative title
	co-author(s)

	Marijan Ahel*
	Institut Rudjer Boskovic, Bijenicka bb, 10000 Zagreb. Croatia
	Chapter 1. Emerging Contaminants in Waste Waters. Occurrence, Sources and Levels
	S. Terzic, 

Mira Petrovic

	Meritxell Gros
	IIQAB-CSIC, Department of Enviornmental Chemsitry

c/ Jordi Girona 18-26, 08034 Barcelona, Spain
	Chapter 2. Chemical analysis of emerging contaminants in wastewaters
	Mira Petrovic*, Damia Barcelo

	Thomas Knepper*
	Europa Fachhochschle Fresenius (EFF)

Limburger Str. 2, D-65510 Idstein, Germany
	Chapter 3.1.

Removal of Emerging Contaminants in Wastewater Treatment: Conventional Activated Sludge Treatment
	Jutta Miller

	Jelena Radjenovic 
	IIQAB-CSIC, Department of Enviornmental Chemsitry

c/ Jordi Girona 18-26, 08034 Barcelona, Spain
	Chapter 3.2. Removal of Emerging Contaminants in Wastewater Treatment: Removal by MBR
	Marin Matosic, Ivan MIjatovic, Mira Petrovic*

	Branko Kunst*
	Faculty of Chemical Engineering and Technology (FKIT)

Zagreb, Croatia
	Chapter 3.3. Removal of Emerging Contaminants in Wastewater Treatment: Removal by NF and RO
	Kresimir Kosutic 

	Aamdeo R Fernandez Alba
	University of Almeria
	Chapter 3.4. Removal of Emerging Contaminants in Wastewater Treatment: Removal by Ozonation and other oxidative processes (AOP) 
	Rodriguez,, University of Alcala de henares, Marid, Spain

	Sixto Malato 
	University of Almeria,

Spain
	Chapter 3.5. 

Removal of Emerging Contaminants in Wastewater Treatment: Removal by Photocatalytic Processes
	

	J.M. Bayona
	Depatrment of Envrironmental Chemsiry

IIQAB-CSIC

Jordi Girona 18-26

08034 Barcelona, Spain
	Chapter 3.6. 

Removal of Emerging Contaminants in Wastewater Treatment: Wetlands for the treatment of wastewaters
	

	Silvia Diaz Cruz*
	IIQAB-CSIC, Department of Enviornmental Chemsitry

c/ Jordi Girona 18-26, 08034 Barcelona, Spain
	Chapter 3.7.

Removal of Emerging Contaminants in Wastewater Treatment: Artificial recharge of wastewaters for the removal of emerging contaminants
	Damia Barcelo

	Petar Jovancic*
	Faculty of Technology and Metallurgy, 

Karnegijeva 4, 11120 Beograd, Serbia
	Chapter 3.8.

Removal of Emerging Contaminants in Wastewater Treatment: Advanced sorbent materials for the treatment of wastewaters
	Maja Radetic, Dragan Jocic

	Tvrtko Smital*
	Institut Rudjer Boskovic, Bijenicka bb, 10000 Zagreb. Croatia
	Chapter 4.

Acute and Chronic Effects of emerging contaminants in wastewaters
	Stella Canna Michaelidou

	Francesc Ventura*
	AGBAR (Sociedad General de Aguas de Barcelona),

Passeig de Sant Joan, 39, E-080009 Barcelona; Spain
	Chapter 5.

Treacability  of emerging contaminants from wastewater to drinking water
	

	Julian Blasco


	Departamento Oceanografia

Instituto de Ciencias Marinas de Andalucía (CSIC)

Campus Rio San Pedro

11510 Puerto Real (Cadiz). Spain
	Chapter 6.

Impact of Emerging Contaminants in the Environment. Environmental Risk Assessment.
	Angel del Valls

	Damia Barcelo*
	IIQAB-CSIC, Department of Enviornmental Chemsitry

c/ Jordi Girona 18-26, 08034 Barcelona, Spain
	Chapter 7.

Current and future legislation in Europe and USA
	Mira Petrovic


Deliverables: 

	No
	Deliverable name
	WP 
	Lead participant
	Estimated person-months
	Nature
	Dissemination
level
	Delivery 
date

	D5
	Recommendation for benchmarking in the Western Balkan
	8
	CSIC
	1
	Re
	PU
	6

	D6
	News letter 1st 

EMCO homepage (updated every 3 months)
	8
	CSIC
	3
	Re
	PU
	6

	D12
	Proceedings and executive summary of the 1st workshop
	8
	CSIC
	2
	Re
	PU
	16

	D32
	Proceedings and executive summary of the 2nd workshop
	8
	CSIC
	2
	Re
	PU
	34


Section 3. Consortium management

Project meetings and communication between partners

· See WP8
Exchanges and visits between the partners

P5 ( P1

Short scientific visit (7 days) of PhD student Neda Djordjevic to Consejo Superior de Investigaciones Científicas, Barcelona – training in analytical techniques and sample preparation (SPE) – June 2005
P8 ( P1

Melina Dzajic-Valjevac, visited CSIC in Barcelona, for 15 days, to introduce with analytical method – LC-MS/MS, for investigation of the presence of emerging contaminants – June 2005
P8 ( P2

P2 hosted partners from Bosnia and Herzegovina and demonstrated their laboratory set-up for the analysis of wastewater samples

P8 ( P4

Objective of the visit was to find solutions for development of the preliminary design for the pilot plant for wastewater treatment in Bosnalijek. HEIS staff: two chemists, technician, mechanical technician and electrician met with Prof. Mijatovic, who introduced them with the works on PBF, especially with MBR which are installed in PBF. They visited PBF laboratory for microbiological analysis and for preparing of inoculums for the specific industrial waters. During this visit, HEIS staff collected some necessary information for construction of the pilot plant for Bosnalijek. 
P3 ( P1
3 month stay of Lidija Pozaic (Ph.D. student) from the PLIVA pharmaceutical company (subcontractor of participant 3) at CSIC in Barcelona. Training on advanced LC-MS-MS techniques and (1. July – 30 September 2005)

P3 ( P7

1 week study stay of Lidija Pozaic in the lab of participant 7 (AGBAR). Training on Ultra Performance Liquid Chromatography (UPLC) (September 2005) 
P3 ( P1
One month study stay of Dr. Sandra Babic at CSIC in Barcelona. Training on advanced LC-MS (single MS, triple quadrupole MS and Q-TRAP) techniques (1 -31 July 2006)

P3 ( P1
3 month stay of Dr. Daniela Asperger (FKIT) at CSIC in Barcelona. Training on advanced LC-MS-MS techniques, SPE and bioassays (15 April 2007 – 15 June 2005)

P3 ( P6
1 month stay of Dr. Dragana Mutavdžic at P6, Europa Fachhochschule Fresenius, Idstein, Germany,  June 2007. Training on advanced GC-MS and LC-MS methods
Exchange of samples and analytical protocols

All analytical partners (P1, P2, P6 and P7) inter-exchanged the analytical protocols routinely used in their laboratories. 

P2 closely collaborated with P4 in the execution of WP4A – Testing and evaluation of laboratory and pilot-scale MBRs for the elimination of emerging contaminants.  

P1 closely collaborated with P5 in the execution of WP5 – Testing and evaluation of advanced sorbents for the elimination of surfactants and dyes.  

P2 

· organized the sampling campaign in Croatia and distributed the extracts to EMCO partner laboratories

· processed samples from Bosnia and Herzegovina and distributed the extracts to EMCO partner laboratories

Section 4. Dissemination and use
Main dissemination activities

1st EMCO workshop  entitled: Analysis and removal of contaminants from wastewaters for the implementation of the Water Framework Directive (WFD) was organized in Dubrovnik, Croatia on 20 - 21 October 2005 in collaboration  with the  EU project SWIFT-WFD  (Screening methods for Water data InFormaTion in support of the implementation of the Water Framework Directive ), Faculty of Chemical Eningeering and Technology of the University of Zagreb (Croatia), Consejo Superior  de Investigaciones  Cientificas (CSIC, Barcelona) and Agilient Technologies. The workshop took place at the International  Center  of Croatian Universities.

In the course of the workshop, 28 lectures and 20 posters were presented,  being the  principal topics  legislation and policy in the field of wastewater treatment, analysis of contaminants in wastewaters, wastewater treatment technologies, risk assessment with special emphasis on the use and validation of the  yeast assays for estrogenicity  and the  special session devoted to report the results of the fist year of the EMCO project.

Executive summary is published in TrAC Trends in Analytical Chemistry, Volume 25, Issue 3, March 2006, Pages 191-193

Damià Barceló and Mira Petrovic, Reducing the environmental risk from emerging pollutants: Report on the 1st EMCO Workshop “Analysis and removal of contaminants from wastewaters for the implementation of the Water Framework Directive (WFD)”, Dubrovnik, Croatia, 20–21 October 2005
2nd EMCO workshop entitled Emerging contaminants in wastewaters: Monitoring tools and treatment technologies was organized in  Belgrade, Serbia on 26-27 April 2007 in collaboration  with the Faculty of Technology and Metallurgy, Belgrade ( Serbia ) and Consejo Superior de Investigaciones  Cientificas (CSIC), Barcelona (Spain).

It was attended by 71 participants, from Bosnia and Herzegovina, Croatia and Serbia and 10 European countries, being therefore a platform for communication and  exchange of information among scientists from the Western Balkan region and the rest of the Europe. In the course of the workshop, 24 lectures and 24 posters were presented, with principal topics:

· analysis of emerging contaminants in wastewaters, including toxicity issues,
· occurrence of emerging contaminants in wastewaters
· wastewater treatment technologies.
Executive summary will be published in TrAC Trends in Analytical Chemistry, In Press, Corrected Proof, Available online 6 June 2007
Damià Barceló and Mira Petrovic,Under the analytical spotlight, contaminants emerge: Report on the 2nd EMCO Workshop “Emerging Contaminants in Wastewaters: Monitoring Tools and Treatment Technologies” held in Belgrade, Serbia, 26 and 27 April 2007
The full papers presented at the workshop will be published in a special issues Trend in Analytical Chemistry (Elsevier). 
Scientific publications:
Book: 1 (in press)
Book chapters: 3 + 7 (submitted)

Papers (SCI) 28 + 11 (submitted)

Presentations at international and national symposiums

Oral: 47

Poster 42
Publishable results

Main project results

	No.
	Self-descriptive title of the result

	1
	Analytical methods

Various analytical methods have been developed for the determination of different classes of pharmaceuticals and adjusted to the complex matrix wastewater (WW). Methods permitting detection of pharmaceuticals at low levels in complex matrices are prerequisite for proper risk assessment. 

Application of these methods in monitoring of European waste, surface and drinking water resulted on a broad database of these class of pollutants.

More detailed information can be obtained by reading the various papers published and cited under scientific results.

M.José Gómez, M. Petrovic, A.R. Fernández-Alba, D. Barceló, Determination of pharmaceuticals of various therapeutic classes  by SPE-LC-MS/MS in hospital effluent wastewaters, J. Chromatog. A 1114 (2) (2006) 224-233

M. Gros, M. Petrovic and D. Barceló, Development of a multi-residue method for the analysis of pharmaceuticals based on solid phase extraction and LC-tandem mass spectrometry in surface and wastewaters. Talanta 70 (2006) 678-690

Mira Petrovic, Merixell Gros, Damia Barcelo, Multi-Residue Analysis of Pharmaceuticals In Wastewater By Ultra Performance Liquid Chromatography – Quadrupole – Time of Flight Mass Spectrometry (UPLC-Q-TOF-MS), J. Chromatogr. A  1124 (2006) 68-81

S. Babić, D. Ašperger, D. Mutavdžić, A.J.M. Horvat and M. Kaštelan-Macan, Solid phase extraction and HPLC determination of veterinary pharmaceuticals in wastewater, Talanta 70(2006)732-738.

Peschka, M., Eubeler, J.P., Knepper, T.P.; Occurrence and Fate of Barbiturates in the Aquatic Environment. Environ. Sci. Technol. 40(23) (2006)  7200 – 7206
Senka Terzić and Marijan Ahel, Organic contaminants in Croatian municipal wastewaters, Archives of Industrial Hygiene and Toxicology (Arhiv za higijenu rada i toksikologiju), 57 (2006) 297-306.
 

	2
	Book Emerging Contaminants from Industrial and Municipal Wastewaters (Editors: D. Barcelo and M. Petrovic).  The Handbook of Environmental Chemistry” (series edited by Prof. Hutzinger)
The consortium has prepared a book for Springer-Verlag series “The Handbook of Environmental Chemistry” (series edited by Prof. Hutzinger) titled Emerging Contaminants from Industrial and Municipal Wastewaters (Editors: D. Barcelo and M. Petrovic).  The publication is planned for spring 2008. The book gives a comprehensive overview of the current state of the art of the analysis of emerging contaminants in wastewaters, sources and occurrence data, as well as an overview of different treatment options. 

The Handbook of Environmental Chemistry  (series editor  Prof. Hutzinger)
Emerging Contaminants from Industrial and Municipal Waste

Editors: D. Barcelo and M. Petrovic

Chapter 01: Emerging Contaminants in Waste Waters. Occurrence, Sources and Levels. M. Ahel, S. Terzic ( IRB), M. Petrovic, D. Barcelo (CSIC)
Chapter 02. Chemical analysis of emerging contaminants in wastewaters,  M. Gros, M. Petrovic, D. Barcelo (CSIC)

Chapter 03:  Removal of Emerging Contaminants in Wastewater Treatment.
3.1. Conventional Activated Sludge Treatment. T. Knepper, (EFF)
3.2. Removal by MBR, J. Radjenovic, M. Petrovic (CSIC),  M. Matosic, I. Mijatovic (PBF)

3.3. Removal by NF and RO, B. Kunst, K. Kosutic (FKIT)
3.4. Removal by Ozonation and other oxidative processes (AOP) (A. Fernandez-Alba, University of Almeria) 
3.5. Removal by Photocatalytic Processes. (S. Malato, CIEMAT)
3.6. Wetlands for the treatment of wastewaters V. Matamoros, J.M. Bayona CSIC)

3.7. Artificial recharge of wastewaters for the removal of emerging contaminants, S. Diaz-Cruz, D. Barcelo (CSIC)

3.8. Advanced sorbent materials for the treatment of wastewaters, P. Jovancic, M. Radetic (TMF)
Chapter 04: Acute and Chronic Effects of emerging contaminants in wastewaters, T. Smital, (IRB), S. Canna Michaelidou (SGLEnv)
Chapter 05. Treacability  of emerging contaminants form wastewater to drinking water,  F. Ventura (AGBAR)
Chapter 06: Impact of Emerging Contaminants in the Environment. Environmental Risk Assessment. (J. Blasco, CSIC)
Chapter 07: Current and future legislation in Europe and USA, D. Barcelo (CSIC) 

* in bold letters – participants of EMCO



	3
	Membrane bioreactor (MBR) - data regarding elimination of pharmaceuticals and other emerging contaminants 
A Membrane Bio Reactor pilot plant has been constructed using three A4 unit of Kubota submerged membranes (Type 203) with a total surface of 0.33m2. Biological basin equipped with an automatic level control has an adjustable volume settable between 20Land 30L. This low cost Membrane bioreactor has been successfully tested in the laboratory and at field. Data regarding elimination of multi-class pharmaceuticals are obtained and based on the results obtained the management of the EMCO industrial partner (pharmaceutical industry Bosnalijek, Sarajevo, Bosnia and Herzegovina) decided the construction of a full scale plant (30 m3/d with future possible expansion to 60m3/d). 
Main findings are published in:

J. Radjenovic, M Petrovic and D Barceló, Analysis and removal of pharmaceuticals in wastewater using a membrane bioreactor, Anal. Bioanal. Chem. (387 (2007) 1365-1377
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