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Summary 

The objective of the IPPC Directive 96/61/EC is to prevent or reduce industrial emissions into the environment. Article 14 demands the monitoring of releases affecting the environment. 

In support of the IPPC Directive, analysis methods for organic micropollutants in water samples were developed, optimized, and validated. The procedures can be subdivided in different analytical lines:

(
Polar water-soluble substances like phenols, acids, sulfonates, dyes, drugs, amines, 
surfactants, pesticides are analysed by solid-phase extraction (SPE) followed by liquid 
chromatography-mass spectrometric (LC-MS) detection. 
(
Volatile compounds like benzene, toluene, chloroform, methylenechlorid, naphthalene, 
etc. are analysed by headspace gas chromatography/mass spectrometry (GC-MS). 
(
Unpolar semivolatile contaminants such as unpolar pesticides (DDT), polyaromatic 
hydrocarbons (PAHs), phthalates, chlorobenzenes, hydrocarbons, and PCBs are 
analysed by C18-SPE followed by GC/MS. 
(
Physical and sum parameters like pH, turbidity, DOC, TOC, color, etc. 
For the polar to medium-polar compounds, sample clean-up and group separation are performed with a newly developed sequential SPE procedure using automated SPE with C18 and polymeric sorbent materials. The compounds are divided by this procedure in three different polarity classes. More then 80 standard compounds of environmental interest have been chosen for the experiments. The extraction recovery values were for most of the compounds in the range of 50-100 %. Analyses are performed by negative and positive electrospray ionization (ESI) LC-MS using a single quadrupole system. Due to interfering matrix substances, detection of nonylphenol (NP) in real water samples was possible only after the SSPE procedure. 

Moreover, normal SPE of water samples was thoroughly studied for the extraction of dyes, pesticides, phenols, aromatic sulfonates, and the endocrine disrupting alkylphenolic compounds nonylphenol (NP), octylphenol (OP), bisphenol A (BPA), and nonylphenoxy-acetic acid (NPE1C). C18 adsorbs most of the compounds at neutral pH, however very polar substances are only adsorbed by polymeric sorbents. The importance of the choice of the right elution solvent was pointed out. Ethylacetate was the best suited organic solvent for the elution of nonpolar compounds like alkylphenols (APs). In contrast, methanol and acetone are well suited for the elution of polar compounds. 

The developed analysis methods have been tested by analysing different water samples like effluents from wastewater treatment plants (WWTPs), and the corresponding receiving waters (rivers and lakes) and the good performance has been shown. The Lariana Depur WWTP „Alto Seveso“ in Fino Mornasco (Italy) showed good treatment performance. Industrial pollution was observed in the Italian rivers Seveso, Olano, Lura, Guisa, and Pudiga. 
1. Introduction 

The IPPC (Integrated Pollution Prevention and Control) Directive 96/61/EC [1] is being implemented in all European countries. This involves the definition of „Best Available Techniques (BATs) for several industrial processes. The objective is to prevent or reduce industrial emissions into the environment. Article 14 demands the monitoring of releases affecting the environment. Annex III gives a indicative list of the main polluting substances. A recent updated list of priority substances in the field of water policy provides Decision No. 2455/2001/EC [2], which is Annex X to the Water Framework Directive 2000/60/EC (see Annex 1) [3]. 

Environmental trace analysis of priority organic pollutants usually is performed by gas chromatography-mass spectrometry (GC-MS) or liquid chromatography-mass spectrometry (LC-MS) detection techniques after extraction of the samples by liquid-liquid- (LLE) or solid-phase extraction (SPE). LC-MS is increasingly used for the analysis of polar water-soluble compounds [4-9]. 

Of special interest are polar hydrophilic environmental pollutants because they are readily soluble in water and therefore pose several problems for fresh water systems and the supply of clean drinking water. They are difficult to remove during water treatment processes. In contrast, the more nonpolar water components are usually well removed in wastewater treatment plants (WWTPs) due to their adsorption to soil organic matter. 

Prior to the instrumental analysis, the same attention has to be paid to the sample preparation, extraction and clean-up procedures. Nowadays, SPE is the preferred extraction procedure in environmental analytical chemistry. However, the analysis of polar hydrophilic compounds is still in its infancy and not yet routine work, little is know about the environmental behaviour of these compounds [10,11]. 

Of special interest is the environmental fate of the metabolites of alkylphenol ethoxylate (APEO) surfactants because of the potential effects of these compounds as endocrine disrupters [12-15]. Due to its endocrine disrupting potential, nonylphenol (NP) and octylphenol (OP) have been included in the list of priority substances in the field of water policy which is part of the Water Framework Directive of the European Commission (EC) [2,3]. 

The objective of this work is the establishment of analysis methods for the monitoring of organic priority micropollutants in the European textile industry and the corresponding receiving waters to access the impact of the industries on the environment. The knowledge of the priority pollutants present in the effluents of textile plants or the corresponding waste water treatment plants is the first step in the development and improvement of the water treatment processes. 

2. Experimental section

2.1. Solid-phase extraction (SPE)

SPE for the concentration of water samples was performed automatically using an AutoTraceTM SPE workstation (Tekmar®, Cincinnati, Ohio, USA). Isolute ENV+ (200 mg, 6 ml), Isolute C18-endcapped (500 mg, 6 ml) from International Sorbent Technology (IST, Cambridge, U.K.), Oasis HLB (200 mg, 6 ml, Waters, Milford, MA, USA), and LiChrolut EN (500 mg, 6 ml, Merck, Darmstadt) SPE cartridges were used. 

Simple one-step SPE procedures were performed with C18, Oasis HLB, LiChrolut EN, or Isolute ENV+ cartridges for different analytes. The cartridges were treated as reported beneath for the SSPE procedure. Elution was performed at a flow-rate of 1 ml/min (AutoTrace elute air push 5 ml/min) testing different elution solvents and volumes. 

Sequential solid-phase extraction (SSPE) for polar compounds
First, the water is passed at its actual neutral pH through the C18 cartridges, the percolated water is collected with the help of teflon tubes and then this water after addition of 10 mM ion-pairing reagent/acetic acid further extracted by ion-pair SPE using Oasis HLB columns (Figure 1). The ion-pairing reagents used were triethyl- and tributylamine (TEA, TBA). Acidification with 500 µl formic acid (pH 3) resulted in higher recoveries. 

Both the C18 and Oasis HLB sorbents are activated and conditioned first with 5 ml methanol and 5 ml water at a flow-rate of 5 ml/min. The sorbents are not allowed to dry, and subsequently the water samples (between 200-400 ml) passed through the cartridges at a flow-rate of 5 ml/min. After this loading step the columns are rinsed with 2 ml water (flow 3 ml/min) for the removal of interfering substances, and then the cartridges completely dried during 30 min using nitrogen at 0.6 bar. 

Elution of the C18 cartridges is first performed with 2 x 3 ml hexane/dichloromethane (3:1) giving the first nonpolar fraction. The vials are exchanged and the cartridges subsequently eluted with 2 x 3 ml methanol/acetone/ethylacetate (2:2:1) containing 0.1% formic acid yielding fraction two. The third polar fraction of the water samples is obtained from the Oasis HLB cartridges by elution with 2 x 3 ml methanol/acetone (Figure 1). 

The evaporation of the samples with nitrogen is performed at a temperature of 40°C in a water bath using a TurboVap® II Concentration Workstation (Zymark, Hopkinton, MA, USA). The first fraction of the SSPE procedure has to be evaporated to dryness because hexane/dichloromethane is not compatible with LC. The analytes are redissolved in ethylacetate. 

C18-SPE procedure for unpolar semivolatile pollutants

Sample pretreatment: The water is adjusted to pH 2 with 6N hydrochloric acid. To remove the particles, the water is decanted into another 1l bottle, followed by the addition of 10 ml 2-propanol and the internal standard (200 µl of Supelco mix 4-8902, 25 µg/l). 

Conditioning of the SPE cartridges: The C18 cartridges (IST Isolute C18, EC, 500 mg/6.0 ml) are conditioned with 10 ml 2-propanol and 10 ml Milli-Q water. 

Sample extraction: The system lines are rinsed with 50 ml sample, then 950 ml sample are loaded on the cartridges (flow 15 ml/min). After the loading, the cartridges are washed with 10 ml water, and dryed for 15 min with nitrogen. 
Elution: The cartridges are eluted 2 times with 2 ml acetone/ethylacetate (1:1, v/v).

Evaporation: With nitrogen to 0.5 ml (Turbovap). 

2.2. Liquid chromatography-mass spectrometry (LC-MS)

All experiments were done on an Agilent (Waldbronn, Germany) 1100 Series LC-MSD (bench-top single quadrupole system) that was comprised of a binary pump, vacuum degasser, autosampler, thermostated column compartment with column switching valve, diode-array detector and LC-MSD equipped with an orthogonal interface and a standard atmospheric-pressure ionization (API) source. Electrospray ionization (ESI) in the negative and positive mode was used for detection. LC separations were performed with Superspher 100 RP-18 (250 or 125 mm x 2 mm, 4 µm particles) columns of Merck (Darmstadt, Germany). Eluants for most of the separations were (A) water containing 0.1 % acetic acid (pH 3.5) and (B) acetonitrile. For the separation of APEOs, aromatic amines, and aromatic sulfonates special chromatographic conditions have to be used (see below). For the 125 mm column a linear gradient from 20 to 90 % acetonitrile in 30 min and back to 20 % in 5 min at a flow rate of 0.3 ml/min was used, for the 250 mm column the time was 40 min and the flow 0.4 ml/min. The injection volume was 1 or 2 µl, and was performed automatically by the autosampler. The optimized standard MS parameters were: nitrogen drying gas flow 10 L/min; drying gas temperature 350°C; nebulizer pressure 40 psi; capillary potential 3500 V; fragmentation potential 90 or 100 V. The gain was set to 10. Complete system control and data evaluation was done on the Agilent ChemStation for LC-MS. External calibration was used for quantifications. 

Aromatic sulfonates were separated with ion-pair chromatography using volatile tributyl-amine (TBA) as ion-pairing reagent. Eluants were (A) water/acetonitrile (80:20) and (B) acetonitrile/water (80:20) both with 5 mM TBA and acetic acid [16]. The gradient used was: 100 % A for 3 min, then to 70 % B in 20 min, to 20 % B in 5 min, back to 100 % A in 5 min, which was held for 3 min for equilibration. A flow of 0.3 ml/min was used also for the 250 mm Superspher RP-18 column in this case. 
APEOs were detected as their NH4+ adduct ions (Table 1) [17,18], 20 mM ammonium acetate was added to both the water (A) and the acetonitrile (B) phase. Linear gradient: 20 to 90 % B in 25 min, 90 % B was held for 5 min, back to 20 % B in 5 min, which was held 5 min for equilibration. Column: Superspher RP-18 (250 mm x 2 mm), flow 0.4 ml/min. MS fragmentation potential 60 V. 
LC separation of aromatic amines was performed with a Synergi Polar-RP column (Phenomenex, Torrance, CA, USA, 150 x 2 mm, 4 µ). The water phase (A) was buffered with 10 mM ammonium acetate (pH 6.8). Linear gradient: 10 to 80 % B (acetonitrile) in 25 min, 80 % B was held for 5 min, back to 10 % B in 5 min, which was held for 5 min for equilibration; flow 0.3 ml/min. 
2.3. Headspace GC-MS analysis for volatile compounds

Headspace GC-MS analysis is performed with a HP 6890 GC and a 5973 GC-MSD (Agilent), using a Gerstel (Mülheim an der Ruhr, Germany) CIS 4Plus cooled injection system and a Gerstel multipurpose MPS2 autosampler. A capillary GC column DB-VRX (J&W, 30 m, 0.32 mm i.d., film thickness 1.8 m) is used. The experimental conditions are shown in the following table: 

	GC
	MS
	Gerstel Autosampler
	Gerstel injection system

	Temp. start 40ºC

hold for 10 min
	Mass range 35-500
	Sample volume 1.5 ml
	Equilibration time 0.2 min

	Rate 8ºC/min
	Solvent delay 1.0 min
	Incubation temp. 60ºC
	Initial temp. - 40ºC

	Final temp. 200ºC
	Source temp. 230ºC
	Incubation time 20 min
	Initial time 0.15 min

	hold for 5 min
	Quad temp. 150ºC
	Syringe temp. 70ºC
	Rate 12ºC/min

	Transfer line
	
	
	Final temp. 200ºC

	temp. 230ºC
	
	
	Final time 3 min


Table 6 gives the standard list of 60 volatile priority compounds which are routinely measured by headspace GC-MS. In addition, non-target analysis of unknown compounds is possible by the use of GC-MS spectral libraries. 

Sample preparation is very simple for this analysis method. To 15 ml water sample NaCl-salt and the internal standard are added, the vial is put into the autosampler and the sample automatically injected from the headspace into a GC with cooled injection system. The analysis time is 25 min. Quantification is performed by 
isotope dilution with deuterated or C13 internal standards. The detection limits are between 0.1 - 0.5 µg/l. 
2.4. GC-MS analysis for unpolar semivolatile pollutants

GC-MS is performed with a 6890N GC, 7683 autosampler, and a 5973 MSD mass spectrometer (Agilent) using a Gerstel PTV injector. Injection program: 60°C, initial time 0.02 min, rate 12°C/sec, final temp. 350°C, final time 4 min, cryo on (Peltier), equilibration time 0.5 min, splitless time 1 min. The column is a HT-8, 8 % phenyl-polysiloxane-carborane (SGE, Austin, Texas, USA, 25 m, 0.22 mm i.d., 0,25 µm film), carrier gas: helium 12.3 psi, injection volume 1 µl, GC temperature program: 60°C (1 min), rate 10°/min, final temp. 350°C (5 min), GC runtime 30 min, interface 300°C, MS parameters: source 230°C, 70 eV EI ionization, full scan mode 35-500, 3 min solvent delay time. 

2.5. Physical and sum parameters

The pH, conductivity, turbidity, dissolved oxygen, and the temperature are measured with a multi-parameter water probe U-22 (Horiba, Sulzbach, Germany). 

The Dissolved Organic Carbon (DOC) and Total Organic Carbon (TOC) are measured with a TOC-5000 A Total Organic Carbon Analyzer (Shimadzu, Milano, Italy) using the European-DIN norm 1484 [19]. These parameters can be used as sum-monitoring parameters of organic water pollution. 
The spectral absorption coefficient SAK (254 nm) and the color at 436 nm are measured with a Cadas 200 UV/VIS- spectrophotometer (Dr. Lange, Duesseldorf, Germany). 
3. Results and discussion

3.1. Liquid chromatography-mass spectrometry

Analyses are performed by reversed-phase liquid chromatography (RP-LC) followed by electrospray ionization (ESI) mass spectrometry (MS) detection using an atmospheric-pressure ionization (API) source in the negative or positive ionization mode. 

HPLC is performed with 2 mm i.d. columns (“micro-LC”) with 4 µm particles. The advantage of micro-LC are reduced reagent, solvent, and sample consumption, reduced cost, improved analyses speed, sensitivity and separation efficiency. The flow rate was between 0.25-0.4 ml/min, the injection volume 1-2 µl. 
Sensitivity of LC-MS-analysis is dependent on the ionization efficiency which is typically a compound-dependent parameter influenced by the basicity or acidity of any single compound. Table 1 gives the absolute instrument sensitivity of the bench-top quadrupole LC-MS for all single compounds, at an injection volume of 1 µl and a signal-to-noise ratio of approx. 3 (S/N=3). Some phenols like phenol (pKa 9.9), 2,4-dichlorophenol (pKa 7.6), 2,4-dimethylphenol (pKa 10.5), and 2-chlorophenol (pKa 8.1) have due to their relatively low acidity a small ionization efficiency by ESI. Some dyes like Malachite Green or Indigo Blue were not detected by ESI. 

The number of solvents and additives that can be applied for LC-MS is limited. Usually, for LC-MS water, acetonitrile and methanol are used. The buffers are ammonium acetate or formate which are adjusted to the preferred pH with ammonium hydroxide or acetic or formic acid [20]. In this work acetonitrile was used as organic phase. With RP-C18 columns the pH of the water phase should be acidic for the protonation of the silanol groups. Usually, 0.1 % acetic acid was used (pH 3.5). 

Very polar compounds like aromatic sulfonates have a low retention by normal LC; they are separated by ion-pair chromatography using volatile tributylamine (TBA) as ion-pairing reagent [16]. 

APEOs form strong complexes with small cations; they are detected as their NH4+ adduct ions (Table 1); 20 mM ammonium acetate was added to the water and acetonitrile phase [17,18]. Quantitative results for individual APEOs should be interpreted with caution because of variations in the oligomer distribution, and different response factors of individual oligomers depending on the number of ethylene oxide groups [21]. NPE1O and OPE1O have a lower sensitivity than NPE2O and OPE2O [22]. 

LC separation of aromatic amines cannot be performed with conventional C18-HPLC columns. Severe retention problems and peak-tailing of these basic compounds were observed. Special inert or polymeric columns have to been used. A Synergi Polar-RP column showed good separation results (sharp peaks) for these compounds. The water phase is buffered with 10 mM ammonium acetate. The advantage of buffering the mobile phase is maintaining a constant pH during the analysis, which for ionisable compounds is important to obtain reproducible and robust analyses [23,24]. 
The atmospheric pressure chemical ionization (APCI) interface was checked for the detection of phenols [25-27] and aromatic amines. Only a slight sensitivity difference for some compounds was observed. 

The method limit of detection (LOD) or quantification (LOQ) of environmental analytical methods has to be determined by applying the whole analytical extraction and detection procedure to blank samples [28]. The LOD was determined by blanks from the solvents, cartridges and laboratory material used and the baseline-noise of the detector. With the automatic AutoTraceTM SPE workstation acceptable blank-value dependent LODs < 10 ng/l were achieved for the combined SSPE-LC-MS procedure. Elevated blank-values only were observed for the omnipresent linear alkyl benzenesulfonates, LAS (e.g. dodecyl-benzenesulfonate, m/z 325, LOD ~ 0.1 mg/l). The LODs were determined by the formula: LOD = blank-value + 3 ( RSD of the blank-value. 

3.2. Solid-phase extraction

SPE was investigated thoroughly for the isolation of phenols, aromatic sulfonates, dyes, and  APs. For the recovery experiments different water types (tap, Milli-Q, and lake water) were used, different SPE cartridges were tested, various organic solvents examined for the elution of the compounds, the elution volume optimized, and the evaporation of the analytes investigated. Moreover, the recoveries were evaluated at different spike concentrations. 

The results for the different compound classes are summarised in the following:

· The best sorbents for tracking polar compounds are Oasis HLB and LiChrolut EN.

(
Elution of polar compounds like sulfonates or dyes (Table 2) is best performed with polar 
solvents (acetone, methanol), not with ethylacetate. 

(
Ion-pair SPE is a well suited method for the extraction of aromatic sulfonates. TEA or 
TBA were used as ion-pairing reagent. Higher recoveries were obtained by further 
acidification with formic acid (pH 3). 

(
Due to the nonpolar character of NP and OP reversed-phase materials (C18) as well as 
polymeric styrol-divinylbenzene (SDB) are well suited sorbents for their extraction (Table 3 + Table 4).

(
Adsorption of APs with a lipophilic side-chain is easy, the bigger problem is the 
desorption of the compounds from the cartridge. 

(
The choice of the best suited organic solvent for elution of the compounds is crucial. It 
could be shown that ethylacetate has a higher eluting power for the lipophilic APs than 
the usually used polar solvents methanol or acetone (Table 3). 

(
Also mixtures of acetone or methanol with ethylacetate, hexane, or dichloromethane can 
be used. However, the disadvantage of hexane and dichloromethane is that these 
nonpolar solvents are not compatible with LC. Nonpolar solvents are strongly 
recommended for the elution of APs. 

The fact that the choice of the right elution solvent is very important for successful SPE methods was also shown for dyes (colorants). Quantitative recoveries were obtained with C18 and Oasis HLB using methanol/acetone elution. With methanol/acetone/ethylacetate the recoveries were significant worse. C18 didn’t adsorb the two most polar compounds, acid red 1 and acid orange 6 (Table 2). 

The SPE results for the isolation of APs have been submitted for publication in the Journal of Chrom. A [29]. 

3.3. Sequential solid-phase extraction

Precise analytical results are dependent on a successful combination of sample preparation, chromatographic separation, and analytical detection. Interfering matrix compounds make a thorough sample preparation as well as sophisticated chromatographic separation often essential for reliable quantitative results, also if selective and specific mass spectrometric detection is used. 
Ion suppression is a well known LC-MS-effect, which is induced by coeluting matrix components that can have a dramatic effect on the intensity of the analyte signal [20,30,31]. 

Because of this matrix problems, a sequential solid-phase extraction (SSPE) method was developed for the analysis of water samples (Figure 1). The aim of this procedure is to achieve a group separation (fractionation) of the complex mixture of compounds. First, most of the compounds are adsorbed at neutral pH on a C18 (end-capped) cartridge. Only the most polar substances (e.g. sulfonates, smaller carboxylic acids) are not adsorbed on C18; they are extracted in a second adsorption step with a polymeric adsorbent material (Oasis HLB) by ion-pair extraction using 10 mM tributylamine/acetic acid and 500 µl formic acid (pH 3), yielding the 3rd fraction. Higher recoveries were obtained with the addition of formic acid. The use of end-capped C18-phases ensures that polar compounds completely pass the C18 cartridge. Nonpolar compounds (like NP) are eluted in a 1st fraction from the C18 cartridge using hexane/dichloromethane (3:1) elution. The rest of the compounds are eluted from the C18 cartridge in the 2nd fraction using a methanol/acetone/ethylacetate mixture. The recovery values for all single compounds in the 3 different fractions are given in Table 5. The recoveries were for most of the compounds between 50 – 100 %. The first fraction only contains the most nonpolar compounds NP, OP, 2,4,6-trichlorophenol, PCP, and chlorpyrifos. Most of the compounds are eluted in fraction 2, fraction 3 contains the most polar compounds: aromatic sulfonates, nitrophenols, smaller carboxylic acids, and some dyes.  The smallest most polar aromatic amines were not recovered in the 2nd fraction. They have to be extracted by ion-pair extraction using negative ion-pairing reagents. 

The advantage of this SSPE procedure is the group separation of the compounds. The different compound classes are subdivided into 3 different fractions which makes their analytical determination much easier. Otherwise coeluting interfering compounds can be a problem during the chromatographic separation and MS-detection. E.g., successful detection of NP in real water samples was only possible after this SSPE procedure which discriminates interfering matrix components (see Figure 2). APs were eluted in a first nonpolar fraction from C18. 

3.4. Analysis of real water samples

The performance of the developed procedures was checked by the analysis of different real water samples. 

The water samples were not filtered, but decanted to remove the particles. Then, the samples were extracted by the developed SSPE procedure (400 ml for fraction 1 and 2, 300 ml for fraction 3). The different fractions were analysed by LC-ESI-MS in the positive and negative scan-mode, and by positive and negative selected ion monitoring (SIM) detection applying the masses of the known priority substances for which standards were available. A retention time comparison was performed with these standards. A target compound was declared to be identified when the retention time and the peak shape matched exactly with the standard. The reported values are minimal concentrations because they were not corrected with the SPE recovery rates.

3.4.1. LC-MS analyses

A first sampling campaign to a Textile WWTP in Fino Mornasco close to Como (Italy) was undertaken on the 19.07.2001. Samples were taken before and after (effluent) the ozonation step of the WWTP. Also the water of the small stream in which the plant discharges was examined before and after the WWTP. The substances which have been found are shown in Annex 2. The concentrations of the compounds in the effluent of the plant were nearly exactly the same as in the river after the plant, as the volume flow of the small stream before the plant was very small. Higher pollutant concentrations were found in the small stream before the WWTP than in the effluent of the plant. This shows direct discharges into the river. 

A disadvantage of LC-MS is that the scan-mode is relatively unsensitive. Therefore, only very high concentrated substances can be detected in this mode, e.g. LAS surfactants (see Figure 3). 

In the positive scan-mode some peaks were detected, but the masses could not be matched to known substances. The chromatograms showed clearly that the ozonization step destroys some compounds, but also that the WWTP contributes to the pollution of the river. Some substances were formed during the ozonation step, too. 
Another sampling campaign was carried out on the 23.10.2001 in the area of Milano (Italy). Eight samples (Annex 3) were taken from different rivers, 7 samples in the north, 1 sample in the south of Milano (NM4). Fraction 1 was wrongly eluted with ethylacetate, not with hexane/dichloromethane. Therefore, NP could not be quantified in these samples. Under this conditions, the interfering matrix background was too high for the detection of NP. 

The substances identified in these water samples by SSPE-ESI-LC-MS are reported in Annex 4. Some phenols, aromatic sulfonates, one dye (Uniblue A), pharmaceuticals, LAS- and APEO-surfactants, and the NPEO-metabolite NPE1C were identified. The three most polluted samples were NM4 (south of Milano), NM6, and NM8. Especially high surfactant concentrations have been found in these samples. 

In the positive scan mode in sample NM8 the masses 287, 230, 315, 302, 343, 272, 304, 371, and 399 were detected (Figure 4), but could not be identified. 

A third sampling campaign was carried out on the 12.02.2002 along the river Seveso north of Milano (Annex 5). RS1 is the sample taken most upstream close to the origin of the river, and RS8 the most downstream sample. Annex 6 gives the results for the polar contaminants found in this river samples. The cleanest water sample was the most upstream sample RS1, however LAS-surfactants were found in this sample. A clear pollution increase was observed more downstream indicating industrial and domestic discharges into the river.  

3.4.2. Physical characterisation and sum parameters

Annex 7 gives the physical and sum parameters measured in the water samples of the river Seveso. The TOC and DOC values of sample RS1 were significant lower than in the more downstream samples. The highest DOC and TOC values were found in the samples RS 4 and 5. 

3.4.3. C18-SPE GC-MS analysis of unpolar semivolatile contaminants

Annex 8 gives the analysis results for the unpolar semivolatile compounds found in the water samples of the river Seveso. Only hydrocarbons and phthalates were identified. The rivers Olano, Lura, Guisa, and Pudiga were higher polluted (Annex 9). Many PAHs, chlorinated benzenes, and pesticides were found. The most polluted samples were NM 4, 6 and 8. The results for phthalates have to be interpreted with caution because of laboratory blank problems for this compounds. 

3.4.4. Headspace GC-MS analyses

Annex 10 and Annex 11 give the results for the volatile contaminants found in the water samples. 

4. Conclusions and Outlook

In support of the IPPC Directive, analysis methods for organic micropollutants in water samples were developed, optimized, and validated. 

A multi-component analysis method for polar to medium-polar water pollutants was developed, consisting of sequential solid-phase extraction (SSPE) followed by liquid chromatography-mass spectrometry (LC-MS) detection. The scope of this method is the possibility to analyse as many compounds and substance classes as possible. The importance of the use of advanced clean-up and SPE procedures was pointed out as the detection of nonylphenol in real water samples only was possible after the SSPE clean-up procedure. 

Volatile compounds are routinely analysed by headspace GC-MS, and unpolar semivolatile contaminants by C18-SPE followed by GC-MS. Moreover, physical and sum parameters are measured. 
The developed analysis methods have been tested by analysing different water samples like effluents from wastewater treatment plants (WWTPs), and the corresponding receiving waters (rivers and lakes), and the good performance has been shown. The Lariana Depur WWTP in Fino Mornasco (Italy) showed good treatment performance. Industrial and domestic pollution was observed in the rivers Seveso, Olano, Lura, Guisa, and Pudiga. 
The work plan for the upcoming work-period is the monitoring and the physical-chemical characterisation of
 textile (water treatment plant) effluents and the corresponding receiving waters from the 10 selected textile industries in Italy and Belgium (in cooperation with eco-toxcological characterisations performed by Vito, Belgium) to access their impact on the environment. 
Table 1. Priority organic compounds measured by ESI-LC-MS. Column Superspher RP-18 (250 mm x 2 mm), flow 0.4 ml/min; aromatic amines: Synergi Polar-RP column (150 x 2 mm), flow 0.3 ml/min; italic ret. times: ion-pair chromatography with TBA/acetic acid, flow 0.3 ml/min; experimental details: see experimental part. 
	Retention

Time
	Compounds
	m/z (neg.)
	m/z (pos.)
	Molecular Weight
	Sensitivity [pg]

	
	Alkylphenolic compounds (EDCs)
	
	
	
	

	17.1
	Bisphenol A
	227
	
	228
	50

	25.6
	NPE1C, Nonylphenoxyacetic acid
	277
	
	278
	20

	25.6
	NPE1C (d2)
	279
	
	280
	20

	26.8
	OPE1C, Octylphenoxyacetic acid
	263
	
	264
	30

	28.3
	Nonylphenol, technical mixture
	219
	
	220
	50

	31.6
	4-n-Nonylphenol (d8)
	227
	
	228
	50

	29.4
	Octylphenol
	205
	
	206
	50

	23.8
	OPE1O, Octylphenolmonoethoxylate
	
	268
	250
	100

	24.5
	OPE2O, Octylphenoldiethoxylate
	
	312
	294
	5

	1.1.1. 29.0
	1.1.2. NPE1O, Nonylphenolmonoethoxylate
	
	282
	264
	300

	29.0
	NPE1O (d2)
	
	284
	266
	300

	28.0
	NPE2O, Nonylphenoldiethoxylate
	
	326
	308
	10

	
	Phenols
	
	
	
	

	7.8, 10.4
	Phenol
	93
	
	94
	1000

	9.9
	3-Chlorocatechol
	143
	
	144
	50

	11.5, 12.3
	Nitrophenol
	138
	
	139
	3

	12.2, 15.2
	2,4-Dinitrophenol
	183
	
	184
	10

	13.3, 16.1
	2-Chlorophenol
	127
	
	128
	5000

	15.4
	3,4-Dichlorocatechol
	177/179
	
	180
	100

	16.8
	2-Methyl-4,6-dinitrophenol
	197
	
	198
	1

	16.9
	4-Chloro-3-methylphenol
	141
	
	142
	10

	18.1
	3-tert-Butylphenol
	149
	
	150
	50

	19.1
	2,4-Dichlorophenol
	161
	
	162
	500

	20.6
	2,4,6-Trichlorophenol
	195
	
	196
	20

	21.6
	2,4,6-Tribromophenol
	331, 333
	
	330
	30

	24.3
	PCP
	265
	
	264
	5

	
	2,4-Dimethylphenol
	n.d.
	
	122
	-

	
	Hydrochinone
	n.d.
	
	110
	-

	
	3,4,5-Trichlorocatechol
	n.d.
	
	214
	-

	
	2-Bromophenol
	n.d.
	
	173
	-

	
	Aromatic Sulfonates
	
	
	
	

	6.6
	Benzenesulfonate
	157
	
	157
	30

	9.2
	1,5-Naphthalenedisulfonate
	287
	
	286
	200

	9.8
	Anthraquinone-1,5-disulfonate
	367
	
	366
	200

	10.7
	1-Amino-2-naphtholsulfonate
	237
	
	237
	200

	10.9
	p-Toluenesulfonate
	171
	
	171
	30

	12.0
	1,3,6-Naphthalenetrisulfonate
	367
	
	365
	200

	13.1
	4-Chlorobenzenesulfonate
	191
	
	191
	20

	13.8
	2-Amino-1-naphthalenesulfonate
	222
	
	222
	30

	14.3
	2-Naphthalenesulfonate
	207
	
	207
	10

	16.1
	Anthraquinone-2-sulfonate
	287
	
	287
	20

	17.2
	Anthraquinone-2,6-disulfonate
	367
	
	366
	200

	16.3
	Dodecylbenzenesulfonate (C12-LAS)
	325
	
	325
	20

	
	Pharmaceuticals
	
	
	
	

	14.6
	Carbamazepine
	
	237
	238
	5

	17.5
	Benzafibrate
	360, 274
	
	361
	5

	21.3
	Diclofenac
	294, 250
	296
	296
	5

	21.8
	Ibuprofen
	205, 159
	
	206
	5

	23.1
	Gemfibrozil
	249
	
	250
	5

	
	Dyes
	
	
	
	

	15.8
	Acid Red 1
	464
	
	466
	40

	16.1
	Sulforhodamine G
	529
	531
	531
	35

	10.1, 19.3
	Acid Orange 8
	341
	
	343
	20

	11.6, 21.8
	UniBlue A
	483
	
	485
	30

	13.0
	Acid Orange 6
	293
	
	295
	20

	16.3
	Disperse Blue 3
	
	297
	298
	400

	16.9
	1,4-Diaminoanthrachinone
	237
	239
	240
	20(+) 400(-)

	17.8
	Sulforhodamine B
	557
	559
	559
	35

	21.8
	7-Diethylamino-4-methyl-coumarin
	
	232, 254
	256
	2

	23.9
	Disperse Red 1
	
	315
	318
	10

	24.2
	Disperse Blue 14
	
	267
	268
	2

	
	Malachite Green
	n.d.
	n.d.
	348
	-

	
	Acid Orange 74
	n.d.
	n.d.
	423
	-

	
	Cibacron Brilliant
	n.d.
	n.d.
	910
	-

	
	Reactive Black 5
	n.d.
	n.d.
	904
	-

	
	Indigo Blue (syn. Vat Blue)
	n.d.
	n.d.
	264
	-

	
	Indigo Carmine
	n.d.
	n.d.
	422
	-

	
	Aromatic Amines
	
	
	
	

	2.8
	1,4-Diaminobenzene
	
	109
	108
	50

	3.9
	2-Aminophenol
	
	110
	109
	50

	5.2
	2,4-Diaminoanisole
	
	139
	138
	20

	5.4
	2,4-Diaminotoluene
	
	123
	122
	50

	8.1
	Aniline
	
	94
	93
	2000

	12.0
	2-Amino-4-chlorophenol
	
	144
	143
	500

	14.4
	4-Chloroaniline
	
	128
	127
	15000

	14.5
	Benzidine
	
	185
	184
	5

	16.9
	2-Aminonaphthalene
	
	144
	143
	100

	16.9
	3,3’-Dimethylbenzidine
	
	213
	212
	2

	17.0
	3,3'-Dimethoxybenzidine
	
	245
	244
	3

	17.4
	N,N-Dimethylaniline
	
	122
	121
	500

	17.7
	3,4-Dichloroaniline
	
	162, 164
	161
	15000

	19.2
	4-Aminobiphenyl
	
	170
	169
	100

	20.5
	3,3’-Dichlorobenzidine
	
	254
	253
	100

	20.1
	4-Aminoazobenzene
	
	198
	197
	5

	
	Pesticides
	
	
	
	

	8.9
	Atrazine-desethyl
	
	188
	187
	5

	13.1
	Bentazone
	239
	
	240
	10

	13.3
	Simazine
	
	202
	206
	5

	15.0
	2,4-D
	221, 161
	
	220/2
	10

	15.6
	MCPA
	199, 141
	
	200
	20

	16.2
	Carbaryl
	
	145
	202
	5

	16.3
	Atrazine
	
	216
	215
	3

	17.1
	Isoproturon
	205
	207
	208
	2

	17.2
	2,4,5-T
	255, 195
	
	254
	10

	17.2
	Dichlorprop
	233, 161
	
	234/6
	20

	17.3
	Diuron
	231, 233
	233
	234
	5

	17.6
	Mecoprop
	213, 141
	
	214
	20

	19.2
	Terbutylazine
	
	230
	229
	3

	19.4
	Propanil
	216
	218
	218
	5

	20.3
	Linuron
	
	249
	250
	5

	22.2
	Alachlor
	
	238, 162
	270
	5

	23.3
	Chlorfenvinphos
	
	359
	358
	5

	26.3
	Trifluralin
	
	336
	338
	50

	28.4
	Chlorpyrifos
	
	352
	350
	50

	1.1.3. NPEO (OPEO)
	1.1.4. Alkylphenolethoxylate Surfactants
	
	(+NH4)
	
	

	27.8 (25.2)
	NPE3O  (OPE3O)
	
	370 (356)
	352 (338)
	500 (300)

	27.7 (25.1)
	NPE4O  (OPE4O)
	
	414 (400)
	396 (382)
	200 (100)

	27.6 (25.0)
	NPE5O  (OPE5O)
	
	458 (444)
	440 (426)
	100 (50)

	27.5 (24.9)
	NPE6O  (OPE6O)
	
	502 (488)
	484 (470)
	100 (50)

	27.4 (24.8)
	NPE7O  (OPE7O)
	
	546 (532)
	528 (514)
	100 (50)

	27.3 (24.7)
	NPE8O  (OPE8O)
	
	590 (576)
	572 (558)
	100 (50)

	27.3 (24.6)
	NPE9O  (OPE9O)
	
	634 (620)
	616 (602)
	200 (100)

	1.1.5. 27.2 (24.5)
	1.1.6. NPE10O  (OPE10O)
	
	678 (664)
	660 (646)
	300 (200)

	27.1 (24.4)
	NPE11O  (OPE11O)
	
	722 (708)
	704 (690)
	400 (300)

	27.0 (24.3)
	NPE12O  (OPE12O)
	
	766 (752)
	748 (734)
	500 (500)

	26.9 (24.2)
	NPE13O  (OPE13O)
	
	810 (796)
	792 (778)
	800 (500)

	26.9 (24.1)
	NPE14O  (OPE14O)
	
	854 (840)
	836 (822)
	800 (700)

	26.8 (23.9)
	NPE15O  (OPE15O)
	
	898 (884)
	880 (866)
	800 (800)


Table 2. Recoveries of dyes from Milli-Q water. Neutral pH, Elution with 2 x 3 ml Methanol/Acetone. (n = 4). Concentration 2-5 µg/l. 
Positive Mode

	Analytes
	C18
	ENV+
	Oasis

	Sulforhodamine G
	110 (4)
	23 (6)
	110 (5)

	Sulforhodamine B
	105 (9)
	40 (0)
	115 (7)

	1,4-Diaminoanthrachinone
	105 (2)
	66 (9)
	109 (11)

	7-Diethylamino-4-methyl-coumarin
	104 (1)
	98 (13) 
	106 (9)

	Disperse Red 1
	102 (1)
	32 (6)
	103 (9)


Negative Mode

	Analytes
	C18
	ENV+
	Oasis

	Acid Red 1
	n.d.
	n.d.
	105 (10)

	Acid Orange 6
	3 (2)
	15 (2)
	107 (7)

	Sulforhodamine G
	114 (5)
	23 (1)
	110 (9)

	Sulforhodamine B
	109 (9)
	33 (2)
	114 (8)

	Acid Orange 8
	108 (5)
	32 (3)
	110 (9)

	UniBlue A
	102 (7)
	24 (3)
	107 (14)


Table 3. Recoveries of NP, OP, BPA, and NPE1C from 200 ml spiked lake and Milli-Q water with Isolute ENV+. Elution with 2 x 3 ml solvent. (n = 4). Spike concentration 5 µg/l. In brackets: relative standard deviations (RSD).  EA = ethylacetate. 

	Elution solvent
	EA
	MeOH
	Hexan/ DCM
	EA
	EA/-Acetone
	Acetone

	Water type
	Lake water
	Milli-Q water

	BPA
	97 (3)
	29 (3)
	-
	100 (7)
	105 (6)
	72 (2)

	NP
	99 (4)
	64 (17)
	60 (14)
	95 (8)
	99 (8)
	65 (3)

	OP
	93 (3)
	31 (6)
	49 (7)
	85 (12)
	98 (7)
	62 (3)

	NPE1C
	6 (2)
	6 (2)
	-
	
	41 (6)
	


Table 4. Recoveries of NP, OP, BPA, and NPE1C from 200 ml spiked lake water. Comparison of Isolute ENV+ with C18, elution with 2 x 3 ml ethylacetate (n = 4). Spike concentration 5 µg/l. In brackets: relative standard deviations (RSD). 

	Analytes
	ENV+

(200 mg)
	C18

(500 mg)

	BPA
	97 (3)
	98 (5)

	NP
	99 (4)
	90 (5)

	OP
	93 (3)
	84 (7)

	NPE1C
	6 (2)
	86 (10)


Table 5. Recoveries of the SSPE procedure. Normal fond: negative ESI; Underline: positive ESI; Italic: ion-pair chromatography, negative ESI. In brackets: relative standard deviations (RSD), n =  4. [-] means “not detected”.

	Compound
	1. Fraction
	2. Fraction
	3. Fraction

	BPA
	-
	66 (9)
	-

	NPE1C
	-
	62 (10)
	-

	NPE1C d2
	-
	55 (8)
	-

	OPE1C
	-
	58 (7)
	-

	Nonylphenol, techn. mix.
	71 (15)
	13 (3)
	4 (1)

	4-n-Nonylphenol d8
	64 (11)
	-
	-

	Octylphenol
	57 (12)
	19 (4)
	-

	OPE1O
	9 (5)
	54 (6)
	-

	OPE2O
	-
	62 (4)
	-

	NPE1O
	12 (7)
	45 (8)
	-

	NPE1O d2
	10 (6)
	43 (7)
	-

	NPE2O
	-
	48 (6)
	-

	Phenol
	-
	-
	76 (9)

	3-Chlorocatechol
	-
	21 (7)
	24 (4)

	Nitrophenol
	-
	8 (1) 8 (2)
	62 (7) 65 (8)

	2,4-Dinitrophenol
	-
	1 (0)
	68 (8) 71 (8)

	2-Chlorophenol
	-
	-
	-

	3,4-Dichlorocatechol
	-
	19 (7)
	23 (8)

	2-Methyl-4,6-dinitrophenol
	-
	7 (3)
	66 (7)

	4-Chloro-3-methylphenol
	22 (6)
	45 (7)
	4 (1)

	3-tert-Butylphenol
	-
	51 (8)
	-

	2,4-Dichlorophenol
	-
	-
	-

	2,4,6-Trichlorophenol
	56 (17)
	14 (3)
	11 (5)

	PCP
	46 (8)
	33 (4)
	-

	Benzenesulfonate
	-
	-
	70 (8)

	1,5-Naphthalenedisulfonate
	-
	-
	73 (11)

	Anthraquinone-1,5-disulfonate
	-
	-
	60 (6)

	1-Amino-2-naphtholsulfonate
	-
	72 (15)
	-

	p-Toluenesulfonate
	-
	-
	74 (8)

	1,3,6-Naphthalenetrisulfonate
	-
	-
	70 (12)

	4-Chlorobenzenesulfonate
	-
	-
	73 (9)

	2-Amino-1-naphthalenesulfonate
	-
	-
	75 (8)

	2-Naphthalenesulfonate
	-
	-
	76 (8)

	Anthraquinone-2-sulfonate
	-
	2 (1)
	72 (7)

	Anthraquinone-2,6-disulfonate
	-
	52 (16)
	-

	Dodecylbenzenesulfonate
	-
	67 (9)
	-

	Carbamazepine
	-
	70 (12)
	-

	Benzafibrate
	-
	71 (15)
	13 (9)

	Diclofenac
	-
	72 (13)
	8 (6)

	Ibuprofen
	-
	68 (14)
	-

	Gemfibrozil
	-
	69 (9)
	-

	Acid Orange 6
	-
	-
	53 (4)

	Acid Red 1
	-
	-
	79 (10)

	Sulforhodamine G
	-
	70 (12)
	-

	Sulforhodamine B
	-
	69 (12)
	-

	Acid Orange 8
	-
	63 (11) 80 (15)
	3 (1)

	UniBlue A
	-
	61 (9) 76 (12)
	-

	1,4-Diaminoanthrachinone
	-
	73 (9)
	-

	7-Diethylamino-4-methyl-coumarin
	2 (1)
	67 (11)
	-

	Disperse Red 1
	-
	69 (14)
	-

	Disperse Blue 14
	-
	58 (12)
	-

	1,4-Diaminobenzene
	-
	-
	-

	2-Aminophenol
	-
	-
	-

	2,4-Diaminoanisole
	-
	-
	-

	2,4-Diaminotoluene
	-
	-
	-

	Aniline
	-
	-
	-

	2-Amino-4-chlorophenol
	-
	-
	-

	4-Chloroaniline
	-
	-
	-

	Benzidine
	-
	53 (5)
	-

	2-Aminonaphthalene
	-
	99 (9)
	-

	3,3’-Dimethylbenzidine
	-
	68 (7)
	-

	N,N-Dimethylaniline
	-
	27 (4)
	-

	3,4-Dichloroaniline
	-
	-
	-

	4-Aminobiphenyl
	4 (2)
	62 (5)
	-

	3,3’-Dichlorobenzidine
	-
	75 (3)
	-

	4-Aminoazobenzene
	3 (1)
	79 (6)
	-

	Atrazine-desethyl
	-
	71 (10)
	-

	Bentazone
	-
	1 (1)
	75 (9)

	Simazine
	-
	70 (11)
	-

	2,4-D
	-
	2 (1)
	72 (8)

	MCPA
	-
	3 (1)
	70 (11)

	Carbaryl
	-
	73 (11)
	-

	Atrazine
	-
	72 (13)
	-

	Terbutylazine
	-
	69 (8)
	-

	Isoproturon
	1 (0)
	69 (7) 72 (13)
	-

	2,4,5-T
	-
	10 (5)
	68 (6)

	Dichlorprop
	-
	10 (5)
	73 (7)

	Diuron
	-
	72 (12)
	-

	Mecoprop
	-
	24 (5)
	65 (8)

	Propanil
	-
	72 (12)
	-

	Linuron
	6 (3)
	75 (9)
	-

	Alachlor
	13 (8)
	68 (9)
	-

	Chlorfenvinphos
	-
	71 (10)
	-

	Trifluralin
	-
	75 (6)
	-

	Chlorpyrifos
	85 (14)
	-
	-

	NPE3O  (OPE3O)
	-
	60 (5) 62 (7)
	-

	NPE4O  (OPE4O)
	-
	60 (6) 60 (6)
	-

	NPE5O  (OPE5O)
	-
	57 (8) 60 (7)
	-

	NPE6O  (OPE6O)
	-
	55 (6) 61 (6)
	-

	NPE7O  (OPE7O)
	-
	57 (9) 59 (5)
	-

	NPE8O  (OPE8O)
	-
	56 (4) 59 (7)
	-

	NPE9O  (OPE9O)
	-
	57 (8) 59 (7)
	-

	1.1.7. NPE10O  (OPE10O)
	-
	59 (6) 59 (8)
	-

	NPE11O  (OPE11O)
	-
	58 (7) 58 (7)
	-

	NPE12O  (OPE12O)
	-
	57 (6) 60 (7)
	-

	NPE13O  (OPE13O)
	-
	59 (6) 62 (5)
	-

	NPE14O  (OPE14O)
	-
	64 (7) 58 (6)
	-

	NPE15O  (OPE15O)
	-
	56 (6) 57 (5)
	-


Table 6. Volatile organic compounds: Headspace analysis in water 
by GC-MS. 

	No.
	Compounds
	Detection limit ((g/l)
	No.
	Compounds
	Detection limit ((g/l)

	1
	Dichlorofluoromethane
	n.d.
	31
	o-Xilene
	0.1

	2
	Chloromethane
	0.1
	32
	1,2-Dibromoethane
	0.5

	3
	Vinyl chloride
	0.1
	33
	1,3-Dichloropropane
	0.1

	4
	Bromomethane
	1
	34
	1,1,2-Trichloroethane
	0.2

	5
	Chloroethane
	0.5
	35
	trans-1,3 -Dichloropropylene
	0.2

	6
	Trichlorofluoromethane
	0.1
	36
	cis-1,3-Dichloropropylene
	0.1

	7
	Bromodichloromethane
	0.1
	37
	1,1,1,2-Tetrachlorethane
	0.1

	8
	cis-1,2-Dichloroethylene
	0.1
	38
	1,1,2,2-Tetrachloroethane
	0.2

	9
	trans-1,2-Dichloroethylene
	0.1
	39
	Ethylbenzene+m-Xilene
	0.1

	10
	Methylene chloride
	0.1
	40
	Dibromochloromethane
	0.2

	11
	1,1-Dichloroethylene
	0.1
	41
	1,2,3-Trichloropropane
	0.5

	12
	1,1-Dichloroethane
	0.1
	42
	Isopropylbenzene
	0.1

	14
	2,2-Dichloropropane
	0.1
	43
	n-Propylbenzene
	0.1

	15
	Chloroform
	0.1
	44
	2-Chlorotoluene
	0.1

	16
	1,1-Dichloropropylene
	0.1
	45
	4-Chlorotoluene
	0.1

	17
	1,2-Dichloroethane
	0.5
	46
	tert-Butylbenzene
	0.1

	18
	Trichloroethylene
	0.5
	47
	sec-Butylbenzene 
	0.1

	19
	Bromochloromethane
	0.5
	48
	1,3-Dichlorobenzene
	0.1

	20
	1,1,1-Trichloroethane
	0.1
	49
	1,4-Dichlorobenzene
	0.1

	21
	Carbon tetrachloride
	0.1
	50
	1,2-Dichlorobenzene
	0.1

	22
	1,2-Dichloropropane
	0.1
	51
	Bromobenzene
	0.1

	23
	Dibromomethane
	0.5
	52
	1,3,5-Trimethylbenzene
	0.1

	24
	Benzene
	0.1
	53
	1,2,4-Trimethylbenzene
	0.1

	25
	Toluene
	0.1
	54
	p-Isopropyltoluene
	0.1

	26
	Tetrachloroethylene
	0.1
	55
	n-Butylbenzene
	0.1

	27
	Bromoform
	0.5
	56
	1,2,4-Trichlorobenzene
	0.1

	28
	Chlorobenzene
	0.1
	57
	Naphthalene
	0.1

	29
	Styrene
	0.1
	58
	1,2,3-Trichlorobenzene
	0.1

	30
	p-Xilene
	0.1
	59
	1,2-Dibromo-3-chloropropane
	1

	
	
	
	60
	Hexachlorobutadiene
	0.1


Internal Standards: Benzene (d6), Chlorobenzene (d5), Ethylbenzene (d10), 1,4-Dichlorobenzene (d4).

Table 7. Unpolar semivolatile organic contaminants: Analysis in water 
by C18-SPE-GC/MS. 

	No.
	Name
	m/z
	Time
	No.
	Name
	m/z
	Time

	1
	Phenol (d6)
	99
	3.46
	52
	Dimethylphthalate 
	163
	11.32

	2
	1,4-Dichlorobenzene (d4)
	150
	4.42
	53
	4-Chlorophenylether 
	204
	12.92

	3
	Naphthalene (d8)
	136
	7.26
	54
	N-Nitrosodiphenylamine 
	169
	13.28

	4
	Acenaphtene (d10)
	162
	11.75
	55
	Diethylphthalate
	149
	13.11

	5
	BHC (c13)
	187
	16.17
	56
	Azobenzene
	77
	13.43

	6
	Phenanthrene (d10)
	188
	15.76
	57
	4-Bromophenylether 
	248
	14.20

	7
	DDT (c13)
	247
	19.75
	58
	Carbazole 
	167
	16.43

	8
	Chrysene (d12)
	240
	23.00
	59
	Di-n-butylphthalate
	149
	17.27

	9
	Perylene (d12)
	264
	26.78
	60
	Butylbenzylphthalate 
	149
	21.22

	10
	Phenol
	94
	3.40
	61
	Bis(2-ethylhexyl)phthalate 
	149
	22.50

	11
	2-Chlorophenol
	128
	3.97
	62
	Di-n-octylphthalate
	149
	24.15

	12
	Aniline
	93
	3.97
	63
	1,3-Dichlorobenzene
	146
	4.35

	13
	2-Methylphenol
	107
	4.63
	64
	1,4-Dichlorobenzene 
	146
	4.40

	14
	Benzyl alcohol
	79
	4.63
	65
	1,2-Dichlorobenzene 
	146
	4.45

	15
	4-Methylphenol
	107
	4.93
	66
	Hexachlorethane 
	117
	5.05

	16
	Benzoic acid
	105
	7.03
	67
	Nitrobenzene
	123
	6.23

	17
	2,4-Dimethylphenol
	122
	6.32
	68
	Isophorone 
	82
	6.95

	18
	2,4-Dichlorophenol
	162
	6.67
	69
	1,2,3-Trichlorobenzene
	180
	7.10

	19
	4-Chloroaniline
	127
	7.32
	70
	Hexachlorobutadiene 
	225
	7.18

	20
	4-Chloro-3-methylphenol
	107
	8.28
	71
	Hexachlorocyclopentadiene 
	237
	9.10

	21
	2,4,5 or 2,4,6-Trichlorophenol
	196
	9.60
	72
	2,6-Dinitrotoluene
	148
	11.78

	22
	2- or 3- or 4-Nitroaniline
	138
	11.10
	73
	2,4-Dinitrotoluene
	165
	13.25

	23
	4-Nitrophenol
	139
	12.23
	74
	Hexachlorobenzene
	284
	14.78

	24
	2/3/4 Nitroaniline + Dibenzofuran
	168
	12.23
	75
	alpha-BHC
	181
	14.65

	25
	2,4-Dinitrophenol
	184
	15.77
	76
	gamma-BHC 
	181
	15.53

	26
	2-Methyl-4,6-dinitrophenol
	198
	15.77
	77
	beta-BHC
	181
	15.70

	27
	2- or 3- or 4-Nitroaniline 
	138
	14.23
	78
	delta-BHC
	181
	16.37

	28
	Pentachlorophenol
	266
	15.23
	79
	Heptachlor
	100
	16.65

	29
	Benzidine
	184
	18.55
	80
	Aldrin 
	66
	17.18

	30
	3,3'-Dichlorobenzidine
	252
	22.52
	81
	Heptachlor (isomer B) 
	81
	18.40

	31
	Naphthalene
	128
	7.32
	82
	Endosulfan1 (
	195
	19.20

	32
	2-Methylnaphthalene 
	141
	9.05
	83
	4,4-DDE
	246
	19.75

	33
	Acenaphthylene 
	152
	11.42
	84
	Endrin 
	79
	20.42

	34
	Acenaphthene
	153
	11.83
	85
	Endosulfan2 (
	202
	20.82

	35
	Fluorene 
	165
	13.18
	86
	Dieldrine 
	79
	19.81

	36
	Phenanthrene 
	178
	15.83
	87
	4,4-DDD
	235
	20.97

	37
	Anthracene 
	178
	15.93
	88
	4,4-DDT
	235
	21.58

	38
	Fluoranthene
	202
	19.15
	89
	Endosulfan sulfate
	272
	21.97

	39
	Pyrene
	202
	19.73
	90
	Methoxychlor 
	227
	22.50

	40
	Benzo(a)anthracene 
	228
	22.96
	91
	Endrin aldehyde
	345
	22.52

	41
	Chrysene
	228
	23.07
	92
	Endrine ketone 
	317
	23.20

	42
	Benzo(b or k)fluoranthene 
	252
	25.86
	93
	2-PCB
	188
	11.70

	43
	Benzo(a)pyrene
	252
	26.62
	94
	2,3-PCB 
	222
	14.45

	44
	Dibenzo(a,h)anthracene
	278
	28.98
	95
	2,4'-PCB
	222
	17.43

	45
	Benzo(ghi)perylene 
	276
	28.98
	96
	2,4',5-PCB
	256
	16.17

	46
	Indeno(1,2,3-cd)pyrene
	276
	29.12
	97
	2,2'5-PCB
	256
	16.17

	47
	Bis(2-chloroethyl)ether
	93
	4.10
	98
	2,4,4'-PCB
	256
	16.17

	48
	Bis(2-chloroisopropyl)ether 
	45
	5.18
	99
	2,2',4,4'-PCB
	292
	17.43

	49
	N-Nitroso-di-n-propylamine
	130
	6.22
	100
	2,2',3',4,6-PCB
	326
	18.53

	50
	Bis(2-chloroethoxy)methane 
	93
	6.70
	101
	2,2',4,4',5,6'-PCB 
	360
	19.86

	51
	2-Chloronaphthalene
	162
	10.30
	102
	2,2',3',5,5',6-PCB
	360
	19.86

	
	
	
	
	
	
	
	

	No.
	Name
	m/z
	Time
	No.
	Name
	m/z
	Time

	103
	2,2',3,3',4,5',6,6'-PCB 
	430
	22.33
	118
	Hydrocarbon C20
	71
	16.93

	104
	2,2',3,3',4,4',6-PCB
	394
	22.50
	119
	Hydrocarbon C21
	71
	17.87

	105
	2,2',3,4,4'5',6-PCB
	394
	22.50
	120
	Hydrocarbon C22
	71
	18.78

	106
	2,2',3,4',5,5',6-PCB
	394
	22.50
	121
	Hydrocarbon C23
	71
	19.69

	107
	2,2',3,4,4',5,6'-PCB
	394
	22.50
	122
	Hydrocarbon C24
	71
	20.75

	108
	Hydrocarbon C10
	71
	3.85
	123
	Hydrocarbon C25
	71
	21.35

	109
	Hydrocarbon C11
	71
	5.31
	124
	Hydrocarbon C26
	71
	22.43

	110
	Hydrocarbon C12
	71
	6.85
	125
	Hydrocarbon C27
	71
	22.92

	111
	Hydrocarbon C13
	71
	8.50
	126
	Hydrocarbon C28
	71
	24.00

	112
	Hydrocarbon C14
	71
	9.75
	127
	Hydrocarbon C29
	71
	24.70

	113
	Hydrocarbon C15
	71
	11.45
	128
	Hydrocarbon C30
	71
	25.50

	114
	Hydrocarbon C16
	71
	12.38
	129
	Hydrocarbon C31
	71
	26.00

	115
	Hydrocarbon C17
	71
	13.60
	130
	Hydrocarbon C32
	71
	26.89

	116
	Hydrocarbon C18
	71
	14.77
	131
	Hydrocarbon C33
	71
	27.52

	117
	Hydrocarbon C19
	71
	15.99
	132
	Hydrocarbon C34
	71
	28.16


The chemical structures of the compounds can be found under

http://chemfinder.cambridgesoft.com/
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Figure 1. Sequential SPE procedure. 

Figure 2. ESI-LC-MS chromatograms of a river SPE extract and NP standards. (A) Simple SPE extraction with Oasis HLB, elution with methanol/acetone. (B) Corresponding NP standard. (C) First fraction of SSPE with C18, elution with hexane/DCM (3:1). (D) Corresponding NP standard. SIM detection of nonylphenolate [M-H]-, m/z 219. Conditions see  experimental part. Chromatograms (A) and (B) were recorded with a faster gradient than (C) and (D), this explains the retention time difference.  
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Figure 3. ESI-LC-MS negative scan mode chromatogram of a river SPE extract (river Seveso). Detection of Naphthalenemonosulfonate (m/z 207), C11-LAS (m/z 311), C12-LAS (m/z 325), C13-LAS (m/z 339). 
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Figure 4. ESI-LC-MS positive scan mode chromatogram of a river SPE extract.  Sample (NM8). 
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Annex 1:
List of priority substances in the field of water policy (*)

	
	CAS number

	EU number

	Name of priority substance
	Identified as priority hazardous substance 

	(1)
	15972-60-8
	240-110-8
	Alachlor
	

	(2)
	120-12-7
	204-371-1
	Anthracene
	(X)***

	(3)
	1912-24-9
	217-617-8
	Atrazine
	(X)***

	(4)
	71-43-2
	200-753-7
	Benzene
	

	(5)
	n.a.
	n.a.
	Brominated diphenylethers (**)
	X****

	(6)
	7440-43-9
	231-152-8
	Cadmium and its compounds
	X

	(7)
	85535-84-8
	287-476-5
	C10-13-chloroalkanes (**)
	X

	(8)
	470-90-6
	207-432-0
	Chlorfenvinphos
	

	(9)
	2921-88-2
	220-864-4
	Chlorpyrifos
	(X)***

	(10)
	107-06-2
	203-458-1
	1,2-Dichloroethane
	

	(11)
	75-09-2
	200-838-9
	Dichloromethane
	

	(12)
	117-81-7
	204-211-0
	Di(2-ethylhexyl)phthalate (DEHP)
	(X)***

	(13)
	330-54-1
	206-354-4
	Diuron
	(X)***

	(14)
	115-29-7
	204-079-4
	Endosulfan
	(X)***

	
	959-98-8
	n.a.
	(alpha-endosulfan)
	

	(15)
	206-44-0
	205-912-4
	Fluoroanthene(*****)
	

	(16)
	118-74-1
	204-273-9
	Hexachlorobenzene
	X

	(17)
	87-68-3
	201-765-5
	Hexachlorobutadiene
	X

	(18)
	608-73-1
	210-158-9
	Hexachlorocyclohexane
	X

	
	58-89-9
	200-401-2
	(gamma-isomer, Lindane)
	

	(19)
	34123-59-6
	251-835-4
	Isoproturon
	(X)***

	(20)
	7439-92-1
	231-100-4
	Lead and its compounds
	(X)***

	(21)
	7439-97-6
	231-106-7
	Mercury and its compounds
	X

	(22)
	91-20-3
	202-049-5
	Naphthalene
	(X)***

	(23)
	7440-02-0
	231-111-4
	Nickel and its compounds
	

	(24)
	25154-52-3
	246-672-0
	Nonylphenols
	X

	
	104-40-5
	203-199-4
	(4-(para)-nonylphenol)
	

	(25)
	1806-26-4
	217-302-5
	Octylphenols
	(X)***

	
	140-66-9
	n.a.
	(para-tert-octylphenol)
	

	(26)
	608-93-5
	210-172-5
	Pentachlorobenzene
	X

	(27)
	87-86-5
	201-778-6
	Pentachlorophenol
	(X)***

	(28)
	n.a.
	n.a.
	Polyaromatic hydrocarbons
	X

	
	50-32-8
	200-028-5
	(Benzo(a)pyrene),
	

	
	205-99-2
	205-911-9
	(Benzo(b)fluoroanthene),
	

	
	191-24-2
	205-883-8
	(Benzo(g,h,i)perylene),
	

	
	207-08-9
	205-916-6
	(Benzo(k)fluoroanthene),
	

	
	193-39-5
	205-893-2
	(Indeno(1,2,3-cd)pyrene)
	

	(29)
	122-34-9
	204-535-2
	Simazine
	(X)***

	(30)
	688-73-3
	211-704-4
	Tributyltin compounds
	X

	
	36643-28-4
	n.a.
	(Tributyltin-cation)
	

	(31)
	12002-48-1
	234-413-4
	Trichlorobenzenes
	(X)***

	
	120-82-1
	204-428-0
	(1,2,4-Trichlorobenzene)
	

	(32)
	67-66-3
	200-663-8
	Trichloromethane (Chloroform)
	

	(33)
	1582-09-8
	216-428-8
	Trifluralin
	(X)***


*
Where groups of substances have been selected, typical individual representatives are listed as indicative parameters (in brackets and without number). The establishment of controls will be targeted to these individual substances, without prejudicing the inclusion of other individual representatives, where appropriate.

**
These groups of substances normally include a considerable number of individual compounds. Presently, appropriate indicative parameters cannot be given.

***
This priority substance is subject to a review for identification as possible “priority hazardous substance”. The Commission will make a proposal to the European Parliament and Council for its final classification not later than 12 months after adoption of this list. The timetable laid down in Article 16 of Directive 2000/60/EC for the Commission's proposals of controls is not affected by this review..

****
Only Pentabromobiphenylether (CAS number 32534-81-9)

*****
Fluoranthene is on the list as an indicator of other, more dangerous Polyaromatic Hydrocarbons
Annex 2. First sampling campaign to the Textile WWTP “Alto Seveso” in Fino Mornasco. 19.07.2001. Compounds found in a small stream (river Seveso) before the WWTP and the effluent of the textile WWTP discharging into this stream. Concentrations in [μg/l]. 

	Compound
	Effluent
	River

	Linear alkylbenzenesulfonates (LAS)
	n.d.
	14

	Mononitrophenol
	0.074
	0.082

	2,4-Dinitrophenol
	n.d.
	0.003

	Nonylphenol (NP)
	0.072
	0.174

	NPE1C

(and other NPEO metabolites)
	1.2
	1.5

	4-Chlorobenzenesulfonate
	0.062
	0.035

	Naphthalenemonosulfonate
	0.056
	0.739

	Acid Orange 8
	n.d.
	0.2

	Uniblue A
	n.d.
	0.074

	Sulforhodamine B
	0.133
	0.15


Annex 3: Sampling campaign to the aera of Milano. 23.10.2001. 
	Sample Name
	Place/City
	River
	CPS coordinates

Latitude        Longitude
	Description
	pH

	NM1
	Legnano
	Olano
	45.353
	8.552
	less particles
	7.95

	NM2
	Nerviano
	Olano
	45.332
	8.584
	less particles
	8.07

	NM3
	Pogliano Milanese
	Olano
	45.325
	8.594
	foam
	8.06

	NM4
	Milano
	Olano
	45.259
	9.087
	many particles, dirty
	8.00

	NM5
	Lainate
	Lura
	45.349
	9.021
	less particles
	8.06

	NM6
	Garbagnate
	Guisa
	45.351
	9.048
	disperse
	7.87

	NM7
	Bollate
	Canale C.S.N.O.
	45.328
	9.059
	less particles
	8.09

	NM8
	Bollate
	Pudiga
	45.321
	9.072
	disperse, oily, dirty
	7.70


Annex 4. Sampling campaign to the aera of Milano. 23.10.2001. Polar compounds found in the different river samples by SSPE-LC-MS analysis. Concentrations in [μg/l]. 

	Compound
	
	NM1
	NM2
	NM3
	NM4
	NM5
	NM6
	NM7
	NM8

	2,4,6-Trinitrophenol
	
	0.27
	0.30
	0.31
	0.41
	0.47
	0.58
	0.42
	0.35

	2,4-Dinitrophenol
	
	n.d.
	n.d.
	n.d.
	n.d.
	n.d.
	1.2
	n.d.
	2.4

	Bisphenol A
	
	0.32
	0.28
	0.17
	0.10
	0.02
	0.11
	0.03
	0.16

	Nonylphenol (1)
	
	
	
	
	
	
	
	
	

	NPE1C
	
	0.9
	1.3
	1.4
	1.6
	1.7
	2.9
	2.0
	0.14

	Uniblue A
	
	1.1
	0.60
	0.30
	0.04
	n.d.
	n.d.
	n.d.
	n.d.

	2-Amino-1-NS
	
	0.19
	0.46
	0.65
	0.14
	n.d.
	n.d.
	0.12
	n.d.

	p-Toluene-sulfonate
	
	n.d.
	n.d.
	n.d.
	0.13
	n.d.
	1.03
	0.27
	1.06

	Naphthalenesulfonate
	
	4.8
	4.6
	4.9
	0.67
	n.d.
	0.48
	0.54
	0.42

	LAS

(Dodecylbenzenesulfonate)
	C10-LAS

C11-LAS

C12-LAS

C13-LAS
	12

19

10

5
	15

23

14

7
	21

32

18

9
	80

157

121

81
	8

14

9

5
	192

360

281

178
	31

51

33

22
	197

397

295

201

	Σ OPEOs  (OPE4O)
	
	11
	10
	1
	61
	4
	30
	49
	124

	Σ NPEOs
	
	27
	19
	20
	200
	15
	397
	27
	925

	Benzafibrate
	
	0.034
	0.024
	0.024
	0.093
	0.016
	0.117
	0.047
	0.051

	Gemfibrozil
	
	0.061
	0.057
	0.061
	0.326
	n.d.
	0.086
	0.084
	0.712

	Diclofenac
	
	0.022
	0.030
	0.026
	0.074
	0.025
	0.064
	0.037
	0.074

	Carbamazepine
	
	0.052
	0.091
	0.078
	0.265
	0.056
	0.253
	0.137
	0.463


(1) Nonylphenol could not be quantified in these samples because the first fraction was wrongly eluted from the C18 cartridge with ethylacetate, not with hexane/dichloromethane. Under these conditions, the interfering matrix background was too high for the detection of NP. 

(2) Identification and quantification of APEOs features several problems and uncertainties due to the complexity of the mixtures and the lack of pure reference compounds [17,18,21,32].  

Annex 5:
Sampling campaign to the River Seveso. 12.02.2002. 
	Location
	Sample name
	Time
	CPS coordinates

Latitude     Longitude
	Depth [m]

	Montano Lucino
	RS1
	10.10
	45.476
	9.028
	0.05

	Fino Mornasco
	RS2
	10.44
	45.446
	9.039
	0.1

	Asnago/Cantu'
	RS3
	11.30
	45.431
	9.057
	0.1

	Lentate sul Seveso
	RS4
	11.55
	45.407
	9.074
	0.2

	Seveso
	RS5
	14.00
	45.394
	9.083
	0.2

	Cesano Maderno
	RS6
	14.24
	45.631
	9.143
	0.2

	Bovisio Masnago
	RS7
	14.45
	45.37
	9.087
	0.2

	Varedo
	RS8
	15.11
	45.597
	9.154
	0.2


Annex 6: Sampling campaign to the River Seveso. 12.02.2002. Concentrations for the polar contaminants measured by SSPE-LC/MS, [μg/l]. 

	Compound
	
	RS1
	RS2
	RS3
	RS4
	RS5
	RS6
	RS7
	RS8

	2,4,6-Trinitrophenol
	
	-
	-
	-
	-
	-
	-
	-
	0.225

	2,4-Dinitrophenol
	
	-
	-
	-
	-
	-
	-
	0.046
	0.061

	Mononitrophenol
	(3. fr.)
	0.026
	0.186
	0.094
	0.053
	0.065
	0.093
	0.054
	0.051

	Bisphenol A
	
	-
	-
	-
	-
	-
	-
	0.037
	0.039

	Nonylphenol
	
	0.097
	0.205
	0.154
	0.429
	0.454
	0.319
	0.314
	0.302

	NPE1C
	
	0.3
	2.4
	1.5
	3.0
	3.6
	2.8
	2.4
	3.1

	2-Amino-1-NS
	
	-
	-
	0.046
	0.100
	0.095
	0.112
	0.079
	0.098

	p-Toluenesulfonate
	
	-
	-
	-
	-
	-
	0.502
	0.355
	-

	Naphthalenesulfonate
	
	-
	0.242
	0.112
	0.412
	0.469
	0.848
	0.416
	0.222

	Naphthalene-1,5-disulfonate
	
	-
	3.7
	1.2
	1.6
	2.0
	1.2
	0.8
	0.6

	LAS

(Dodecylbenzenesulfonate)
	C10-LAS

C11-LAS

C12-LAS

C13-LAS

Σ LAS
	21.3

18.0

43.2

23.9

106.4
	13.6

11.3

13.7

14.9

53.5
	7.4

5.6

4.1

6.3

23.4
	15.8

9.1

6.1

6.6

37.6
	29.4

19.1

14.0

26.3

88.8
	135.4

95.7

89.9

135.4

456.4
	144.8

94.6

72.3

102.1

413.8
	140.0

90.5

68.2

102.1

400.8

	NPE2O (single Standard)
	
	-
	-
	-
	3.2
	3.4
	1.3
	0.6
	0.6

	NPE3O
	
	-
	-
	-
	9.3
	9.7
	3.5
	1.4
	2.2

	Σ NPEOs
	
	9.1
	12.6
	2.6
	236.8
	241.8
	124.9
	66.4
	99.2

	OPE3O
	
	-
	-
	-
	-
	-
	-
	3.9
	18

	OPE4O
	
	-
	-
	-
	36.7
	40.1
	24.4
	21.0
	27.5

	Σ OPEOs
	
	-
	-
	-
	36.7
	40.1
	24.4
	26.3
	57.7

	Benzafibrate
	
	-
	0.041
	-
	0.056
	0.076
	0.044
	0.046
	0.045

	Diclofenac
	
	-
	-
	-
	0.037
	0.041
	0.022
	0.016
	0.021

	Carbamazepine
	
	-
	-
	-
	0.056
	0.064
	-
	-
	-


Annex 7: 
Sampling campaign to the River Seveso. 12.02.2002. Physical and sum parameters. 

	Compound
	RS1
	RS2
	RS3
	RS4
	RS5
	RS6
	RS7
	RS8

	pH
	5.98
	7.03
	8.00
	7.72
	7.74
	7.86
	7.88
	7.94

	Conductivity [S/m]
	0.04
	0.09
	0.08
	0.14
	0.15
	0.10
	0.10
	0.10

	Turbidity [NTU]
	11.3
	69.3
	13.5
	29.8
	298
	49.7
	234
	48.4

	Disolved oxygen [%]
	42.2
	100.0
	61.4
	81.5
	86.1
	80.9
	83.0
	83.0

	Temperature [ºC]
	4.5
	11.5
	6.4
	8.7
	9.4
	8.9
	8.9
	8.9

	TOC [mg/l]
	2.9
	10.9
	6.9
	16.4
	15.1
	10.9
	14.6
	9.3

	DOC [mg/l]
	2.2
	8.2
	4.9
	9.2
	9.4
	8.3
	6.9
	7.7

	SAK [m-1] 254 nm
	1.32
	3.87
	2.61
	5.12
	4.98
	5.14
	5.27
	4.14

	Color [m-1] 436 nm
	0.132
	0.515
	0.31
	0.915
	0.852
	1.1
	1.27
	0.775


Annex 8: Unpolar semivolatile compounds. 12.02.2002. C18-SPE GC-MS results of the sampling campaign to the River Seveso. Concentrations in [μg/l]. 

	Compound
	RS1
	RS2
	RS3
	RS4
	RS5
	RS6
	RS7
	RS8

	Hydrocarbon C10
	0.60
	0.88
	2.29
	1.04
	0.44
	0.44
	1.84
	1.99

	Hydrocarbon C11
	-
	-
	0.39
	0.28
	0.19
	0.19
	0.45
	0.44

	Hydrocarbon C14
	0.24
	0.16
	0.20
	0.80
	1.11
	1.11
	0.25
	0.26

	Hydrocarbon C16
	-
	-
	-
	-
	-
	-
	0.24
	0.23

	Hydrocarbon C17
	1.24
	0.49
	1.53
	1.35
	0.73
	0.73
	1.11
	1.60

	Hydrocarbon C18
	-
	-
	-
	0.35
	-
	-
	-
	0.29

	Hydrocarbon C20
	-
	0.39
	0.31
	0.18
	-
	-
	-
	0.14

	Hydrocarbon C21
	-
	0.24
	0.20
	0.19
	1.11
	1.11
	1.03
	0.50

	Hydrocarbon C23
	-
	0.59
	-
	0.58
	0.58
	0.58
	0.55
	-

	Hydrocarbon C24
	-
	0.59
	0.64
	0.59
	0.58
	0.58
	0.59
	0.58

	Hydrocarbon C25
	-
	0.81
	0.68
	0.84
	0.69
	0.69
	0.68
	0.81

	Hydrocarbon C26
	0.75
	0.88
	0.85
	1.16
	1.31
	1.31
	1.36
	1.29

	Hydrocarbon C27
	0.85
	0.91
	0.76
	2.30
	1.36
	1.36
	1.11
	1.80

	Hydrocarbon C28
	1.00
	-
	-
	0.89
	0.91
	0.91
	-
	2.51

	Hydrocarbon C29
	1.05
	0.84
	-
	-
	1.04
	1.04
	0.91
	2.63

	Hydrocarbon C30
	1.04
	-
	-
	-
	1.25
	1.25
	1.04
	2.54

	Hydrocarbon C31
	-
	1.03
	0.99
	2.41
	1.83
	1.83
	1.53
	1.78

	Hydrocarbon C32
	-
	1.10
	1.06
	2.85
	2.03
	2.03
	0.96
	1.63

	Hydrocarbon C33
	-
	-
	-
	-
	1.25
	1.25
	1.05
	1.11

	Hydrocarbon C34
	-
	-
	-
	1.21
	2.15
	2.15
	1.81
	1.60

	Di-n-butylphthalate
	1.79
	1.65
	2.35
	2.75
	2.33
	2.33
	2.46
	2.14

	Diethylphthalate
	0.64
	0.51
	0.59
	0.71
	3.11
	3.11
	2.43
	1.54

	Dimethylphthalate
	-
	0.09
	-
	-
	0.10
	0.10
	0.14
	0.13

	Butylbenzylphthalate
	-
	1.46
	-
	-
	139.2
	139.2
	69.9
	142.6

	Bis(2-ethylhexyl)phthalate
	2.14
	3.18
	3.64
	11.36
	14.56
	14.56
	16.91
	8.73

	Di-n-octylphthalate
	-
	0.90
	-
	1.36
	1.90
	1.90
	1.63
	1.73


Annex 9: Unpolar semivolatile compounds. 23.10.2001. C18-SPE GC-MS results of the sampling campaign to the area of Milano. Concentrations in [μg/l]. 

	Compound
	NM1
	NM2
	NM3
	NM4
	NM5
	NM6
	NM7
	NM8

	4-Chloroaniline
	-
	-
	-
	-
	-
	-
	-
	0.30

	Acenaphthylene
	-
	-
	-
	-
	-
	0.36
	-
	0.23

	Acenaphthene
	-
	-
	-
	0.04
	-
	0.09
	-
	0.34

	Fluorene
	-
	-
	-
	-
	-
	-
	-
	0.56

	Phenanthrene 
	0.15
	0.09
	0.03
	0.12
	0.05
	0.35
	0.03
	2.07

	Anthracene 
	0.15
	0.10
	0.03
	0.12
	0.05
	0.37
	0.03
	2.15

	Fluoranthene
	-
	-
	-
	-
	-
	0.06
	-
	0.56

	Pyrene
	-
	-
	-
	-
	-
	0.06
	-
	1.59

	Benzo(a)anthracene
	0.35
	0.40
	0.43
	0.06
	0.17
	0.09
	0.15
	1.15

	Chrysene
	0.32
	0.37
	0.40
	-
	0.11
	-
	0.14
	0.87

	Benzo(b or k)fluoranthene 
	-
	-
	-
	-
	1.52
	0.98
	0.74
	1.00

	Benzo(a)pyrene
	0.05
	0.03
	0.06
	0.04
	1.74
	1.36
	1.02
	1.14

	Dibenzo(a,h)anthracene
	0.49
	0.17
	0.21
	0.11
	3.79
	3.91
	1.43
	1.28

	Benzo(ghi)perylene 
	-
	-
	-
	-
	2.48
	2.96
	1.12
	0.29

	Indeno(1,2,3-cd)pyrene
	0.16
	0.05
	0.08
	0.05
	1.73
	2.06
	0.78
	0.97

	Bis(2-chloroisopropyl)ether 
	-
	-
	-
	0.55
	-
	0.60
	-
	-

	N-Nitrosodi-n-propylamine
	0.13
	0.15
	0.06
	0.08
	0.06
	0.06
	0.03
	0.23

	Bis(2-chloroetoxy)methane
	-
	-
	-
	-
	-
	0.05
	0.03
	0.10

	N-Nitrosodiphenylamine
	-
	-
	-
	-
	-
	14.71
	-
	0.55

	Diethylphthalate
	1.3
	1.6
	1.4
	10.3
	1.1
	14.3
	1.3
	47.2

	Azobenzene
	-
	-
	-
	-
	-
	0.43
	0.05
	0.07

	Carbazole
	-
	-
	-
	-
	-
	4.01
	0.06
	0.26

	Di-n-butylphthalate
	2.18
	2.52
	3.53
	3.11
	0.90
	4.08
	0.54
	15.16

	Butylbenzylphthalate 
	0.19
	0.15
	0.22
	4.17
	0.98
	4.29
	1.25
	8.84

	Bis(2-ethylhexyl)phthalate 
	2.4
	3.3
	6.3
	8.8
	2.7
	27.7
	4.9
	32.8

	Di-n-octylphthalate
	0.43
	0.52
	0.04
	0.06
	2.26
	2.47
	1.26
	2.08

	1,3-Dichlorobenzene
	0.17
	0.19
	0.23
	0.50
	0.13
	0.17
	0.10
	0.16

	1,4-Dichlorobenzene 
	0.17
	0.19
	0.23
	0.51
	0.14
	0.17
	0.10
	0.17

	1,2-Dichlorobenzene 
	0.16
	0.17
	0.21
	0.46
	0.12
	0.16
	0.09
	0.16

	Hexachlorethane 
	-
	-
	-
	-
	-
	0.39
	-
	0.60

	Nitrobenzene
	-
	-
	-
	6.87
	-
	0.33
	-
	0.24

	Isophorone 
	-
	-
	-
	6.87
	-
	0.33
	-
	0.24

	1,2,3-Trichlorobenzene
	-
	-
	-
	0.91
	-
	-
	0.47
	0.04

	2,6-Dinitrotoluene
	0.60
	-
	1.05
	0.55
	5.57
	0.60
	-
	1.05

	2,4-Dinitrotoluene
	0.26
	-
	2.95
	0.09
	1.04
	0.26
	-
	2.95

	alpha-BHC 
	-
	-
	6.21
	-
	-
	-
	-
	6.21

	gamma-BHC 
	-
	-
	0.44
	-
	1.08
	0.24
	-
	0.44

	beta-BHC
	-
	-
	0.59
	-
	0.83
	1.31
	-
	0.59

	delta-BHC
	-
	-
	0.38
	-
	2.14
	0.19
	-
	0.38

	Heptachlor
	0.57
	-
	-
	-
	7.69
	0.57
	-
	-

	Endosulfan1
	-
	-
	-
	-
	-
	0.21
	0.22
	0.77

	4,4-DDE
	-
	-
	-
	-
	-
	0.04
	0.03
	0.02

	Endrin 
	-
	-
	-
	-
	0.33
	0.31
	0.33
	0.66

	Endosulfan2
	-
	0.56
	0.13
	0.57
	0.14
	0.15
	0.52
	1.16

	4,4-DDT 
	-
	-
	-
	-
	-
	-
	0.15
	0.15

	Endosulfan sulfate
	-
	-
	-
	-
	0.15
	0.12
	0.26
	0.70

	Methoxychlor 
	-
	-
	-
	0.34
	0.28
	1.31
	0.20
	2.78

	Endrin ketone 
	-
	-
	-
	-
	-
	-
	-
	0.67

	2,2',3,3',4,4',6-PCB
	-
	-
	-
	-
	-
	-
	-
	0.44

	Hydrocarbon C10
	0.14
	0.16
	0.15
	0.17
	0.11
	0.17
	<0.1
	0.23

	Hydrocarbon C11
	0.28
	0.34
	0.34
	0.26
	0.18
	0.55
	0.16
	0.77

	Hydrocarbon C12
	0.89
	0.98
	0.93
	0.86
	0.44
	0.53
	0.31
	0.30

	Hydrocarbon C14
	0.21
	0.21
	0.18
	0.28
	
	0.42
	0.11
	0.93

	Hydrocarbon C16
	0.25
	0.24
	0.18
	0.25
	<0.1
	0.49
	<0.1
	1.37

	Hydrocarbon C17
	0.46
	<0.1
	<0.1
	0.94
	0.28
	2.36
	0.21
	7.43

	Hydrocarbon C18
	0.11
	<0.1
	0.13
	0.35
	<0.1
	0.83
	<0.1
	2.81

	Hydrocarbon C10
	0.14
	0.16
	0.15
	0.17
	0.11
	0.17
	<0.1
	0.23

	Hydrocarbon C20
	-
	-
	-
	0.27
	-
	0.63
	-
	3.71

	Hydrocarbon C24
	-
	-
	-
	-
	0.21
	0.38
	-
	3.82

	Hydrocarbon C26
	0.24
	-
	0.61
	0.23
	3.87
	2.34
	0.81
	13.67

	Hydrocarbon C28
	0.10
	0.17
	0.34
	0.31
	4.97
	4.12
	1.67
	10.65

	Hydrocarbon C30
	-
	-
	0.14
	0.25
	1.51
	2.46
	0.36
	5.94

	Hydrocarbon C32
	-
	-
	-
	0.24
	0.82
	2.91
	0.16
	3.11

	Hydrocarbon C34
	-
	-
	-
	0.25
	0.36
	1.92
	-
	2.56


Annex 10: 
Sampling campaign to the area of Milano. 23.10.2001. Concentrations for the volatile contaminants measured by headspace-GC-MS, [μg/l]. 

	Compound
	NM1
	NM2
	NM3
	NM4
	NM5
	NM6
	NM7
	NM8

	Chloroform
	0.83
	-
	-
	-
	-
	-
	-
	1.74

	Trichloroethylene
	-
	-
	-
	-
	-
	1.85
	-
	3.53

	Tetrachloroethylene
	0.72
	-
	-
	1.49
	-
	-
	0.51
	-

	1,2,4-Trimethylbenzene
	-
	-
	-
	-
	-
	0.66
	-
	1.65

	p-Isopropyltoluene
	-
	-
	-
	-
	-
	0.65
	-
	1.34

	n-Butylbenzene
	-
	-
	-
	-
	-
	-
	-
	0.52

	Naphthalene
	-
	-
	-
	-
	-
	-
	-
	0.90


Annex 11: 
Sampling campaign to the River Seveso. 12.02.2002. Concentrations for the volatile contaminants measured by headspace-GC-MS, [μg/l]. 
	Compound
	RS1
	RS2
	RS3
	RS4
	RS5
	RS6
	RS7
	RS8

	Chloroform
	-
	-
	-
	29.3
	16.1
	-
	-
	-

	Toluene
	0.11
	0.26
	0.19
	0.12
	-
	-
	-
	-

	Tetrachloroethylene
	0.35
	7.49
	0.45
	0.35
	0.91
	-
	0.17
	0.26

	Trichloroethylene
	-
	0.12
	-
	-
	-
	-
	-
	-

	Ethylacetate
	-
	-
	-
	-
	-
	-
	0.91
	0.37

	Trimethylsilanol
	-
	-
	-
	-
	-
	0.24
	-
	-
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�	CAS: Chemical Abstract Services


�	EU number: European Inventory of Existing Commercial Chemical Substances (EINECS) or European List of Notified Chemical Substances (ELINCS)
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