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DETAILED DESCRIPTION OF THE ANALYSIS METHOD FOR PHARMACEUTICALS WITH UPLC-MS/MS
Sample preparation

Sand filtered 100 mL volumes of water were extracted on Oasis HLB SPE cartridges (200 mg, 6 cc, 30µm, Waters, Etten-Leur, the Netherlands), preconditioned with 2*4 mL MeOH (methanol) and 2*4mL milliQ water. Cartridges were vacuum dried for 30 minutes and compounds were eluted with 2*4 mL MeOH. Extracts were evaporated at 35ºC and dissolved in 100 µL methanol. Before analysis, 1 mL milliQ water was added to the extract, to obtain a total volume of 1.1 mL in a solvent compatible with the starting composition of the UPLC eluent gradient. ). 

Choice of compounds

The selection of pharmaceuticals to be included in the method was in the first place based on consumption volume according to the GIPdatabank (www. GIPdatabank.nl). This online resource provides data on the volumes of pharmaceuticals (expressed as numbers of prescriptions or standard daily dosages DDD) that were supplied and repaid by insurances in the Netherlands in extramural care (i.e. not in nursing homes and hospitals) the last 5 years. Eleven of the top 20 of most sold pharmaceuticals were included in the method: acetyl salicylic acid (measured as salicylic acid), atorvastatin, diclofenac, enalapril, furosemide, hydrochlorothiazide, losartan, metformin, metoprolol, oxazepam, and temazepam. Diazepam was included as well because oxazepam is administered as such, but can also be detected as metabolite of diazepam. Other top 20 compounds were not included due to inavailability of analytical standards, overrepresentation of a therapeutic class, or specific analytical requirements that were not compatible with the multi-component approach followed. Ibuprofen was included as frequently sold over-the-counter drug.

In the second place, to enable the continuation of trend monitoring, we also included compounds that were detected previously in Dutch drinking water sources at our laboratory: bezafibrate, bisoprolol, caffeine, carbamazepine, clofibrinic acid and clofibrate, fenazone, fenofibrate and fenofibrinic acid, gemfibrozil, lidocain, lincomycin, naproxen, oxacillin, primidone, sulfamethoxazole, and sotalol, and X-ray contrast agent iopromide.

Thirdly, because their ecotoxicological relevance, extra cytostatics (ifosfamide and cyclofosfamide), some extra antibiotics (chloramphenicol, sulfaquinoxazole, trimethoprim), non-steroidal anti-inflammatory drug (NSAID, ketoprofen), an extra anti-lipaemic (pravastatin) and beta blockers atenolol and propanol were included. The reasons for inclusion in the method per compound are summarized in Table 1.

Analysis

Analysis was performed in two runs with alkaline or acid eluent on an Ultra Performance Liquid Chromatograph (UPLC, Waters Acquity), equipped with a binary pump, combined with a Quattro Xevo triple quadrupole Mass Selective Detector (tQ-MS/MS, Waters Micromass) with electro spray ionisation. Fifty µl volumes of extracts were injected on a UPLC column (BEH C18,  1.7 µm, 10.0*2.1mm) at 60ºC. The mobile phase of the alkaline run consisted of initially of 0.55 ml/min 85% 2 mM (NH4)2CO3 (A1) and 15% MeOH linearly changing to 0.1% A in 10.0 minutes, was kept there for 55 seconds and changed back to 85% A1 after 15 minutes; the mobile phase of the acidic run consisted initially of 95% 0.6 ml/min 0.1% formic acid (A2) and 5% B linearly changing to 0.1% A2 after 10.0 minutes was kept there for 55 seconds and changed back to 95% A2 after 15 minutes. 

Individual mass spectrometric tune files were created for each standard in continuous flow mode to determine optimum cone voltages, collision energies and fragment ions. The two most intense and/or specific product ions were found using multiple reaction monitoring (MRM). Desolvation temperature was 600ºC, source temperature was 150ºC, capillary voltage was set at 0.8 kV for positive and negative ion analysis. N2 was used as desolvation (1000 L/h) and cone (50 L/h) gas, whereas argon served to induce dissociation for the acquisition of MS/MS data. Transition dwell time was optimized to obtain a minimum of twelve data points for each peak. Detection was based on retention time and product ion ratios from the MRM transitions. Quantification of target analytes was performed using an external calibration series of seven concentrations of a stock solution of standards dissolved in milliQ. Depending on the sensitivity in the MS, the individual compounds were included in the stock solution at a low, middle or high concentration (ratio 1:5:30). This is indicated in Table 1. Concentrations in the calibration series ranged between (1.25; 6.25; 38 ng/L) for the lowest standard and (200; 1000; 6000 ng/L) for the highest standard. To compensate for loss during SP extraction, these standards were extracted as was done with the samples.

Validation

The method was validated by calculating the recovery and standard deviation of surface water samples from 8 different locations and sampled on different days spiked with pharmaceuticals at a low level (resp. 10, 50 or 300 ng/L) to determine limits of detection and at a higher level (resp. 0.5, 2.5 or 15 µg/L) extracted and analysed at different days to determine reproducibility. 
The spiking concentration to determine the limits of detection was composed as follows: pharmaceuticals were divided in three groups according to their responsiveness in the MS (low, middle and high responsiveness). Compounds generating high responses were spiked in the lowest concentration (10 ng/L), compounds with low responsiveness at the highest concentration (300 ng/L). The spiking concentrations were chosen high enough that the compound with the lowest responsiveness per group could be well detected at the chosen level (resp. 10, 50 or 300 ng/L). The limit of detection was calculated as 3* standard deviation at the spiking level. From the limits of detection minimum reporting limits (MRL) were derived.
Performance

The multi-component UPLC-tQ-MS/MS method contained 41 pharmaceuticals representing the therapeutic classes analgesics/NSAIDs, antibiotics, antidepressant/psycholeptics, antidiabetic, antihypertension drugs, antilipaemics, beta blockers, cytostatic, diuretics, a stimulant, an X-ray contrast agent and two other compounds (Table 1).Twenty three compounds could be measured after chromatographic separation under acidic conditions and 18 after separation under alkaline conditions (Table 1).

The desire to measure such a large number of limits the possibilities to optimize the extraction and chromatography for individual compounds. Loss of analyte during clean-up, concentration or ionisation and matrix effects of coextracted organic matter in LC-MS systems are often compensated for by recalculation of original concentrations by recoveries of isotope labeled internal standards. As pharmaceuticals are highly variable in physical and chemical properties, they might mutually differ considerably in recovery from different matrices. This implies that correcting the recovery of a compound using the results of an isotope labeled version of another compound might easily lead to over or under correction and a more valid approach would be to include an isotope labeled standard for each compound in the method. Due to the large number of compounds in this method, this was not feasible and therefore we chose not to work with internal isotope labeled standards at all, but corrected only for matrix independent loss of compounds using extracted external standards dissolved in virtually matrix-free milliQ water. Nevertheless, recoveries of compounds were in general good (between 59±18% for pravastatin and the highest for losartan 114±13%, with an average recovery of 91±14%). For 32 compounds a minimum reporting limit (MRL) was set at 5 ng/L or lower, of which 18 compounds had an MRL between 0.1 to 1 ng/L (Table S1). The highest MRL was set at 85 ng/L for clofibrate.
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Table S1: Therapeutic classes, reasons to be included in the method, and pKa’s of pharmaceuticals included in the UPLC-MS/MS method, together with some methodological details. 
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therapeutic class

reason to include

pKa

recovery (%)

std (%)

alkaline or acidic method

ESI mode

MRL (ng/L)

level in stock solution

Atenolol beta blocker t 9.6 86 3 alkaline + 0.1 l

Atorvastatin anti-lipaemic c 4.5 93 15 acidic + 3 m

Bezafibrate anti-lipaemic d 3.6 104 3 acidic + 0.7 m

Bisoprolol beta blocker d 9.5 93 6 alkaline + 0.2 l

Caffeine stimulant d 10.4 105 30 alkaline + 15 l

Carbamazepin other d 13.94 92 5 alkaline + 5 l

Chloramphenicol antibiotic t 11.03 70 12 alkaline + 2.5 l

Clofibrate anti-lipaemic d 3 97 33 acidic + 85 h

Clofibric acid anti-lipaemic d 3.46 93 14 acidic - 5 m

Cyclofosfamide cytostatic t 9.91 87 4 alkaline + 0.1 l

Diazepam antidepressant / psycholeptic c 3.3 100 8 acidic + 0.2 l

Diclofenac analgesic / NSAID c 3.99 93 10 acidic - 4 h

Enalapril antihypertension drug c 5.5 112 6 acidic + 0.2 l

Fenofibrate anti-lipaemic d 77 8 alkaline + 2.5 m

Fenofibric acid anti-lipaemic 4.91 99 4 acidic + 3.5 m

Furosemide diuretic c 3.9 62 21 acidic - 3 m

Gemfibrozil anti-lipaemic d 4.77 98 4 acidic - 6 h

Hydrochlorothiazide diuretic c 10.17 83 11 acidic - 4 m

Ibuprofen analgesic / NSAID c, d4.31 104 13 acidic - 32 h

Ifosfamide cytostatic t 100 5 alkaline + 0.2 l

Iopromide X-ray contrast agent d 76 31 alkaline + 1.5 m

Ketoprofen analgesic / NSAID t 4.45 94 5 acidic + 2 m

Lidocain analgesic / NSAID d 7.94 80 3 alkaline + 1 l

Lincomycin antibiotic d 7.5 100 7 alkaline + 0.1 l

Losartan antihypertension drug c 3.60/4.73 114 13 acidic + 0.3 l

Metformin antidiabetic c 2.8 75 27 acidic + 70 l

Metoprolol beta blocker c, d9.56 84 2 alkaline + 5 l

Naproxen analgesic / NSAID c, d, t4.15 94 12 acidic + 0.6 m

Oxacillin antibiotic d 2.8 99 5 acidic + 11 m

Oxazepam antidepressant / psycholeptic c 10.6 87 5 alkaline + 1 l

Phenazone analgesic / NSAID d 1.4 106 2 acidic + 0.2 l

Pravastatin anti-lipaemic t 4.7 59 18 acidic - 50 h

Primidone antidepressant / psycholeptic d >13 64 13 alkaline + 1 l

Propanolol beta blocker t 9.53 105 18 alkaline + 0.3 l

Salicylic acid analgesic / NSAID c 2.99 87 25 acidic - 11 h

Sotalol beta blocker d 9.8 80 8 alkaline + 0.1 l

Sulfamethoxazole antibiotic d 1.8 94 6 acidic + 4 l

Sulfaquinoxalin antibiotic t 1.86/5.56 108 8 acidic + 0.2 l

Temazepam antidepressant / psycholeptic c 11.84 89 5 alkaline + 0.4 l

Theophyllin other d 8.8 82 8 acidic + 15 m

Trimethoprim antibiotic t 7.12 111 5 alkaline + 2 l


Reason to include: c= consumption volume, d=previous detection, t=toxicity. MRL=minimum reporting limit. Level in stock solution: l=low, m=middle, h=high.
RAW DATA OF PHARMACEUTICALS IN THE ENCLOSED MEUSE
Table S2: Concentrations pharmaceuticals detected in the Enclosed Meuse found with 27 measurements between August 2010 and August 2012. Compounds that were detected >5 times in this period (i.e. in more than 20% of the measurements) are included in the Boxplot diagram of Figure 1.
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compounds detected > 5 times in concentrations above MRL (compounds shown in the boxplot diagram of Figure 1)

atenolol 4 5 3 4 8.7 6.7 1.5 5 12 6 7 6 5 5 6 8 9 15 9 6 6 8 11 4 4 5 3

bezafibrate <MRL 1<MRL<MRL 3.1<MRL<MRL<MRL 5 3 3<MRL<MRL<MRL<MRL<MRL 3 3<MRL 2 2 5 3 2 1 2<MRL

bisoprolol <MRL<MRL 3 2.7 9.3 8.7<MRL 3 9 4 7 5 4 2 6 5 6 7 6 6 5 7 7 3 3 3 2

caffeine 53 42 116 69.5<MRL<MRL 140 270 310<MRL 75 53<MRL<MRL<MRL<MRL<MRL 97 29<MRL<MRL 100 130 46 63<MRL 120

carbamazepine 55 54 37 32.7 31.1 6.3 18 15 29 20 49 60 52 66 51 60 57 54 45<MRL 22 23 35 24 25 30 21

cyclophosphamide <MRL<MRL<MRL 0.1 0.1<MRL<MRL<MRL<MRL 0.5 0.4<MRL 0.2<MRL 0.3<MRL 0.3 0.5 0.4 0.3<MRL 0.2 0.2<MRL 0.2<MRL 0.1

diazepam <MRL 1<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL 0.7 0.4 0.3<MRL 0.9<MRL 0.9<MRL 0.4 0.8 1<MRL<MRL<MRL<MRL<MRL<MRL

hydrochlorothiazide <MRL<MRL<MRL 7.5 16 16.2 25 9<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL 10 49 24 18 4<MRL 4<MRL<MRL<MRL<MRL

iopromide 44 42 56 55 68 50 29 35 65 60 93 71 55 75 67 60 63 82 59 57 89 57 110 130 91 66 38

lidocaine 9 8 6 9 10.7 5.7 1 3 8 5 10 11 8 9 11 13 14 22 14 11 8 6 10 7 6 6 5

lincomycin <MRL 1 1 0.9 2.4 1.6 1 0.9 2 1 1 0.8 0.7 2 2 2 3 4 3 3 2 2 1 1 2 1 1

losartan 6 8 7 8.1 9 9.1 10 11 16 10 15 12 12 10 19 16<MRL 16 16 7 10 9<MRL 15 4 6<MRL

metformin 676 523 568 520.5 655.3 306.6 610 350 630 1100 280 300 180<MRL 560 720<MRL 600 95 320 670 870 960 1300 1100 370 560

metoprolol 10<MRL<MRL<MRL 11.9 7.7<MRL<MRL 11 6<MRL 7 22 20 26 33 38 45 32 25 16 18 28 12 12 11 10

naproxen <MRL<MRL<MRL<MRL 2.2<MRL<MRL 3<MRL<MRL 0.6<MRL<MRL<MRL<MRL<MRL 3 2<MRL 2 5<MRL<MRL<MRL<MRL<MRL<MRL

oxazepam 18 16 11 11.4 12.4 9.4 10 6 13 10 19 20 15 17 16 19 19 24 14 13 9 11 15 9 12 9 7

phenazone 5 7 5 5.3 3.5 5 4 6 8 4 4 5 7 5 6 5 5 6 9 9 7 9 4 3 4 4<MRL

primidone 11 10 7 5.4 7.7 5.3 3 2 4 4 8 9 6 14 7 5 7 12 6 8 5 4 7 4 6 5 4

propranolol <MRL 3<MRL<MRL 14.4<MRL 24 0.9 32 2 11 4<MRL<MRL 12 0.3<MRL 13 7 14<MRL 5 3<MRL 1 1 5

sotalol 6 9 10 17.5 20.3 19.7 15 12 20 9 14 10 5 6 10 20 25 39 27 19 21 18 25 10 7 5 4

sulfamethoxazole 24 23 17 18.6 11.6 1 1 9 18 18 33 24 19 20 27 28 26 23 15 14 8 8 12 10 12 11 6

temazepam 11 12 6 6.6 6.2 3.6<MRL 2 5 5 11 13 12 13 13 13 12 15 12 10 7 7 10 5 5 7 5

theophylline <MRL 17 45 35.1 23.4<MRL<MRL 26 78<MRL<MRL 15<MRL<MRL 20<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL

trimethoprim <MRL<MRL<MRL<MRL 4.9<MRL 28<MRL 13 4 7 4<MRL<MRL 3<MRL<MRL 3 2 5 4 4 4 2<MRL<MRL<MRL

compounds detected < 5 times in concentrations above MRL (compounds not shown in the boxplot diagram of Figure 1)

atorvastatin <MRL<MRL<MRL<MRL 28.9<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL

chloramphenicol <MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL

clofibrate <MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL

clofibric acid <MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL 7<MRL<MRL<MRL<MRL<MRL<MRL<MRL 9<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL

diclofenac <MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL 6<MRL<MRL 53<MRL<MRL<MRL<MRL<MRL<MRL

enalapril <MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL

fenofibrate <MRL<MRL<MRL<MRL 85<MRL<MRL<MRL 7<MRL 36<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL

fenofibric acid <MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL

furosemide <MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL

gemfibrozil <MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL 8 19<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL

ibuprofen <MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL 38<MRL

ifosfamide <MRL<MRL<MRL 0.2<MRL<MRL<MRL<MRL<MRL 0.2<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL 0.4<MRL<MRL<MRL<MRL<MRL<MRL<MRL

ketoprofen <MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL

oxacillin <MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL

pravastatin <MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL

salicylic acid <MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL

sulfaquinoxaline <MRL<MRL<MRL 0.8 1<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL 2<MRL<MRL<MRL<MRL<MRL<MRL<MRL<MRL 0.3<MRL


Table S3: Data of individual pharmaceuticals in the Enclosed Meuse based on 27 measurements between August 2010 and August 2012. Compounds that were detected >5 times in this period (i.e. in more than 20% of the measurements) are included in the Boxplot diagram of Figure 1. A concentration of 25% of the MRL was used for non-detects to enable calculation of data for the boxplots.
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number of measurements <MRL

MRL (ng/L)

25% of MRL (ng/L)

first quartile (ng/L)

minimum (ng/L)

median (ng/L)

maximum (ng/L)

third quartile (ng/L)

compounds detected > 5 times in concentrations above MRL

atenolol 0 0.1 0.025 4.5 1.5 6.0 15 8.0

bezafibrate 13 0.7 0.175 0.175 0.175 1.0 5.0 3.0

bisoprolol 3 0.2 0.05 3.0 0.05 5.0 9.3 6.5

caffeine 11 15 3.75 3.8 3.8 46 310 99

carbamazepine 1 5 1.25 23,0 1.3 33 66 53

cyclophosphamide 13 0.1 0.025 0.025 0.025 0.1 0.5 0.25

diazepam 18 0.2 0.05 0.05 0.05 0.05 1.0 0.4

hydrochlorothiazide 16 4 1 1.0 1.0 1.0 49 9.5

iopromide 0 2 0.5 55 29 60 130 73

lidocaine 0 1 0.25 6.0 1.0 8.0 22 11,0

lincomycin 1 0.1 0.025 1.0 0.025 1.0 4.0 2.0

losartan 3 0.3 0.075 7.0 0.075 10 19 14

metformin 2 70 17.5 313 18 560 1300 673

metoprolol 6 5 1.25 6.5 1.3 12 45 24

naproxen 20 0.6 0.15 0.15 0.15 0.15 5,0 0.38

oxazepam 0 1 0.25 10 6.0 13 24 17

phenazone 1 0.2 0.05 4.0 0.05 5.0 9.0 6.5

primidone 0 1 0.25 4.5 2.0 6.0 14 7.9

propranolol 9 0.3 0.075 0.075 0.075 2.0 32 9.0

sotalol 0 0.1 0.025 9.0 4.0 14 39 20

sulfamethoxazole 2 4 1 11,0 1.0 17 33 23

temazepam 1 0.4 0.1 5.0 0.1 7.0 15 12

theophylline 19 0.2 0.05 0.05 0.05 0.05 78 16

trimethoprim 13 2 0.5 0.5 0.5 2.0 28 4.0

compounds detected < 5 times in concentrations above MRL 

atorvastatin 26 3 0.75 0.75 0.75 0.75 29,0 0.75

chloramphenicol 27 3 0.75 0.75 0.75 0.75 0.75 0.75

clofibrate 27 85 21.25 21.25 21.25 21.25 21.25 21.25

clofibric acid 25 5 1.25 1.25 1.25 1.25 9.0 1.25

diclofenac 25 4 1 1.0 1.0 1.0 53 1.0

enalapril 27 0.2 0.05 0.05 0.05 0.05 0.05 0.05

fenofibrate 24 3 0.75 0.75 0.75 0.75 85 0.75

fenofibric acid 27 4 1 1.0 1.0 1.0 1.0 1.0

furosemide 27 3 0.75 0.75 0.75 0.75 0.75 0.75

gemfibrozil 25 6 1.5 1.5 1.5 1.5 19 1.5

ibuprofen 26 32 8 8.0 8.0 8.0 38 8.0

ifosfamide 24 0.2 0.05 0.05 0.05 0.05 0.4 0.05

ketoprofen 27 2 0.5 0.5 0.5 0.5 0.5 0.5

oxacillin 27 11 2.75 2.75 2.75 2.75 2.75 2.75

pravastatin 27 50 12.5 12.5 12.5 12.5 12.5 12.5

salicylic acid 27 11 2.75 2.75 2.75 2.75 2.75 2.75

sulfaquinoxaline 23 0.2 0.05 0.05 0.05 0.05 2.0 0.05


VARIATION AND TRENDS OF PHARMACEUTICALS IN TIME:CHECK OF OBSERVED TRENDS WITH LOADS
A temporal decrease in the concentration of carbamazepine was observed in the Enclosed Meuse. Furthermore, seasonal trends were observed for caffeine, carbamazepine, ibuprofen and sulfamethoxazole. To check if these trends were caused by possible changes in flow, loads were calculated. Unfortunately, no suitable flow data were available for the Enclosed Meuse itself. As an estimate, flow data from the main stream of the Meuse (upstream at the village of Megen) were used that were downloaded from the website www.waterbase.nl (provided by the Dutch Ministry of Infrastructure and the Environment). 

The downloaded flow data had a frequency of one measurement per 10 minutes. From these data average flows were calculated between two weeks before and two weeks after each sampling (in case of 13 samples / year) or averages of the months January-March; April-June; July-September and October-December (in case of 4 samples / year). The flow is presented in Figure S1.

The flow in the Meuse on average has decreased between 2005 and 2012 (-7%/year). This means that the temporal decrease in the concentration of carbamazepine is not caused by an increase in the flow that would have led to more dilution of the emitted carbamazepine.


[image: image4]
Figure S1: Flow in the river Meuse

Loads were subsequently calculated by multiplication of the measured concentration with the averaged flow and expressed as kg/d. Figure S2 shows the concentration and load of carbamazepine. The figure shows that the load has even a slightly stronger decreasing trend (-12.4% /year) than the concentration. This suggests that the decreasing concentration is most probably caused by a decrease of the emission of carbamazepine in the river basin in the investigated years. 
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Figure S2: Measured concentrations in the Enclosed Meuse and calculated loads of carbamazepine. Both concentrations and loads show a decreasing trend between 2005 and 2012.
It was investigated if experimental error might have influenced largely the calculated loads and their trend curve. First, the error in the analysis of carbamazepine was calculated to be 6% (derived from recovery given in Table S1: 100/92*5). The error in the flow was estimated to be maximum 5%. The cumulative error in the calculation was calculated as: cumulative error = σ(analysis carbamazepine) + σ(flow) + σ(analysis carbamazepine) * σ(flow) = 11.3%.

Using the “distribution sampling” function of the statistical software package XLSTAT 2008, a random value was generated for each data point of the actual load plot within an error range of 11.3% of the actual value. A curve was plotted through the generated data points as an alternative curve that could have been found within the cumulative experimental error range. The actual loads and the generated alternative loads are plotted in Figure S3. It can be seen that the trend curves almost overlap and as such the consequence of the experimental error to the trends is very small.

[image: image6]
Figure S3:Comparison of the observed trend in the actual calculated loads of carbamazepine (and the trend in an alternative plot based on random data points within the margin of the cumulative experimental error.
Significant seasonal variations in concentrations were found for caffeine, carbamazepine, ibuprofen and sulfamethoxazole. Also after recalculation to loads these patterns are observed. For carbamazepine this is shown in Figure S2. Figure S4 shows the seasonal patterns of concentrations and loads of caffeine, ibuprofen and sulfamethoxazole.


[image: image7]
Figure S4: Concentrations in the Enclosed Meuse and calculated loads of pharmaceuticals between 2005 and 2012.
RAW DATA OF COMPOUNDS DETECTED IN THE ‘SNAPSHOT’ STUDY
Table S4: Concentrations pharmaceuticals, pesticides and water quality parameters detected in the ‘snapshot’ study. Compounds are shown that were detected at at least 4locations (i.e. in more than 20% of the measurements) as these were included in the PCA.
[image: image8.emf]Compound

unit

Belgian border wk 1

Belgian border

Belgian border wk 3

Geleen (industry)

Intake dw Roosteren

Meuse Mook

Meuse Maasdriel

River Dommel Eindhoven (STP effluent)

River Dommel Den Bosch (diluted)

River Aa Veghel (STP)

Channel South William

Meuse after entrance D,A&CSW

Intake dw Enclosed Meuse

Meuse Keizersveer wk 1

Meuse Keizersveer

Meuse Keizersveer wk 3

Intake dw Biesbosch

River Waal Werkendam

Meuse after entrance Waal

Sluices Haringvliet

acidity pH

7,7 7,6 7,7 7,6 7,6 7,8 7,8 6,8 7,1 7,4 7,7 7,7 7,8 7,8 7,8 7,8 7,7 8,1 8,0 7,9

ammonium mg/L NH4

0,4 0,2 0,1 0,2 0,1 0,1 0,1 0,7 0,4 0,2 0,1 0,2 0,1 0,2 0,2 0,2 0,2 0,1 0,1 0,2

carbondioxide mg/L CO2

5,2 7,4 5,0 7,6 6,7 3,9 4,1 20,8 12,2 11,5 7,6 4,8 4,0 3,8 4,3 4,3 4,6 1,9 2,7 3,3

chloride mg/L Cl

81,1 88,8 85,5 64,4 60,1 86,1 73,3 63,3 81,0 77,6 100,0 67,8 76,7 89,3 68,6 88,4 71,0 108,9 102,4 98,2

conductivity mS/m

45,7 48,0 48,1 50,6 50,3 49,2 49,7 37,7 38,1 53,5 42,6 49,1 52,4 49,0 48,6 48,3 48,5 51,0 50,0 51,0

hydrogen carbonate mg/L HCO3

162 168 175 177 174 149 150 90 100 180 250 152 160 149 153 157 154 163 162 157

nitrate mg/L NO3

10,3 11,2 10,4 14,3 14,6 11,7 11,8 10,1 8,6 11,0 7,4 11,1 7,2 9,6 11,0 11,2 10,5 6,1 7,6 6,8

TOC mg/L

4,22 4,42 3,69 4,18 4,02 4,60 4,41 8,79 10,04 11,55 5,58 5,28 4,97 5,23 5,71 6,30 6,20 2,99 4,63 5,14

turbidity FTE

3,83 2,00 1,57 2,41 1,70 4,70 2,57 4,21 6,19 10,40 1,54 2,96 1,22 4,39 5,17 2,99 5,20 7,40 28,40 1,78

ureum mg/L

0,74 0,14 0,58 0,07 0,06 0,29 0,28 1,23 0,84 0,44 0,16 0,28 0,19 0,25 0,21 0,46 0,09 0,08 0,28 0,36

Aminomethyl phosphonic acid (AMPA) µg/L

1,01 1,54 0,95 2,28 2,25 1,67 1,62 0,64 0,66 1,89 1,82 1,63 1,31 1,68 1,48 1,37 0,38 1,48 0,87 0,73

Glyphosate µg/L

0,19 0,18 0,09 0,18 0,17 0,11 0,05 0,06 0,12 0,21 0,03 0,09 0,02 0,10 0,11 0,06 0,05 0,09 0,06 0,06

Bentazone µg/L

0,01 0,01 0,00 0,01 0,01 0,02 0,02 0,02 0,04 0,05 0,02 0,03 0,03 0,01 0,03 0,01 0,03 0,02 0,02 0,02

MCPP µg/L

0,01 0,00 0,01 0,01 0,00 0,04 0,03 0,10 0,12 0,12 0,01 0,04 0,06 0,03 0,04 0,04 0,04 0,01 0,02 0,01

TCOFZ µg/L

0,01 0,01 0,00 0,04 0,04 0,03 0,03 0,02 0,01 0,03 0,02 0,03 0,01 0,01 0,02 0,02 0,02 0,02 0,02 0,01

2,4,5-trichlorofenoxy acetic acid (2,4,5-T) µg/L

0,02 0,01 0,00 0,01 0,01 0,02 0,00 0,03 0,06 0,03 0,01 0,02 0,03 0,01 0,02 0,00 0,02 0,01 0,02 0,01

Carbendazim µg/L

0,00 0,00 0,00 0,02 0,01 0,02 0,02 0,02 0,02 0,05 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02

MCPA µg/L

0,01 0,01 0,01 0,01 0,00 0,04 0,02 0,06 0,24 0,09 0,00 0,03 0,05 0,02 0,04 0,04 0,03 0,00 0,01 0,01

Dichlorophenoxy acetic acid  (2,4-DP) µg/L

0,01 0,02 0,01 0,01 0,01 0,01 0,01 0,00 0,01 0,00 0,01 0,01 0,01 0,01 0,00 0,01 0,01 0,01 0,00 0,01

Metolachlor µg/L

0,02 0,00 0,00 0,01 0,00 0,02 0,01 0,01 0,02 0,04 0,01 0,02 0,02 0,01 0,02 0,00 0,02 0,01 0,02 0,01

2,6-Dichlorobenzamide µg/L

0,04 0,02 0,00 0,08 0,04 0,03 0,03 0,09 0,07 0,04 0,04 0,04 0,04 0,04 0,04 0,00 0,06 0,00 0,00 0,00

Diurone µg/L

0,02 0,04 0,00 0,04 0,04 0,03 0,03 0,03 0,02 0,00 0,00 0,03 0,02 0,03 0,03 0,03 0,03 0,00 0,00 0,00

Diethyltoluamide (DEET) µg/L

0,05 0,03 0,00 0,00 0,02 0,03 0,03 0,00 0,02 0,04 0,05 0,00 0,00 0,00 0,03 0,00 0,04 0,00 0,02 0,03

2,4-Dichlorophenoxy acetic acid (2,4-D) µg/L

0,01 0,00 0,00 0,01 0,00 0,01 0,01 0,02 0,00 0,02 0,00 0,01 0,01 0,01 0,01 0,01 0,00 0,00 0,00 0,00

2-Nitrophenol + 4-Nitrophenol µg/L

0,06 0,00 0,08 0,06 0,05 0,00 0,00 0,00 0,07 0,00 0,05 0,04 0,05 0,00 0,00 0,07 0,00 0,00 0,00 0,00

2,4-Dinitrophenol µg/L

0,00 0,00 0,00 0,00 0,00 0,00 0,04 0,07 0,13 0,06 0,07 0,00 0,06 0,00 0,00 0,06 0,05 0,00 0,00 0,00

3-(3,4-Dichloorphenyl)-1-methyl µg/L

0,00 0,00 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,02 0,02 0,00 0,01 0,01 0,01 0,00 0,00 0,00 0,00 0,00

Metazachlor µg/L

0,00 0,00 0,03 0,00 0,02 0,00 0,00 0,00 0,00 0,04 0,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,02 0,04

Linurone µg/L

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,02 0,02 0,04 0,00 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Atenolol ng/L

22,2 21,0 20,6 15,5 11,1 15,9 21,7 99,0 65,4 34,6 7,4 15,6 3,2 13,9 17,8 18,9 22,4 7,2 10,9 5,7

Carbamazepin ng/L

40,0 30,4 31,8 32,9 27,5 53,7 54,9 86,4 73,0 45,2 45,9 48,9 43,8 48,4 47,8 58,9 51,5 44,5 40,5 41,2

Iopromide ng/L

145 124 128 122 117 103 102 41 24 42 103 66 51 100 80 62 67 54 62 63

Lidocain ng/L

10,9 8,1 6,6 7,2 5,9 12,0 18,8 37,7 39,0 15,4 7,1 11,0 6,0 10,2 12,8 12,6 17,6 7,2 8,9 7,6

Losartan ng/L

7,8 8,4 8,5 6,6 7,2 9,0 8,7 66,2 29,7 21,5 5,3 10,9 4,1 6,6 9,0 14,4 12,4 3,2 6,7 2,0

Metformin ng/L

1063 873 1699 649 493 700 432 356 587 311 447 583 224 662 495 845 568 233 408 338

Oxazepam ng/L

17,0 16,2 10,6 13,8 12,2 24,7 21,8 70,2 56,6 36,6 17,3 26,8 14,1 24,6 26,3 23,6 31,1 12,0 16,9 11,6

Primodone ng/L

6,9 5,5 3,7 5,3 4,6 10,5 10,2 4,3 3,8 3,8 5,9 8,5 8,9 8,3 8,3 5,9 8,1 9,3 7,7 8,0

Sotalol ng/L

53,7 44,1 44,1 42,3 37,0 41,8 44,1 79,6 80,2 64,4 14,8 34,9 6,6 36,4 39,8 42,2 48,0 16,9 26,9 14,3

Sulfamethoxasole ng/L

12,5 9,9 10,3 11,4 9,5 24,8 27,2 32,0 45,6 15,6 12,8 21,8 20,8 20,9 21,6 23,6 23,1 31,5 25,2 23,0

Temazepam ng/L

2,3 2,1 1,1 3,8 3,0 7,8 8,7 41,6 34,9 19,7 10,3 9,3 8,7 9,4 10,6 13,0 13,4 2,2 6,1 3,7

Bezafibrate ng/L

6,3 8,0 0,0 6,1 4,4 11,0 17,4 8,4 8,1 7,9 3,5 10,5 3,2 9,6 9,0 3,4 16,0 11,8 10,5 8,2

Hydrochlorothiazide ng/L

34,0 24,1 18,4 24,8 17,6 40,7 48,7 234,1 164,1 90,8 4,7 41,4 0,0 35,4 40,6 64,1 50,9 41,0 39,5 12,7

Naproxen ng/L

18,1 15,0 15,0 10,0 7,5 8,2 8,8 35,6 34,0 12,8 1,9 8,0 0,0 13,2 11,6 7,7 14,5 3,2 6,6 2,4

Phenazone ng/L

0,9 0,8 0,0 0,8 0,7 2,4 2,2 0,5 1,4 1,0 2,3 2,5 5,9 2,6 2,9 3,2 3,2 4,9 3,0 4,9

Furosemide ng/L

11,9 25,6 12,4 0,0 6,8 9,0 9,0 86,7 22,5 23,2 0,0 9,7 6,3 6,1 13,2 14,6 21,1 13,4 10,1 8,5

Pravastatin ng/L

87,6 84,2 0,0 66,1 61,5 82,1 441,5 68,0 89,7 51,4 61,9 154,2 0,0 67,0 53,1 0,0 79,7 54,0 86,0 53,4

Theophyllin ng/L

34,0 0,0 0,0 10,4 17,6 14,2 15,2 6,7 26,5 12,0 10,4 13,7 17,8 13,2 11,1 0,0 10,2 6,5 7,6 14,3

Lincomycin ng/L

1,0 0,0 0,0 0,8 1,0 2,0 3,5 2,2 6,7 12,1 2,5 1,4 0,5 3,2 1,8 0,0 1,4 0,0 0,6 0,2

Metoprolol ng/L

20,7 16,0 21,2 10,0 12,3 15,8 17,8 120,9 74,3 33,5 0,0 19,8 0,0 8,0 13,7 25,0 15,1 0,0 12,2 0,0

Trimetoprim ng/L

5,4 5,3 4,3 0,0 2,4 6,9 37,0 40,3 24,0 11,5 0,0 6,9 0,0 5,8 25,2 5,5 43,4 3,2 12,6 0,0

Diazepam ng/L

0,40 0,47 0,00 0,26 0,00 0,26 1,11 0,40 0,85 0,25 0,29 0,23 0,00 0,46 1,06 0,00 1,86 0,00 0,68 0,27

Caffeine ng/L

0 0 0 0 0 226 423 58 380 98 74 334 91 298 436 0 177 144 83 162

Gemfibrozil ng/L

0,0 18,1 0,0 0,0 0,0 0,0 16,8 30,2 33,8 13,8 0,0 40,1 0,0 20,5 25,8 7,2 69,5 14,3 13,5 0,0

Cyclophosphamide ng/L

0,00 0,00 0,00 0,00 0,00 0,30 0,86 0,35 1,03 0,35 0,00 0,13 0,23 0,27 0,16 0,00 0,18 0,00 0,00 0,00

Fenofibrate ng/L

6,8 4,2 0,0 4,9 7,1 4,6 27,3 0,0 7,8 0,0 0,0 0,0 0,0 0,0 4,3 0,0 33,3 0,0 40,2 0,0

sulfaquinoxalin ng/L

0,00 0,00 0,00 0,00 0,00 0,00 1,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Enalapril ng/L

0,30 0,43 0,00 0,27 0,00 0,00 2,23 0,72 1,57 0,00 0,22 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Ketoprofen ng/L

0,00 3,61 0,00 0,00 0,00 0,00 2,80 5,57 2,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,24 0,00 0,00 0,00


PCA ANALYSIS OF THE ‘SNAPSHOT’ STUDY ALONG THE MEUSE
Table S5: Factor loadings (locations of the ‘snapshot’ study) on principal components (PC) 1, 2 and 3 after Varimax rotation by PCA. The darker the colour, the lower or more negative the loading. 

	Location
	PC1
	PC2
	PC3

	1. Belgian border wk 1
	-0.11
	0.43
	-0.28

	1. Belgian border
	-0.04
	0.54
	-0.32

	1. Belgian border wk 3
	0.08
	0.34
	-0.72

	2. Geleen (industry)
	-0.09
	0.86
	0.12

	3. Intake dw Roosteren
	0.02
	0.85
	-0.11

	4. Meuse Mook
	0.41
	0.37
	0.46

	5. Meuse Maasdriel
	0.08
	0.03
	0.46

	6. River Dommel Eindhoven (STP effluent)
	-0.80
	-0.32
	-0.05

	7. River Dommel Den Bosch (diluted)
	-0.67
	-0.50
	-0.07

	8. River Aa Veghel (STP)
	-0.19
	-0.20
	0.01

	9. Channel South William
	0.38
	-0.06
	-0.46

	10. Meuse after entrance D.A&CSW
	0.04
	0.20
	0.74

	11. Intake dw Enclosed Meuse
	0.49
	-0.25
	0.08

	12. Meuse Keizersveer wk 1
	0.41
	0.17
	0.38

	12. Meuse Keizersveer
	0.06
	-0.04
	0.76

	12. Meuse Keizersveer wk 3
	0.01
	0.05
	-0.38

	13. Intake dw Biesbosch
	-0.18
	-0.32
	0.39

	14. River Waal Werkendam
	0.81
	-0.26
	0.05

	15. Meuse after entrance Waal
	0.48
	-0.39
	-0.02

	16. Sluices Haringvliet
	0.73
	-0.38
	-0.19




CALCULATED LOADS OF THE ‘SNAPSHOT’ STUDY ALONG THE MEUSE 
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Figure S5: Water flow and loads of pharmaceuticals and pesticides discharged by the river Meuse in September 2010
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