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Polar organic contaminants in the liquid water phase 4

1 Introduction

Polar water-soluble organic contaminants were aealyin the dissolved (liquid) water phase by
solid-phase extraction (SPE) followed by triple-duaole LC-M$ analysis. The extraction volume

for the River Danube and tributary samples was @0 In total, 34 different compounds were

analysed. The analysis included 6 priority compsuofithe WFD (atrazine, simazine, isoproturon,
diuron, nonylphenol, and octylphenol).

All tributary water samples (23 close to the Danahd 28 more upstream in the individual Member
States) and 53 River Danube water samples alongvirewere analysed by the JRC-IES.

Focus was given on pharmaceutical compounds (ssidbuprofen, diclofenac, sulfamethoxazole,
carbamazepine), pesticides and their degradatiodupts (e.g. bentazone, 2,4-D, mecoprop, atrazine,
terbutylazine, desethylterbutylazine), perfluorethtacids (PFOS; PFOA), and endocrine disrupting
compounds (such as nonylphenol, NeBisphenol A, estrone).

2 Methods

2.1 Solid-phase extraction

The water samples were extracted by solid-phasadaidn (SPE). The water was not filtered. Some
samples contained particles which settled to thoboof the plastic (PP) bottles. The water (500
mL) was decanted into a 500 mL glass bottle. Thefgre extraction, the samples (500 mL) were
spiked with 5QuL of the internal standard, and then they were thixg shaking. Table 1 shows the
composition of the internal standard.

Table 1: Internal standard

L abelled compounds Concentration
[mg/L]
PFOA™C, - Perfluoro-n-[1,2,3,4%C,Joctanoic acid 0.1
PFOS™C, - Perfluoro-1-[1,2,3,4°C,Joctansulfonate 0.1
Carbamazepine d10 1
Simazine®*C; 1
Atrazine®C, 1
Ibuprofen™C, 1
4n-Nonylphenol d8 1

This procedure results in an internal standard eotnation in the water of 10 ng/L for PFOX,and
PFOS"c,and 100 ng/L for the other labelled compounds.

The SPE procedure for the clean-up and concemrafiavater samples was performed automatically
using an AutoTraceSPE workstation (Caliper Life Sciences). 200 mg(§ Oasi§ HLB columns
(Waters, Milford, MA, USA) were used. The cartridgeere activated and conditioned with 5 mL
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Polar organic contaminants in the liquid water phase 5

methanol and 5 mL water at a flow-rate of 5 mL Thifihe water samples (400 mL) were passed
through the wet cartridges at a flow-rate of 5 mih'the columns rinsed with 2 mL water (flow
3 mL min%), and the cartridges dried for 30 min using nigogt 0.6 bars. Elution was performed
with 6 mL methanol. Evaporation of the extractdwittrogen to 50QuL was performed at a
temperature of 35°C in a water bath using a TurlpdMBConcentration Workstation (Caliper Life
Sciences).

2.2 Liquid Chromatography Tandem Mass Spectrometry (LC-MS?)

Analyses were performed by reversed-phase liguidnoatography (RP-LC) followed by electrospray
ionization (ESI) mass spectrometry (MS) detectismg atmospheric-pressure ionization (API) in the
negative and positive ionization mode with a trgleadrupole MS-MS system. LC was performed
with an Agilent 1100 Series LC system consisting@ dinary pump, vacuum degasser, autosampler
and a thermostated column compartment. LC sepasatiere performed using a Hypersil Gold
column (Thermo Electron Corp., 100 x 2.1 mmupBparticles). The alkylphenolic compounds and
steroid estrogens were analysed with an Ultra Ags€il8 column (Restek, 100 x 2.1 mmd
Tandem mass spectrometry was performed on a bepdiiple-quadrupoluattro micro MS from
Waters-Micromass (Manchester, UK) equipped witlel@ctrospray probe and a Z-spray interface.

The compounds were analysed in three separatetigadlyins (methods) because the compounds
amenable to negative and positive ionization havgetanalysed in separate LC-MS runs. In addition,
the alkylphenolic compounds and steroid estrogessi to be analysed with an aqueous phase
without the addition of acetic acid. This improvwke detection sensitivity for these phenolic
compounds and ensures the separation of nonylplfremolits carboxylated os et al., 2007b

The eluants used for the separations of the tammytes were water and acetonitrile. The water
phase used was acidified with 0.1 % acetic acid@). The flow-rate was 0.25 mL miinThe
gradient started with 90 % water and proceeded t&@cetonitrile over 25 min, conditions hold for
5 min, returned back to the starting conditionsr@venin, and followed by 5 min equilibration. The
injection volume was 5 pL; injection was perfornimdthe autosampler.

Quantitative LC-M$ analysis was performed in the multiple reactiomitaing (MRM) mode.
Collision-induced dissociation (CID) was carried aging argon at approx. 3.5 x dfbar as
collision gas at collision energies of 7 - 60 eWieToptimized characteristic MRM precurser
product ion pairs monitored for the quantificatmfrthe compounds together with the cone voltage
and collision energy are given in Table 2.

The compound-dependent method detection limits (B)Qir LODs for the SPE-LC-M$rocedure
were determined from real water samples, at a ktgraoise ratio of 3; 400 mL water was extracted
and concentrated to 500 pL (enrichment factor 80Bg. injection volume was |3 (Loos et al.,
20073.

The compounds were identified by retention timeamaind their specific MRM transitions. The
compounds were quantified using labelled intertexidards (see above). The recoveries were
determined with spike experiments in the conceiotmatange of 10 and 100 ng'lusing Milli-Q
water (replication n = 6); they were in the rang®®—-90 % (see Table 2 anidops et al., 2007a;
20089).

2.3 Quality assurance

The JRC laboratory participated within the NORMARject (URL2) in the ¥ and 2°
interlaboratory study for the analysis of non-sigabanti-inflammatory drugs (NSAIDs), organized
by CSIC (Environmental Institute; Barcelona) ane dlosef Stefan Institute (Lubijan&iafre et al.,
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2008, and in the third international interlaboratotydy on perfluorinated compounds, organized
within the PERFORCE Il projecvén Leeuwen et gl

2.4 Comments to individual compounds

It must be noted that not all compounds reporteddcbe analysed with the same precision, because
the analyses of some compounds is easier in cosquatd others. Moreover, internal standards were
not available for all compounds.

The analysis of 2,4-D, ketoprofen, naproxen, dahafc, and bisphenol A is difficult due to theiraool
and relatively non-stable character in water.

Nonylphenol shows elevated blank values. The bfanklematic for nonylphenol has been described
elsewherel(oos et al., 2007b The blank was in the range of 50-100 ng/L. Grdpcentrations > 100
ng/L were reported, and a blank subtraction of A6/ was applied. For NRE no blank was
observed, and for caffeine a blank of ~ 1 ng/L. T¥s are given in Table.

The analysis of the estradiol hormones is difficule to their low LC-MSsensitivity and the low
concentration levels in the water samples.

Quantification of the individual compounds was peried with similar internal standards (IS). For
instance, the first compounds (pesticides, pharatiaads) in Table 2 were all quantified with the
internal standard ibuproféfiC,. All perfluorinated carboxylates were quantifiedhPFOAC,.
Sulfamethoxazole, carbamazepine, and caffeine guaatified with the IS carbamazepine d10. The
pesticides and metabolites were quantified withzite*C; and simaziné®Cs. All compounds in the
alkylphenolic compounds group (including the esttbldormones) were quantified with the IS 4-n-
nonylphenol d8. The relative response factors efcbmpounds in relation to the IS were calculated
in all cases. Thus, the reported concentrations@mected with the recoveries of the compounds,
since the IS have similar recovery values.

A comparative check of internal quantification vedways performed with external quantification. By
internal quantification, usually higher concentrativalues were obtained due to the incomplete
recovery of the polar analytes studied.

Benzotriazoles

Analytical standards for the two benzotriazolesensot available at the beginning of the study.
Therefore, only a few samples were analysed afteisvi@r these compounds. The analytical method
was adopted fronW(eiss and Reemtsma, 2005

Interest in benzotriazoles is emergijdhardson, 2007 Benzotriazoles are complexing agents that
are widely used as anticorrosives in industrial odsehold applications (e.g., in engine coolants,
aircraft deicers, or antifreezing liquids; silveofection in dish washing liquids). Benzotriazodee
weakly basic compounds of high polarity.

The two common forms, benzotriazole and tolyltriazonethyl-benzotriazole), are soluble in water,
resistant to biodegradation, and are only parti@iyoved in wastewater treatment. They are
ubiquitous environmental contaminants, but havendadd biological activity; for example, acute
toxicity to aquatic organisms is in the low to moate mg/L rangeWeiss and Reemtsma, 2005,
Weiss et al., 2006
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Table2: LC-MS? parameters, retention times, L ODs.

Compound MRM Cone Coll. Ret.Time Recovery LOD
[V] [min] [%] [ng/L]
Negative mode
Bentazone 239 > 132 42 27 13.8 62+8 1
2,4-D 219 > 161 20 13 15.7 56 +8 1
Ketoprofen 253 > 209 28 10 15.9 71+8 1
Naproxen 229 > 169 26 10 16.1 658 1
Bezafibrate 360 > 274 32 17 16.4 66 + 12 1
Mecoprop 213> 141 25 14 16.8 62+8 1
Ibuprofen 205 > 161 25 8 19.1 6212 1
Ibuprofen®*C, 208 > 163.4 12 8 19.1 62+9
Diclofenac 294 > 250 25 13 18.9 65+6 1
Gemfibrozil 249> 121 27 15 20.6 62+9 1
Perfluorinated acids
PFHpA, perfluoroheptanoate 363 > 319 14 10 23.5 + 84 1
PFOA; perfluorooctanoate 413 > 369 14 10 26.4 83+ 1
PENA,; gerfluorononanoate 463 > 419 14 10 28.8 &%+ 1
PFOAYC, 417 > 372 14 10 26.4 82+9
PFOSi' perfluorooctansulfonate 499 > 80 (99) 60 47 0.23 65+ 10 1
PFOS™c, 503 > 80 (99) 60 47 30.2 66 + 12
PFDA,; perfluorodecanoate 513 > 469 14 11 30.5 B+ 1
PFUNA; perfluoroundecanoate 563 > 519 14 11 32.0 + 78 1
Positive mode
1H-Benzotriazole 120.1 >64.6 (91.7) 35 20 5.2 %+ 1
1-Methyl-1H-benzotriazole 134.1 >78.6 (76.7) 40 19 8.9 47 +8 1
Caffeine (stimulant) 195 > 138 25 19 3.4 75+8 2*
Atrazine-desethyl 188 > 146 35 16 8.4 71+£10 1
Sulfamethoxazole 254 > 156 30 17 9.6 64+9 1
Terbutylazine-desethyl 202 > 146 20 15 11.6 70+£8 1
Simazine 202 > 132 40 18 11.6 70+11 1
Simazine'’C, 205 > 134 26 18 11.6 72+9
Carbamazepine 237 > 194 35 18 13.1 68 +11 1
Carbamazepine d10 247 > 204 32 20 13.1 68 £ 8
Atrazine 216 > 174 35 17 13.9 72 +13 1
Atrazine’C, 219 > 177 25 18 13.9 73+8
Isoproturon 207 > 72 30 17 14.7 72 +13 1
Diuron 233>72 30 17 14.8 72+12 1
Terbutylazine 230> 174 35 17 16.6 69+8 1
Alkylphenolic compounds
Bisphenol A 227 > 212 (133) 45 30 8.5 89+3 1
Nonylphenol 219 > 133 (147) 45 32 20.6 72+5 50*
4n-Nonylphenol d8 227 > 112 45 23 65+8
tert-Octylphenol 205 > 106 45 20 21.2 525 1
Nonylphenoxyacetic acid NRE 277 > 219 (133) 35 18 15.4 68 £ 12 2
Steroid estrogens
Estradiol 271 > 145 (183) 50 45 8.8 72+12 5
Estrone 269 > 145 (143) 50 45 10.6 54 +13 2
17a-Ethinylestradiol 295 > 145 (159) 50 40 10.2 63+1 5

MRM = multiple reaction monitoring; IS = internabsdard; coll. = collision energy; SPE recovery
rates from 400 mL water spiked at 10 ng/L using &@0Oasis HLB cartridges; LOD = method
detection limits; n.a. = not applicable; * blankuadetermined LODs.
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3 Results

3.1 LC-MS? analysis of polar organic contaminants

Figure 1 shows a total ion current LC-RMSiromatogram of a standard mixture at 0.1 mgfhéen
negative ionization mode, using a Hypersil Golcuomh (100 x 2.1 mm); the water-acetonitrile
gradient starts with 90 % water. Two time-scheduletkction windows were used. Polar pesticides
and pharmaceuticals are detected in the first Rk in the second window.

1007 3053

2: MRM of 8 Channels ES-

TIC 7.05e5 P FAS

& 2883

1001 1886

1: MRM of 17 Channels ES-

Pharmaceuticals TiC 2.2005

+ Pesticides

80 100 120 140 16.0 180 200 220 240 26.0 280 30.0 320 34.0 mins

Figure1: LC-MS? chromatogram of a standard mix in negative mode

Figure 2 depicts the compound dependent LC-Msitivity for two selected compounds. Phenolic
substances such as estradiol have a low detedrmitisity.

26.43

1007
412.7 > 368.7 PFOA (45549 2: MRM of 8 Channels ES-
0.13 mg/L
B
15.62 .
* 271> 145 (95) EStradIOI 1: MRM of 17 Channels ES-
0.12 mg/L o
Sensitivity
~ 0.5 ng absolute

8.0 100 120 140 160 180 200 220 240 260 280 300 320 34.0 mins

Figure 2: Compound dependent sensitivity of LC-M S
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The following figures give some exemplary LC-fM®romatograms.

Figure 3 shows the detection of bisphenol A indeld samples. Analysis of bisphenol A is in general
difficult due to its polar character and resultlittie column retention.

081007-077

1: MRM of 15 Channels ES-

I%WW%MMMM%WMMWWN\MZN s DS SA4 *
081007-076 6.29 1: MRM of 15 Channels ES-
1 227 > 212
“;L ﬂ‘ 246 ng/L JDS SA3 <6003
081007-076 6.25 1: MRM of 15 Channels ES-
10% i 227>133
2.47e3
o : : = T T T T T T
081007-076 6.29 TIC 1: MRM of 15 Channels ES-
& 9.34e3
081007-100 6. 1: MRM of 15 Channels ES-
1u 116 ng/|_ 227> 212 JDS 16 20603
081007-100 6.29 1: MRM of 15 Channels ES-
227 > 133
IS 2.13e3
1 081007-098 6.29 297 > 133 1: MRM of 15 Channels ES-
ZZ; j\ Standard sezes
6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0

Figure 3: Bisphenol A in JDS 16 and JDS SA3

The sample JDS Tl4 is the only sample in which PRXA PFUNA were detected in “higher”
concentrations; therefore, a chromatogram is shioiigure 4.

3226

1007 3.01e4
562.6 > 518.5 PFUNA 7 ng/L
5
o 1 ey
100 29.05 2: MRM of 8 Channels ES-
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<
0 : e ! —— T T T
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416.7 > 371.7 PFOA 13C4 Laes
<
o : e ! B " 7 7
1004 26,67 2: MRM of 8 Channels ES-
412.7>368.7 PFOA 2 ng/L 2133
<]
o e e AT
8.0 100 120 140 160 180 20.0 220 240 26.0 280 30.0 32.0 34.0 mins

Figure4: PFNA in JDS T14 sample
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10 2: MRM of 6 Channels ES- 4n-NP d 8 zpm
227 > 112
849
% " Attt b oA Ay
19.44 N P
1007 2: MRM of 6 Channels ES- |
E 219 > 133 2663 350 ng/L
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< > 3 3 IJ.g/L 1.25e5
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19.42 2: MRM of 6 Channels ES-
m% 219> 133 NP standard k as7e3
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6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 mins

Figure 5: Nonylphenol and NPE1C in JDS 66

Figure 5 shows the analysis of nonylphenol and NREH-NP d8 is the internal standard used. The
retention time for NPELC is not constant underategomatographic conditions (water without
acetic acid).

Figure 6 shows the analysis of estrone in sam&31 and 36 (close to the LOD), and figure 7 in
the samples JDS TI5, JDS 84, and JDS AR2.

100
1: MRM of 15 Channels ES-

JDS 36 269 > 145 s
~1ng/L

10,16

1 \ 1: MRM of 15 Channels ES-
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%
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Figure 6: Estronein sample JDS31
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2 ng/L

10&AWWMWM J DS TI5 1: MRM of 15 Channels ES-
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$<
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<
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Figure7: Estronein JDSTI5, JDS 84, and JDS AR2

3.2 JDS 84 - Arges tributary

Sample JDS 84 was the most contaminated sampglentained also “dissolved” green algae which
rendered the SPE extraction difficult. Low recogsrnwere achieved for the compounds of the internal
standard.
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3.3 Perfluorinated acids (PFAs)

The highest PFOA level was detected in the River(ermany); a concentration of 60 ng/L was
measured. This river is the major PFOA sourcelfer@anube. A lot of information on this issue is
available on the web-page of the German “Bayerisemlesamt fir UmweltschutzURLL). In the
Danube downstream of this influent PFOA levelsagé ng/L were found. The dilution of PFOA
along the course of the river is depicted in Figire

70
- Inn River « Danube 60
JDS6 m Tributaries
L 50
S
* 2
* * . 40 l;
o
. Budapest =
* * ’ =
PR & o ot 130 €
* . :. * 8
* * . c
@]
= ¢ s L 20 O
S & %o
* ® o *
. o ¢ ‘“ ” % . *»
- - 10
* ] | ]
t R - LI [ Sy Eg - 0
2500 2000 1500 1000 500 0
River km

Figure 8: PFOA in the Danube River and tributaries

The PFOS concentration was quite constant in tiseegim part of the Danube (~ 10 ng/L). At the
river mouth in Romania 6 ng/L were reached. Inftikowing tributaries higher PFOS concentration
levels could be detected: Morava (20 ng/L), Jaf8vang/L), and Arges (101 ng/L).

Noticeable is the high concentration level of PFINAample JDS TI4 (108 ng/L). In this sample also
some PFUNA was detected (10 ng/L), but little PRGAQ/L), and PFOS (3 ng/L). This indicates

that there might be an industry using PFNA instefleFOA, which should be investigated in more
detail.
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3.4 Pharmaceuticals

In the Danube quite low pharmaceutical concentndewels were detected. The highest levels were
found for the compounds carbamazepine and sulfaoxatiole, because they are the most persistent.
For carbamazepine, in the upstream part slightiird levels were detected than more downstream
(around 50-60 ng/L around Budapest, and ~30 ng@infsample 50 onwards). For sulfamethoxazole

levels ~ 20 ng/L were detected along the wholerrfizggure 9). These anthropogenic substances are
“discharged” along the whole river.

70
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Figure 9: Carbamazepine and Sulfamethoxazolein the Danube River

In Austria, for bezafibrate and ibuprofen level$wmen 5-10 ng/L were detected in the Danube, for
diclofenac the levels were below 5 ng/L. More dotneem in Romania, diclofenac and bezafibrate
were not detected anymore, which could be explaiyetthe biodegradability of these compounds.

Ibuprofen was found after the Velika Morava tribyt@1DS56) in concentration levels between 9-27
ng/L, and at the Danube river mouth ~ 5 ng/L (FégL®).
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Figure 10: Ibuprofen and Diclofenac in the Danube River

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org



Polar organic contaminants in the liquid water phase 14

3.5 Pesticides

The highest concentrations for 2,4-D, one of thetmaadely used herbicide in the world, were found
in the area around Budapest (~ 50 ng/L). In thetrhars part of the Danube ~ 20 ng/L, and in the

downstream part ~ 10 ng/L were found. Bentazonel¢ewere ~ 5-10 ng/L in the whole Danube
(figure 11).
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Figure 11: Pesticidesin the Danube River

Simazine, Atrazine, Isoproturon, and Diuron leweése low (< 10 ng/L) at all parts. Terbutylazine
levels were slightly higher, between 10-20 ng/Lusweb Budapest, and between 5-10 ng/L in the
downstream region of the Danube.

The concentrations for the metabolites desethylmtesand desethylterbutylazine were in the range of
5-20 ng/L with maximum levels around Budapest (fegli2).
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Figure 12: Triazine herbicides and metalt\)/?)rlitnésin the Danube River
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3.6 Estradiol hormones

In the River Danube the concentration levels foraglol, and ethinylestradiol were in all casesbel
the LOD (5 ng/L). Estrone could be detected in ssamaples in the area of Budapest and
downstream the Velika Morava influent. MoreovendZL estrone were detected in the Russenski
Lom, and by far the most in the Arges tributary (igIL). Chromatograms for estrone are depicted in
figure 6+7.

High concentration of estrone (E1) is consistenhwle fact that estrone is an oxidation product of
estradiol and may be formed in sewage treatmentsla

3.7 Nonylphenol

Nonylphenol (NP) concentrations are only reportaddvels > 50 ng/L (due to the blank
problematic; see experimental part). As can be feemTable 3, NP was only detected in a small
number of samples. The highest NP levels were foutige Arges (1300 ng/L), Timok (500 ng/L),
and Velika Morava (260 ng/L) tributaries. In samplR2 (Arges tributary) 1400 ng/L NP were

found, correspondingly (Table 4) In the Danube Riire Donji Milanovac (JDS61) 240 ng/L, and in
Vilkovo (JDS93) 180 ng/L were detected. These tindihgs in the downstream part of the Danube
are probably caused by a blank contamination @bibttles).

3.8 Benzotriazoles

Only some selected samples were analysed for bignzmies because no analytical standards were
available at the beginning of the measurements.résdts in Table 3 show that benzotriazole was
the organic compound with the highest concentrdgwgals (130-300 ng/L) found in the Danube,
followed by tolyltriazole and caffeine.

Table 3: Benzotriazoles and Caffeinein the Danube

Benzotriazole | Tolyltriazole | Caffeine
Code River km L ocation ng/L ng/L ng/L
JDS4 2285 Deggendorf 130 62 59
JDS10 | 2008 Oberloiben 180 63 49
JDS17 | 1852 Gabcikovo 214 72 47
JDS26 | 1707 Szob 222 73 38
JDS36 | 1533 Paks 380 130 84
JDS47 | 1252 Novi-Sad 30( 100 82
JDS61 | 991 Donji Milanovac 184 73 164
JDS64 | 865 Iron Gate Il 186 85 212
JDS79 | 532 Jantra 167 84 382
JDS95 | 0 Sulina 170 71 64

4 Conclusions

The analytical results for the polar compounds ys®l (pharmaceuticals, pesticides, perfluorinated
acids (PFOS/A), and phenolic endocrine disruptiogngounds) are in good agreement to other big
European rivers such as the Rivers Rhine, Elbeor P
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The levels for the priority compounds of the WFDrgaine, simazine, isoproturon, diuron) were in
the Danube and the tributaries in all cases, ext@pnhonylphenol, below the EQS values. The
nonylphenol EQS of 0.@g/L was exceed in the Timok (JDS66), and in theeArRivers (JDS84).

For the other “emerging” compounds analysed na laiues in surface waters exist.

The most relevant polar compounds identified in Brube river basin in terms of frequency of
detection, persistency, and concentrations weredieazoles, 2,4-D, PFOA, and carbamazepine.
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/index.htm
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6 Tables / Annex
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Table 3: River Danube water concentrationsin [ng/L], tributaries are grey. No value means < LOD. Redramleans: “high”
No. Location / River
g, e | 2 =
5| 2 Slg|c|s5|8|?d s | 8| el 8 8|z : |3
FlE|3 2|2 8|2|2|8|E|Q|E|E(8|8|5 |1|5 |:|a|z|f|2|R|B5 )8 |58 |2 |7k
JDS1 Upstream lller 11 2 17 5 4 1 3 2 10 51 26 39 21 2 6 3 3 102
JDS2 Kehlheim 9 2 11 6 3 1 3 1 9 42 15 37 14 1 2 3 13 20 103
JDS4 Deggendorf 5 12 55 9 8 3 3 2 4 1 7 59 17 41 12 2 6 5 17 27 307 19
JDS5 Niederalteich 11 3 12 10 15 7 2 6 2 19 1 1 59 22 45 26 2 2 4 14 22 131
JDS6 | Inn 1 2 s | 1| 3 (el 1| 2 19| 5 6| 3 1 1 6 71
JDS7 Jochenstein 3 2 2 3 2 1 17 4 40 6 18 10 1 3 4 6 22
JDS8 Abwinden Asten 6 9 6 7 4 2 40 1 10 51 17 41 17 1 3 6 7 15 46
JDS9 Ybbs-Persenbeug 4 5 14 10 6 8 2 2 30 1 7 52 16 34 11 1 6 4 5 12 137 80 9
JDS1 Oberloiben
0 3 3 3 5 4 5 1 1 2 32 1 6 49 12 31 9 1 5 3 5 11 62
JDS1 Greifenstein
1 3 3 29 5 5 5 1 2 29 1 7 43 13 31 10 1 12 6 41 9 85
JDS1 Klosterneuburg
2 4 8 12 5 6 4 1 3 40 2 15 57 15 44 16 1 5 11 8 13 131 15
JDS1
3 4 3 11 8 8 5 1 2 30 1 7 77 13 33 11 1 4 5 6 11 68
JDS1 Hainburg
4 4 26 8 11 6 2 2 38 2 15 1 71 13 52 16 2 7 6 10 15 59 8
JDS1 Morava
5] 20 3 22 9 11 1 2 9 2 16 1 2 56} 18 149 47 4 7 16 50 50 241 55}
JDS1 Bratislava
6 25 7 7 18 2 3 3 46 1 6 3 161 8 34 10 2 2 4 8 22 116
JDS1 Gabcikovo
7 5 12 6 10 2 1 2 33 1 10 2 47 12 55 11 1 3 7 12 17 31
JDS1 Medvedov
8 5 18 7 8 4 1 1 2 31 1 10 2 58 15 48 16 2 4 6 12 17 26
JDS1 Moson
9 5] 5] 5] 2 5] 1 3 2 20 1 11 1 1 65 16 118 18 4 2 7 12 14 56 60
JDS2 Komarno
0 3 3 4 5 2 1 2 27 1 7 70 11 37 12 1 2 5 8 12 126
JDS2 Vah
1 3 15 2 11 1 6 1 4 25 6 46 15 1 1 7 6 38 60
JDS2 I1za
2 6 18 9 8 5 1 2 33 1 9 30 16 56 15 2 3 7 10 14 36 115
JDS2 Hron
4 6 3 15 2 1 3 1 6 34 9 88 22 2 5] 11 8 76
JDS2 Ipoly
5] 13 1 2 1 4 20 20 303 49 25 1 3 15 14 31
JDS2 Szob 7 26 8 7 4 1 2 31 1 9 38 14 49 15 2 3 3 13 15 28 50 10
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6
JDS2 Szentendre
8 6 30 8 7 1 2 32 1 9 34 14 54 17 2 2 8 11 16 31
JDS2 Budapest
9 7 54 9 6 4 1 2 30 1 8 54 13 46 13 2 2 5 11 17 33
JDS3 Budapest
0 7 50 9 7 1 1 2 29 1 8 36 11 55 17 2 2 5 11 14 29
JDS3 Rackeve
1 9 43 8 8 B3 3 12 2 27 1 9 171 17 58 19 2 1 3 23 12 54 2.4
JDS3 Budapest
2 8 46 8 5 10 1 8 2 28 1 8 126 15 49 14 2 2 3 14 16 36 12 0.6
JDS3 Rackeve
3l 6 37 7 4 10 2 6 2 28 1 11 63 12 45 13 2 2 4 19 13 40 13
JDS3 Adony
4 4 9 9 2 10 2 24 1 11 44 10 66 18 1 1 3 16 11 50 10
JDS3 Paks
6 7 4 33 4 4 6 1 3 2 29 1 9 84 11 49 16 2 2 4 15 15 41 0.7
JDS3 Sio
7 4 32 85 6 24 26 1 6 1 11 26 37 401 61 15 1 7 54 59 43
JDS3 Hercegszanto
9 5 4 27 4 4 6 0.9 4 2 29 1 9 109 13 54 20 2 1 3 15 13 33
JDS4 Drava
1 6 4 26 5 3 5 0.7 4 2 30 1 12 87 11 58 20 2 1 4 15 13 32
JDS4 Drava
2 3 2 8 4 2 5 0.3 2 1 11 6 75 9 39 11 1 1 1 7 7 33 22
JDS4 Erdut
3 5 3 16 4 2 6 0.7 3 1 21 1 8 95 13 47 16 1 4 4 40 10 29 0.4
JDS4 llok
5 4 4 18 3 3 3 0.8 3 2 24 1 8 99 13 51 15 2 6 3 63 13 270 27
Table 3: Continued
No. Location / River
e |, o | E
® =5 o 5 S s 5| 2 3 <
g % g 12§ Pls < < | 2 i % Tl = < E: Q 2 8 o
sle|2| 8|8 |8|e|2|5|2|38|2|8(8|5|€ =€ |:|EB|3|s|c|2|82]8 |z |8 |¢2
Ela|3|S|=|8| 2|8 |8 |k |8 |8 |8 |E|B|S |[F|8 |3|a|z|8|3|2|&8 8 |8 |4 |&
JDS4 Novi-Sad
7 10 4 06 4 2 21 1 7 82 9 37 11 1 1 2 11 11 157 15
JDS4 Stari Slankamen
8 5 18 8 08 2 2 23 1 9 133 12 41 13 2 6 13 12 192
JDS4 Tisa
9 11 5 0.6 2 1 1 4 57 6 41 17 2 1 4 3 3 42
JDS5 Belegis
0 8 4 07 2 2 21 1 7 79 9 38 15 1 1 2 10 9 58
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JDS5 Sava

1 4 8 2 5 1188 8 16 38 2 1 1 2 29 8
JDS5 Pancevo

2 5 3 11 2 1 10 1 2 1 17 1 8 104 11 32 12 2 2 6 7 42 13
JDS5

3 4 2 9 2 1] 10 1 2 2| 18 1 9 125 | 12 33 | 14 2 2 9 9 67 16
JDS5 Velika Morava

6 37 14 6 34 2 11 2 5 210 0 40 85 4 3 426 260

JDS5

7 8 3 13 1 18 1 3 1 17 1 7 1467 9 31 21 2 1 9 13 58 2
JDS5 Starapalanka

8 9 13 3 19 08 3 2| 16 1 7 241 | 10 38 | 19 2 2 2 6 6 49 2
JDS6 Golubac

0 4 13 2 27 10 3 1 15 1 8 162 10 32 16 2 2 2 8 7 48 10 1
JDS6 Doniji Milanovac

1 6 14 3 20 06 2 1 14 6 164 10 32 14 2 1 4 5 6 45 240

JDS6 Tekija/Orsova

2 4 5 9 2 11 06 2 1 13 6 239 11 30 20 1 2 5 7 36

JDS6 Iron Gate Il

4 6 6 3 13 1 1 14 1 6 212 10 31 16 2 1 1 4 6 56

JDS6 Rudujevac/Gruia

5 4 6 9 1 1 14 7 195 11 30 19 2 1 1 4 6 106 60

JDS6 Timok

6 34 3 2 1 60 08 2 2 1 7 83 7 29 62 2 3352 500

JDS6 Calafat

8 3 4 6 6 03 1 1] 14 1 6 86 9 27 | 15 2 2 5 8 92 70

JDS6 Kozloduy

9 2 4 4 3 1 1 13 1 7 127 9 30 20 2 2 6 7 64

JDS7 Bajkal

0 2 3 3 2 3 1 1] 13 6 274 3 23 | 19 2 1 4 7 39

JDS7 Iskar

1 1 13 6 10 26 2 3 54 9 44 7 1 556

JDS7

2 1 4 4 1 1 13 6 131 27 22 2 2 2 6 7 36

JDS7

3 3 4 3 3 02 1 1 13 6 145 6 25 18 2 1 2 5 7 32

JDS7 Olt

4 2 40 1 1 12 60 8 6 8 4 3 7 5 21

JDS7

5 2 3 4 3 1 1] 12 0 6 115 2 23 | 19 2 2 1 2 4 6 24

JDS7 Jantra

8 11 4 2 2 53 383 8 8 | 14 95

JDS7

9 1 3 7 3 1 1] 12 6 382 9 24 | 17 2 1 5 7 23

JDS8 Ruse

0 2 3 4 3 1 1] 13 5 135 25 | 20 2 1 1 5 6 29

JDS8 Russenski Lom

1 2 101 6 16 3 2 2 1628 9 27 69 3 1 2 2 1 7 144 250 5 2
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JDS8 Ruse/Giurgiu
2 1 3 7 4 1 13 6 267 8 23 19 2 1 6 6 32
JDS8
3 4 9 4 1 1 12 5 114 8 26 21 2 6 5 32
JDS8 Arges
4 14 148 4 199 54 718 36 1 4 100 5361 92 945 204 19 17 2 1 6 1212 1300 490 71
JDS8 Oltenita
5 4 5 10 3 1 1 12 6 152 7 25 23 2 2 7 6 60 100
JDS8 Braila
9 2 5 7 3 1 1 12 1 6 172 8 27 23 2 5 35 7
JDS9 Siret
0 B! 188 2 1 2 47 5 3 8 1 1 1 36 6
JDS9 Prut
1 9 4 1 1 1 5 4 7 21 1 2 2 40 87
JDS9 Reni
2 6 16 13 6 1 14 1 6 81 15 26 18 0 10 10 82 12
JDS9 Vilkovo
3 6 16 3 1 14 1 6 77 16 27 20 4 11 9 91 180 13
JDS9 Sulina
5 8 32 6 2 1 13 1 7 64 12 28 28 4 11 12 83 68
Table4: Danubetributaries;, water concentrationsin [ng/L]; No value means < LOD.
No. River. Location Nap- Bent- 24-D Keto- Meco- Beza- I1bu- Diclo- Gem- PFHpA PFOA PFNA PFOS PFDA PFUNA
! roxen azone profen prop fibrate profen fenac fibrozl
MO1 | Morava, Lanzhot 53 12 13 58 3 2 8 2 20
MO2 | Dyje, Pohansko 27 22 25 43 2 3 10 3 11 1
DR1 | Drava, D. Miholjac 4 1 2 3 1.0 2 5
TI1 Tisa, Tiszabecs 0 1
TI2 Szolnok 5 2 0.4 1 1 2 1 5
TI3 Szeged 4 7 3 0.4 2 2 4
Tl4 Tisa, Martonos$ 3 8 1 1 1 1 3 108 3 10
TI5 Tisa, Novi Becej 9 3 1 2 3
TI6 Tisa, Titel 7 3 1 2 4
SAl | Sava, Zupanja 2 6 2 5 3 2 7
SA2 Sava, Jamena 2 4 2 5 3 1 2 7
SA3 Sava, Sremska Mitrov. 2 31 5 1 1 5
SA4 | Sava, USce 4 5 10 2 2 5
VM1 | V. Morava, Bagrdan 46 24 5 64 3 11 3
VM2 | V. Morava, Varvarin 38 9 4 87 3 11 1 2 1 5
VM3 | V. M., Ljubiéevski Most 34 9 8 50 2 12 2 3
oL1 Olt, Valcea 1 1 2 1 1 2 8
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OL2 | Olt, Slatina 2 22 1 1 11
AR1 | Arges, Pitesti 2

AR2 | Arges, Bucharest 239 5 214 83 517 52 5 1 101
JAl Karantzi

JA2 Yabalka-Gabrovo 8 3 1 57
IS1 Orechovitza 1
IS2 Iskar 3 6 4 1 2
RL1 Basarbovo 174 2 4 1

RL2 Beli Lom, Pisanetz 72 4 1 1

PR1 | Prut, Ungheni 3 1 13 1 3

PR2 | Prut, Bumbata-Leova 4 2 14 2 1 1

MO = Morava, DR = Drava, Tl = Tisza, SA = Sava, \AWelika Morava, OL = Olt, AR = Arges, JA = Jantt§,= Iskar, RL = Russenski Lom, PR = Prut

Table4: Continued.

No. River, L ocation Caff- Des Carba- Sulfa- Sim- Atra- Isoprot- | Diuron Ter- Desetyh NPE1C Nonyl- Bis- Estrone | Tert-OP
eine etyhl- mazepin | methox- | azine zine uron butyl- Iter buty phenol phenol
atrazine | e azole azine lazine A
MO1 | Morava, Lanzhot 84 14 206 86 6 5 4 12 245 97 217 53 16
MO2 | Dyje, Pohansko 61 26 140 40 3 5 22 128 117 153 23
DR1 | Drava, D. Miholjac 73 6 25 5 1 1 2 3 5 18 38
TI1 Tisa, Tiszabecs 54 8 3 4 2 5 36 2 16
TI2 Szolnok 48 7 40 26 3 2 3 5 26 4 21
TI3 Szeged 188 8 72 30 2 4 7 38 5 30 6
TI4 Tisa, Martonos 65 9 42 18 1 2 3 33 200 24
TI5 Tisa, Novi Becej 30 9 35 13 2 7 5 20 2
TI6 Tisa, Titel 36 7 36 16 2 2 3 18
SAl Sava, Zupanja 139 10 28 35 3 2 4 47 24
SA2 Sava, Jamena 176 11 27 46 3 4 3 46 18
SA3 Sava, Sremska Mitrov. 146 9 15 25 2 2 1 46 110 246
SA4 Sava, US¢e 141 10 18 37 2 3 55 100
VM1 | V. Morava, Bagrdan 661 2 25 77 1 344
VM2 | V. Morava, Varvarin 708 34 78 1 2 332
VM3 | V. M., LjubiCevski Most 456 37 83 2 2 259 12
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OL1 | Olt, Valcea 210 8 6 16 3 104 46
OL2 | Olt, Slatina 55 6 6 5 4 5 4 20

AR1 | Arges, Pitesti 57 3 6 4
AR2 | Arges, Bucharest 6798 67 316 192 21 19 2 1 567 | 1400 335 47
JAL Karantzi 5 3 33
JA2 Yabalka-Gabrovo 28 5 7 97

IS1 Orechovitza 50 4 6 25

IS2 Iskar 42 26 32 428

RL1 Basarbovo 126 17 55) 1 1 62 150

RL2 Beli Lom, Pisanetz 113 7 8 23 1 1 54 250

PR1 | Prut, Ungheni 308 1 2 1 9 15
PR2 Prut, Bumbata-Leova 178 4 10 1 18 58

MO = Morava, DR = Drava, Tl = Tisza, SA = Sava, \AWelika Morava, OL = Olt, AR = Arges, JA = Jantt§,= Iskar, RL = Russenski Lom, PR = Prut
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