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Abstract:

 The Joint Danube Survey 3, carried out in 2013 was the world’s biggest river research expedition of its kind. The course of the second largest river of Europe passes large cities like Vienna, Budapest and Belgrade and is fed from many tributaries like Inn, Thisza, Drava, Prut, Siret and Argeș. During the 6 weeks of shipping the 2375 km downstream the River Danube from Germany to the Black Sea an enormous number of water samples were analyzed and collected. A wide spectrum of scientific disciplines cooperated in analyzing the River Danube waters. For toxicological analysis, water samples were collected on the left, in the middle, and on the right side of the river at 68 JDS3 sampling points and frozen until the end of the Danube survey. All samples were analyzed with two in vitro bioassays tests (umuC and MTS). Testing umuC without S9 activation and MTS test did not show positive signals. But umuC investigations of the water samples came up with toxic signals on two stretches, when activated with S9 enzymes. The override of the limiting value of the umuC investigation with prior S9 activation started downstream Vienna (Austria) and was prolonged until Dunaföldvar (Hungary). This stretch of the River Danube passes a region that is highly industrialized, intensively used for agricultural purposes and also highly populated (Vienna, Bratislava and Budapest). The elevated values may indicate these influences.
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1. Introduction

The 2872 km long River Danube, the second longest river in Europa, passes ten countries until it flows into the Black Sea forming a large river delta. The drainage basin is around 817,000 km2 large, including the waste waters of this mostly densely populated area. The course of the river passes large cities like Vienna, Budapest and Belgrade and is fed from many tributaries like Inn, Tisza, Drava, Sava, Pruth, Siret and Argeș.

The Joint Danube Survey 3 (JDS3) 2013 was the world’s biggest river research expedition of its kind [1]. Until now the JDS has been carried out three times every six years. Between 13 August and 26 September, samples were taken along a 2563 km stretch of the River Danube starting in Böfinger Halde (Germany, river 2581 km) to the Danube Delta (river 18 km). Besides collecting water samples and directly surveying the microbiological status, many other river relevant parameters from water, sediment and suspended solids were evaluated by laboratories all across Europe: e.g., hydromorphology, basic chemistry, biological key elements like fish, macrozoobenthos, phytobentos, phytoplankton, macrophytes, etc.

One aspect of the investigation was the primary evaluation of the toxicological burden over the whole river course. In order to provide a first toxicological investigation and status assessment of the River Danube, two widely used, easily applicable toxicological tests were applied for all JDS3 samples (umuC and MTS). These tests have been used for the investigation of surface waters by other groups [2,3,4,5,6] and have been additionally established and used for the investigation of the River Mur in Styria, Austria [7]. The investigation of the water samples with these protocols is very reliable in terms of unspecific screening for toxic signals in surface or waste water samples [4,5,6]. These tests need only a small amount of the test liquid and can react on high numbers of mutagenic and cytotoxic substances and are therefore suitable for looking for unknown hazardous substances originating from all sources [3,8,9]. Compared with other investigations carried out during the JDS3, the results of the toxicity survey may lead to a new discussion on the methodology in the search for toxic substances and to new insights into the toxicological burden of the Danube.



2. Materials and Methods


2.1. Water Samples

Samples were taken all over the River Danube course at 68 positions (Figure 1). At a sampling point (SP) samples were always taken from the left side (L), in the middle (M) and from the right side (R) (resulting in 171 samples) of the River Danube, with the exception of the tributary samples that were mostly collected only once in the middle (11) (Table 1).

Figure 1. Overview of the Joint Danube Survey 3 (JDS3) sampling points along the river Danube. The map was taken with kind permission of the ICPDR.
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Table 1. List of the JDS3 sampling points (SP), the orange highlighted sampling points were only collected midstream.


	SP
	Name of SP
	River km
	SP
	Name of SP
	River km





	JDS1
	Böfinger Halde
	2581
	JDS35
	Tisa
	1215



	JDS2
	Kelheim, gauging station
	2415
	JDS36
	DS Tisa/US Sava (Belegis)
	1200



	JDS3
	Geisling power plant
	2354
	JDS37
	Sava
	1170



	JDS4
	Deggendorf
	2285
	JDS38
	Upstream Pancevo
	1159



	JDS5
	Mühlau
	2258
	JDS39
	DownstreamPancevo
	1151



	JDS6
	Jochenstein
	2204
	JDS40
	Upstream Vel. Morava
	1107



	JDS7
	US dam Abwinden-Asten
	2120
	JDS41
	Velika Morava
	1103



	JDS8
	Oberloiben
	2008
	JDS42
	DS Velika Morava
	1097



	JDS9
	Klosterneuburg
	1942
	JDS43
	Banatska Palanka
	1071



	JDS10
	Wildungsmauer
	1895
	JDS44
	IGR Golubac/Koronin
	1040



	JDS11
	US Morava (Hainburg)
	1881
	JDS45
	IGR Tekija/Orsova
	954



	JDS12
	Morava
	1880
	JDS46
	Vrbica/Simijan
	926



	JDS13
	Bratislava
	1869
	JDS47
	Upstream Timok
	849



	JDS14
	Gabcikovo reservoir
	1852
	JDS48
	Timok
	845



	JDS15
	Medvedov/Medve
	1806
	JDS49
	Pristol/Novo Salo
	834



	JDS16
	Moson Danube
	1794
	JDS50
	Downstream Kozloduy
	685



	JDS17
	Klizska Nema
	1790
	JDS51
	Iskar
	637



	JDS18
	Vah
	1766
	JDS52
	Downstream Olt
	602



	JDS19
	Iza/Szony
	1761
	JDS53
	Downstream Zimnicea/Svistov
	550



	JDS20
	Szob
	1707
	JDS54
	Jantra
	537



	JDS21
	US Budapest - Megyeri Bridge
	1660
	JDS55
	Downstream Jantra
	532



	JDS22
	DS Budapest—M0
	1632
	JDS56
	Russenski Lom
	498



	JDS23
	Rackeve-Soroksar arm-end
	1586
	JDS57
	Downstream Ruse
	488



	JDS24
	Dunaföldvar
	1560
	JDS58
	Arges
	432



	JDS25
	Paks
	1533
	JDS59
	Downstream Arges
	429



	JDS26
	Baja
	1481
	JDS60
	Chiciu/Silistra
	378



	JDS27
	Hercegszanto
	1434
	JDS61
	Giurgeni
	235



	JDS28
	US Drava
	1384
	JDS62
	Braila
	167



	JDS29
	Drava
	1379
	JDS63
	Siret
	154



	JDS30
	DS Drava (Erdut/Bogojevo)
	1367
	JDS64
	Prut
	135



	JDS31
	Ilok/Backa Palanka
	1300
	JDS65
	Reni
	130



	JDS32
	US Novi Sad
	1262
	JDS66
	Vilova/Kilia Arm
	18



	JDS33
	DS Novi Sad
	1252
	JDS67
	Sulina Arm
	26



	JDS34
	US Tisa (Stari Slankamen)
	1216
	JDS68
	St.Gheorge Arm
	104










Subsamples of 50 mL from the sample bottle taken for the microbiological investigations (surface water collected 0.3 m under the river surface) were filled into sterile non-toxic 50-mL plastic vials and immediately stored at −20 °C until analysis in the home laboratory. Before being used in the experiments, the samples, were thawed on ice, vortexed and filtrated to eliminate bacteria via 0.45 µm syringe filter (TPP, Techno Plastic Products, Switzerland). Freezing of the samples might alter the composition and amount of toxic compounds in the sample. Although studies of Armishaw et al. showed for pesticide spiked material no alteration over 168 days of freezer storage, this cannot be predicted for hundreds of toxic substances in surface water [10]. The stability of the JDS3 water samples stored at 4 °C was also investigated on three exemplary samples during the study and showed that most substances were relatively stable over a period of 173 days [1]. The small sample volume, the storage at −20 °C and the possibility to test a large sample number was a requirement for the screening investigation.





2.2. Toxicity Assay: umuC

An SOS/umuC assay was carried out to search for mutagenicity. The assay was carried out according to Reifferschied et al., following the modifications of the ISO 13829 standard [11]. The umuC assay was conducted with or without S9 enzymatic activation (Trinova Biochem, Gießen, Germany). Filtrated water samples as described above were applied to the test without pH correction as the pH values were between 8.0 and 8.5 over the whole stretch of the Danube River [1]. Tests were carried out in 96 well plates (TPP, Techno Plastic Products, Trasadingen, Switzerland). The absorbance at 600 nm and 420 nm was measured with a Zenyth 3100 Multimode Detector (Beckman Coulter, Austria). All experiments were carried out in triplicates and mean and standard error of the mean (SEM) were calculated. According to the ISO 13829 the growth rate (G) was calculated with Equation (1).
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(1)




A growth reduction of 25% compared to the growth control was considered to be a cytotoxic water sample. The induction rate (IR) was calculated with Equation (2):
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(2)




According to ISO 13829 an induction rate of ≥1.5 was taken as a signal for mutagenic potency in the water samples.



2.3. Cytotoxicity Assay: MTS

For determination of cytotoxic potential of the water samples a MTS test (Promega, Mannheim, Germany) was carried out. The test is based on the yellow salt [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt; MTS] which is converted into the blue/violet water insoluble salt formazan. The conversion into formazan is mediated by dehydrogenases of intact mitochondria and therefore provides insight into cell viability. HepG2 (DSMZ ACC 180) cells were used for cytotoxicity assays. HepG2 cells are capable of phase one liver enzymatic reaction and are highly sensitive against polycyclic aromatic hydrocarbons and genotoxic effects can be seen after challenging with carcinogenic mycotoxins. These cells also react positively to Arsenic and carcinogenic metals like Cadmium [12]. Cells were cultivated in Dulbecco’s Modified Eagle Medium (DMEM, Promega, Vienna, Austria) with 10% fetal bovine sera (FBS, Promega, Austria) and 100 U/mL penicillin/streptomycin (Sigma Aldrich, Vienna, Austria) at 37 °C and 5% CO2. Passages 3 to 6 were taken for the experiments. Cell number was titrated to find out the best ratio between cell number and maximum signal response. A cell number of 1 × 104 cells/well was found to be ideal. For the cytotoxic analysis, cells were freshly seeded into 96 well plates (Thermo Scientific, Vienna, Austria) and allowed to attach for 4 h. After that, 40% of the medium was replaced by filtrated water samples and incubated for 20 h at 37 °C and 5% CO2. After the incubation, 20 µL of the Dye Solution was added. The plates were incubated for up to 4 h at 37 °C in a humidified, 5% CO2 atmosphere. The absorbance at 492 nm was measured with a Zenyth 3100 Multimode Detector (Beckman Coulter, Vienna, Austria). Deionized water served as control. Experiments were carried out in triplicates. Viability (VC) of the cells incubated with deionized water was taken 100% and the viability of the river samples was put into relation to them and calculated with Equation (3).
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(3)




A reduction of the viability to 70% compared to the test sample was taken as a cytotoxic response [3].




3. Results and Discussion

All samples of the JDS3 sampling points were investigated for a toxic signal with the umuC test and the MTS. Experiments were carried out in triplicates and means and standard deviations are given as line and error bars in the figures.


3.1. UmuC Results without Enzymatic S9 Activation

The umuC investigation of the River Danube Samples without S9 activation did not show any raised values (Figure 2). The only exception was one value of the triplicates at sample position JDS31 M that was elevated to 1.79. But because the two other midstream values were 0.95 and 0.92, this high single value of 1.79 has to be interpreted as an outlier. In addition, the mean value was below the limit value of 1.5. The results go also well with previous river studies, were the samples without S9 activation did not came up with a toxic signal [7]. Evaluation of growth of the umuC Salmonella as requested in ISO 13829 did also not show any inhibition.

Figure 2. Results from umuC testing of the River Danube without enzymatic activation. The red line at 1.5 represents the limit value according to ISO 13829.
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3.2. UmuC Results with Enzymatic S9 Activation

Investigation of the River Danube samples with enzymatic S9 activation showed exceedance of the limit value of 1.5 and elevated values before and after a few JDS sampling points (Figure 3). The values of all investigated sampling points had little standard deviations and were thus considered reliable. Values started to rise from JDS13 (Bratislava, SVK, river 1869 km) on until JDS28 (upstream Drava, HR, river 1632 km). The limiting value was exceeded at JDS15 (Medvedov, SVK, river 1806 km), JDS20 (Szob, HU, river 1707 km), JDS22 (downstream Budapest, HU, river 1632 km), JDS23 (Rackeve-Soroksar branch, HU, river 1586 km), JDS24 (Dunarföldvar, HU, river 1560 km) and JDS25 (Paks, HU, river 1533 km). Elevated values were also observed at JDS55 L (downstream Jantra, RO, river 532 km) but stayed below the limit of 1.5.

Figure 3. Results from umuC testing of the river Danube with enzymatic activation. The red line at 1.5 represents the limit value. Values at JDS15 M, JDS20 L,M,R, JDS21 L, and JDS22 R, clearly override the limit value. Values are also increased before and after JDS55 but do not exceed the limiting value. Growth of Salmonella is impaired beginning at JDS60 but does not fall below 75% compared to the growth control.
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When elevated values were observed, they were mostly elevated at all three horizontal sampling point (e.g., JDS 20 left, middle and right). This leads to the conclusion, that the toxic signal has come from a point upstream as it has to be spread all over the whole width of the river. The definite source of the toxic signals is difficult to find, as the umuC is sensitive for at least 400 chemicals tested by Reifferscheid et al. [13]. One group of toxicants that need prior S9 activation and are known to be pollutant in surface waters are polychlorinated biphenyls (PCBs) [14,15] although they were found at very low levels in the River Danube [1].The possible sources are the large municipal waste water treatment plants, the outfall of large factories in these areas, and the agricultural land use of the watershed area for these sites.

The reduced growth rate from JDS60 to JDS68 triggered the values to around 0.80 to 0.85 which is close to the cytotoxic limit value according to ISO 13829 (Materials and Methods 2.2). The growth rate dropped by around 15%–20% which might be a reference for cytotoxicity in this stretch of the River Danube, but there was no parallel growth reduction found in the MTS test with eukaryotic cells (see below).



3.3. MTS Testing

For all investigated samples the MTS test did not show any toxic signals (Figure 4) and there were no differences all over the River Danube stretch. Although HepG2 liver cells are capable of phase one enzymatic liver modification and suitable for primary investigation [16] there was no detectable reduction of the cell viability. The values of the River Danube samples tend to be even a little bit elevated (10%–20%) compared to the control (deionized water), as they were only filtrated and contain still their natural salt concentration. The filtrated Danube water was osmotically better for the cells than the control and this must be the reason for the slightly elevated values. The MTS test did not lead to positive results with the applied cell line. Extending the tests to other cell lines (e.g., epithelial cell lines like IEC-18, fibroblastic cell lines like BALB/c 3T3 [17,18,19]) could bring further insights.

Figure 4. Values of the MTS results of the River Danube sampling points (x-axis). The y-axis represents percentage of viability compared to the control (deionized water, was set as 100%). The red line at 70% represents the limit value for an inhibition of growth caused by a toxic compound or a combination of compounds.
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4. Conclusions

The examination of the JDS 3 River Danube samples provided a primary toxicological evaluation of the Danube and its major tributaries. The dense mesh of samples offered a unique chance for an assessment of this large transnational river system. Our data suggest that the Danube water in the river stretch between JDS13 and JDS 28 with elevated umuC values after S9 activation may carry a mutagenic burden. A direct comparison to the prior Danube surveys is not possible because toxicology was not investigated during JDS1 and only for sediment samples during JDS2. Further analysis at a high temporal resolution is needed to proof that our findings are consistent over time.
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