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Figure 106: Indication of ecological status with the biological quality element Macrophytes.

Figure 107: Indication of ecological status with the biological quality element Fish.
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23.4.4.2 Interpretation of the results

Although there are many limitations to the conclusions on the indication of ecological status, some
general trends are visible such as the impacts of hydromorphological alterations, impoundments and
the pollution input from tributaries. Often the results for phytobenthos and/or fish show the worst
assessment. More detailed analysis is needed to fully understand the reasons for these results. In many
cases, it is not clear if these are due to weaknesses of the methodologies applied or due to existing
pressures that are not yet fully understood.

In the case of the fish results, the combination of the two indices (EFI and FIA, see section 23.4.1.4)
shows the effects of the hydromorphological alterations that are predominant especially in the upper
region of the Danube as well as the pollution that is more dominant in the lower stretches of the
Danube.

In the case of phytobenthos, the ecological status assessment indicates the impact of nutrients and
changed flow characteristics (such as impoundments), which also alter the impact of nutrients on the
ecosystem. Remarkably the phytobenthos often displays a moderate or worse indication of ecological
status even though the nutrient level does not exceed quality standards. This may be an effect of the
fact that phytobenthos is a long-term indicator and integrates pressures over a longer period (few
weeks) whereas the chemical results are giving a snapshot of the situation on the sampling date. Other
explanations would be that the ecological status assessment method is not type-specific, or that these
differences are a result of short-term effects due to high water levels in the Upper Danube or specific
low water conditions encountered in the Lower Danube. It would require more sampling dates for a
conclusion.

In any case the limitations of methods involved in the JDS2 for assessment of ecological status should
always be considered.
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24 Comments on chemical status

One of the major goals of the survey was to obtain homogeneous information on the occurrence of all
Water Framework Directive (WFD) priority substances (with the exception of Cy,-Cy3 chlorinated
paraffins due to methodological problems) in the Danube and its major tributaries. The results
obtained through such a monitoring activity provide a comprehensive snapshot on pollution of the
basin by the priority substances and give an indication of the chemical status at each sampling site.
According to the EU WFD, a formal assessment of the chemical status of water bodies is the
responsibility of the EU member states. The JDS2 results, however, give national experts and
managers of national monitoring schemes a good opportunity to compare their results with JDS2 data.

The preliminary indicative assessment of chemical status using JDS2 results also highlights the
problems in the Danube River Basin concerning availability of sufficiently sensitive analytical
methods with satisfactory limits of quantification and uncertainty levels. Thus the content of this
chapter has to be considered primarily as a supportive action for implementation of the WFD,
including the proposed daughter directives (Dangerous Substances Directive, QA/QC Directive), at
the national level in the Danube River Basin.

241  Assessment of chemical status according to the WFD

According to the EU WFD, ‘good’ surface water chemical status means the chemical status required
to meet the environmental objectives for surface waters established in Article 4(1)(a), that is the
chemical status achieved by a body of surface water in which concentrations of pollutants do not
exceed the environmental quality standards (EQS) established in Annex X and under Article 16(7),
and under other relevant Community legislation setting environmental quality standards at Community
level. As a first step of this strategy under the WFD, a list of priority substances was adopted

(Decision 2455/2001/EC) identifying 33 substances of priority concern at the Community level.

A new proposal for a directive of the European Parliament and of the Council on Environmental
quality standards in the field of water policy and amending Directive 2000/60/EC (Dangerous
Substances Directive) aims to ensure a high level of protection against risks to or via the aquatic
environment stemming from these 33 priority substances and certain other pollutants, by setting EQS.
For compliance checking, an average value of 12 measurements within one year has to be used.

As regards presentation of monitoring results and classification of chemical status, WFD states that
where a body of water achieves compliance with all EQS established in Annex X, Article 16 and
under other relevant Community legislation setting EQS, it shall be recorded as achieving ‘good’
chemical status. If not, the body shall be recorded as failing to achieve good chemical status.

Member states shall provide a map for each river basin district illustrating chemical status for each
body of water, colour-coded (in accordance with the second column of the table set out below) to
reflect the chemical status classification of the body of water:

Chemical status classification Colour code
Good Blue
Failing to achieve good Red
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24.2  Strengths and limitations of the JDS2 chemical data

One of the outcomes of the JDS2 with respect to WFD implementation is an indication of non-
compliance with the definition of a ‘good’ chemical status, which is based on a data-set of priority
substances covering the Danube River and its major tributaries. For each WFD priority substance, the
data were generated within a single laboratory and thus represent comparable results for the whole
Danube. For some quality elements and for a limited number of sampling stations (23) there are two
parallel data-sets available because the cross matrix inter-comparison of semi-volatile organic
compounds (in water, suspended particulate matter, sediments and biota) carried out by the EC JRC
(Joint Research Centre) also covered some of the parameters of the target analyses of priority
substances performed by other JDS2 laboratories. In such situations the worse of the two results
obtained was used for the indication of chemical status.

As regards target analyses of priority substances, for most of them the limits of quantification (LOQ)
were below or at the level of the EQS. For some compounds however, the LOQ were above the EQS,
so that an assessment of WFD-compliance was not possible.

Despite the high scientific value of the data there are several limitations regarding the assessment of
the chemical status according to the WFD:

— Chemical status assessment is formally a task of the EU member states. Final status
assessment is an exclusive competence of a member state.

- Status assessment (according to WFD) has to be done for water bodies. The JDS2 investigated
individual sites and not water bodies — for a final assessment of the chemical status of all water
bodies an insufficient number of sampling sites was available.

- Some methodical limitations apply to the JDS2 data. EQS for priority substances are defined
for an average value of 12 measurements within one year. JDS2 provided a single data value from
August/September which definitely cannot be representative for the whole period of one year (e.g.
pesticide application takes place at only certain periods of the year, thus an appropriate sampling
plan has to be designed).

Considering these limitations, a final assessment of chemical status of water bodies is not possible
within the framework of the JDS2. Anyhow, it was not the objective of the JDS2 to replace the
national assessment of chemical status. The primary goal of JDS2 in this respect was to provide an
indication of the chemical status at the given sampling sites for supporting the member states in their
national assessment process.

In general this means that the above mentioned limitations should be taken into account when
interpreting any potential differences between JDS2 data and national monitoring results. Only the
national status assessment is the official one to be reported by the member states to the European
Commission.

24.3  Indication of the chemical status of the JDS2 sites
This chapter provides an overview of priority substances that are relevant for the WFD-compliant
assessment of chemical status indicating exceedance of EQS.

According to Annex 4 of the WFD, surveillance monitoring of priority substances must be done on a
monthly basis for the period of one year.

The draft Dangerous Substances Directive defines the application of EQS in the following way:

“For any given surface water body, applying the EQS-AA (“EQS-annual average”) means that, for
each representative monitoring point within the water body, the arithmetic mean of the
concentrations measured at different times during the year does not exceed the standard”;
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"For any given surface water body, applying the EQS-MAC (“EQS-maximum allowable
concentration”) means that the measured concentration at any representative monitoring point

within the water body does not exceed the standard”.

For about half of the priority substances, the EQS-MAC is marked as “not applicable”. In these cases
the EQS-AA values are considered protective against short-term pollution peaks in continuous
discharges since they are significantly lower than the values derived on the basis of acute toxicity.

For JDS2 one single water sample was taken at each sampling site. For this reason the assessment of
the chemical status cannot be done in-line with the WFD requirements and the following procedure

was applied:

- Anindication of the chemical status is given for each sampling site (not water body);

- For compliance checking, the proposed EQS-AA for inland waters is used as the value recorded
during the survey can be considered as an approximate representative of commonly occurring
values rather than the maximum value of the year. This assumption is naturally not valid for
seasonally affected occurrence of substances but selection of AA rather than MAC also represents
a kind of worst-case approach.

In the case that there were two results from different laboratories available for a particular site, the
worse of the two results was used in the final evaluation. Table 40 shows the sampling sites where
EQS are exceeded as well as the corresponding parameters.

Table 40 Sampling sites and parameters exceeding EQS for WFD priority substances

Sampling station Location Parameter/s > EQS
JDS2 Kelheim > benzo(g,h,i)perylene & indeno(1,2,3-cd)pyrene
JDS10 Oberloiben 1,2,4-trichlorobenzene
JDS13 Wildungsmauer DEHP
JDS14 Upstream Morava (Hainburg) DEHP
JDS16 Bratislava >benzo(g,h,iperylene & indeno(1,2,3-cd)pyrene
JDS17 Gabcikovo reservoir DEHP
JDS26 Szob tributyltin
JDS32 Budapest downstream mercury
JDS33 Adony/Lérév mercury
JDS34 Rackeve-Soroksar Danube Arm - end DEHP
JDS35 Dunafoldvar DEHP, tributyltin
JDS36 Paks DEHP
JDS38 Baja DEHP
JDS39 Herczegszanto DEHP, 3 benzo(g,h,i)perylene & indeno(1,2,3-cd)pyrene
JDS40 Batina DEHP
JDS41 Upstream Drava DEHP
JDS42 Drava (rkm 1.4) DEHP
JDS43 Downstream Drava (Erdut/Bogojevo) DEHP
JDS44 Dalj DEHP
JDS45 llok/Backa Palanka DEHP, tributyltin
JDS46 Upstream Novi-Sad DEHP
JDS47 Downstream Novi-Sad DEHP
JDS49 Tisa (rkm 1.0) DEHP
JDS50 Downstream Tisa/Upstream Sava (Belegis) DEHP
JDS51 Sava (rkm 7.0) DEHP
JDS52 Upstream Pancevo/Downstream Sava DEHP
JDS53 Downstream Pancevo DEHP
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Sampling station Location Parameter/s > EQS
JDS54 Grocka DEHP
JDS55 Upstream Velika Morava DEHP
JDS56 Velika Morava benzo(g,h,i)perylene
JDS57 Downstream Velika Morava DEHP
JDS58 Starapalanka — Ram DEHP
JDS59 Banatska Palanka/Bazias DEHP
JDS60 Irongate reservoir (Golubac/Koronin) DEHP
JDS61 Donji Milanovac DEHP
JDS62 Irongate reservoir (Tekija/Orsova) DEHP
JDS65 Upstream Timok (Rudujevac/Gruia) DEHP
JDS66 Timok (rkm 0.2) DEHP, nonylphenol, nickel
JDS68 Calafat DEHP
JDS69 Downstream Kozloduy DEHP
JDS72 Downstream Iskar DEHP
JDS73 Upstream Olt DEHP
JDS74 Olt (rkm 0.4) DEHP
JDS76 Downstream Turnu-Magurele/Nikopol tributyltin
JDS79 Downstream Jantra DEHP
JDS80 Upstream Ruse tributyltin
JDS81 Russenski Lom nonylphenol, DEHP
JDS82 Downstream Ruse/Giurgiu DEHP
JDS83 Upstream Arges tributyltin
JDS84 Arges nonylphenol, DEHP
JDS92 Reni tributyltin, Y benzo(g,h,i)perylene & indeno(1,2,3-cd)pyrene
JDS94 Bystroe canal DEHP
JDS95 Sulina - Sulina arm tributyltin, 3 benzo(g,h,i)perylene & indeno(1,2,3-cd)pyrene
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Figure 108: Indication of the chemical status of the JDS2 sampling sites
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The target analyses of priority substances showed that at 53 out of the 96 JDS2 sites on the Danube
and the mouths of the major tributaries (approx. 55% of the sites) the concentration levels of one or
more WFD relevant substances exceeded the EQS in water.

The formal reasons why the chemical status assessment has only an indication value were explained
above; an example is discussed below that clearly demonstrates that chemical status assessment
requires a thorough monitoring of water bodies through the period of one year (at least).

The analyses done by the EC JRC (see Chapter 1) showed that the levels of the sum of
benzo(g,h,i)perylene & indeno(1,2,3-cd)pyrene exceeded EQS at five sites (as is indicated in Table
40). A closer look at the results of the PAH analyses reveals that at several other sites the sum of
benzo(g,h,i)perylene & indeno(1,2,3-cd)pyrene was very close to the EQS value and, given the
uncertainty of an analytical method operating at the ng/l level, there is an obvious potential probability
of non-compliance at more than just five JDS2 sites in the case that results from the whole year be
collected (considering that ubiquitous PAHs have no specific seasonal pattern).
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Figure 109: ) Benzo(g,h,i)perylene and indeno(1,2,3-cd)pyrene in water (EC JRC)

244  Conclusion

Summarising the results in Table, DEHP is the most problematic priority substance in the Danube and
its main tributaries, followed by the PAHSs, tributyltin and nonylphenol.

The analyses of priority substances however revealed another “significant issue” which is the
availability of sufficiently sensitive analytical methods capable of providing accurate and precise
results at the trace level. Considering the results in Table 40, it must be taken into account that for
some data the uncertainty level was too high due to high limits of quantification (LOQ) and for some
compounds even the LOQ was above the EQS, so that an assessment of WFD-compliance was not
possible. These outcomes underline the necessity of the future implementation of the planned EU
QA/QC Directive.
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25 Lessons learned

25.1 Introduction

The JDS2 has moved our knowledge base about the status of the Danube River a big step forward,
providing a complex overview of an aquatic ecosystem of a large river. However, the value of the
survey is not only in the enormous amount of data that was collected, analysed and evaluated, but also
in the new findings and experience gained concerning sampling strategies and techniques, analytical
methods applied and solutions found for coping with problems encountered.

The water quality assessment process is in its substance ‘learning by doing’. The lessons learned
during a huge monitoring exercise, as JDS2 certainly was, will contribute to a better and optimised
planning of future monitoring activities in the Danube River Basin, as well as to development of
properly tailored procedures for assessment of the status of water bodies. The issues described in this
chapter and the suggestions made came into view during JDS2 activities and are to be taken into
account by experts on monitoring and assessment in the Danube River Basin and beyond, where
applicable.

This chapter does not discuss in detail the conclusions of the assessment of ecological and chemical
status as these were thoroughly dealt with in previous chapters.

25.2  Hydromorphology

The first survey of this kind covering the whole reach of the Danube was a good opportunity to test the
available methodologies. The sampling sites selected for JDS2 were not always found to be
representative for characterisation of the hydromorphological features of the Danube as they had often
been selected to detect discharges from agglomerations (focus of the JDS2 was given to water quality
aspects). Many stations were located upstream of dams in the impounded areas, within the cities and
transition stretches (e.g. from cities to more natural stretches, or just downstream of dams) which were
not typical for the prevailing character of long Danube reaches. The survey only allowed the analysis
of the main navigable channel; there were no opportunities to examine side channels.

The hydromorphological characteristic of sampling sites with regard to microhabitats should be more
detailed in future to support the biological assessment. The continuous longitudinal survey seems to be
more relevant than the site survey due to its higher representativeness. Such surveys can provide a
good baseline information for the future.

The quality of the navigation map decreases and the data is less up-to-date downstream of Belgrade.
Unfortunately the new digital navigation maps do not show all river regulation works, shallows,
bars/islands and indicative values for channel depth and flow velocity.

To ensure high quality of data and reliability of results, it is crucial that the assessment of
hydromorphological features of the Danube River is done by a single expert during the whole survey.

The results of the survey enabled formulation of the following recommendations for action:
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- If stretches do not reach ‘good’ ecological status, countries should put more effort into restoring
additional stretches and preserving those that still have ‘good’ hydromorphological conditions. An
update of preliminary risk assessments and HMWB designations should be considered.

- Consideration should be given to using environmentally sustainable alternatives for further bank
revetments and reinforcement along the Lower Danube.

- Continuation and improvement of restoration measures along the Upper Danube (by further
reconnecting floodplains and providing more space for channel development) should be
undertaken (considerably reducing bank reinforcement to the absolute necessary minimum).

— Large scale restoration of floodplains should be carried out along the Lower Danube (beginning
with the reconnection of islands with ring dikes).

- Environmental impact assessment studies and long-term monitoring of hydromorphological
features for relevant planning control (checking of exemptions) should be undertaken.

25.3  Biology

In macrozoobenthos sampling a thorough comparison between the Air-lift / MHS / Multicorer
methods and Kick & Sweep / dredging was difficult because the two approaches are not only different
in terms of technique but they also sample different spatial zones of the river. More taxa were
collected with Air-lift / MHS / Multicorer compared to the Kick & Sweep / dredging method (362 and
202 respectively). In general, Air-lift / MHS / Multicorer seems to be more effective regarding a
standardised documentation of benthic invertebrates as it is a quantitative method and covers the
largest area of the river ecosystem. On the other hand, Kick & Sweep / dredging seems to be more
effective in documenting Mollusca, Odonata, Mysidacea and Heteroptera taxa. It underlines that,
regarding diversity, a combination of both Air-lift/ MHS and Kick & Sweep / dredging is useful. For
a decision on methods for future WFD-compliant monitoring programmes, the objectives for the use
of the biological quality element (BQE) macrozoobenthos have to be considered.

The biological quality element phytobenthos indicated significant differences between the right and
left side of the river channel, the effect of one-sided discharge of organic and nutrient pollution. Other
biological quality elements often exhibited a similar, but less distinct, pattern. However, for the future
WFD-compliant assessment of ecological status, these local differences should be integrated into an
assessment result for the whole water body.

The length used in the JDS2 for macrophyte analysis was 3 km on each river side. This seemed to be
the absolute minimum to reflect the occurrence and abundance of macrophyte species. In the JDS2, as
well as in the JDS1, an emphasis was given to survey sites in power plant reservoirs. It would be
highly interesting to also sample the reaches of the Danube where neither water depth nor flow
conditions are influenced by reservoir-typical conditions. For assessing the impacts of the tributaries
and municipal wastewater discharges, downstream sampling sites should be located closer to those
discharges and site planning should take into account the discharge magnitude and also the mixing
conditions. National surveys supporting the future JDS could cover longer reaches for macrophyte
sampling.

For the ecological assessment of phytoplankton, one single sampling date is not sufficient due to the
high natural variability of this quality element. Hence, a future JDS programme should be
complemented by additional national sampling programmes to provide reliable results for the
assessment of ecological status.

Comparable fish sampling in a large river is rather complicated. Even during ideal conditions, with
perfect planning and much experience, there will always be a high degree of variation in the sampling
efficiency. The JDS2 results demonstrated the possibilities for fish sampling in large rivers as needed
for the evaluation of ecological status. It was shown that with a standardised sampling programme,
based on electrofishing in the shallow (littoral) areas, it is possible to collect detailed information on
the fish community in a cost efficient way. The results indicate that even a large river can be
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sufficiently sampled by a boat using electrofishing. Moreover, night sampling proved to be very
effective in the case of a large river. Therefore, these results should be considered as a motivation for
updating the CEN-Standard for electrofishing.

The JDS2 demonstrated the use of biological quality elements relevant for ecological status
according to the WFD and identified further needs for harmonisation of sampling and assessment
methods, and reference conditions, and for the selection of representative sampling sites.

In the microbiological analysis, the use of the Colilert system for E. coli detection proved to be the
most appropriate and robust parameter to predict faecal contamination. The comparison of on-board
microbiological data with those from the three national reference laboratories revealed a good
correspondence (with the only exception being the enterococci microtiter plate technique due to its
high detection limits). For the next JDS, sampling in the middle and at both river banks is
recommended to improve significantly the detection probability of faecal contamination from smaller
sources. Moreover, a more sensitive protocol for Enterococci detection has to be considered. The
integration of more reference laboratories from other countries should be enforced. For a better
comparison the use of the same methodology in the next JDS should be a prerequisite. Moreover, on-
board measurements of E. coli and Enterococci using standardised membrane filtration methods
should be done in parallel. Quantitative microbial source tracking to quantify human faecal pollution
has shown great potential and should be extended to other relevant faecal source specific markers (e.g.
animal sources).

The longitudinal study for basic microbial parameters (bacterial numbers, biomass, morphotypes and
bacterial secondary production) provided an overview of biological data missing for the whole Danube
to date. The data obtained was promising, however, a comparative analysis with data from the
biological quality elements (according to the WFD) is still required to make any conclusions on the
application of these parameters for the assessment of ecological status.

254  Chemistry

The application of results on chemical parameters supportive for the assessment of ecological status is
discussed in the previous chapter. However, it is essential to stress again the need to develop
appropriate type-specific classification systems/guiding values for those supportive physico-chemical
parameters in Danube countries. Comparison of the results using Austrian and Czech classification
schemes for dissolved oxygen shows remarkable differences. Only five sampling sites on the Danube
and four at the mouths of tributaries did not comply with the Austrian standard for the ‘good’
category. On the other hand, using the Czech standard, 68 sites on the Danube and half of the
tributaries did not comply with the ‘good’ category criterion. Even though in the case of nutrients the
results of the two classification schemes were similar, a harmonised classification is one of the key
challenges for the near future.

Trace analyses of priority substances revealed two key problems in the basin: reaching sufficient
quantification limits and comparability of results from different laboratories. For most of the priority
substances analysed during JDS2, the limits of quantification (LOQ) were below or at the level of the
environmental quality standards (EQS). For some compounds however the LOQ exceeded the EQS,
disabling an assessment according to WFD rules. Comparing the results for nonylphenol in SPM
collected at 23 selected sampling sites, more than 60% of the overlapping samples showed significant
differences of more than 35%. Despite the fact that the differences could be explained by the various
analytical methods applied using different solvents and extraction techniques, strengthening of
proficiency testing for WFD priority substances is a must.
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26 Conclusions

26.1 Introduction

Shared by 19 countries, the Danube River Basin is the most international river basin in the world. In
1996, the Trans National Monitoring Network (TNMN) was launched, constituting the main data
source about water quality for the Danube and its major tributaries. It provides a structured and well-
balanced overall view of the basin’s pollution status, as well as the long-term development of water
quality and pollution loads in terms of relevant determinands for the basin’s major rivers. Recent
monitoring upgrades will also help the TNMN meet the requirements of the EU Water Framework
Directive (WFD), especially by broadening its scope to consider biological monitoring and WFD
priority substances.

To attain a full overview of the water quality needed for EU WFD implementation, the ICPDR
organises monitoring surveys on the entire stretch of the river. The results of the first "Joint Danube
Survey (JDS1)" in 2001 were a key information source. During the second “Joint Danube Survey
(JDS2)" in 2007, 96 sites were successfully sampled along the 2600 km stretch of the Danube River,
as well as 28 sites on its major tributaries. The survey gathered comprehensive information about
riverine hydromorphology, biology and chemistry; strengthened basin-wide cooperation among the
scientific community and increased public awareness towards protection of the Danube. Following the
survey’s completion, the collected data was analysed in laboratories and scientific institutes across
Europe.

26.2  Hydrological conditions during JDS2

During JDS2 no significant hydrological situation occurred in the Upper Danube that would reach
long-term values of low or high water levels. Two weeks before the JDS2 launch, the discharge of the
Danube at Regensburg nearly reached the one year flood return period.

The middle course of the Danube was characterised by discharges slightly below the mean water
whereas the Lower Danube was subject to a continuous increase of discharge from an annual low
water situation (about 3000 m?/s at Zimnicea, rkm 550) towards levels above average (over 6000
m?3/s): The survey faced an increasing water flow downstream of the Iron Gate and then rode that wave
downstream to the delta.

26.3  Hydromorphology

Hydromorphological alterations have been identified as a basin-wide significant water management
issue in the Danube River Basin. JDS2 included the first ever systematic survey of
hydromorphological parameters in the entire navigable longitudinal Danube stretch using a single
method.

The continuous longitudinal hydromorphological assessment showed that the situation in the Lower
Danube is better than in the upper part. About 40% of the investigated Danube was satisfactory,
meaning that there are still many healthy ecological areas — a status that is generally more positive
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than earlier perceived. Any deterioration of this status quo in the future should be prevented and
specific programmes of measures should take place to enhance the situation for migratory species and
to support floodplain restoration.

The hydromorphological analysis identified areas with significant alterations requiring attention.
Suggested remedial measures include:

- Reconnection of floodplains and side-arms;
- Removal of bank reinforcements where possible (e.g. east of Vienna);

- Enhanced discussions with the navigation sector about channel maintenance and with the
hydropower sector to improve the naturalness of impounded Danube sections.

Overall, the relatively positive status found for Danube hydromorphology indicates a good basis for
protecting that status into the future as well as for additional restoration activities.

264  Biology

26.4.1Macrozoobenthos

The macrozoobenthic community documented during JDS2 comprises 411 taxa. Regarding diversity,
the most heterogeneous groups are Diptera and Oligochaeta. The fauna is dominated by Crustacea
(Amphipoda and Isopoda) in terms of abundance while Mollusca are the predominant group regarding
biomass. However, aquatic insects, especially EPT-taxa, play only a minor role in the Danube River.

Delineation of the three major reaches of the Danube (upper — middle — lower) could be confirmed by
multivariate analysis of the macrozoobenthos data. Additionally, the Danube typology could be
revised at a smaller scale resulting in five identified section types of the Danube River.

The saprobic indices, characterising organic pollution, varied in the Danube between 1.83 and 3.15.
Most of the sites (58) can be classified as “indication of good ecological status” according to the WFD
and for 9 other sites a “high ecological status” is indicated. For 8 sites the Sl shows an “indication of
moderate ecological status”; for 3 sites “poor ecological status”. The comparison of different national
classification systems showed a clear need for harmonisation.

The tributaries (near their confluence with the Danube) had saprobic indices between 2.1 and 3.26
(Austrian Sl). In the rivers Sio, Jantra and Russenski Lom, the SlI-values were higher than 3.0. The
Arges River was found excessively polluted and did not host any macroinvertebrate specimens.

The bottom fauna of the upper and middle reach of the Danube is dominated by Ponto-Caspian
Neozoa (mostly Crustacea and Mollusca). Their relative abundance observed during the JDS2 ranged
between 60% and 80% and they represented up to 40% of the total number of taxa. Neozoa are not
locally abundant but cover the whole Danube stretch. As Neozoa dominate the fauna, their
classification is a crucial point in assessing ecological status. Most of them indicate B-mesosaprobic
water quality due to their national classification, which results in an overall good ecological status due
to their dominance. Omitting Neozoa from the analyses leads to zero-values of the saprobic index in
some cases.

26.4.2 Phytobenthos

Phytobenthos as a part of the aquatic flora, contrary to the aquatic fauna, reacts directly to the nutrient
content (mostly phosphorus) and is considered as a reliable indicator of eutrophication processes on a
long-term basis. The indication of ecological status based on phytobenthos analysis suggested an
increase of nutrients in the longitudinal profile of the Danube. This was confirmed by a longitudinal
increase of phytobenthos biomass, as well as by varying species diversity. The results of the JDS2
showed a high species diversity of phytobenthos with 443 identified taxa. Concerning the individual
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Danube River types, the biomass had the highest concentrations in Type 7 (Iron Gate reservoir). When
comparing the results of phytoplankton and phytobenthos biomass, the Middle Danube shows the
highest variability; the Upper and Lower Danube show lower phytoplankton levels, resulting in better
growing opportunities for phytobenthos. In spite of a large similarity in diatom samples, there were
significant differences between the River Danube and some tributaries.

26.4.3 Macrophytes

In the regulated non-impounded stretches of the Danube, the macrophytes often meet the conditions
required for good ecological status; however the situation is unsatisfactory in the impounded stretches
upstream of hydro-electric power plants and a negative influence from some tributaries in the Lower
Danube was observed.

69 macrophyte species were identified during the JDS2. The unexpected spread of duckweeds in the
main river channel was probably triggered by the warm winter period. The fern, Salvinia natans, has
been found in an oxbow system near Vienna over the last 3 years and could be an indication of climate
change induced migration of thermophilic species up the Danube River. Another migrating species
that was found around Novi Sad is the helophyte, Chamaesyce glyptosperma. The submerged invasive
species, Elodea nuttallii, migrated from Western Europe down the Danube into the delta area and is
replacing Elodea canadensis.

26.4.4 Phytoplankton

Phytoplankton analysis found most of the Danube in acceptable conditions; the unsatisfactory sites
occurred only in the middle reach. From the distribution of phytoplankton chlorophyll-a and biomass
along the river corridor, three sections can be defined: an upstream section from upstream of Iller to
Baja with chlorophyll-a values below 10 pg/l and biomass concentration below 2 mg/l (km 2600-
1481); a middle section where values exceed this threshold from downstream of Baja to Grocka (km
1481-1132) and a downstream section with generally low values again. Maximum values of both
parameters have decreased by about fivefold compared to results from the JDS1.

River phytoplankton was largely characterised by centric diatoms while tributaries were very rich in
species diversity.

Comparison with the JDS1 data indicated a quality improvement; but the high trophic potential in the
Middle Danube (based on phosphorus concentrations) necessitates intensification of efforts towards
the use of P-free detergents. The most polluted river indicated by the phytoplankton analysis was the
Arges.

26.4.5 Fish

During the JDS2, the first ever fish survey on the entire Danube was carried out bringing a
homogeneous dataset for the whole reach, but also contributing to methodological harmonisation
between EU and non-EU countries. The assessment of the fish population showed that only about one
third of the investigated sites on the Danube and the tributaries presented a indication of good status.
The hydromorphological alterations can be considered as the main pressure on fish populations in the
Upper Danube section, while water quality is a key pressure in the middle and lower sections.
Furthermore, the general lack of migratory species in the Danube indicates a loss of river connectivity,
which emphasises the need for actions already proposed by the ICPDR concerning the reopening of
migration routes for the Danube sturgeon and other migratory species. In general, a very high species
diversity was found in the Danube (over 64000 fish of 71 species were sampled) indicating that the
Danube could be ranked as ‘top’ river in Europe in terms of number of fish species. Invasive fish
species however are a rising threat that needs to be evaluated.
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26.4.6 Zooplankton

In the main branch of the Danube River and its tributaries, 126 zooplankton taxons were found, out of
these 87 Rotatoria, 30 Cladocera and 9 Copepoda were registered. The high zooplankton numbers
were observed in the slow-flowing middle reach.

There was no increase in abundance or number of species observed in the reservoir sections. Only the
effect of the Morava was registered in the Danube zooplankton composition; other tributaries did not
influence the community of the main river. The density of zooplankton was lower than in 2001.

In general, the biological indicators have different requirements concerning sampling time in the year
and site selection and a joint survey will always be a compromise for all the scientific needs.

Overall, the biological indicators investigated during the JDS2 revealed a good potential to achieve
healthy ecological conditions. However, some specific problems need to be addressed such as hydro-
electric dam reservoir areas, specific tributaries and rising invasive species populations. The above
suggestions on hydromorphological measures should assist in correcting some of the biological
problems.

26.4.7 Microbiology

Microbial analysis found about one third of the sites polluted. The highest microbial contamination
levels for the Danube River were found in the stretch between Budapest and Belgrade, while the
tributaries, Arges and Russenski Lom, and side-arms, Rackeve-Soroksar and Moson Danube, can be
considered as hot spots. This emphasises the need for ensuring the sufficient treatment of wastewaters.

A comparison of the data with the preceding JDS1 (2001) indicated a slight decreasing trend in faecal
pollution of the Danube River. However, due to methodological reasons, no definite assessment is
possible.

The application of the human faecal specific quantitative microbial source tracking BacH marker for
all tributary and side arm samples clearly demonstrated the relevance of human faecal contamination.
BacH indicated that the dominant fraction of E. coli was derived from human sewage or excreta.

The longitudinal study of the Danube River and its tributaries revealed conspicuous differences
between bacterial parameter values from the Danube River water samples and the merging tributaries.
Bacterial numbers, biomass and secondary production values from tributaries were always higher than
in the Danube River. Only in the case of tributaries with higher discharge volumes (e.g. Inn and
Drava) did bacterial parameter values remain below those of the Danube River.

In general, the Danube River seems to be rather unaffected by the tributaries input. As measured
parameter values were usually lower than the calculated expected values after the inflow of tributary
waters, it may be assumed that beside the impact of microzooplankton, both the filter feeding
macrozoobenthos and cell retention by river bank sediments are responsible for the observed decrease
of bacterial biomass. The results suggest that the Danube River may function as a purification system
for bacterial loads imported from tributaries. The evolution of the bacterial parameters along the
longitudinal transects reveals clear trends for an increase of bacterial numbers and biomass and a
marked decrease in bacterial volume. These observations are in agreement with the River Continuum
Concept.

26.5 Chemistry

Water temperature distribution during the JDS2 ranged within the pattern typical for the timing of the
survey (August — September) both in the Danube and in the mouths of selected tributaries. Maximum
values were recorded in the middle reach of the Danube River.

The dissolved oxygen concentration pattern demonstrated near to 100% saturation along the Danube
River, with slightly higher values in the upper and middle Danube reaches. Although these higher
values corresponded to the primary productivity characterised by chlorophyll-a concentration, there
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was no such algal blooming during the JDS2 as occurred in the JDS1. Tributaries at their confluence
to the Danube displayed slightly higher dissolved oxygen levels than in the recipient Danube.
Significant depletion of dissolved oxygen was recorded at the mouth of the Arges, due to the discharge
of untreated municipal wastewater.

The longitudinal profile of pH values along the Danube River was similar to the results for dissolved
oxygen. The good correlation occurred during both the JDS1 and JDS2, demonstrating the balanced
effect of primary production and decomposition of organic matter, or in other words, healthy
conditions in this particular aquatic ecosystem.

A relatively constant profile for N-ammonium concentration was observed along the Danube River;
the maximum concentration peak was located in the Iron Gate reservoir backwaters. A highly elevated
concentration was measured in the mouth of the Arges tributary. A significantly decreasing nitrate
profile down the Danube was observed. A very low content of organic nitrogen was found in the JDS2
water samples.

A strong decrease in orthophosphate concentrations was observed in the Upper Danube followed by a
slight increasing profile in the lower reach, mainly caused by discharges of municipal
wastewater with P-containing detergents. Except for two very elevated concentrations (0.635
and 1.000 mg/l in the mouths of the Russenski Lom and Arges respectively), most of the tributaries
had concentration levels similar to the Danube River. Total phosphorous concentrations in water
increased slightly down the Danube, while dissolved silicates showed a generally decreasing trend
down the Danube.

Compared to the JDS1 results, N-ammonium, nitrites and TP profiles were relatively similar.
Concentrations of nitrates and dissolved silica recorded during JDS2 were higher than those measured
during JDS1. On the other hand, a decrease in orthophosphate concentrations was observed during the
JDS2 when compared to the JDS1, with few exceptions located in the middle reach of the Danube.

Among the priority substances, di-(2-ethylhexyl)phthalate (DEHP) was found at relatively high
concentrations in nearly all JDS2 water samples and in 44% of the water samples the proposed
environmental quality standard (EQS) was exceeded. At several sites an indication of non-compliance
with WFD was found for tributyltin. The highest concentrations of organotins in suspended particulate
matter (SPM) were found in the Danube downstream of Pancevo. The Arges and Russenski Lom
rivers showed the highest concentrations of alkylphenols in water with 4-iso-nonylphenol exceeding
EQS at three sites. Highest concentration of 4-iso-nonylphenol in SPM was found downstream of
Budapest. Most of the analysed volatile organic compounds (VOCs) were not detected in the JDS2
samples; in the case of a few detected substances no EQS was exceeded. These results are in harmony
with the findings of the JDS1. Among organochlorinated compounds in water, only 1,2,4-
trichlorobenzene slightly exceeded EQS at one site. The results for organochlorine compounds in
sediments and SPM do not indicate that these substances are relevant pollutants in the Danube
catchment area, which is a clear improvement of the past situation as described in the Danube Roof
Report 2004.

The analytical results obtained for polar compounds in the Danube (pharmaceuticals, pesticides,
perfluorinated acids (PFOS/PFOA) and phenolic endocrine disrupting compounds) are similar to those
in other large European rivers such as the Rhine, Elbe or Po. The most relevant polar compounds
identified in the Danube River in terms of frequency of detection, persistency and concentrations were
anticorrosives benzotriazoles, pesticide 2,4-D, and antiepileptics pharmaceutical carbamazepine.

Results of the complementary GC-MS screening of “unknown” emerging pollutants suggested that the
basin-wide presence of phthalate plasticisers, organophosphate flame retardants and siloxanes
belonging to the group of fuel additives and personal care products should be investigated in more
detail.

Most of the polyaromatic hydrocarbons (PAH) in water samples were far below the WFD AA-EQS
values and values in sediments were about one order of magnitude lower than those typically found in
the Elbe River. The exception were summary concentrations of benzo (g,h,i)perylene and indeno
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(1,2,3-cd)pyrene in water (being close to the EQS of 2 ng/l at most sites and at 6 sites the EQS was
slightly exceeded). In addition, the sum of the benzo(b)fluoranthene and benzo(k)fluoranthene, and the
sum of benzo(g,h,i)perylene and indeno(1,2,3-cd)pyrene, exceeded the EQS in the upper section of the
Tisa tributary.

Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) and dioxin-like PCBs were more
than one order of magnitude lower in all compartments when compared to the Elbe River and only one
site slightly exceeded the “safe sediment value” for PCDD/Fs. EC-6 PCBs did not exceed the related
German quality standards in sediment.

Polybrominated diphenylethers (PBDES) concentrations in SPM were an order of magnitude lower
than in Dutch rivers for c-deca BDE, and c-penta BDE was a around a factor of 5 below the WFD
EQS value in all water samples.

The concentration profiles down the Danube suggests that PAHs and PCDD/Fs arise from diffuse
sources, whereas PBDEs and PCBs display distinct zones of contamination. This fits into the picture
of PAHs and PCDD/Fs as combustion by-products being dispersed mainly into the atmosphere,
whereas “intentionally produced industrial chemicals” such as PCBs and PBDEs stem from emissions
through industrial and urban effluents.

The comparison of left and right bank sediment data suggests a diffuse emission from both sides of the
catchment for PAH. PCDD/Fs and PCBs show some distinct signals from the left side. The results of
PBDEs show a clear impact from the tributaries Drava, Sava and Velika Morava, all being right
tributaries of the Danube River.

Pollution profiles in the sediments are scarcely reflected by the data in the water column, where
(except for PBDEs) the spatial gradients are lower and maxima often appear at different sites. This
underlines the historic character of the findings in the sediments.

Concentrations of metals in water were found above the quality targets at only three sites. The
concentration of mercury slightly exceeded the EQS at two sites downstream of Budapest, and the
concentration of nickel exceeded the EQS in the Timok confluence with the Danube. The evaluation,
however, suffered from a lack of natural background values for metals, which might increase the EQS
levels for certain areas and substances. The concentration ranges of the heavy metals, as well as
arsenic in water, SPM and bottom sediments during the JDS2, were rather similar to those observed in
the JDS1 samples. For several substances the maximum levels observed during the JDS2 were lower
than those in the JDS1.

In general, the average concentrations of priority substances detected during the JDS2 tend to be lower
than those measured during the JDS1, especially for organic substances. This indicates that measures
taken to reduce their emissions are starting to be successful. However, several priority substances as
well as newly emerging substances are becoming of concern in the Danube basin and require measures
to be taken to minimise their emissions.

The results of the ecotoxicological analysis of the Danube sediments showed no significant toxic
effects.

26.6  Isotope analysis

The regional distribution of **’Cs contamination mainly originated from the Chernobyl accident in
May 1986. The JDS2 results demonstrate a clear general decrease by a factor of 10 in the **'Cs activity
concentration of Danube sediments between 1988 and 2007. Since 2004, a generally constant **'Cs
level has been detected along the Danube except for the middle section where a slight increase was
detected. This effect could be explained by the downstream transport of remobilised sediment and by
locally increased **'Cs input by soil erosion. The observed radioecological behaviour is a good
illustration of an impact of climatic change causing seasonal and regional changes in contaminated soil
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erosion in the Danube catchment. There is a clear relation of *’Cs concentrations in sediment to the
hydrological conditions in the Danube Basin.

Due to the decreased artificial radioactivity levels in the Danube River, there are no associated health
risks. Naturally occurring radionuclides, such as ?°Ra and **®Ra, in the Danube and tributary
sediments were found in normal geochemical activity concentration levels. It can be concluded that
the Danube River was found in a good radioecological status in 2007, however, locally elevated
concentrations in the tributaries (e.g. Inn and Velika Morava), caused either by contaminated soil
erosion (Chernobyl accident) or by emissions from industrial sites (mining activities increasing natural
radioactivity), should be mentioned.

A variety of isotope data (i.e. 8°H, 8'%0, *H, and “?Rn) were collected during the JDS2 to improve
hydrological and geochemical characterisation of the Danube Basin. The JDS2 findings support
previous results emphasizing the dominant role of tributaries and in-channel mixing over direct
groundwater inflows from aquifers along the Danube. The Inn has the largest impact on °H and §'0
values in the Danube as a result of its large discharge and its more negative isotope composition. §*H
and §'®0 data do not indicate a strong evaporation process in the Danube, however there are
exceptions in some tributaries such as the Sio. The *H results show that the \Vah and Morava
tributaries are influenced by nuclear power plant discharges. The values detected during the JDS2 are
however well below any health limits.

The ?*’Rn data suggest that groundwater inputs to the river are largest in the Upper Danube and only
small along the Middle and Lower Danube.

26.7  Conclusions

The JDS2 is an important integral part of the ICPDR Monitoring Strategy. It will provide valuable
support to Danube countries in their national status assessments and, in addition, provided a unique
dataset for river basin management planning at the basin-wide level due to the comparability of
results. Joint longitudinal surveys of the Danube and its major tributaries can be considered an
important tool for the preparation of the Danube River Basin Management Plan.

The results of the Joint Danube Surveys 1 and 2 create the most comprehensive and homogeneous
database on the status of the aquatic ecosystem of the Danube and its major tributaries.

The survey confirmed the earlier TNMN conclusions of a generally improving trend along the main
Danube River. However, it also reinforced evidence of specific problems, especially at a number of
tributaries and downstream of large cities.

It identified the need for actions to address:

- Hydromorphology (e.g. reconnecting side-arms);

- Continuing the building and expansion of sewage treatment plants;
- Specific industrial pollution problems (e.g. hot spots);

- More intensive investigations and measures on some tributaries.

A common understanding about methods and assessments was generated among Danube scientists and
governments. New methods used during the survey proved valuable (e.g. air-lift sampler, biological
elements, fish and hydromorphology). The JDS2 will be made available for future research efforts and
dialogue with different stakeholders and users (e.g. concerning problem locations and parameters).
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