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1 Introduction

This chapter refers to the nutrients forms analykethg JDS2, both by on-board and reference
laboratories analyses.

1.1 Relevancy of nutrients in the Water Framework Directive
The EU Water Framework Directive (WFD) significgnthanged the water management by shifting
the view of water quality from chemical targetotes based on ecological assessment of natural
systems (Pollard and Huxham, 1998). Neverthele$$) Véquires surface water classification by
means of the assessment of ecological status ¢twgecal potential) and surface water chemical
status, imposing to achieve good ecological statad water bodies by 2015 (Council Directive
2000/60/EC of 23 October 2000 establishing a fraamkior Community action in the field of water
policy, 2000). In Annex V, Section 1.1.1 (RiverdJFD lists three groups of quality elements to be
used in this assessment, among which the thirdogrefiers to the ¢chemical and physico-chemical
elements supporting the biological elements’. Within this group, under the “General” categattye
following quality elements are listed: thermal cibioahs, oxygenation conditions, salinity,
acidification status and nutrient conditions. Besikhnex V, WFD explicitly refers to nutrients
(Annex VIII. 12) as “substances which contributestdrophication (in particular nitrates and
phosphates).”

1.2 Relevancy of nutrients in the Danube River Basin
The nutrients loads and their consequences haverbeegnised as one of the most striking issues in
the Danube catchment area, the Danube Delta argldbk Sea. In the recent decades comprehensive
studies and projects were dedicated to the nusrigmblem (Environmental Programme for the
Danube River Basin: Danube integrated environmestitly, Final report, Haskoning, Nijmegen, The
Netherlands, 1994), (Nutrient Balances for the @@Qountries, Project EU/AR/102A/91, Final
Report, 1997), Water Quality Targets and ObjectieesSurface Water in the Danube Basin, Progress
Report Phase 2, Delft Hydraulics, 1997), daNUbgeetp2005). In addition, nutrients data from the
Danube Basin were subject for modelling tools thaintified the Danube in-stream loads of
Nitrogen and Phosphorous - Danube Water Qualitd@dl@UNDP/GEF) and estimated the nutrient
emissions -MONERIS Model. According to the resol¢ained by the latter model, nutrient
emissions by point and diffuse sources into theubarRiver Basin in the period 1998-2000 were
758 kt of Nitrogen and 68 kt of Phosphorus, figures are much above the background conditions -
(background: 8 % for N and 10 % for P, Schreibeal 2004).

Nutrients issue was also subject of analysis irfiteemain output of the joint implementation pess

of the WFD in the Danube River Basin, Roof Rep®@42 Within this analysis an assessment of risk
of failure to reach the environmental objectiveswarried out; according to these results, actoss t
basin a high proportion of water bodies will beisk of failing to meet the WFD’s “good ecological
status” objectives due to the impact of four mafuses among the second one is “nutrient pollution”
Based on the risk assessment approach used amtidratiee available data (especially in case of
tributaries), in total 55% of the Danube River lgngnd 49% of the Danube tributaries are “at rmk”
“possibly at risk” due to nutrient pollution (RoBeport, 2004).

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

2.1 Sampling and storage
Water samples

Water samples designated to nutrients analysis eatiected directly from the river using the motor-
boat used for the collection of biological sampMsiter samples were stored in amber glasses and
polypropylene (PP) containers. Original water sa®gind filtered samples were preserved and
properly stored for analysis (in selected laboiag)rof organic nitrogen, total phosphorous and
dissolved silicate. Samples from the longitudinaleys on major tributaries were sampled by
national experts from the riparian countries ofveeiy tributary and transported to the laboratorip sh
within the required period of time in order to perfi immediately the analytical determination.

Suspended solids and sediment samples

Suspended solids and sediment samples addressedtmlysed for organic nitrogen and total
phosphorous were stored in glass or PP containdrpr@perly kept for later delivery to the selected
laboratories.

2.2 Determination
Table 1 presents the overall summary of the chdrgicaity elements that were determined both on
board and in laboratory. The Standard Operatior@ddlures (SOPs) based on international
standardised methods were used for on-board asaMé&ster samples intended to be analysed for
dissolved nutrients forms were filtered by 0.45ponepsize membranes prior to analysis.

2.3 Analytical Quality Control
Calibration curves for the nutrients dissolved fenvere carried out according to the specific SOPs.
Technical specifications of the on-board analy$isutrients (correlation coefficient, standard
deviation, limit of detection — LOD and limit of gatification — LOQ) are presented in Table 2.

Depending on the number of sampling stations peln eampling day, the samples from one day were
analysed in one or more analysis batches. Consgguesitch of analysis is the term referred toha t
quality control activity described below:

- Duplicate sample: for every batch of analysis, a Precision Contralp{etate) sample was
included. Two sub-samples from the same samptéeheere removed and run each through the
analysis.

- Spiked sample: for every two batches of analysis, an Accuracyt@o (spiked) sample was
included.

- Calibration check sample: for every batch of analysis a Calibration Chestliridard) sample was
included.

Stock standard solutions used for the preparatidimeoQuality Control Samples were prepared and

delivered every two weeks during the survey byferemce laboratory (VITUKI Budapest).

Table 1: General chemical quality elements analysed on-board and in laboratory

Sample type Sampling profile Quality element Unit Determination Analytical method - principle

Water Middle Ammonium (NHs* -N) mgl/l On-board analysis ISO 7150/1-1984
(sodium
dichloroisocyanurate)

Water Middle Nitrite (NO2 -N) mgl/l On-board analysis SMEWW 419 - VIS

spectrophotometry

(sulphanilic acid and NED)
Water Middle Nitrate (NO3 -N) mgll On-board analysis ISO 7890-3:1988 VIS

spectrophotometry

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org
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(sulfosalicylic acid)

Water Middle Ortho-phosphate (PO4*-P)  mgll On-board analysis SMEWW 424 - VIS
spectrophotometry
(ascorbic acid)
Water Middle Organic Nitrogen mg/l Laboratory analysis MSZ EN 25663:1988
Water Middle Total Phosphorus mg/l Laboratory analysis MSZ 1484-3:2006
Water Middle Dissolved silicate (SiO2) mgl/l Laboratory analysis EPA Method 370.1
SPM Middle Organic Nitrogen mg/kg  Laboratory analysis MSZ 318-18:1981
SPM Middle Total Phosphorus mg/kg  Laboratory analysis MSZ 1484-3:2006
Sediments Leftand Right  Organic Nitrogen mg/kg  Laboratory analysis SPM MSZ 318-18:1981
Sediments Leftand Right  Total phosphorus mg/kg  Laboratory analysis MSZ 1484-3:2006

Table 2: Technical specifications for nutrients dissolved forms

Correlation Standard deviation LOD toa

Nutrient form coefficient

mgl/l mg/l mgl/l
Ammonium (NHz* -N) 0.9991 0.006 0.020 0.060
Nitrite (NO2 -N) 0.9997 0.0013 0.005 0.012
Nitrate (NO3 -N) 0.9984 0.0331 0.100 0.300
Ortho-phosphate (PO4* -P) 0.9992 0.0016 0.005 0.015
Dissolved silicates (SiO2) 1.0000 0.0180 0.057 0.114

3 Results and discussion

The analytical data and results obtained by onébaad laboratory analysis of the water, sediment
and suspended solids samples are presented bgftgpeples and groups of determinands. In order
to have a better view of the spatial distributidéwvalues, the interpretation of the results willrhade
according to a previous splitting of the DanubeiB#@®to three major sections (Joint Danube Survey,
Technical Report of the ICPDR, 2002)

- Upper Danube: from river km 2600 to river km 1888r(ipling stations JDS1 — JDS15).
- Middle Danube: from river km 1869 to river km 1Q@8@mpling stations JDS16 — JDS58).
- Lower Danube: from river km 1077 to river km O (géing stations JDS59 to JDSO0).

3.1 Water
The primary limiting macro-nutrients in freshwatars nitrogen (N) and phosphorous (P). If in
certain amounts they are essential for living oigras, the nutrients’ enrichment has adverse
ecological effect, leading to a reduction in dissdl oxygen content and appearance of harmful algal
blooms, process known as eutrophication.

Variation intervals and average values for nutrfenns analysed in water samples during JDS2 are
presented in Table 3.

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org
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Table 3: Variation ranges and statistical data for the nutrients forms analysed in water samples -
Danube River and tributaries

Quality element Unit Danube River Tributaries Longitudinal surveys on major
tributaries

Minimum Maximum Mean value Minimum Maximum Minimum Maximum

value value value value value value
Ammonium (NHs"-N) mg/l <0.020° 0.379 0.041 <0.020 7.2 <0.020 7.38
Nitrite (NOz -N) mg/l <(.0052 0.072 0.020 <0.005 0.129 <0.005 0.236
Nitrate (NOy -N) mg/l 0.78 3.12 1.66 0.39 8.02 0.38 9.37
Organic Nitrogen mg/l 0 0.365 0.035 0 0.131 0 0.51
Ortho-phosphate (POs>-P)  mg/| 0.010 0.093 0.036 <0.0053 1.000 <0.005 1.000
Total Phosphorous mgl/l 0.06 0.91 0.11 0.07 0.80 0.06 0.78
Dissolved silicates (SiO2) mg/l 143 9.26 5.20 2.88 23.64 1.88 22.25

3.1.1 Nitrogen Forms
The overall spatial variation of the nitrogen forilnghe water samples is shown in Figure 9 for the
Danube River and in Figure 10 for mouth of the ctele tributaries.

3.1.1.1 Ammonium
In water samples collected during JDS2, N-ammonamged between less than the limit of detection
(0.02 mg/l N) and 0.379 mg/l, but the spatial pattead few specific peaks (Figure 1).

Figure 1: Variation in N-ammonium concentrations for the Danube River and selected tributaries
during JDS2
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In the upper course, a strong decreasing profile 0.095 mg/l N-NH' at river km 2600pstream
lller) to an undetectable level along the Danube sti@atprised between river km 24 1&efhein)

and 1658 /Budapest (old Danube end of S. Armvas found. The first detectable N-ammonium value
in the middle stretch (except of the dammed &dekeve-Soroskar Danube Arwas at river km

1632 Budapest downstregmilhe increasing profile between upstream and donwamBudapest
indicated the presence of organic pollution stengnfiiom emission of insufficiently treated municipal
wastewaters. As regards tRackeve-Soroskaide arm, high N-ammonium concentrations were
found at the start (0.178 mg/l) and at the endhefarm respectively (0.379 mg/l). Correlated wht@ t

! Limit of Detection for N-NH* determination by ISO-7150/1-1984
2 Limit of Detection for N-NQ determination by SMEWW 419
% Limit of Detection for P-P¢J determination by ISO SMEWW 424
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pH values and the dissolved oxygen depletion atbisgarm (54.7% saturation at the end), these
values indicated a high organic pollution combimgith secondary pollution from decomposition of
organic matter. The increasing line continued déavkm 1560 Dunafoldva) followed by a
decreasing profile to an undetectable level of Nremium approximately down to river km 1200
(Downstream Tisg(it is worth to mention that even if in tAgésatributary 0.274 mg/l —N-Nii was
measured, no influence was noticed downstreamah#tuence). A significant increasing peak was
present between river km 113dwnstream Pancey@nd river km 1040I{on Gates reservojt

from 0.047 mg/l to 0.142 mg/l N-Nfirespectively. Correlated with other relevant viaizs in this
area (pH, dissolved oxygen and nitrates decregdimg)pattern might be caused by a synergistic
situation: point sources emissions by wastewaftregits, diffuse sources by runoff (given the heavy
rain condition during that period), ammonificati@ecomposition of organic nitrogen to produce
ammonium) and denitrification (reduction of nitmia low oxygen condition). Following the
downstream stretch, N-ammonium profile decreas&ehdo river km 834 Rristol/Novo Selo
Harbour). Along the rest of the Danube down to the thrediddarms, N-ammonium remained
undetectable, mainly due to the dilution effectegiby the high water flow in the second part of the
lower Danube (see Figure 6).

N-ammonium in mouth of the selected tributariespnéed a highly scattered profile: 5 out of 18
tributaries [nn, Hron, Ipoly, Drava andTimoK had undetectable concentrations, whil#iorava,
Vah Sava Jantra, Iskar, Olt, SiretandPrut tributaries concentrations below 0.100 mg/I N-Nitere
measured. Rather high values were foun8iinVelika MoravaandTisa (values between 0.186 and
0.274 mg/l N-NH"), as a consequence of organic pollution influendew flow water course (thgi6
tributary with a mean annual discharge of 3%jnand, probably, both organic pollution from veast
water effluents and runoff (farisaandVelika Morava. An elevated N-ammonium concentration
(0.462 mg/l) was measured in tRessenski Lortributary, also due to the waste water dischavge,
the most critical situation occurred in theges where 7.2 mg/l was found. This latter concerarati
correlated with the severe dissolved oxygen satur§l7.4%) is a clear indication that this tribyta
acts as receptor of totally untreated municipaltesaater from the sewage system of a major city
(Bucharest), even if thargestributary is the secondary receptor after BrsanbovitaRiver.

In samples from the longitudinal surveys on theanajbutaries, N-ammonium was undetectable in
11 sampling sites (JDS-DR1, JDS42/Drava, JDS-DE-TJI3, JDS-TI4, JDS-I1S1, JDS-I1S2, JDS-
JA1, JDS-JA2, JDS-AR1 and JDS-PR1) while the marinconcentration was found in JDS-AR2,
located downstream the municipal wastewater digghtiom Bucharest city. Relatively constant
profiles were noticed o8ava(from JDS-SA1 to JDS-SA2JantraandPrut rivers and decreasing
trends from the upper part to the confluence with@Danube River oWorava Sava(from JDS-SA3

to JDS51/Sava) an@lt. Increasing concentrations from upstream to dowast were present along
TisaRiver (from JDS-TI4 to JDS-TI6)elika Morava(from JDS-VM2 to JDS56/Velika Morava) and
Iskar. Very pronounced N-ammonium concentration leapsfupper sampling sites to the confluence
with the Danube were recorded on bBilssenski LorandArgestributaries — see Figure 2.

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org
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Figure 2: Variation in N-ammonium concentrations for the longitudinal surveys on major
tributaries
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3.1.1.2 Nitrites

In Danube water samples, N-nitrite ranged betwees than the limit of detection (0.005 mg/l N) at
16 sampling sites and 0.072 mg/I at river km 92fbica/Simijar) - see Figure 3. The spatial pattern
had a decreasing line in the upper course of treiBaand higher values in the middle stretch, én th
Rackeve-Soroksar Danube ari@®.040 mg/l N-NQ@ at the end of the arm). The rest of the middle
reach was characterised by a uniform profile, feéld by a peak in thikon Gatesreservoir, similar
with the N-ammonium, but slightly shifted to thealevater of the reservoir and downstream the dam
(since nitrites are the intermediary product in ¢hxdation/reduction process of nitrogen forms, its
variation pattern in this area reflected the spebti€haviour of the nitrogen species in a big nesiey.

In the lower Danube, downstream of river km 6B®Wnstream Kozlodyi N-nitrite decreased to an
approximate concentration level of 0.020 mg/|, afalip due to the dilution effect.

In mouth of the tributaries, N-nitrite concentratsoranged between less than the limit of detection
(Inn, Drava and Argeg and 0.129 mg/l ilRussenski Lonmalso a high N-nitrite concentration — 0.120
mg/l — was measured i8i0 tributary. The rest of the selected tributarieshat confluence were
characterised by N-nitrite values lower than 0.6l

Along the major studied tributaries, N-nitrites edound undetectable in seven sampling sites
(JDS42/Drava, JDS-TI1, JDS-TI5, JDS-JA2 and alltiitee sampling sites along tAegestributary).
The most elevated concentrations were measured teRussenski Lortributary — Figure 4.
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Figure 3: Variation in N-nitrite concentrations for the Danube River and selected tributaries
during JDS2
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Figure 4: Variation in N-nitrite concentrations for the longitudinal surveys on major tributaries
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3.1.1.3 Nitrates

The spatial variation of N-nitrate concentratiomshie Danube River and tributaries is illustrated i
Figure 5. A significant decreasing profile was bigifrom 3.12 mg/I N-N@ at the first sampling site

— river km 2600 pstream llle) to 1.91 mg/l at river km 2204d@chenstein The decreasing trend
was present also along the middle Danube and diethi@ning of the lower course, down to 1.32 mg/l
N-NO;™ at river km 991 Donji Milanovag caused by a possible denitrification processi@reservoir
area. In the middle stretch of the Danube, sliglutiyer values (1.28 and 0.78 mg/l) were found & th
side armdMosonDanube arm-en@ndRackeve Sorosk&anube arm—eniver km 1794 and river

km 1586 respectively), most likely due to a speafimmer pattern in shallow waters: uptake by the
biological activity in the former arm (chlorophyd” of 44.4 pg/l) and to an increased organic
pollution in the latter arm (high N-ammonium anchikte content, low dissolved oxygen saturation).
Downstream théron Gatesdam, an increasing profile of N-NQvas present, from 1.32 mg/I at river

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org
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km 926 Vrbica/Simijar) to 1.67 mg/l at river km13@Ren), except for the value measured (0.88
mg/l) at river km 532[@ownstream Jantra

In mouth of the tributaries N-nitrate concentrasidvad a highly scatter profile, with a variationga

of 0.39 mg/l N-NQ in theArgesand 8.02 mg/l in thRussenski Lonit is worth to mention that
although the two tributaries had indications ofthgpllution, the ratio of the nitrogen forms is
opposite — see Figure 10: while in thgestributary most of the nitrogen content was fouadNa
ammonium (caused, as it was already mentionedythift untreated municipal waste waters) and the
extreme low dissolved oxygen capital made imposdinither oxidation (N-nitrite was undetectable
and N-nitrate was the lowest measured value intities), in théRussenski Lorributary, the highest
proportion of nitrogen content belonged to N-nirat

Figure 5: Variation in N-nitrate concentrations for the Danube River and selected tributaries
during JDS2
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Figure 6: Variation in Dissolved Inorganic Nitrogen (DIN) against instantaneous flow data (where
available)
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Along the most of the major tributaries, N-nitrakesl “V” profile from upper down to the confluence
with the Danube River; the highest concentratioasewecorded along thRussenski Lorributary —

Figure 7.
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Figure 7: Variation in N-nitrate concentrations for the longitudinal surveys on major tributaries
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3.1.1.4 Organic Nitrogen

Organic Nitrogen concentrations ranged between 63 than limit of detection) and 0.37 mg/I N
and between 0 (or less than limit of detection) @iid mg/l in tributaries; the maximum values were
measured at river km 1718t(rovo/Esztergojrand in theSiotributary respectively — Figure 8. The
values distribution showed that, in the case oflbhaube itself, most of the concentrations (74.4%)
were below 0.05 mg/l, which indicated very low ettof organic nitrogen in water samples. For
tributaries at the confluence, four of them (bhi, Hron, Ipoly andArgeg were characterised by zero
values, whereas the rest of them had organic mitr@agntent comparable with the Danube River.

Figure 8: Variation in Organic Nitrogen concentrations in water samples for the Danube River
and selected tributaries during JDS2

0.4
u A Left-Tributaries
BDANUBE
. . . 0.3
A Right-Tributaries
=
k=)
E
022
2
L T
- £
A n a @
m A /m A [ | 0'13
L S
" oA g & (Y -
m " = " r alin
— | N el
2500 2000 1500 1000 500 0
River km

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



Nutrients 14

Figure 9: Variation in Nitrogen forms in water samples during JDS2 - the Danube River

I NNH4
3.5 NNO2
I NNO3
OrgN
3.0
Moson arm Rackeve-Soroskar arm
Vrbica/Simijan
2.5 (ds. Iron Gates dam)
2.0

mg/I N

1.5

1.0

0.5

0.0 =
5 10 15 2

0 25 30 35 40 45 50 55 60 65 70 75

JDS2 Station

Figure 10: Variation in Nitrogen forms in water samples during JDS2 - Tributaries
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3.1.2 Phosphorous Forms

The overall spatial variation of the phosphorousi®in the water samples is shown in Figure 14 for
the Danube River and in Figure 15 for mouth ofdélkected tributaries.

3.1.2.1 Ortho-phosphates

The biologically available form of inorganic P irater is orthophosphate. The longitudinal variation
of orthophosphates in the Danube water samplegdawghin 0.010 mg/l P-P® and 0.093 mg/l P-
PQ,*, with an average concentration of 0.036 mg/l. Aked decreasing line was noticed in the upper
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stretch, from the maximum concentration at river2600 Upstream llle) to 0.056 mg/| at river km
2278 (iederalteich — Figure 11. Downstream then confluence, more pronounced decreasing trend
was visible. In the middle stretch, a slight insieg line was noticed down to river km 1560
(Dunafoldva) and rather higher values were measured in tleasitisMoson Danube-en(D.082

mg/l), Rackeve-Soroksar Danube stédt052 mg/l) anéndrespectively (0.078 mg/l). In the
backwaters of thiron Gates reservoian increasing orthophosphates concentrations Vexel
measured,, while in theservoir itself slightly lower concentrations were found (les®ti®.040

mg/l), but no relevant phosphorous retention ctvgl@bserved. In the lower stretch, a slight
increasing profile was noticed, mainly caused Isgltrges of municipal waste waters containing
non-free P detergents.

In the case of mouth of the tributaries, a largeati@n interval of orthophosphate concentratioss w
noticed, between less than the limit of detectt@@5 mg/l) ininn, Drava, TimokandOlt and 1.000
mg/l in Argestributary. Comparable values with the Danube Rigeel were measured in most of the
tributaries at the confluence, with few exceptidgheMorava (0.221 mg/l, due to the runoff effect
induced by storming conditions prior to samplingply (0.225 mg/l) Si6 (0.256 mg/l caused by low
dilution effect) andskar (0.290 mg/l). Very high orthophosphate concertdragiwere measured in the
Russenski Lor(0.635 mg/l) andhrges(1.000 mg/l), both values being determined maloylyhe
discharge of totally untreated wastewater.

Figure 11: Variation in P-orthophosphate concentrations in water samples for the Danube River
and selected tributaries during JDS2
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As regards the longitudinal survey of the majdsutaries, no significant variations could be
emphasized, except for the pronounced increasofggalong theMorava, Russenski LorandArges
tributaries — see Figure 12.
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Figure 12: Variation in P-orthophosphates concentrations in water samples for the longitudinal
surveys on major tributaries
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3.1.2.2 Total Phosphorous

Total Phosphorous consists of inorganic orthophatgpand organic phosphorus-containing
compounds. In the Danube water samples, TP rargegebn 0.06 mg/l and 0.91 mg/l, with an
average concentration of 0.11 mg/l — FigureA 8elative constant profile was present in the uppe
reach of the Danube River aslightly higher concentrations were measured imtidgdle reachA
specific situation was noticed in then Gates backwaterandreservoirarea: TP concentration
decreased from 0.12 mg/l P at river km 11Bbwnstream Panceydo 0.06 mg /I P at river km 954
(Iron Gates reservoir, Tekija/Orsoyaue to a probable effect of sedimentation ofigias on which
phosphorus was adsorbdthe same decreasing profile in this stretch wags@dialso in the case of
TP in suspended solids matrix, but this patterriccoat be well correlated with the variation of P
solid matrices (see Figure ahd Figure 24). This decreasing profile of TP ialtbn Gates reservoir
water is confirmed by other projects and studiesoaling to the Danube Water Quality Model
(DWQM) used in the daNUbs Project, 7.6 kt/year (1d%missions) phosphorous are retained in the
Iron Gates reservoigiven the low water velocity and under low flownditions (daNUbs Final
Report, 2005). Along the rest of the lower Dantdsech, a decreasing trend caused mainly by the
increasing Danube flow during the sampling peri@s$woticed, except of two elevated TP values
(0.91 mg/l P and 0.41 mg/l P) measured at rivedlB® Downstream Ruse/Giurgiand river km 434
(Upstream Argesrespectively

Tributaries at the confluence presented a siméaiation range of TP concentrations with the
Danube: 0.07 — 0.80 mg/l P, most of them havingpamaible concentration levels with the main
course of the river. The maximum concentration feasd in theTimoktributary.

Total Phosphorous concentrations along the mafartaries significantly increased from upper down
to the confluence with the Danube River in the addskar andOlt tributaries. A marked “V” profile
was present foRussenski Lowhile an inverted “V” profile occurred along thMorava, Sava, Velika
Morava, JantraandArgestributaries - see Figure 16.
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Figure 13: Variation in Total Phosphorous concentrations for the Danube River and selected

tributaries during JDS2
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Figure 14: Variation in Phosphorous forms in water samples during JDS2 — the Danube River
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Figure 15: Variation in Phosphorous forms in water samples during JDS2 - Tributaries
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Figure 16: Variation in Total Phosphorous in water samples from the longitudinal surveys on
major tributaries
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3.1.2.3 Dissolved silicates

Dissolved silicates ranged between 1.43 mg/l agf ég/l in the Danube River and between 2.88
mg/l and 23.64 mg/l in tributaries, values chanastie to usual water surface pattern for this
parameter (Chapman and Kimstach, 1996). The lodigiali profile is illustrated in Figure 17, where
general decreasing pattern from upper to lower Darsi noticed. Even if a slightly marked lower
profile was present in thHeon Gatesarea, no significant difference between enterimgréservoir
(5.17 mg/l at river km 1071) and downstream the ¢&arh8 mg /I at river km 926) could be seen,
which is also confirmed by other studies in thiseafFried! et al, 2004).

At confluence of the tributaries, dissolved silesmtmeasurements were unevenly distributed: while in
several water courses, concentrations were loveer ttine Danube River level, higher values were
measured itMorava, Hron, Ipoly (in the middle stretch) and at mouth of the dliutaries from the
lower stretch, except diantra
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As regards the concentrations present along therrtidyutaries, the general view showed a
decreasing trend from upper down to the confluevittethe Danube River — see Figure 18.

Figure 17: Variation in dissolved silicates concentrations for the Danube River and selected
tributaries during JDS2
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Figure 18: Variation in Dissolved silicates in water samples from the longitudinal surveys on
major tributaries
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3.2 Sediment

In solid matrices (sediment and suspended soliggnic nitrogen and total phosphorous were
analysed. In Table 4 statistical data for theseltesare presented.
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Table 4: Variation ranges and statistical data for the nutrients forms analysed in sediments and
suspended solids samples - Danube River and tributaries

Quality element Unit Danube River Tributari Longitudinal surveys on major
ributaries tributaries
Minimum Maximum Minimum Maximum Minimum Maximum
Mean value
value value value value value value
Sediment
Organic Nitrogen mg/kg 54 2528 812 144 1398 325 1400
Total Phosphorous  mg/kg 369 2033 794 393 2297 370 3158
Suspended Solids
Organic Nitrogen mg/kg 5 3381 1047 10 2500
Total Phosphorous  mg/kg 558 2073 1029 617 3014

3.2.1 Organic Nitrogen

Organic Nitrogen ranged between 54 mg/kg and 25@&grfor the sampling sites located on the
Danube River and between 144 mg/kg and 1398 mg/kgputh of the tributaries. The spatial
distribution of Organic Nitrogen in sediment sansgkeillustrated in Figure 19, in which an increasi
profile can be noticed from the upper to middle tmelbeginning of the lower Danube stretch. The
decreasing profile started from downstream ofltbe Gatesarea, as a consequence of denitrification
process in the reservoir. Even if in the lower Oanatretch a marked lower pattern was present
(approximately half of the sites had Organic Nigndess than 500 mg/kg and the other half less than
1000 mg/kg respectively), higher content (2284 mpikas measured at river km 4Z3ofvnstream
Arges - leff. Since at the confluence of theges tributary no sediment sample was collected, this
elevated organic nitrogen content downstream ottimfluence might be assigned to the influence of
the highly pollution stemming from discharge ofnaéatted municipal sewage waters in flrges
tributary.

As regards the distribution of organic nitrogervaesn the left and the right side samples (where
available), the ratios between these values shoglatively uniform pattern, with few peaks: at tive
km 1761 (za/Szonyand at river km 107 7Starapalanka — RanOrganic Nitrogen from the left bank
was 2.4 times higher than from the right bank;higiest ratios (2.9 and 3.0) were recorded at river
km 429 Downstream Arggsand river km 1040I{on Gates reservoir / Golubac Koronin
respectively, due to highly organic pollution iretformer case and different retention rate in #tiet.

In the case of sediment samples from mouth ofébexted tributaries, the organic nitrogen level was
generally comparable with the Danube River, withvalme exceeding 1500 mg/kg level.
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Figure 19: Variation in Organic Nitrogen in sediment samples for the Danube River and

tributaries
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The Organic Nitrogen variation in sediment sampfiles the longitudinal surveys on major tributaries
(where samples available) showed that, in the cbB$esa SavaandPrut tributaries, the site located at
the confluence with the Danube River had higheceatration than the upper sites. Fwravaand
Velika Morava at the second sampling site the maximum condémtravas measured on both
tributaries — see Figure 20.

Figure 20: Variation in Organic Nitrogen in sediment samples for the longitudinal surveys on
major tributaries
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3.2.2 Total Phosphorous

Longitudinal profile of Total Phosphorous in sedithsamples from the Danube River and mouth of
the tributaries is shown in Figure 21. A pronoundedreasing line was noticed in the upper Danube
stretch, from the maximum recorded value of 203&mat river km 2600Upstream llle) to 642
mg/kg at river km 2204Jpchenstein No specific trend was visible in the beginnirighee middle
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Danube, but the maximum peak was noticed from 5§/kgnat river km 1659pstream Budapekst
to 1282 mg/l at river km 1262Jpstream Novisad Thelron Gates reservoiarea was characterised
by lower TP in sediment between river km 1037afapalanka Rajrand river km 954Ifon Gate
reservoir, Tekija/Orsova but downstream the dam relatively higher conegioin was measured,
slightly contrary to the previously specific datethis stretch according to which thren Gates
sediment is a P-reserve for the future. Betweear i 926 Yrbica/Simijar) and river km 606
(Upstream OI}, a marked decreasing line was present, from 8§Ragrto 369 mg/kg respectively,
followed by an increasing TP concentration untierikm 429 Downstream Arges- IgftSimilarly to
Organic Nitrogen, a high TP ratio (2.21) betweenl|#it and the right bank was recorded for the site
located downstream thirgestributary as a consequence of pollution from tlentioned tributary.
Down to the Danube Delta, TP in sediment slighdgréased.

Along the studied major tributaries, no significaatiation of TP among the sampling sites could be
noticed, except for IDS-VM3, where the TP conceioiman sediment sample was four times higher
than the concentration from the confluence ofMbéka Moravatributary with the Danube River —
Figure 22.

Figure 21: Variation in Total Phosphorous in sediment samples for the Danube River and

tributaries
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Figure 22: Variation in Total Phosphorous in sediment samples for the longitudinal surveys on
major tributaries
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3.3 Suspended solids

3.3.1 Organic Nitrogen

Organic Nitrogen in suspended solids ranged betwaag/kg and 3381 mg/kg in the Danube River
and between 10 mg/kg and 2500 mg/kg in tributaFiesm the longitudinal variation presented in
Figure 23 a relatively “symmetrical pattern” witietmaximum profile located in the middle stretch of
the Danube can be seen. In the upper Danube, ayproad decreasing profile was present from 1030
mag/kg at river km 2278Niederalteich to 5 mg/kg at river km 2008 perloiber). A significant
increasing profile was characteristic for the faling Danube stretch, reaching the maximum value at
river km 1252 Pownstream Novisgdollowed by a strong decreasing trend in the batkrs of the

Iron Gatesreservoir (873 mg/kg at river km 1040), probahblygdo the mineralisation of the organic
matter adsorbed on the solid matters. The decigégind continued in the lower Danube down to
river km 500 Upstream Rugefollowed by a slight increasingly profile. A egively high value (2095
mg/kg) was recorded at river km 293pstream Cernavodaln mouth of the tributaries, Organic
Nitrogen content was lower than in the Danubefitsel
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Figure 23: Variation in Organic Nitrogen in suspended solids samples for the Danube River and

tributaries
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3.3.2 Total Phosphorous

Total Phosphorous in suspended solids ranged betsffmg/kg and 2073 mg/kg in the Danube
River and between 617 mg/kg and 3014 mg/kg in taibes at the confluence. The variation of TP
presented in Figure 24 shows a maximum profiletegtén the middle stretch of the Danube, at river
km 1300 (lok/Backa Palankpand the minimum value in tl&abcikovo reservoiat river km 1852. If
the general pattern is relatively similar to orgamitrogen, still local variations from one samplisite
to another occurred along the entire Danube stretch

Total P in suspended solids from mouth of the tekias (where available) showed a comparable level
with the Danube itself, except for thelika Moravatributary, in which TP was rather high, probably
due to high runoff influence caused by a high giaiion regime during the sampling period.
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Figure 24: Variation in Total Phosphorous in suspended solids samples for the Danube River
and tributaries
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3.4 Comparison with previous data

3.4.1 Comparison with Joint Danube Survey 1 (August — September 2001)

In order to fulfil one of the specific objectiveXDS2 — to compare the results with outcomes ef th
JDS1, the comparative view of the results obtaohathg JDS2 with the ones of the first similar
survey shows the following:

3.4.1.1 Water

- N-ammoniuntoncentrations in the Danube River had a relatisatylar profile, except for few
sites: theMoson Danube Arrthigher concentration measured in JDS1), Reckeve-Soroksar
Danube staraindendrespectively (much higher concentrations foundd&d), middle reach of
the river and théron Gatesstretch, where the maximum peak was slightly stifb reservoir area
during the JDS2. For tributaries, concentrationsevegmost at the same level, except forAhges
tributary, in which more than two times higher Nraomium concentration was measured during
JDS2 - see Figure 25;

- N-nitrite pattern from JDS2 almost followed the one recomigihg JDS1, but it can be seen that
in the upper and the middle reaches of the Darthiejalues measured in JDS1 were slightly
higher (with few exceptions), while downstream lteen Gatesarea and the lower Danube the
situation is opposite. For tributaries, no spegfittern is visible, the profile being relatively
scattered, but it can be noticed that in the cieesié andRussenski Lomather higher
concentrations were measured in JDS2 when compatedDS1 — see Figure 26;

- except for the situation from river km 532dwnstream Jantra all N-nitrate concentrations
measured during JDS2 were higher than the onesJ®1 for the sampling sites located on the
Danube itself. This trend is visible also for tledested tributaries, except for thorava, Ipoly,
Sidandlskar, in which higher concentrations were found dudi31 — see Figure 27;

- Organic Nitrogenconcentrations were systematically much lowerrdudDS2 than JDS1, both
for the Danube River and tributaries — Figure 28;

- P-orthophosphateoncentrations measured during JDS2 were gendoalsr than the ones from
JDS1, with few exceptions located in the middle iW@nreach. In selected tributaries, llar
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showed a better situation in JDS2 (almost threegihigher concentration measured in JDS1), but
worse condition was recorded in tRassenski LorandArgestributaries (two and four times
higher concentrations respectively were found dudinS2) — see Figure 29;

- Total Phosphorouprofiles were relatively similar during the twooisurveys, with few
exceptions: much higher TP concentrations fountD81at rkm 1481Haja), rkm 500 Upstream
Rus@ and rkm 434 pstream Argeéswhile a seven times higher concentration was danrlDS2
at rkm 488 Downstream Ruse/GiurgiuFor 11 out of 18 selected tributariésn, Hron, Ipoly,

Sio, Drava, Tisa, Sava, Iskar, Jantra, Sia@dPrut) TP values measured during JDS2 were lower
than the ones from JDS1, for five tributaridofava, Vah, Olt, Russenski LandArgeg the
situation was opposite, while for tMeliko Moravatributary the two values were the same. The
biggest difference was recorded in the case of tin@ktributary, in which a ten times higher
concentration was measured in JDS2 - see Figure 30;

- Dissolved silicatoncentrations measured during JDS2 were sligiglyen than ones from JDS1
in the Danube River, except for few sites locatethe middle Danube reach. For tributaries, the
pattern was similar except for tBg, Sava, OlandJantra The biggest difference occurred in the
Veliko Moravatributary, in which the dissolved silica concetiblma measured in JDS2 was fifteen
times higher than the one from JDS1 — see Figure 31

Figure 25: Comparison between N-ammonium values from JDS2 and JDS1
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Figure 27: Comparison between N-nitrate values from JDS2 and JDS1
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Figure 29: Comparison between P-orthophosphate values from JDS2 and JDS1
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Figure 30: Comparison between Total Phosphorous values from JDS2 and JDS1
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Figure 31: Comparison between Dissolved Silica values from JDS2 and JDS1
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3.5 Water Quality Assessment
The water quality assessment for the JDS2 resualssbh&ing carried out based on three different
approaches: the Austrian and the Czech proposaist{vare WFD compliant) and the Trans National
Monitoring Network of ICPDR (TNMN) classificatiorystem (used for TNMN purposes only).

3.5.1 Water Quality Assessment according to WFD compliant criteria

The water quality assessment given by the nutriguddity elements was carried out taking into
account the WFD compliant criteria set in the Aiastrand the Czech proposals. Based on the JDS2
data compilation according to the numeric critésiaown in Tables 5, 6, and 7) a preliminary and
partial attend for the evaluation of the ecologmadlity class of the Danube and mouth of the setec
tributaries given by the nutrients quality elemdatgresented in Tables 8, 9 and 10.

Nevertheless, the preliminary final assessmentological quality class has to be put in close link
with the ecological assessment given by the bicklgtlements supported by the physico-chemical
elements. Also, it has to be clearly mentioned thatfollowing data assessment has been rhaded
on JDS2 sampling sites only and not based on waidies assigned for the Danube River and
tributaries.
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Table 5: Numeric criteria used for the nutrients conditions according to the Austrian proposal

Quality Parameter to be Type of criteria The most relevant biological element
Element assessed

Saprobic ground state
(S1 MZB)
N-Nitrate (N-NOs) 90 Percentile 1.754 2.00°
High Class Good Class High Class Good Class
Nutrient 3.0 5.5 4.0 7.0
conditions Trophic ground state
(Phytobenthos)
(F;gr(t)ll;)phosphate 90 Percentile . me2 (meso-eutroph2)
High Class Good Class
0.070 0.200

Table 6: Numeric criteria (Environmental Quality Standards - EQS) used for the nutrients

conditions according to the Austrian proposal

Quality Element Parameter to be assessed The most relevant biological EQS (ug/l)
element

N-Ammonium (N-NHa4)

(Calculated according to Toxicity 196 — 10536
Nutrient Relation (1) from Annex 1
conditions N-Nitrite (N-NOz)

(depending on the Toxicity 3007

chloride content )

Table 7: Numeric criteria (Environmental Quality Standards - EQS) used for the nutrients
conditions according to the Czech proposal

Quality Element Parameter to be assessed Type of criteria EQS (mgll) Type of criteria EQS (mgll)
N-Ammonium (N-NHa) 0.50 0.23

Nutrient m-s!tnte (N,\iNNOZ) 90 Percentile 77 Annual Average 4_

conditions Nitrate (N-NOs) S (AA) 3
Total Nitrogen (TN) 8 5
Total Phosphorous (TP) 0.20 0.15

In attending to obtain a preliminary view of thélicative information on ecological quality class
given by the nutrients levels from JDS2, the follogvconstraints have been taken into account s thi
respect:

- the JDS2 data are only momentary data and when aoedpwith sets of criteria referring to C90
statistics, the information yielded has an rougkdgwcharacter;

- for the time being _no reference conditions forieuts are established at the level of the Danube
Basin;

- based on the Czech proposal, “the worst case” applhohas been used, therefore the compliance
with EQS as annual average (AA) has been tested.

*In JDS2 data compilation, the Danube stretch c@mgrbetween river km 2600 and river km 2008 was
considered as being characterised by a S| of MZB %

® In JDS2 data compilation, the Danube stretch cisegrbetween river km 1950 and river km 0 was atersid
as being characterised by a Sl of MZB of 2.00.

® See Table 11A from Annex 1.

" Since chloride concentration was not determingthduDS?2, in order to assess the EQS for N-Nitthe
principal level of interest” of 50 mg/l of Qlaccording to TNMN Yearbooks) was chosen in tei&pect.
Therefore, based on Table A4 from Annex 1, 300 NegNO, yielded as EQS for the Danube River Water.
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The information presented in Tables 8, 9 and 1Pees/ely has to be further analysed and testeg onl
after getting the complete picture given by thddgaal elements “supported” by the physico-
chemical elements.

Table 8: Preliminary ecological quality class evaluation for the nutrients conditions based on the
Austrian proposal (assessed by the most relevant biological element)

Indicationon ecological quality class (number of JDS2 sampling sites)

Danube River Tributaries
High Good Non- High Good Non-complying “good class”
Parameter to be assessed class class complyi class class
ng
« Numb
cfa"s‘;‘,’, ofu :i‘tezr JDS2 position
N-Nitrates (N-NOs) 77 1 0 17 0 1 rkm 498 Russenski Lom
rkm 1880 Morava
rkm 1708 Ipoly
rkm 1497 Sio
P-Phosphates (P-PO4) 73 5 0 10 2 k637 Iskar
rkm 498 Russenski Lom
rkm 432 Arges

Table 9: Preliminary ecological class evaluation for the nutrients conditions based on the
Austrian proposal (assessed by the toxicity on aquatic community)

Indicationon ecological quality class (number of JDS2 sampling sites)

Danube River Tributaries
Parameter to be Meet the EQS Meet the EQS
assessed
Yes (Good  No (Moderate Yes (Good No (Moderate Class)
Class) Class) Class) Number of sites JDS2 position
N-Ammonium
78 0 17 1 rkm 432 Arges
(N-NHs) g
N-Nitrite (N-
( 78 0 18 0
NO)

Table 10: Preliminary ecological class evaluation for the nutrients conditions based on the
Czech proposal (EQS as Annual Average)

Indicationon ecological quality class (Number of JDS2 sampling sites)

Danube River Tributaries
Meet the EQS (AA) Meet the EQS (AA)
Parameter to be Yes No (Moderate Class) Yes No (Moderate Class)
assessed
(Good Numb (Good Number
Class) e JDS2 position  Class , JDS2 position
of sites of sites
N-Ammonium Rackeve- rkm 1215 Tisa
NNHT 77 1 rkm 1586 15 3 km498  Russenski Lom
(N-NH4) Soroskar arm
rkm 432 Arges
N-Nitrate (N- 78 0 T 1 km498  RussenskiLom
NOs)
Total - rkm 498 Russenski Lom
Nitrogen (TN) 8 0 16 2 rkm 432 Arges
Total rkm 488 Downstream rkm 1880 Morava
Phosphorous Ruse/Giurgiu
(TP) rkm 434 Us. Arges rkm 1497 Si
rkm 295 Upstream rkm 1103 Velika Morava
Cernavoda
73 5 rkm8  Bystroe canal 11 7 rkm 845 Timok
rkm0  Sf. Gheorghe rkm 637 Iskar
rkm 605 Ol
rkm 498 Russenski Lom
rkm 432 Arges
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According to Tables 8-10, a preliminary estimatonthe possible ecological quality class given by
the nutrients conditions can be made:

- based on the Austrian proposal

a. Danube River:

i. levels of nutrients that are mainly responsitdethe eutrophication effect
(nitrates and orthophosphates) offer a very gotuksion, with almost alll
sampling sites (98.7% and 93.6% respectively) diesdrby “high”
ecological class;

ii. only one N-nitrate concentration exceeds thatlbetween the “high" and
“good” class; the image is not that good in the ead P-orthophosphates,
with five sampling sites “falling” in the “good cks”;

ii. the nutrients with toxicity on aquatic commiynfammonium and nitrites)
have very good presence levels, since no valuedsthe EQSs for these
quality elements.

b. Tributaries at the confluence

i. 94.4% of tributaries are found with N-nitratesids characteristic to the
"high” class and only one tributaryRussenski Lomhas N-nitrate
concentration exceeding the limit set for “goodass;

ii. slightly more than half of selected tributariage in the “high” class, while
two tributaries are placed in the “good class” dyet P-orthophosphates
concentration”; six P-orthophosphate concentragaio not comply with the
limit set for “good” class, inMorava, Ipoly, Sio, Iskar, Russenski Lom and
Arges;

lii. only one N-ammonium concentration exceeddithi set for good status
(Argesg and all N-nitrite concentrations are below the &E@r this
parameter.

The general overview on the indicative ecologitass given by the nutrients conditions based on the
Austrian proposal is presented in Table 11. Thienasion of the ecological class has been made
taking into account the situation given by the iauits responsible for the eutrophication process -
nitrates and orthophosphates. If the nutrientsrizatoxic relevance had been also considered in this
evaluation (ammonium and nitrites), 95 out of 9&23ampling sites would have been assessed as
being in “good” class and one sampling shAegestributary) as being in “moderate” class, but these
findings should be closely linked with the biolagjicuality elements assessment.

Table 11: General overview on the indicative ecological class given by the nutrients conditions -
JDS2 sampling sites for water (based on the Austrian classification)

JDS2 Country Station Danube rkm Quality Class
Code type

JDS1 DE Upstream lller 1 2600 2
JDS2 DE Kelheim - gauging station 2 2415 2
JDS3 DE Geisling power plant 2 2354 2
JDS4 DE Deggendorf 2 2285 1
JDS5 DE Niederalteich 2 2278 1
JDS6 DE, AT /Inn, rkm 4.2 2225 1
JDS7 DE, AT Jochenstein 3 2204 1
JDS8 AT Upstream dam Abwinden-Asten 3 2120 1
JDS9 AT Upstream dam Ybbs-Persenbeug 3 2061 1
JDS10 AT Oberloiben 3 2008 1
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JDS11 AT Upstream dam Greifenstein 4 1950 1
JDS12 AT Klosterneuburg 4 1942 1
JDS13 AT Wildungsmauer 4 1895 1
JDS14 AT Upstream Morava (Hainburg) 4 1881 1
JDS15 AT, SK /Morava (rkm 0.08) 1880 >2
JDS16  SK Bratislava 4 1869 1
JDS17  SK, HU Gabcikovo reservoir 4 1852 1
JDS18  SK,HU Medvedov/Medve 4 1806 1
JDS19  HU /Moson Danube Arm — end (rkm 4 179 2
0.1
JDS20  SK,HU Korllarno/Komarom 5 1768 1
JDS21  SK /Vah (rkm 0.8) 1766 1
JDS22  SK, HU Iza/Szony 5 1761 1
JDS23  SK, HU Sturovo/Esztergom 5 1719 1
JDS24  SK [Hron (rkm 0.5) 1716 2
JDS25  SK, HU /lpoly (rkm 0.7) 1708 >2
JDS26  HU Szob 5 1707 1
JDS27  HU Upstream end of Szentendre Island 5 1692 1
JDS28  HU [Upstream end of Szentendre 5 1692 1
Island (arm)
JDS29 HU Budapest upstream 5 1659 1
JDS30 HU /Budapest (old Danube) end of 5 1658 1
S.am
JDS31  HU IRackeve-Soroksar Danube Arm - 5 1642 1
start
JDS32 HU Budapest downstream 5 1632 1
JDS33  HU Adony/Lérév 5 1605 1
JDS34  HU IRackeve-Soroksar Danube Arm - 1586 2
end
JDS35 HU Dunafoldvar 5 1560 1
JDS36 HU Paks 5 1533 1
JDS37 HU [Sio (rkm 1.0) 1497 >2
JDS38 HU Baja 6 1481 1
JDS39 HU Hercegszanto 6 1434 1
JDS40 HR,RS Batina 6 1424 1
JDS41  HR,RS Upstream Drava 6 1384 1
JDS42 HR [Drava (rkm 1.4) 1379 1
JDS43  HR,RS Downstream Drava 6 1367 1
(Erdut/Bogojevo)
JDS44  HR,RS Dalj 6 1355 1
JDS45  HR,RS llok/Backa Palanka 6 1300 1
JDS46 RS Upstream Novi-Sad 6 1262 1
JDS47 RS Downstream Novi-Sad 6 1252 1
JDS48 RS Upstream Tisa (Stari Slankamen) 6 1216 1
JDS49 RS [Tisa (rkm 1.0) 1215 1
JDS50 RS Downstream Tisa/Upstream Sava 6 1200 1
(Belegis)
JDS51 RS /Sava (rkm 7.0) 1170 1
JDS52 RS Upstream Pancevo/Downstream 6 1159 1
Sava
JDS53 RS Downstream Pancevo 6 1151 1
JDS54 RS Grocka 6 1132 1
JDS55 RS Upstream Velika Morava 6 1107 1
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JDS56 RS /Velika Morava 1103 1
JDS57 RS Downstream Velika Morava 6 1097 1
JDS58 RS Starapalanka — Ram 6 1077 1
JDS59 RS,RO Banatska Palanka/Bazias 7 107 1
JDS60 RS,RO Irongate reservoir 7 1040 1

(Golubac/Koronin)
JDS61  RS,RO Doniji Milanovac 7 991 1
JDS62 RS, RO Irongate reservoir (Tekija/Orsova) 7 954 1
JDS63 RS, RO Vrbica/Simijan 8 926 1
JDS64 RS,RO Iron Gate || 8 865 1
JDS65 RS, RO Upstream Timok (Rudujevac/Gruia) 8 849 1
JDS66 RS, BG [Timok (rkm 0.2) 845 1
JDS67 RO, BG Pristol/Novo Selo Harbour 8 834 1
JDS68 RO, BG Calafat 8 79 1
JDS69  BG,RO Downstream Kozloduy 8 685 1
JDS70 BG,RO Upstream Iskar (Bajkal) 8 640 1
JDS71  BG [Iskar (rkm 0.3) 637 >2
JDS72  BG,RO Downstream Iskar 8 629 1
JDS73 RO, BG Upstream Olt 8 606 1
JDS74 RO [Olt (rkm 0.4) 605 1
JDS75 RO, BG Downstream Olt 8 602 1
JDS76 RO, BG Downstream Turnu- 8 579 1

Magurele/Nikopol
JDS77 RO, BG Downstream Zimnicea/Svishtov 8 550 1
JDS78 BG [Jantra (rkm 1.0) 537 2
JDS79 RO, BG Downstream Jantra 8 532 1
JDS80 BG,RO Upstream Ruse 8 500 1
JDS81  BG IRussenski Lom 498 >2
JDS82 BG,RO Downstream Ruse/Giurgiu 8 488 1
JDS83 RO, BG Upstream Arges 8 434 1
JDS84 RO |Arges 432 >2
JDS85 RO, BG Downstream Arges, Oltenita 8 429 1
JDS86 RO, BG Chiciu/Silistra 8 378 1
JDS87 RO Upstream Cernavoda 9 2% 1
JDS88 RO Giurgeni 9 235 1
JDS89 RO Braila 9 167 1
JDS90 RO [Siret (rkm 1.0) 154 1
JDS91 RO, MD [Prut (rkm 1.0) 135 1
JDS92 RO, UA Reni 9 130 1
JDS93 RO, UA Vilkova - Chilia arm/Kilia arm 10 18 1
JDS%4  UA [Bystroe canal (to be confirmed) 10 8 1
JDS95 RO Sulina - Sulina arm 10 0 1
JDS9% RO Sf.Gheorghe - Sf.Gheorghe arm 10 1

Proposal for ecological quality Assessment

class

High Class 1

Good Class 2

Non-complying with good class >2
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According to Table 11 it can be concluded thatha sampling sites located on the Danube River
itself are either in the high or good ecologicailssl while six tributaries do not comply with the
“good” class criteriaNlorava, Ipoly, Sid, Iskar, Russenski LamdArges.

- based on the Czech proposal:

a. Danube River:

i. very good situation for nitrogen nutrients formsth only one sampling site
(Rackeve-Soroksar-ehdvith N-ammonium concentration exceeding EQS;

ii. inthe case of TP, five sampling sites haveceotrations exceeding the EQS
(downstream Ruse/Giurgiu, upstream Arges, upstreamavoda, Bystroe
canalandSf. Gheorghe arjn

b. Tributaries at the confluence:

i. for the nitrogen nutrients forms, one tribut&flisa) “falls” into “moderate
class”because of the N-ammonium concentratfmgestributary exceeds the
EQS for N-ammonium and Total Nitrogen, wiitlessenski Lonexceeds the
EQSs for all the nitrogen forms taken into account;

ii. inthe case of TP, seven tributaries exceedERQS for this parameter
(Moravg Sig, Velika Morava, Timok, Iskar, Olt, Russenskinhand Arges)

The general overview of the ecological quality ifiation given by the two WFD compliant
proposals showed a relative similarity: based enthstrian scheme, the sampling sites from the
Danube River itself are either in the “high” or &g ecological class while six sampling sites from
the mouth of tributaries do not comply with the 6gi class criteria. The more restrictive Czech
scheme showed that six sampling sites on the Daatb@ine sampling sites located at the mouth of
tributaries do not comply with “good” class crigeri

3.5.2 Water Quality Assessment according to the ICPDR Five Quality Classes (non-WFD

compliant)
In the ICPDR Water Quality Scheme, five classesuasal for assessment with target value being the
limit value of class II. In Figure 32 the distribut (in percentages) of sampling sites into the fiv

quality classes for the Danube River and selectiedtaries is shown, based on which the following
issues are summarised:

- Danube River:

a. relatively entire course of the Danube Rivemainly characterised by the nutrient
levels located in Class | (reference) and Clagg érget Value) respectively, which
complies with the general situation given by thé/INNY earbooks information;

b. only one sampling site appears in Class llINbammonium and N-nitrate
respectively and five sampling sites in the cadé-nitrites;

c. only one parameter (Total Phosphorous) determi@lass IV for two sampling sites;

d. no sampling site is characterised by nutriemels in Class V.
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Figure 32: Percentages of sampling sites into five water quality classes for the Danube River
and tributaries
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- Tributaries at the confluence:

a. the whole picture is not as good as in the @dghe Danube River, but more 80% of
the tributaries are characterised by Class | and<3l Il in the case of nitrogen
nutrients forms;

b. in the case of phosphorous forms, more than 608te tributaries are within the
reference conditions and complying with the Tahgue;

c. Class lll is represented by one sampling sitdNf\@mmonium, N-nitrite and TN and
by two sampling sites for N-nitrate; no sampling $n Class 11l for orthophosphates
but four sampling sites in this Class for TP;

d. one sampling site for N-nitrite, N-nitrate ani in Class IV, but four and three
sampling sites in this class in the case of ortlogpates and TP respectively;

e. Class V appears for one sampling site in the cdsN-ammonium and for two sites in
the case of orthophosphates.

4 Conclusions

« A quasi-constant profile of N-ammonium concentmaiio the upper, middle and the last
stretch of the lower Danube was noticed, excepthfelocal situation occurring in the
dammed arniRackeve-Soroskafrhe maximum concentration peak was located irrtre
Gatesreservoir backwaters, induced by point and diffeisgssion sources and by
denitrification process in low oxygen conditionshigghly uneven profile was measured at the
mouth of the tributaries, from undetectable levelsxtreme elevated concentration in the
Arges caused by secondary discharge of totally untdegmenicipal wastewater from the
sewage system of a major city (Bucharest).
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* The N-nitrite spatial pattern had a decreasingilinie upper course of the Danube. The
middle reach was by a uniform profile, followed dry N-nitrite peak in thion Gates
reservoir, similar with the N-ammonium, but slighshifted to the headwater of the reservoir
and downstream the dam (since nitrites are thenr@diary product in the oxidation/reduction
process of nitrogen forms, its variation profiletis area reflected the specific behaviour of
the nitrogen species in a big reservoir). Exceptm sites at the mouth of tributarielid
andRussenski Lojnno elevated concentrations were measured.

» A significant decreasing profile of N-nitrates centrations from upper to middle and lower
Danube reaches was noticed. Local variations téedegn side arms of the Danube River,
caused by the specific summer pattern in shalloversguptake by the biological activity and
increased organic pollution). Tributaries at thafbigence presented a scattered concentrations
profile, with a large variation interval.

e The Danube River was characterised by very loweardraf organic nitrogen in water
samples. For mouth of the tributaries, four of tHém, Hron, Ipoly andArgeg were
characterised by zero values, whereas the resbatdries had organic nitrogen content
comparable with the Danube River.

« A strong decreasing line of P-orthophosphates aurations was present in the upper reach
of the Danube and a slight increasing profile im lhwer one, mainly caused by discharges of
municipal wastewater containing non-free P detdsydixcept for two very high
concentrations (0.635 and 1.000 mg/I in the mo@itRussenski LorandArgesrespectively),
the rest of the confluence of tributaries were abtmrised by concentration level similar with
the Danube River.

< Arelative constant profile of TP concentrationsvpaesent in the upper reach of the Danube
River and slightly higher concentrations were meagin the middle reacl decreasing line
was noticed in th&ron Gatesbackwaters anteservoirareamost likely caused by the effect
of sedimentation of particles on which phosphoras adsorbed. In the lower reach, two
rather elevated TP concentrations were measumeakm 488 Downstream Ruse/Giurgiu
and river km 434Upstream Arges) resptvely. Most of theributaries at the confluence had
comparable concentrations level with the main aofghe river; the maximum
concentration was measured in Timoktributary.

* The spatial variation alissolved silicates showed a general decreasing frem upper to
middle and lower reaches of the Danube. A slighthyrked lower profile was present in the
Iron Gatesarea, but no significant difference between enggtiire reservoir and downstream
the dam could be noticed. For several mouths lofitairies, concentrations were lower than
the level from the Danube River but higher valuesenmeasured in thdorava Hron, Ipoly
(in the middle stretch) and in all tributaries freine lower stretch, except dantra.

e The spatial distribution of Organic Nitrogen in Bednt samples showed an increasing profile
from the upper to middle and the beginning of thedr Danube stretch (the decreasing
profile started from downstream of thren Gatesarea, as a consequence of denitrification
process in the reservoir). In the lower reach effanube, highly elevated concentration was
found at river km 4290ownstream Arges - I§ftsince at the mouth of thergestributary no
sediment sample was collected, this organic nitmagmcentration might be assigned to the
influence of the highly pollution stemming from dmarge of untreated municipal sewage
waters in theArgestributary.

« Total Phosphorous in sediment samples presenteshaymnced decreasing line in the upper
Danube stretch. A maximum profile was present enrtliddle reach of the Danube, followed
by a decreasing trend in then Gatesarea, slightly contrary to the previously specifata
according to which thron Gatessediment acts as phosphorous reserve.
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* Organic Nitrogen in suspended matters presentethively “symmetrical pattern” with the
maximum profile located in the middle stretch o anube. Samples from mouth of the
tributaries showed a lower content than the Darisied.

e The variation of TP in suspended matters showeddremum profile located in the middle
reach of the Danube and the minimum value inGhbcikovareservoir. If the general pattern
is relatively similar as in the case of organicagen, still local variations from one sampling
site to another occurred along the entire DanubtalP in suspended solids from mouth of
the tributaries (where available) presented a coatgpa level with the Danube itself, except
for theVelika Morava in which high TP was rather high (probably du¢hte runoff influence
caused by high precipitation regime during the darggperiod).

* The longitudinal surveys on major tributaries shdfer water samples) increasing profiles
from upper sites down to the confluence with thelee River in the case dfsa(from JDS-
T14 to JDS-TI6) for N-ammoniuniskar andOlt for TP. Significantly increasing values from
upstream to downstream were recorded/anava (JDS-MO?2) for P-othophosphates,
Russenski LorandArgestributaries for N-ammonium and P-orthophosphdbesreasing
trends from the upper part to the confluence withDanube River were noticed blorava,
Sava(from JDS-SA3 to JDS51/Savad)|t for N-Ammonium and/elika Moravafor N-
nitrates. Organic Nitrogen variation in sedimenhpkes showed higher concentration at the
site located at the confluence with the Danube IRivéhe case ofisa Saw andPrut
tributaries. FoMoravaandVelika Morava the second sampling site on each tributary had th
maximum concentration. No significant variationTéf among the sampling sites could be
noticed, except for IDS-VM3, where the TP conceioman sediment sample was four times
higher than the concentration from the confluenth the Danube River.

*  When compared with the JDS1 results in the Danudenvsamples, it can be noticed that
relatively similar profiles were present in theea$ N-ammonium, N-nitrites and TP. N-
nitrates and dissolved silica concentrations fr@82J were almost systematically higher than
the ones from JDS1, while in the case of Organicojen the situation was opposite. A
distinctive variation occurred in the case of Frophosphates for which the JDS2 data
showed lower values in the upper and lower Danabehres and higher concentrations in the
middle stretch. For the selected tributaries, D82 situation looked worse for:

o0 Jantra(N-nitrates);

o Inn, SiretandPrut (N-nitrate and dissolved silicate);

o Sava(N-nitrite and N-nitrate);

0 Hron (N-nitrite, N-nitrate and dissolved silicate);

0 Ipoly (N-ammonium, P-orthophosphates and dissolvedas#)c
0 Sio(N-ammonium, N-nitrite and P-orthophosphates);

o Drava(N-ammonium, N-nitrate and dissolved silicate);

o0 Iskar (N-ammonium, N-nitrite and dissolved silicate);

0 VahandTimok(N-nitrite, N-nitrate, TP and dissolved silicate);
o Tisa(lnorganic Nitrogen forms and dissolved silicate);

0 Olt (Inorganic Nitrogen forms and TP);
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o Morava(N-nitrite, N-nitrate, P-orthophosphates, TP ais$alved silicate);

o Veliko Morava(lnorganic Nitrogen forms, P-orthophosphates dsdalived silicate);
0 Russenski LortN-nitrite, N-nitrate, P-orthophosphates, TP arsdalved silicate);

o0 Arges(N-ammonium, N-nitrate, P-orthophosphates, TPdigsblved silicate).

The water quality assessment for the JDS2 resuassh&ing carried out based on three
different approaches: the Austrian and the Czeopqgwals (which are WFD compliant) and
the Trans National Monitoring Network of ICPDR (TNW classification system (used for
TNMN purposes only).

0 Based on the Austrian proposal, it can be concltlaidall the sampling sites located
on the Danube River itself are either in the “higih™good” ecological class while six
tributaries do not comply with the “good” classteria (Morava, Ipoly, Si¢, Iskar,
Russenski LorandArgeg.The more restrictive Czech scheme showed that six
sampling sites on the Danube and nine sampling Eitated at the mouth of
tributaries do not comply with “good” class crigeri

0 Based on the TNMN five class classification scheraktively entire course of the
Danube River was mainly characterised by the mittevels located in Class |
(reference) and Class Il (target value) respegctjweghich complies with the general
situation given by the TNMN Yearbooks informatiéts regards the selected
tributaries, more than 80% are characterised bgdland Class Il in the case of
nitrogen nutrients forms and more than 60% areiwitie Class | and comply with
the Class Il in the case of phosphorous forms.
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