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1 Introduction

Heavy metals and Arsenic can be present in indlistmunicipal, and urban runoff, causing
adverse effects in the aquatic ecosystem whendheeatration in the water as well as in the
sediment exceeds the tolerance limits. Furtherntegayy metals and Arsenic in water can limit
drinking water supplies, affect aquatic organismijestock and wildlife, and after
bioaccumulation it may enter to the food chain cagisnvironmental and public health risks.

The water solubility of most of these elements eoned is limited in natural water, and most of
them are readily associated with the solid phaadiolate matter) either in suspension or after
settling in the bottom sediment. Depending on tleihee, flow velocity in the surface waters,
the sedimentation and re-suspension is in a dynaaudibrium. Changing redox conditions,
particularly in the case of anaerobic media (likelythe bottom sediment), mobilization and
increasing bioavailability may increase the adveféects. Since several major cities and towns
uses the river water or bank-filtered water fonkimg water supply, therefore, increased metal
concentration in the sediment is usually a majaorceon.

During JDS 2, selected heavy metals and Arsenie w&ealysed in water, suspended particulate
matter and bottom sediments as well as in musselsfiah. The investigated elements were
categorised in three groups that are as follows:
* Group 1: Heavy metals included in the Priority lo§the WFD
- Cadmium;
- Lead,;
- Mercury; and
- Nickel.
* Group 2: Other heavy metals and Arsenic:
- Arsenic;
- Chromium;
- Copper;
- Zinc;
- Bismuth, Cobalt, Molybdenum (in SPM only); and
- Cobalt, Titanium, Vanadium (in bottom sedimenlydn
* Group 3: Other heavy metals (important for oveaaBessment):
- Aluminium, Iron and Manganese.

Table 1-1 gives an overview on the limits of quiacdition (LOQ), the corresponding EQS for
the relevant heavy metals dissolved in the watdrthe laboratory involved. For yellow labelled
substances the LOQ was not sufficient for compkaettecking. The international standards for
these elements in the sediments and biota as sveth&r heavy metals for each matrix must be
further developed, improved to meet the requiresient



Table 1-1 LOQs of analytical methods for WFD target compounds in water samples in comparison
to the environmental quality standards (EQS), including the tentative Austrian EQSs (for Cu and Zn)

Determinand Unit LOQ AA-EQS Laboratory
Cadmium po/l 0,2 WRIT.G.M.,
if Total Hardness is: Prague
Class 1: <40 mg/l Cagq pug/l <0.08
Class 2: 40 to <50 mg/l Cagq pall 0.08
Class 3: 50to <100 mg/l Cagq pall 0.09
Class 4: 100 to <200 mg/l Cagg pal/l 0.15
Class 5: >200 mg/l CaC@ po/l 0.25
Lead po/l 0,004 7.2 WRI T.G.M.,
Prague
Mercury po/l 0.05 0.05 WRI T.G.M,,
Prague
Nickel po/l 0,5 20 WRI T.G.M.,
Prague
Copper, po/l 2.0 WRIT.G.M.,
if Total Hardness is: Prague
<50 mg/l CaCQ@ 1.1
50 to 100 mg/l CaC® 4.8
>100 mg/l CaC@ 8.8
Zinc, po/l 5.0 WRI T.G.M.,
if Total Hardness is: Prague
<50 mg/l CaCQ@ 7.8
50 to 100 mg/l CaC® 35.1
>100 mg/l CaC@ 52

In addition to the EQS for priority heavy metalsstilved in the water, according to paragraph 3.
under Article 2. Environmental quality standards, in the proposgdctive on environmental
quality standards in the field of water policy aamtiending Directive 2000/60/EC, the Member
States shall ensure that the methyl-mercury corattort of 20 pug/kg in prey tissue (wet weight)
for biota (fish, molluscs, crustaceans and otherapt exceeded.

LOQ > EQS LOQ=EQS

Table 1-2 shows the involvement of different latori@s performing element analysis of
different matrices, including overlaping in sevarases.




Table 1-2 Laboratories performing heavy metals and Arsenic analysis in different matrices

Environmental Matrix Element Laboratory
Analysed
Water dissolved Cd, Pb, Hg, Ni Water Research Institute T..G.M.
’ As, Cr, Cu. Zn Prague, Czech Republic
Cd,Pb,Hg, Ni Bavarian Environment Agency
Suspended Particulate| As, Bi, Co, Cr Cu, Mo, Zn Augsburg, Germany
Matter Mn ’
Al, Fe, Mn VITUKI, Budapest, Hungary
As, CS%:bZ’nﬁl%I,NII:e, Mn ICIM, Bucharest, Romania
Bottom Sediment Cd, Pb, Hg, Ni
As, Co, Cr, Cu.Ti, V, Zn EC-JRCI/IES, Ispra, ltaly
Al, Fe, Mn, Si, Ca, Mg, Na, K
Biota (mussel, fish) Cd, Pb, Hg, Ni Water Research Institute_T.G.M.
’ As, Cr, Cu. Zn Brno, Czech Republic

2 Methods

21 Determination of heavy metals and As in water

Surface water samples were filtered through @m5pore-size membranes on board the ship,
and preserved with addition of nitric acid to <2.pHhe samples wergtored in plastic bottle,
except for mercury which were stored in glass doeta The analysis was performed according
to the procedures summarized in Table 2-1. Accagigjrihe results represent the dissolved form
of the elements.

Table 2-1: Methods for the determination of heavy metals and As in water

Limit of
Determinand | Unit | Quantification Method Used Method

(LOQ)
Cadmium (Cd) poll 0.2 AAS — GF* Equivalent to CSN E5O 5961
Lead (Pb) pall 2 AAS - GF Internal procedure
Mercury (Hg) uall 0.05 AAS — CV** Internal procedur
Nickel (Ni) ugll 0.5 AAS - GF Internal procedure
Arsenic (As) pall 0.8 hydride AAS Equivalent to CEN I1ISO 11969
Chromium (Cr) | ug/l 0.5 AAS - GF Equivalent to CSN E233
Copper (Cu) uo/l 2 AAS - GF Internal procedure
Zinc (Zn) ugll 5 ICP-OES*** Equivalent to CSN EN@511888

*  AAS — GF — Atomic Absorbtion Spectrometry viGraphite Furnace
**  AAS — CV — Atomic Absorption with Cold Vapor
*** |CP - OES - Inductively Coupled Plasma Opti€ahission Spectrometry



2.2 Determination of heavy metals and As in suspended particulate matter (SPM)

Homogenized and freeze dried samples of susperatéidytate matter were provided in amber
glass bottles by Umweltbundesamt Wien.

2.2.1 Analysis of SPM samples in the laboratories of Bavarian Environment Agency, Augsburg,
Germany

Approximately 1 g of the freeze-dried samples, Wwid on analytical balance, was extracted
with aqua regia (21 ml HCI / 7 ml HNO3 of suprapqrelity) for 3 hours under reflux (DIN EN
13346, method A). It is noteable that during JD&ttaction was carried out using concentrated
Nitric Acid/ H,O, (3:2 v/v), which may cause different extractioelgis for some elements (e.qg.
Cr). Analysis was performed by inductively couppgdsma — mass spectrometry (ICP-MS, DIN
EN ISO 17294-1) using Rh and Lu as internal stasslar

Mercury was directly analysed from the dried SPMingsan *“automated mercury
analyzer’(LECO AMA 254). Analytical results obtathavith this method are comparable to the
classic aqua regia extraction followed by AAS deiieation using cold vapour technique.

The analytical procedures used for determinatiothefheavy metals and As are summarized in

Table 2-2, together with the relevant Limit of Quihcation.

Table 2-2: Methods for the determination of heavy metals and As in SPM

Limit of Sample Analytical Analytical

Determinand Unit Qua(rlltgig;tion Digestion Method Used Method
Cadmium (Cd) mg/kg 0.02 DIN EN 1334¢ ICP-MS| DINEN IS0 17294
Lead (Pb) mg/kg 0.1 DIN EN 13346 ICP-MS| DINEN IS0 17294
Mercury (Hg) mg/kg 0.02 - AMA EPA Method 7473
Nickel (Ni) mg/kg 0.3 DIN EN 13346 ICP-MS | DINENISO 17294
Arsenic (As) mg/kg 0.1 DIN EN 13346 ICP-MS | DINENISO 17294
Bismuth (Bi) ma/kg 0.01 DIN EN 13346 ICP-MS | DINEN IS0 17294
Cobalt (Co) ma/kg 0.02 DIN EN 13344 ICP-MS| DINEN SO 17294
Chromium (Cr) mg/kg 1 DIN EN 13346 ICP-MS | DINEN IS0 17294
Copper (Cu) mag/kg 0.2 DIN EN 13346 ICP-MS| DINEN 190 17294
Molybdenum(Mo)| mg/kg 0.02 DIN EN 13346 ICP-MS | DINEN IS0 17294
Zinc (Zn) mag/kg 1 DIN EN 13346 ICP-MS | DINEN IS0 17294
Manganese (Mn) mg/kg 0.3 DIN EN 13346 ICP-MS| DINENISO 17294




2.2.2 Analytical Quality Control

To check the accuracy of the mercury determinatising the LECO AMA 254 analyzer, with
every set of samples the BCR-142 certified refezanaterial was measured the same way as the
samples. Results, presented in Table 2-3, showd ggreement between the measured and the
certified mercury concentration.

Table 2-3: Measurements of the certified reference material BCR-142 as a QC sample for mercury
determinations in SPM

CRM BCR 142 Results using AMA 254
Certified ] Number of
Element value Uncertainty* | measurements Average SD** RSD
mg/kg mg/kg mg/kg mg/kg %
Hg 0.104 0.012 22 0.112 0.006 5.5

*uncertainty quoted by CRM certificate
**standard deviation of the single measurement

2.2.3 Analysis of Al, Fe and Mn in SPM samples in the laboratories of VITUKI, Hungary.

The freeze-dried SPM samples were digested in mBve oven with a mixture of concentrated
Nitric Acid/H20, (3:2 v/v), and the filtered solution analysed byPBES (Perkin Elmer
3200DV).

2.3 Determination of heavy metals and As in bottom sediment

2.3.1 Analysis of bottom sediment samples in the laboratories of ICIM, Romania.

Homogenised and freeze-dried samples of sedimgrasi{size fraction <63 pm) were provide
in polypropylene bottles (by UBA, Vienna, Austriafhe samples were stored at room
temperature before they were analysed.

Regarding the sample pre-treatment, the heavy metare extracted from the sediment
according to the EPA 3051 method using Aqua Regji@cal mixture and microwave digestion.
Analysis of the heavy metals in the bottom sedimea$ carried out by using the methods
summarized in Table 2-4.



Table 2-4: Methods for the determination of heavy metals and As in bottom sediment

Limit of
tificati

Determinand Unit Quazrﬂlolg? on Method Used Method
Cadmium (Cd) mg/kg 0.08 AAS — GF* EPA 3051
Lead (Pb) mg/kg 0.2 AAS - GF EPA 3051
Mercury (HQg) mg/kg 0.008 FIMS** EPA 3051
Nickel (Ni) mg/kg 0.24 AAS - GF EPA 3051
Arsenic (As) mg/kg 0.01 AAS - GF EPA 3051
Chromium (Cr) mg/kg 0.39 AAS - GF EPA 3051
Copper (Cu) mg/kg 0.4 AAS - GF EPA 3051
Zinc (Zn) mg/kg 4 AAS — Frr* EPA 3051
Aluminium (Al) mg/kg 3.32 AAS - F EPA 3051
Iron (Fe) mg/kg 10 AAS - F EPA 3051
Manganese (Mn) mg/kg 8 AAS - F EPA 3051

*  AAS — GF — Atomic Absorbtion Spectrometry viGraphite Furnace
**  FIMS — Flow Injection Mercury System
*** AAS — F — Atomic Absorbtion Spectrometry witH&me

2.3.2 Analytical Quality Control

For AQC, with every 5 samples a certified referentaterial — CRM - (river sediment LGC
6187 from monitoring station lagoon on the rivélséeclose to the Czech — German border) was
analyzed.

The extraction of heavy metals from sediment CRM fokalwthe same procedure as for the
samples with the difference that for the certifreference materials approximate 0.2-0.5 g of
dry sediment were weighted into PTFE.

The results of the quality control samples arersanzed in Table 2-5.

Table 2-5: Concentration of heavy metals (overall mean * uncertainty*)
in certified reference material (CRM)

CRM LGC 6187 ICIM Results
Metals mg/kg Uncertainty* mg/kg Uncertainty**
Cd 2.7 0.3 a.7 0.3
Pb 77.2 45 86.6 16.6
Hg 1.4 0.1 1.2 0.31
Ni 34.7 1.7 38.9 8.91
Cr 84.0 9.4 86.1 9.94
Cu 83.6 4.1 85.5 11.9
Zn 439 26 480 27.1
Fe 23600 1500 23500 1910
Mn 1240 60 1220 145

* the uncertainty quoted is an expanded uncertaiitly a coverage factor of 2, and
approximates to the half width of the 95% confidemterval

** the uncertainty was calculated based on the IGBdults as twice the standard
deviation of the overall mean.



The results indicated no significance differencenveen certified concentration results and the

results obtained by ICIM laboratory, with two extieps: one for Cd were the lower results can

be explain by partial extraction procedure and stheond for Pb were the results are higher than
the certified concentration results caused mayybeme contamination of the sample.

2.3.3 Analysis of bottom sediment samples in the laboratories of EC-JRCI/IES, Ispra.

Upon arrival, the samples were dried for 24 hoaram oven at a temperature not exceeding
40°C. Upon completion, each sample was ground uasmpglanetary mill equipped with agate-
zirconia milling vessels. Each sample was groundafmut five minutes. The resulting powder
was then transferred to pre-cleaned HDPE sampl@ic@ns until further processing:
 For WDXRF measurements, samples were pelletised)ushydraulic press (Herzog).
For this purpose, appr. 2 g of samples were plategecial XRF sample containers. A
pressure of 20 t/chwas applied for 20 sec, resulting into a solidiffgellet ready for
analyses by means of WDXRF.
* For Hg analysis, no further treatment was necessary

The WDXRF measurements were carried out on a BrAk&S® SRS-3400 X-ray fluorescence
spectrometer equipped with four analysing crys@lBh-anode end-window X-ray tube (75 Im
Be window) and 4 kW maximum power. The spectromisteontrolled by an external PC using
the 241 manufacturer’s software SPECTRAplus®. Tddération was built using the following
certified reference materials of soils and sedisieBICR-141, BCR-141R, BCR-142, BCR-
142R, BCR-143, BCR-143R, BCR-144, BCR-144R, BCR;1BE6R-145-R, BCR-146, BCR-
146R, BCR-277, BCR-280, BCR-320, CANMET- SO1, CANMEO2, CANMET-SO3,
CANMET-SO4, NIST-SRM-2704, NIST-SRM-2709, NIST-SRM10, NIST-SRM-2711,
IAEA-SOIL-7.

All measurements were run under repeatability domh, i.e. in one analytical run. Given the

significant size and mass of test portion in relahip to the grain size after milling, only one
test portion was analysed per laboratory sample.

Analysis of the heavy metals in the bottom sedimed carried out according to Table 2-6.



Table 2-6: Performance characteristics of the determination of heavy metals (except mercury)
and As in bottom sediment

Limit of
Determinand Unit Quazrﬂtglg?tlon Uncertainty (%) Method
at LOQ

Cadmium (Cd) mg/kg 24 50 WDXRF
Lead (Pb) mg/kg 15 10 WDXRF
Nickel (Ni) mg/kg 15 10 WDXRF
Arsenic (As) mg/kg 15 10 WDXRF
Chromium (Cr) mg/kg 9 10 WDXRF
Cobalt (Co) mg/kg 6 10 WDXRF
Copper (Cu) mg/kg 15 10 WDXRF
Titanium (Ti) mg/kg 12 5 WDXRF
Vanadium (V) mg/kg 6 5 WDXRF
Zinc (Zn) mg/kg 15 10 WDXRF
Aluminium (Al) mg/kg 90 5 WDXRF
Iron (Fe) mg/kg 30 5 WDXRF
Manganese (Mn) mg/kg 210 5 WDXRF

For the mercury analysis an Advanced Mercury Araly&\MA-254, made by ALTEC and
distributed by LECO) was used. This technique usefirect atomic absorption cold-vapour
method with gold amalgamation. The analysis wadopmed in solid samples without any
further sample preparation. Calibration standardtmms were made by stepwise dilution of
these stock solutions. Final acid concentration Wasl/l sulphuric acid (Merck, “Suprapur”).
The concentrations of calibration solutions in dgsof 100 pl are as follows: 5, 10, 20, 50, 100,
200 and 500 ng/100 pl solutions. Purg Was used as carrier gas. Calibration curves were
verified using the following certified reference t@@als: BCR-141R (0.25 = 0.02 mg/kg Hg),
BCR-143R (1.10 + 0.07 mg/kg Hg), RTH-953 (1.84 20mg/kg HQ).

2.4 Determination of heavy metals and As in biota (mussels and fish)

2.4.1 Sample preparation

24.1.1 Mussels

The freeze-dried mussel samples were provided irmb(PE bottles. Samples were stored
at room temperature until they were analyzed.

Dry mussel sample (around 0.3 g) was precisely hegignto Teflon vessel and heavy metals
were extracted by digestion in microwave oven (MLZD0), using 3 ml of concentrated Nitric

Acid (ANALPUR SD) and 1 ml hydrogen peroxide (30%Jter cooling to room temperature

the sample extract was transferred into 50 ml velum flask, filled up to sign, ready for the

analytical measurement.



2.4.1.2 Fish

Frozen samples of fish were provided in aluminuih 8amples were stored in a freezer.

Fish sample (around 2 g) was precisely weighed Retii dish and freeze-dried. Freeze-dried
sample was mineralized in microwave (MLS 1200) bym6 of concentrated Nitric Acid
(ANALPUR SD) and 1 ml hydrogen peroxide (30%). Afeooling to room temperature the
sample extract was transferred into 50 ml voluroetiask, filled up to sign, ready for the
analytical measurement.

2.4.2 Analytical procedures

Determination of arsenic, cadmium, chromium, lead nickel in the extracts from mussels and
fish was carried out by flameless AAS (Perkin EIRA&IALYST 600), copper and zinc by flame
AAS (Perkin Elmer ANALYST 400) and mercury by AASNIA 254). NB.: Methyl-mercury
has not been analyzed in biota.

An overview on the analytical procedures used ftednination of heavy metals and As in the
biota samples is given in Table 2-7.

Table 2-7: Methods for the determination of heavy metals and As in mussels and fish

Limit of Quantification
Determinand Unit (LOQ) Method Used Method
Mussels Fish
Cadmium (Cd) mg/kg 0.001 0.001 ETA-AAS Nationahstard
Lead (Pb) ug/kg 0.6 0.6 ETA-AAS Natiostndard
Mercury (HQg) pa/kg 0.05 0.05 AMA Natiorsthndard
Nickel (Ni) mg/kg 0.002 0.002 ETA-AAS National stiard
Arsenic (As) mg/kg 0.001 0.001 ETA-AAS Nationalrefard
Chromium (Cr) mg/kg 0.001 0.001 ETA-AAS Nationarstlard
Copper (Cu) mg/kg 0.01 0.002 ETA-AAS National stard
Zinc (Zn) mg/kg 0.001 0.001 F-AAS National standard

2.4.3 Analytical Quality Control

Each batch of 15 samples included a quality corsaahple and blank samples were analysed as
well. As the values of blank samples for all meadumetals (except As) were low no blank
correction was carried out for heavy metals deteation (only As correction 0.04 mg/kg for
fish was performed).

Standard additions of heavy metals to the sampése warried out as well, in order to take into
consideration the sample preparation and matriventce. As the results of the recovery were
near 100 %, no recovery rate was used for thetsegtifamples.



3 Results

3.1 Heavy metals and As in water

Results of the determination of the dissolved hemetals in the surface water samples
summarized in Tables 3-1 and 3-2.

Table 3-1 Minimum and maximum concentration of dissolved heavy metals and As in water

Concentration, pg/l
Elements Danube Tributaries

min max min max
Cadmium Cd) <0.2 <0.2 <0.2 <0.2
Lead Pb) <2.0 <2.0 <2.0 5.07
Mercury HQg) <0.05 0.071 <0.05 <0.05
Nickel (Ni) <2.0 12.2 <2.0 33.3
Arsenic As) <0.8 4.31 <0.8 13.2
Chromium Cr) <0.5 1.26 <0.5 1.73
Copper Cu) <2.0 4.59 <2.0 34.5
Zinc (Zn) <5.0 16.1 <5.0 67.9

Table 3-2 The highest concentration of heavy metals and As in water

Concen- . %
Element tration AA['E/Q”S AA[' EQ/I]S
JDS 2 code Sampling station [ug/l] H9 HY
Pb JDS-IS2 | before Reservoir Iskar 5.07 7,2 -
Hg JDS32 | Budapest downstream 0.071 0,0p -
JDS33 | Adony/Lorév 0.063 0,05 -
Ni JDS66 | /Timok (rkm 0.2) 33.3 20 -
JDS32 | Budapest downstream 12.2 20 -
JDS15 | /Morava (rkm 0.08) 7.63 20 -
As JDS24 | /Hron (rkm 0.5) 13.2 - -
JDS-MO2 | Dyje - Pohansko 7.53 - -
JDS37 | Sio (rkm 1.0) 7.44 - -
Cr JDS-RL2 | Beli Lom, Pisanetz 1.73 - -
JDS-I1S2 | before Reservoir Iskar 1.67 - -
JDS81 | /Russenski Lom 1.26 - -
Cu JDS66 | /Timok (rkm 0.2) 34.5 - 8.8
JDS85 | Downstream Ruse/Giurgiu 14.6 - 8.8
JDS81 | /Russenski Lom 11.2 - 8.8
Zn JDS-IS2 | before Reservoir Iskar 67.9 - 35.1
JDS83 | Upstream Arges 16.1 - 35.1
JDS66 | /Timok (rkm 0.2) 9.3 - 52

*Proposal for amending Directive 2000/60/EC

** Austrian proposal, hardness dependent

are



Table 1-1 demonstrated the problem of evaluatiothefCd results pertaining to the AA-EQS
because the LOQ of the method used is higher themetievant total hardness dependent EQS
values. Although the total hardness in most oflag¢er samples is in the range of 100 to 200
mg/l CaCQ, but the Table 3-1 shows that the Cd has not lpe@mtified in any of the water
samples; therefore, the exceedance of the EQSd@a@ not be evaluated.

Concerning the other heavy metals on the list arRy Substances, the Pb has not reached the
EQS at any sampling sites. The concentration oslktgntly (by 30-40%) exceeded the EQS at
two sites downstream of Budapest, measuring 0.0Wll G063 g/l at JDS32 and JDS33,

respectively. The concentration of Ni exceeded H@S by 67% in the Timok river at its
confluence with the Danube.

Two more heavy metals, Cu and Zn, require furthiengdon. Austria and Slovakia are preparing

tentative EQS for these two metals depending ortdte hardness of the water, and the JDS2
results for these two metals revealed the following

* In the case of Cu, the exceedance of the propo§s Was observed in three water
samples, as demonstrated in Figure 3-1, in the Parmdownstream of Ruse/Giurgiu
(JDS85) and in two tributaries, the Timok (JDS66) $he Russenski Lom (JDS81). The
total hardness in these water samples were 101a8d1226 mg/l CaCg) respectively,
and accordingly the EQS for Cu was 8@/ for each sample. The results showed that
the Cu concentration in the Timok river exceededlEQS around four times. Relatively
higher concentrations were characteristic downstrebthelrongate.

* In the case of Zn, relatively high concentrationswaeasure in three samples but only
one sample, in the upstream section of the trilgusdear (at station JDS-1S2) exceeded
the hardness dependant EQS. (NB.: The total hasdrfe3DS66-Timok, JDS83-Danube
upstream Arges, and JDS-IS2 were 311, 99 and 1@03ag G, respectively).
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Figure 3-1 Variation in the concentration of Copper dissolved in the water during JDS2



Most of the other heavy metals and the As weregotesr concentration below the LOQ or
slightly above this limit. Cr were present in contrations little higher at few stations, these
were mostly in tributaries, e.g., Russenski Lonkats at the lower Danube. Figure 3-2
demonstrate the variations in the dissolved As artnin the samples collected during JDS2,
showing the significantly higher concentrations tive tributaries and the relatively higher
concentrations in the Danube downstream offika-Sava confluences.
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Figure 3-2 Variation in the concentration of Arsenic dissolved in the water during JDS2

It should be taken into account that these resiitained by analyzing the JDS water samples to
characterise the dissolved contaminant level, wiaatependent on the ionic environment in the
river, the pH and redox conditions, the presencehslating agents, etc., at the time of the
survey; however, this dissolved form is the mosbabailable form which is ready for
bioaccumulation in the food chain. Furthermordasitlso known that the major transportation
route of the heavy metals are in the solid phase, suspended particulate matter, which may
accumulate in the bottom sediment; therefore, dtaraation of the heavy metals
contamination in the SPM and the bottom sedimeatisally important.

3.2 3.2 Heavy metals and As in the suspended particulate matter (SPM)

3.2.1 Quality standards

For the evaluation of heavy metals in suspendeticpiate matter and sediments there are
different sources for environmental quality stanldgisee Table 3-3):

- Quality target used for the evaluation of JDSafiagl
Sediment standards derived from the WFD Pridiipstances data sheets (the values are

under discussion and to be confirmed);
- Dutch quality standards — target values accorthrigtaatscourant, The Netherlands,

June 2000;” and
- Target values from the International Commissiontiie River Rhine.



Table 3-3 Quality targets for heavy metals and As in sediments
(including both SPM and bottom sediment)

Element Sediment_QuaIity Dutch Rhine
Target during JDS1 Target Value*| Target Value
(mg/kg) (mg/kg) (mg/kg)
Cadmium 1.2 0.8 1
Lead 100 85 100
Mercury 0.8 0.3 0.5
Nickel 50 35 50
Arsenic 20 29 40
Chromium 100 100 100
Copper 60 36 50
Zinc 200 140 200
Molybdenum - 3 -

* The Dutch Target Values are given for normalizediment
[10% TOC and 25% lutum (clay)]

At the time of preparation of this report WFD PitpiSubstances data sheets included proposed
limit values for the benthic community, sedimemsiich are a little confusing and should be
confirmed. Therefore, the evaluation of the sedisiehe quality targets used during JDS1 is
primarly used during interpretation of the JDS2utss It is notable; however, that these target
values are very similar to those used in the RHhirex basin, and they are also close to the Dutch
tagret values particularly if we consider the ndiraion requirements in the latter case.

3.2.2 Longitudinal profile of the Group 1 heavy metals (Cd, Pb, Hg and Ni)

Cadmium, Lead, Mercury and Nickel are listed amtmg Priority Substances of the WFD,

therefore, particular attention was made to thesay metals during the data interpretation. The
following four figures (Figs. 3-3 through 3-6) shdiwe longitudinal variation of these heavy

metals in the suspended particulate matter in #reube and its tributaries.
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Figure 3-3 Distribution of Cadmium in the SPM along the Danube river during JDS2

Figure 3-3 clearly demonstrate the significant iotp two major tributaries, the Tisa and Sava,
by the increasing concentration of Cadmium in thepended solids along the lower Danube
reach. The 1.2 mg/kg sediment standard was signifi¢ exceeded in these two rivers and as a
result of the transport of these metals to the Dantheir affect (the exceedance of the sediment
standard) on the Danube SPM was obvious along @0 1kén Danube reach downstream of

confluence of the Sava river.
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Figure 3-4 Distribution of Lead in the SPM along the Danube river during JDS2

As shown in Figure 3-4 the Lead concentration i@ 8PM has not reached the 100 mg/kg
sediment standard but the polluting affect of titautaries, i.e., Drava, Tisa, Sava and the Velika
Morava, was clearly demonstrated by the variatiothe Pb concentration in the Danube SPM

downwards to the Danube Delta.
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Figure 3-5 Distribution of Mercury in the SPM along the Danube river during JDS2



The Mercury concentration in the SPM (see Figubg 8xceeded sediment standard (0.8 mg/kg)
in the tributary Vah river only. Increased concatitn was also in the Velika Morava; however,

this was slightly below the sediment standard. Yak (JDS21), caused impact was particularly
significant because it more than doubled the Marawoncentration in the SPM along the

downstream Danube reach compared to the upstreambBaeach. The Mercury concentration

in the SPM slightly exceeded even the strict Dutniget value of 0,3 mg/kg along the Danube
from the confluence of Vah downwards to the Iroegat
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Figure 3-6 Distribution of Nickel in the SPM along the Danube river during JDS2

The Nickel contamination profile in the SPM (segufe 3-6) clearly demonstrate the significant
affect of the SPM transported through the Sava (©§1Ni/kg) and Velika Morava (110 mg
Ni/kg).to the Danube resulting exceedance of thenikg sediment standard from the
confluence of these tributaries downwards to theuba Delta.

3.2.3 Longitudinal profile of the Group 2 heavy metals (Cr, Cu, Zn, Bi and Mo) and As

The following six figures (Figs. 3-7 through 3-1&)ow the longitudinal variation of the five
heavy metals and As in the suspended particulateema the Danube and its tributaries.
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Figure 3-7 Distribution of Arsenic in the SPM along the Danube river during JDS2

With one exception, Velika Morava, the concentratid the As in the SPM were below the 20
mg As/kg sediment standard in all samples from Benube and the other tributaries.
Unfortunately there was no SPM sample from therriven, which very likely cause the
significant increase in the As concentration dowe@sn of the Inn confluence. From the 2,000
rkm the As concentration gradually decreased abongnd 1,000 km Danube reach. As a result
of the input from the three tributaries (i.e., TiSava and Velika Morava) the As concentration
increased again near to the concentration of tlkmsmt standard value; however, again
decreased gradually downwards to the Danube Delta.
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Figure 3-8 Distribution of Chromium in the SPM along the Danube river during JDS2

The longitudinal profile of the Cr concentration ime SPM (Figure 3-6), shows very strong

similarity to the Ni. A characteristic ,hump* wa®\kloped downstream of the Tisa and Sava
confluence, the latter one was the only in whicé slediment standard for Cr was exceeded
(JDS51, 127 mg Cr/kg). The concentration hump diowas the Sava confluence gradually

decreased but even in the Danube Delta the comtiemirof Cr in the SPM was around 50%

higher than along the upper Danube reach.
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Figure 3-9 Distribution of Copper in the SPM along the Danube river during JDS2

The 60 mg/kg sediment standard was basically excegdall SPM samples downstream of the
Tisa and Sava confluence. The highest concentré®8d mg Cu/kg) was found in the Timok
river (JDS66). The overall longitudinal concentatiprofile was also similar to the Cd and Ni,
which may indicate mainly geochemical origin ofdeemetals in the relevant sub-basins, ie.,

Tisa and Sava.
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Figure 3-10 Distribution of Zinc in the SPM along the Danube river during JDS2

The Zn is the fourth heavy metal joining the graigCd, Ni and Cu regarding the characteristic
of the longitudinal profiles. The 200 mg Zn/kg sednt standard in the SPM was exceeded in
the samples very similarly as in the case of Cud ahowing the major influence by the

composition of the SPM in the Tisa and Sava rivéhe highest concentration was found in the

Sava river (554 mg Zn/kg).



In addition to the Arsenic and the other three dieegly monitored heavy metals in Group 2,
Bismuth and Molybdenum were also analyzed in thl.SFheir longitudinal trends are shown
in Figures 3-11 and 3-12.
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Figure 3-11 Distribution of Bismuth in the SPM along the Danube river during JDS2

The spatial distribution for Bi shows a more saatiepicture in comparison to other metals but
the concentrations were within a relatively narr@y@ to 0,7 mg/kg range.
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Figure 3-12 Distribution of Molybdenum in the SPM along the Danube river during JDS2

Molybdenum has a clear peak in the upper Danubghwdimilarly to the As, could be related to
input through the Inn or to anthropogenic influesiddowever, the Mo concentration in the SPM
were low, below the Dutch target value of 3 mg/kglasampling sites.



3.2.4 Longitudinal profile of the Group 3 heavy metals (Al, Fe and Mn)

The concentrations of Al and Fe in the SPM shoveeg (Figures 3-13 and 3-14) significantly
different trends upstream and downstream of thegate. It is very likely because these two
metals are mainly have geochemical origin and ollett by the different mineralogical
composition of the SPM, that is more variable wgzstn of the Irongate due to the inputs from
the different geochemical characteristics of thie-lsasins of the tributaries. The variation in Al
could be controlled by the clay content of the SRMich could be useful for normalization of
the other heavy metal results in the full report.
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Figure 3-13 Distribution of Aluminium in the SPM along the Danube river during JDS2
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Figure 3-14 Distribution of Iron in the SPM along the Danube river during JDS2

After the lower concentrations and significant &tidns along the upper Danube reach the
concentration of Al and Fe followed more or lesastant values from the Irongate downwards
to the Danube Delta.



The concentration of Mn in the SPM (see Figure Bshi®wed similar longitudional trend as in
the case Cu and Zn. Significant increase was obdaownstream the Velika Morava and the
Irongate reservoire, which gradually decreased dwawds to the Danube Delta.
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Figure 3-15 Distribution of Manganese in the SPM along the Danube river during JDS2

3.2.5 Comparison of the concentration of heavy metals and As in SPM between JDS1 and JDS2

Regarding the four heavy metals in the list of RiydSubstances, the minimum and maximum
concentrations in the SPM, summarized in Table i&vkaled the following:

* Inthe case of Cd, the minimum concentrations eascally the same (NB.: During
JDS1 the LOQ was significantly higher; therefohe minimum values are ,less than®);
however, significantly lower maximum values wereasw@ed in both the Danube and in
the tributaries;

* In the case of Pb, insignificant increase in theimum values, and in the maximum
values insignificant decrease in the Danube butifsegnt decrease in the tributaries
were observed,;

* Inthe case of Hg, The minimum values were bagi¢a# same, the maximum value
decreased in the Danube but increased in the arilest and

* In the case of Ni, none of the values shows sicguifi difference between the two survey
results.



Table 3-4 Range of element concentrations in the SPM samples of the river Danube and some of its
tributaries, during JDS1 and JDS2

Concentration, mg/kg
Element Danube Tributaries
JDS 1 JDS 2 JDS 1 JDS 2

Cd <11-7.6 0.294 — 2.23 <1.1-256 0.394 — 4.85
Pb 18.2-85.0 25.3 - 64.6 17.3-214.9 18.5-79.1
Hg <0.10-0.55 0.102 — 0.388 <0.10-0.79 0.06(21 1
Ni 23.2 - 89.8 30.9 - 85.0 32.6 —170.9 41.4 - 161.
As 9.4-321 8.62 —19.0 10.4 — 29 8.83 —23.4
Cr 32.9-107.5 40.8 —94.3 55.0 — 148.9 38.0 - 127
Cu 28.3 —193.7 37.7-111.0 26.9 — 95.5 34.4 — 230
Zn 99 — 398 117 - 335 87 - 2224 111 - 553
Al 17900 — 52800 19000 - 57000 15300 — 54100 3120800t
Fe 14300 — 38300 7180 - 35400 21300 — 37200 97000(343
Mn 565 — 4028 770 - 3150 963 — 3340 1060 - 4120

Regarding the other elements, concentration raagesalso shown in Table 3-4, the spatial
distribution of Cu, Zn (similarly to the PriorityuBstances Cd and Ni) was very similar to the
distribution of Al and Fe during JDS1 and JDS2 &i#l.\il'his comparable trend was interpreted
as a reflection of the geochemical background ih karveys.

It is notable that significant change can be ole#in the case of the maximum values such as
(a) the Copper concentration decreased in the Bmaund increased in the tributaries, and (b)
the Zinc concentration decrease in the tributaries.

All the other concentrations were very similar dgrthe two surveys.

3.3 Heavy metals and As in the bottom sediment

Bottom sediment samples were collected from bdthaled right banks of the Danube, and one
mixed sediment samples from the tributaries. Theaked significant differences between the
sediments collected from the two river banks, paférly downstream of significant in put s

from the tributaries, e.g., affect of the Hg infeam the left-tributary Vah, on the downstream
left-bank sample from the Danube, etc.

3.3.1 Longitudinal profile of the Group 1 heavy metals (Cd, Pb, Hg and Ni)

The longitudinal profile of the Group 1 heavy mstéCd, Pb, Hg and Ni) are shown in Figures
3-16 through 3-19.
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Figure 3-16 Variation in the concentration of Cadmium in the bottom sediment during JDS2
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Figure 3-17 Variation in the concentration of Lead in the bottom sediment during JDS2
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Figure 3-18 Variation in the concentration of Mercury in the bottom sediment during JDS2
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Figure 3-19 Variation in the concentration of Nickel in the bottom sediment during JDS2



In addition to the concentration ranges of priohBavy metals in Table 3-5, the exceedance of
the sediment standards and the longitudinal trendkl be summarized as follows:

For Cadmium, the longitudinal trend is very samilto the SPM; however, the
concentration and the number of sites where thengsds standard was exceeded were
higher than in the case of SPM. Significant vaoiativas observed downstream of the
two major polluting rivers the Tisa and Sava. Thetrdbution pattern is also similar to
the one during JDS1.

In the case of Lead, significantly higher concambns occurred as in the SPM. The
longitudinal profile is very impressively show losoncentrations along the upper
Danube reach and the high variation downstreamTisa and Sava. The sediment
standard was exceeded in relatively large numbsawiples.

In the case of Mercury, the impact of the majoliugion source from the tributary Vah
and other inputs along the middle section of thenub& can be recognized in the
variation of the typically anthropogenic pollutarit. is notable; however, that the
sediment standard 0.8 mg/kg was exceeded at aafieplmg site only.

In the case of Nickel, contrary to the SPM, tlmmeentration in the bottom sediment
exceeded the 50 mg/kg sediment standard at masieasampling sites. As for several
other heavy metals the longitudinal trend was f®#icsignificantly increasing
downstream of the confluence of the Tisa and Sareas:

Table 3-5 Concentration ranges for priority heavy metals in sediments of Danube tributaries

Concentration, mg/kg
Element Ranlge Location of the Jowest Location of the highest
(mg/kg) recorded value recorded valu
Cd 0.23-8.44 JDS RL2 Russenski Lam JDS 71 Id«ar(.3)
Pb 22.8 -2110 JDSTI1 JDS 71 Iskar (km 0.3)
Hg 0.06-1.44 JDS RL2 Russenski Lam JDS 49 TisaXl0)
Ni 5.08 — 183 JDS 25, Ipoly (km 0.7) JDS Prut 2

3.3.2 Longitudinal profile of the Group 2 heavy metals (Cr, Cu and Zn) and As

The following Figures 3-20 through 3-23 show theaat#gon in the concentrations of the heavy
metals and As in the bottom sediment samples ¢etidicom the Danube and its tributaries
during JDS2.
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Figure 3-20 Variation in the concentration of Arsenic in the bottom sediment during JDS2
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Figure 3-21 Variation in the concentration of Chromium in the bottom sediment during JDS2
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Figure 3-22 Variation in the concentration of Copper in the bottom sediment during JDS2
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Figure 3-23 Variation in the concentration of Zinc in the bottom sediment during JDS2

Regarding the Group 2 heavy metals (Cr, Cu andaBd)As the following observations are
made:

* In the case of Arsenic, most of the results arevben 50 to 100 mg/kg, however a few
very high concentration were observed in the vigiof the Velika Morava confluence;

* In the case of Copper, Chromium and Zinc, the cotnagon distribution pattern was
similar to the Nickel without any significantly thgconcentrations. This may indicate that
the concentration of these metals in the sedinrefdtes to the natural background, the
geochemistry of the Danube Basin. Slightly highmraentrations and fluctuation (of
each of the three metals) can be observed frorrdhgate reservoir downwards to the
Danube Delta.

3.3.3 Longitudinal profile of the Group 3 (Al, Fe and Mn) heavy metals

The variation in the concentration of these thregafs in the Danube and its tributaries’ bottom
sediment is demonstrated in Figures 3-24 to 3-26.

As demonstarted in the figures, in the case ofatmip 3 heavy metals (Al, Fe and Mn), the
distribution patterns are very similar to each o#red to those mentioned earlier indicating that
they are of geochemical origin.

These metals, particularly the Aluminium, can beduf®r normalizing the concentration values
of other metals, primarily originating from pollat sources, to describe their concentration
enrichment and trends in the river basin.
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Figure 3-24 Variation in the concentration of Aluminium in the bottom sediment during JDS2
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Figure 3-25 Variation in the concentration of Iron in the bottom sediment during JDS2
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Figure 3-26 Variation in the concentration of Manganese in the bottom sediment during JDS2



3.4 Heavy metals and As in mussels and fish

3.41 Mussels

Mussels are used frequently for pollution monitgrine., the “mussel-watch” program is one of
the major monitoring program particularly for deteg heavy metals. The only difficulty can be
the abundance of identical species at differemssilong the surveyed river. As plankton is
retaining up to 98% of heavy metals from waténjonida molluscs, plankton consumers, are
good indicators of heavy metal pollution.

When comparing the concentration of heavy metataussels with the concentrations in fish, it
should be taken into account that the results isseis are expressed in dry weight, whereby in
the fish they are in mg/kg wet weight. If we comsithat mussels have around 80-85% water in
their tissue, the concentration in dry weight cdugddivided by around 6 to refer to wet weight.

During JDS2, mussel samples, depending on abunddareegiven site, were collected from 20
Danube sites and from two tributaries, i.e., Vab3:21), and Prut (JDS-91), significantly less
than during JDS1 as demonstrated in Table 3-6.

Table 3-6 Mussel species and number of mussel samples collected during JDS1 and JDS2

Number of samples collected during
Mussel species IDS 1 DS 2
Anodonta anatina 49 9
Unio tumidus 62 19
Unio pictorum 20 3
Pseudanodonta complanata 2 -
Anodonta cygnea 3 -
Snodonta waodiana - 2

Mussels were identified and analysed in 22 loeaittovering the Danube River stretch from
Gabcikovo reservoir (km 1852) to Kilia arm on UkmiRomanian border in km 18 and
tributaries. As far as species concerns, there vdmetified four different specieg\nodonta
anatina, Snodonta waodiana, Unio pictorum andUnio tumidus. As the most frequent species it
can be designatednio tumidus which was found in 17 out from mentioned 22 Idoadi. The
second most frequent species wasodonta anatina. Detailed analysis of the trends in
longitudinal profile of the Danube has been thereflocused on these two species occurrence
following the maximum utility of available informah as well as species uniformity.

Concentrations of total Hg, and the other heavyatsedind As in selected mussel specidsi@
tumidus and Anadonta anatina) collected during JDS2 are shown in the Figur&y 3nd 3-28,
respectively.
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Figure 3-27 Concentration of mercury in the mussel Unio tumidus and Anadonta anatina collected
according to abundance at selected sites along the Danube during JDS2
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Figure 3-28 Concentration of heavy metals and As in the mussel Unio tumidus and Anadonta
anatina collected according to abundance at selected sites along the Danube during JDS2

The results indicated decreasing trends in the aigee priority heavy metals Pb, Hg and Ni, as
well as in the case of Cr, Cu and Zn, however gasing concentration were found in the case of
the priority heavy metal Cd and the As. Particatention has to be paid to the concentration of
Hg (even the total form) in the samples because¢hef specified strict limit values in the
proposed EC Directive, indicated earlier. Unfortigha the specified methyl-mercury was not
analysed during the survey but according to sevec#ntific references the aquatic biota,



particularly fish and mussels, may contain oveit®80% of the total mercury in the alkylated
form. Therefore, even the total Hg concentrationthe biota samples require special attention.

Four heavy metals (nickel, lead, cadmium and chuampidemonstrated slight decrease in both
species in the upper surveyed part of the rivéigued by increase in the lower stretch, starting
downstream Novi Sad. Increase was evident in tee o& cadmium, chromium and lead in the
Unio group Specifically:
Cadmium values in the Danube itself fluctuated frorh7 to 11.8 mg/kg; however, the
highest concentration was measured in the Savé (@§/kg),
» Lead showed differences in the Danube mussels 088 to 10.9 mg/kg, with the
highest value again in Sava (14.6 mg/kg).
* Nickel demonstrated a bit smaller fluctuation itues ranging from 0.49 to 5.16 mg/kg.
» Concentration of chromium varied from 0.21 to 80&kg in the Danube, with nearly
the same concentration in its tributary Sava (8xwj7kg).
» Copper content showed greatest differences, sgawith high values in the upper part
sampling site, a certain decrease in the middlé gfathe Danube followed by second
increase culminating in the Kilia arm (37.5 mg/kire sample ofJnio tumidus).

As far as five surveyed tributaries, most of thghleist concentrations were measured in the Sava
River. The Proposed Quality Targets were signifigaexceeded in the case of Cd and Zn,
slightly also in Cr, Cu and Pb.

Altogether 33 mussel samples were collected dudib§2 compared to 136 during JDShe
significant difference regarding the number of sk®pduring the two surveys makes the
comparison also difficult. Therefore, the rangescohcentrations of the different elements
during JDS1 are given and compared with the maxirmeasured values during JDS2. These
are summarized in Table 3-7, whereby the highesheht concentrations during the two surveys
are shown in Table 3-8. These tables also showuhkty targets used during JDS1.

Table 3-7 Range of element concentrations (minimum - maximum) in mussel samples of the river
Danube and its tributaries during JDS1, the highest concentrations during JDS2 and the quality
targets used during JDS1 (all values in pg/g dry weight)

Concentration Ranges During JDS1 Highgitrﬁgnchggation QIlDJLe}:Ii%,gTJa[;%eIS
Element [mg/kg dry weight] [mg/kg (mg/kg
Danube Tributaries dry weight] dry weight]

As 0.08 - 1.23 0.06 - 0.81 2.7 (JDS39) 20

Cd 0.1-35.9 0.2-16.4 29.6 (JDS50) 4

Cr 0.5-11.7 <MQL - 24.12 4.9(JDS93) 6

Cu 45-178.4 4.3-54.0 37.5(JDS93) 20

Pb 0.5 -49.9 0.7-317 9.8(JDS93) 10

Hg 0.055-0.412 0.037 -0.742 0.3(JDS21) 0.4

Ni 0.44 - 4.69 0.49 - 9.43 5.16JDS17) 10

Zn 120 - 2680 160 - 1360 1880 (JDS50) 400




Table 3-8 Highest element concentrations determined in JDS1 and JDS2 mussel samples in

comparison with background concentrations and proposed quality targets

(all values in pgl/g dry weight)
Element JDS-Position Species*| Concentration Backgund Quality
Values Target
St.
Cd JDS1-98 Gheorghe A 35.9** 2 4
JDS2-93 Kilia-arm B 11.8
Cr JDS1-54 Tisa B 24.12 3 6
JDS2-93 Kilia-arm B 4.9
Cu JDS1-70 Pristol B 178.4 10 20
JDS2-93 Kilia-arm B 37.5
Upstream
Pb JDS1-46 Drava A 49.9 5 10
JDS2-93 Kilia-arm 9.8
Velika
Hg JDS1-61 Morava A 0.742 0.2 0.4
JDS2-21 Vah A 0.3
Zn JDS1-70 Pristol C 2680 5 400
JDS2-50 Upstream B 1880
Sava

* A - Anodonta anatina, B - Unio tumidus, C -Unio pictorum
** Values exceeding the Quality Targets

For the assessment and comparison of musselstajuadi status since 2001 (JDS 1) it is to be
emphasized that due to the high water conditiortienriver basin there is a lack of data in the
last stretch of the Danube frolrongate, e.g. in the length of more than thousand km, toeyet
with tributaries. According to JDS1 results thisegth can be considered as the most polluted
part of the Danube by heavy metals. In JDS2 ondgrac and nickel showed larger variations
with higher concentrations also in the other pafthe Danube, but all found values of these two
parameters were markedly below natural backgroumd pwposed the target values.
Concentration of cadmium, copper and chromium inssels showed higher values than
proposed targets nearly in all four sampled sitethe lower stretch of the Danube. With the
exception of arsenic the average values of giverarpaters were comparable and have not
significantly increased.

The maximum total Hg concentration — 0.3 mg/kg swaeasured in &nio tumidus mussel
sample. Because the results of the mussel samglexpressed in dry weight, this concentration
could be around 0.05 mg/kg (50 pg/kg) in wet weilkely exceeding the proposed EQS.



3.4.2 Fish

Samples of fish tissué\bramis brama) were taken from in 11 characteristic localitiesering

the length of 1842 km of the Danube run starting<@lheim in Germany downstream to the
Danube Delta.

Concentrations of total Hg, and the other heavyameeind As in fishAbramis brama) from the
Danube River are shown in the Figures 3-29 and,3e3pectively.
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Figure 3-29 Total Mercury in Abramis brama along the Danube
(all results are in mg/kg wet weight)
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Figure 3-30 Heavy metals and As in Abramis brama along the Danube
(all results are in mg/kg wet weight)



Out of seven heavy metals and the As analysedargiten group the most serious problem
appeared to be in the case of mercury. In the 28/sed samples Hg content varied from 0.015
to 0.499 mg/kg of tissue. The highest individualueawas found in the most upper part of the
measured part of the Danube (Kelheim). As far addhgitudinal variation is concerned, the Hg
concentration showed decreasing trend towards dbxa#, then after minor increase it was
decreasing again downstream on the Danube. TheoHgeatration was significantly lower in
in one of the Danube arms in the Delta.

Despite the fact that these results are below tArimum value 1.0 mg Hg/kg of wet weight
given in Commission Regulation No 221/2002 amendiegulation No 446/2001 setting
maximum levels for certain contaminants in foodstufiowever, the values would significantly
exceed the quality target of JDS1 (0.4 mg/kg inwgyght), because the concentrations would
be around six times higher if they are expresseatiyrweight.

Copper showed similar longitudinal variation, betwe0.08 to 0.52 mg/kg with the increase
downstream Iron Gate. The concentrations of thedther heavy metals — Cd and Pb — limited
by the corresponding Commission Regulation weraifsogintly lower in all samples than the

given limit values (most of Cd values were below ttOQ and that is why the values are not
recognisable in the figure). The concentration ofhbheavy metals varied slightly (<0.003—
0.012 mg/kg for Cd and 0.021-0.092 mg/kg for Phitheut showing any trends along the
Danube. The other heavy metals and As were ndhetbOQ in most of the samples.

In summary, because the total Hg concentrationsidoun the fish samples may indicate
accumulation in the fish tissue, and likely excewdaof the newly proposed EQS; therefore, it is
important that the Hg contamination issue will beHer investigated and considered.



4 Conclusions

The concentration ranges of the heavy metals dsasdrsenic in water, suspended and bottom
sediments during the JDS2 were very similar todtwecentrations ranges observed in the JDS1
samples.

Regarding the water samples, the dissolved heavialsnéncluded in the list of priority
substance, i.e., Cd, Hg, Ni. and Pb, it was unfate that the dissolved Cd results were all ,not
guantified” because of the relatively high LOQ, ahiwas also higher than the relevant EQS;
therefore, it was not possible to make a compangtimthe EQS.

4.1 Compliance checking for priority substances according to WFD

The requirements of the WFD surveillance monitorfgpriority substances, according to
Annex 4 of the proposed draft EC Directive, is dé®sal in more details in the summary report
on Priority Substances. For Pb and Ni, and thempmunds the MAC-EQS is marked as “not
applicable.” Therefore, we consider the AA-EQS weslall the four heavy metals as indicative
for being protective against short-term pollutieraks in continuous discharges.

The draft directive also include an EQS for metim@rcury (20 pg/kg in wet weight) in aquatic
biota (fish, mollusks, etc.), but this substance wat included in the analytical parameter list of
JDS2. The results of the total mercury determinedmussels and fish; however, indicate
relatively high concentrations, particularly in theh tissue, which may be a concern in future
monitoring.

4.2 Assessment of the indication of the chemical status from JDS2 results

During JDS2, one single water sample was takeadt sampling site. For this reason the
assessment of the chemical status cannot be ddime iwith the WFD requirements.
Similarly to the assessment of other priority sabses, aindication of the chemical status is
given for each sampling site by using the prop@s&eéEQS for inland waters.

Table 4-1 shows the sampling sites where AA-EQSrceeded in the case of the
corresponding heavy metals.



Table 4-1 Sampling sites and the priority heavy metals exceeding AA-EQS values for inland waters

JDS2 Heavy Concentration AA-EQSl
Code Metal Sampling Station [Lg/l] [ug/l]
JDS32 Hg Budapest downstream 0.071 0,05
JDS33 Adony/Lorév 0.063 0,05
JDS66 Ni [Timok (rkm 0.2) 33.3 20

JProposal for amending Directive 2000/60/EC

These results are also presented as the indiaattitve chemical status in the corresponding
map.

4.3 Assessment of other heavy metals and As

For some of the other heavy metals only nationaBE) EQS-proposals might be used for
assessment. Accordingly, the tentative Austrian EqQSlissolved Cu and Zn (both depend on
the total hardness) was considered and the exceeslame shown in Table 4-2. Most of the
other elements present in dissolved form wereairat the natural background.

Table 4-2 Sampling sites and parameters exceeding the proposed Austrian EQS values

JDS2 Heavy Concentration EQS2

Code Metal Sampling Station [ua/l] [ng/l]
JDS66 Cu /Timok (rkm 0.2) 345 8.8

JDS85 Downstr. Ruse/Giurgiu 14.6 8.8

JDS81 /Russenski Lom 11.2 8.8
JDS-1S2 Zn before Reservoir Iskar 67.9 35.1

2Austrian proposal, hardness dependent

Regarding the suspended particulate matter andorbotediments the results indicated
significant inputs into the Danube mainly from sommbutaries such as in the case of Cadmium
(Sava and Tisa), Lead (Drava, Tisa, Sava and Véllkeava), and Mercury (Vah and Velika
Morava).



