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1 INTRODUCTION AND OBJECTS

Seas and oceans present large proportion of ounetdaliving-space. However,
maritime environment has numerous loads due to huaotvity. Practically there is not a
single spot on the water-coat of Earth that hadreh changed by the actions of mankind.
Since man lives on Earth he produces physical &intcal waste, which changes the
original composition and state of air, soil andunalt water. Numerous previous research
and survey prove that we have to take special chour freshwater reserves. But these
researches paid no particular attention to sma#lasts as the primary indicators of
pollution. Streams concentratedly indicate the mmmental and hydrological effects but
there is not sufficient data on national, Europeand international level about their
condition or about the required methods and regulatto reach their good ecological
status.

The Water Framework Directive (WFD) which goverhe twater-policy of the
member countries took effect in December 2000 whth aim to reach good ecological
status of waters. This framework only declares tiwgets, however, the method of
execution may differ in every country.

For this there must be a change over from the sagplrea-located condition-
evaluation to a monitoring system capable of as#essondition of a water body and
follow its temporal change. If a certain water-basgynot in satisfying condition then the
reasons of quality change must be found (investiganonitoring), an intervention plan
must be prepared and executed and the effectsteriv@mtion must be monitored. The
WFD does not compare the condition of a water bty general standard, but the
condition of the observed water body is compared jeference water body” of the same
type. The present mainstream monitoring systemungdry aims to analyze certain places
on larger rivers and lakes. It gives very littlganized information about the condition of
minor water streams. This circumstance trammeletl amdy the design of a WFD
compatible monitoring system but the absence dicserit references also hindered the
evaluation.

My doctoral work aimed at solving this problem ahdvas connected to several
projects which established the WFD compatible nuoimty of minor water streams:

Researches done in VITUKI:
* Environmental analytical examination of surface audbsurface streams, lands and
sediments 2001-2005.
» National researches 2003-2008:
s Nitrate characterization of minor water streamshamged by settlements.
s Mass balance of Hungary.
s Nutritive characterization of surface waters of gary.
o Evaluation of the nitrate (nitrate pollution levelhd eutrophication (fertility



level of surface waters and characterization aérgylakes and standing waters
by fertility) monitoring data of Hungary’s sub aaraters.

International programme on Danube protection arelgmtion of pollution (ICPDR
AEWS Eu) 2005-2008.
Introduction of the EU WFD Soil Conservation PolinyHungary 2008-2009.

Researches in the Department of Chemistry and Bmogtry of the Szent Istvan
University:

Detection of changes in the environmental statul vadiochemical methods at Galga
stream 2001 (KAC 2001).

Hydrological and environmental analytical evaluatiof Rakos stream and the
connected lake system in 2003 (KAC 2003).

Design of an EU-WFD-compatible complex monitoriygtem and database applicable
to differently loaded inland minor water streamspexially the Galga stream. 2004-
2006 (RAGACS 2006)

My doctoral thesis is mainly based on my work ie thtest project but occasionally in
comparisons | used the results of all above meetiggrograms.

Aims of work

Regarding the application of WFD in Hungary andsirict connection with the

above mentioned research areas | set the follogaads to my doctoral work on the model
area of Galga stream and its catchment area:

1.

Exact surveillance of the environmental conditidrite Galga stream’s catchment-
area as an ecological model based on hydromorpicalpdiydrological, physical,
chemical and hydrobiological analysis consideririp\the suggestions of EU WFD.

Determination the confidence interval of requirathpling density in space and time
on Galga stream’s catchment area in connection thighwater quality classification

required by WFD. Based on the results developméntecommendations for a

generally adaptive method to monitor the minor waeams of Hungary with

similar parameters to Galga stream.

Demonstration of a study on the displacement ofvhemetal pollution in the
sediment of the selected area of Galga streamchicesnt area which is supposed to
be the aftermath of a point source pollution causgthe former machine factory of
Iklad. Verification of the origin of elements ingh concentration in the sediment with
geochemical statistical analysis and estimatiotheftime needed for clearing after
the termination of pollution.



2 MATERIAL AND METHOD

2.1 Surveillance monitoring of Galga stream

The model area is the Galga stream which riseszaypdavaralja in the middle of
Cserhat mountains. It has a length of 65 km, itstzaent area is 552.44 Kits flood
area is 84 krh

On the Galga catchment area the following four astretypes can be found
according to the Hungarian stream typology:

« 1st Type: Mountain minor streams, >350 m, 10-106, lgiticate rock, quarry-faced bed
material, stoned.

« 8th Type: Hill-country brook, >200 m, 10-100 kntalcareous, moderately fine bed
material.

« 15th Type: Flatland, <200 m, 10-100 %nealcareous, minor streams with moderately
fine bed material.

« 18th Type: Flatland, <200 m, 100-1000 %rnalcareous, small rivers with moderately
fine bed material.

| started my research on the catchment area ofaGstiggam in 1999, when |
pointed out 5 areas: PlUspdkhatvan, Galgamacsal, listed Aszdéd by the highway 3, and
the Aszdd sewage treatment plant. The selectiosaofpling sites were determined by
environmental chemical and hydrological consideratiwhere pollution was presumed by
preliminary analysis and the usage of area. Hydiokd and chemical examination was
done on the selected areas. Hydrological examimates based on maps, going-overs and
literary data. The longitudinal sectional view ahe draft of the water system were made
based on military maps (scaled 1:25000) of the.area longitudinal sectional view shows
the names of entering water streams, the entesogos and length. Every time during
going-overs | recorded the water level. During cloaiexamination | took water sample
once (May 2000) and sediment sample three timey,(NMay and August 2000). Heavy
metal concentration of the samples was analyzed.

In August 2001 the KAC 2001 project provided an apynity to do another
sampling. | took sediment samples from the fivevignesly examined sites and analyzed
their heavy metal concentration.

In 2004 the consortium composed of Department @&ndbtry and Biochemistry of
SZIE, the Department of Public Water Utilities alBdvironmental Engineering of BME
and the VITUKI won the project ,Design of an EU WEDmpatible complex monitoring
system and database applicable to differently Idadieind minor water stream” which is
connected to 5th chapter of the Ministry of Eduma8 ,Environmental protection
technological development subprogram”. | had th#dofong tasks in the project:
organization and execution of monthly monitoringagsess the hydrological and chemical
status of Galga stream, evaluation of results, exatmon of the effects of point source



pollution, execution of hydro-morphological exantinas on Galga stream and execution
of physico-chemical examinations, which are appt@the examination of minor surface
water streams in Europe recently. During the ptojark | made detailed surveying at 19
points and pointed out 9 sampling sites on thehcaémt area of the stream for the
surveillance monitoring. These points were theofeihg: Becske (G19), Négradkdvesd
(G18), Piuspokhatvan (G12), Galgamacsa (G8), Ik&d),(Road 3 at Aszdd (G5), Aszdd
sewage treatment plant (G4), Tura (G2), and Jagzfanu (G1). | have done monthly
hydrological, physico-chemical examinations on tinge sites for 13 months. Biological
examinations were done by the biologist colleaguas VITUKI: Dr. Béla Csanyi and
Andrea Zagyva, evaluation of hydrological data dase by Dr. Béla Novaky.

2.1.1 Hydrological examinations

During the measurements of water discharge to mdter the flow section |
measured thelepth of water in every 10-20 cm with 1 cm precisiersus the width.
Based on this determination | calculated the flowss-section F [A). To measure the
average speed in the section | measured the spgesdter at 3-5 places of the surface
(depending on the width) with a floating buoy. Ttlistance for the measurement was
always the 5-6-fold distance of the width of theeatn. The selected sections were usually
straight. To calculate the average speed versugahging vertical (depth of water at the
measurement line) | used the ¥ 0,85y formula based on the speed of surface-water at
the line of measurement jm/s]). Then | calculated the average speed ofstwtion (v,
m/s) by averaging the average speed of all gauggmtgcals. The water discharge is the
product of the section area and the average sgebeé section and can be calculated with
the Q [nf/s] = F [nf] v [m/s] formula.

2.1.2 Water sampling

| took water sample from the drift of the streanm ®@mpling sites where |
examined the water body of the stream after arownfll took samples after complete
mixing. | measured pH, temperature and conductivty site with field measuring
instrument. The samples were filled in polyethyléoéles and carried to the laboratory in
a cool box, protected from sunshine, then storédden 2-4°C degrees till the beginning
of analysis.

For the analyis of inorganic micropollutants | pla¢ samples into 1.5 liter volume
polyethylene bottles, which were washed in 10%m#cid solution for 1 hour and then
rinsed in stream water. Then | added 5 cm nitric acid to the samples.

To determine the dissolved metal content | filteted samples on site through a
membrane filter with 0.4fm pore size. For the determination of mercury | fhe
samples into bottles which were washed thoroughily & 1:10 mixture of bromiceagent
solution and hydrochloric acid and then rinsed wlittmized water (MSZ 1484-3-1998).



2.1.3 Sediment sampling

Sampling points were selected on a length of 1.5bletaveen the inflow point of
the machine factory of lklad at 25+900 rkm (prewaquollution) and the bridge of the
highway No. 3 at Asz6d. Nine sampling points waskected for the examinations. These
nine points were selected by the bend of courseébasdd on the shore-building activity of
the stream. Considering the hydro-meteorologidaice$, samplings were done after heavy
rainfalls and extreme droughts. Samples were gather May, July and August 2000.
Sampling in May was done right after the springsathe one in July happened during the
hot summertime and the sampling in August was dafter the drought. Sediment
sampling was performed in August 2001 and Decenf#ti¥)l3 when there was not
significant precipitation.. Samples were gathereMarch, May and June 2004 after heavy
rainfalls. | measured water level, water speedtardvetted cross-section of the course at
the places of sampling. Sediment samples were tlitkemthe convex side of the course.
These mixed samples were placed in polyethylenedatkter immersion and transported
in a cool box. The sampling and preservation ofamwere done according to MSZ EN
ISO 5667-3: 1998.

2.1.4 Determination of inorganic pollutantsin the water samples

The following components were determined from tlaer samples: COR(MSZ
448-20-1991), alkalinity (MSZ 448-11-1986), totartiness (MSZ 448-21-1986), calcium
(MSZ 448-3-1985), magnesium (MSZ 448-3-1985), sogligpotassium (MSZ 448-10-
1977), sulphate (MSZ 448-13-1983), ammonium (MS@ [BL50-1-1993), nitrate, nitrite
(MSZ 448-12-1982), organic nitrogen, total nitrogéMSZ 448-27-1985), dissolved
ortophosphate and total phosphorus (MSZ 448-18J19¥i@e uncertainty of chemical
analysis was in accordance with the related staisdar

2.1.5 Sample-preparation for elemental analysis

The conserved (strained) water sample of known ftifyawas measured into a
PTFE bomb, then 4 ml 65% nitric acid and 2 ml hg#m peroxide were added; the
container got secured then | started the followpnggram on the microwave digestor: 5
minutes 250 W power, 2 minutes 0 W, 5 minutes 4QGWinutes 250 W, 5 minutes 700
W, 5 minutes cooling. After the digesting programwdited for the sample to completely
cool down. Under exhaustor | removed the top of ¢batainers and the solution was
filtered through 0.4%m pore size membrane filter into a 25%wlumetric flask filled to
the mark.

| used the particles of sub fluvial sediment santipé are smaller than 8n. The
correct size range was selected with the help o28&FControl “G” analytical sieve shake.
Samples obtained this way were homogenized by tiveihg, freeze-dried and the air-dry
sample was homogenized. Further sample prepara@sndone as described in the water



sampling section.

2.1.6 Elemental analysisfrom water and sediment samples

From the prepared samples element concentratiores nveasured by Jobin-Yvon
24 sequential ICP-AES device. The prepared solstware introduced into the plasma by
a Meinhard type nebulizer with the help of pertstgbump with 1.1 ml/min nebulization
speed. The device selects the wavelengths of @wsllytnes in increasing order and
adjusts the monochromator. Examined elements wereZn, Cd, Fe, Mn, Cr, Cu, and Al.

The inductively coupled plasma atomic emission metis theoretically capable to
detect 70-80 different elements and determine theantity by using the photoemission of
excited free atoms and ions produced in plasma. semeple solution is nebulized and
transported into the inductively coupled plasmaP)iCThere the components of the sample
evaporate and atomize, the nascent free atomsaossdget excited and emit photons of
specific wavelength. The photoemission of plasnspelised spectrally and the intensity of
given wavelength spectrum line of the individuakersénts can be measured by
photoelectric detection.

2.1.7 Statistical examination

The spatial variability of chemical components @iter samples was determined by
Szildgyi's method (2005), that is based on therdatetion of the interrelation between
the relative error and the number of samples watarval estimation.

Single and multivariate statistical analysis metheetre used to examine the data
series of the sediment. Outliers were identified viyual examination of cumulative
frequency curves on Steam-and-Leaf histograms @viiee sample value substantially
differed from the other values). Determination aftliers made possible to track the
displacement of pollution. Data was analyzed witle thelp of STATGRAPHICS
Centurion XV software.



3 RESULTS

3.1 Resultsof hydrological examinations

Anthropogenic effects were confirmed by the tempdevelopment of monthly
runoff coefficient. In the Galgamacsa section ofgaahe runoff coefficient occurred as
exhibitive of natural streams. It was low (1.5-84) during the summer months, it starts
increasing during the winter months and it readtegeak value during melting. In the
Hévizgyodrk section the small increase in runofffioent values of summer months refers
to human effects, the water inlets between Galgaenand Hévizgyork.

In the mainstream network sections the expeditpnareasurements stood
comparison with the discharge values calculatedh fdischarge curves. The closeness of
the regression connection can be described withOtBB correlation factor. The close
connection indicates that the expeditionary measentés are acceptable (at least in the
measured interval) and instrumental measurementbeasubstituted with the simplified
measuring method. Analysis of the relations showet tvith the simplified measuring
method the discharge value is underestimated uaplgrox. 150 |I/s discharge; but it is
overestimated if the actual discharge is abovel/s50

3.2 Resultsof hydro-morphological examinations

The dominant hydro-morphologicdeformation on Galga is embankment of the
riverbed. Also there are sewage water inflows; inest significant comes from Aszéd
(1500 ni/d). The total sewage water inflow is approximat2®00 ni/d. The riverbed is
made of terra, the escarps are grassed and clothingly around the bridges. At the
estuary of the stream there are 1500 m long embanteboth side. Because of the back-
impounding effect of Zagyva a water-holding waste-pvas built until the interior of
Tura. There are several reservoirs on that ared; leas different function.

3.3 Thechange of chemical quality of water based on the surveillance monitoring in
2004/2005

3.3.1 Water analytical results

Detailed examination of monitoring results is dexbin a database and some are
presented with the following graphs:
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Graph 3: seasonal change of total nitrate condénran the water samples of Galga stream

3.3.2 Effectsof point source pollution

The change of water quality of Galga stream, esfigdn case of different forms
of nitrogen and phosphorus, clearly displays thigown of treated sewage water and
settlement loads. Concentration measured duringewtime was higher then in the other
seasons. Outliers were measured at Puspokhatwarttadtinflow of treated sewage water
of Acsa and at theewage plant of Aszdd. After these points therehagke concentrations
in the water of Galga stream, but we measure lesdee at Tura. At Jaszfényszaru at the
entry of Zagyva the value of phosphorus forms wegh again but the concentration of
nitrogen forms decreased significantly. Sewagetplaiong the stream affects the quality
of water but the illegal sewage water inflows mudifthe condition of the stream even
greater. Above the sewage plant of PlUspokhatvare tiee a rainwater trench which
transports untreated liquid manure. During raingss@& the cattle manure pent in that
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trench loaded directly into the Galga stream. Thelects significantly modified the
concentration of nutritive indicators measured é@sgékhatvan. Concentrations were
significantly decreased after the inflow of treateater from sewage plants indicating the
attenuating effect of influent streams to the Gaigaam.

3.3.3 Effectsof diffusive pollution

Significant amount of contamination enters into t@alga stream from the
catchment area by sideward seepage. There are owsngroundwater wells on the
catchment area of Galga. But according to the datidational Healthcare and Medical
Officer Service (ANTSZ) and the Ministry of Envinment and Water the groundwater
under each and every settlement is highly pollitedce undrinkable. Evolvement of so
called ,sewage lakes” under the cities and villagesstypical. This can be led back to the
missing canalization and the pollution of many dissa Typical pollutants are nitrite,
nitrate and other organic pollutants (VKS, 2002)eTeutrophic effect is strengthened by
agricultural cultivations and the usage of art#lcfertilizers and pesticides on the areas
along the Galga.

Ammonium, nitrate and nitrite load was indicated Paispokhatvan but then it
gradually decreased towards the estuary. At Galgsan&ignificant pollution arrived
through the Némedi stream from the settlement.cddural is significant in the catchment
area and the canalization of the settlement iscaotplete. Load of phosphorus is similar
to nitrogen forms but most of the phosphorus asrivem the sewage plant of Aszod into
the basin of Galga stream. The load from non-psmirces is totally 53-69 tons of
phosphorus per year and 175-226 tons of nitrogeyqs.

The ratio of households connected to channelingoisadequate. The degree of
canalization is less than the national average.eWescaping from the sewage works
indicates that removal of phosphorus must be iedist

3.4 Determination of water bodies on Galga stream

| separated three different types of water bodias Galga stream based on
hydrological, hydro-morphological, physical, chealiand biological examinations:
 From the source to the entry of Becskei stream.icAfjural cultivation is not
considerable on this area and there is no pointsquollution or settlement.

« From the Becskei stream to the entry of treatecemiabm the sewage treatment plant
of Aszdd. From Becske until the next settlementriberbed is arranged and the stream
runs in a coated bed. Despite of that on the loagians between settlements the
condition of the bed allows the evolvement of a pamity which strengthens the
.natural” characteristic of the stream, howeveatdes not reach good condition.

» The water body from the entry of sewage works ofd&kto the estuary is in critical
condition. This section is regarded as a separatder body because chemical risks can
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occur by the effect of sewage water.

3.5 Resultsof biological examinations

According to the WFD the categorization of watedies are based on the
Environmental Quality Ratio. This is the ratio dbserved biologicalvariables on the
given water body and the reference value relevarnhat type of water body. The WFD
requirement of the ecological rating is the appuet of type-specific reference places
and determination of reference conditions. Basedhese references the class borders of
the five groups of organisms must be determined arglalification system must be
worked out (WFD, 2000). Having these are the funelas of the WFD rating and the
usage of EU standard methods (phytobenthos - MSZ#007:2004, macrophyte - MSZ
EN 14184:2004, macro invertebrate - MSZ EN ISO 868®00, fish - FAME, :2004).

The biological validation of preliminary categotimen by biological community was done

as the following:

* A professional estimation was applied to the cdsthe fluviatile phytoplankton and
phytobenthos. The examination of lacustrine phwyokion was according to the
qualification system of Judit Padisék. (Szilagyakt2004b).

* In case of the macrophyte the estimation of risls wat done but the WFD does not
require it for every group of organism.

« In case of macroscopic invertebrate a WFD-compatibke-division system was made
from the seven-division system based on the BMWIP/AStrain-based qualification
system by Csanyi (Csanyi 1998).

» The determination of risk related fish is done Iy simplified system of FAME.

All the three sections of Galga stream are natweater bodies according to the
preliminary categorization. The status of the uppection of the stream is excellent
according to the algological study, while the meldlection is in moderate ecological
condition. The chemical risk is indicated by thdtadary changes in the quantity and
composition of phytoplankton inside the water bdggwage water effect). For example
multiple times Euglenophyta taxones FEuglena and Phacus sp.) appeared in great
quantities in the Acsa section. Another examptéesextremely high value of biomass and
the change of dominance relations between Iklad @athony in autumn 2004. The
guantitative algological indicators correspond tmdj ecological condition however the
species combination of algal associations (phytiqttan, phytobenthos) slightly differs
from standards related to the 18th water type.

3.6 Estimation of variability in time and space

Based on the data of detailed simultaneous assassieater quality | examined
if it is possible to characterize the given wate@dy by one point under the usual
conditions (90% reliability with +/-10% margin ofrer: Graph 4).
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Graph 4: change of error intervals in case ofsarapling point at the middle section of
Galga stream

In case of the pH, the redox potential and the t@atpre the stream can be
characterized by one sampling point, but more goameé needed for the conductivity. In
case of the other chemical parameters it is detiuthat beside the nitrate-ion every other
component must be sampled at more than one plalstetmined the correlation between
the decrease of error and the increase of numbsaoples in the case of those parameters
which are not enough to be examined in a singleeplt is enough to measure pH, redox
potential, conductibility, nitrate ion at one plat¢ke dissolved oxygen at two places, the
total dissolved element, sodium ion and calcium é@mcentrationalkalinity, the total
hardness and chloride must be measured at threespldne measurement of potassium ion
and the KQJs require five places; the total nitrogen requires the Mg-ion and organic
nitrogen require seven, the Kjeldahl nitrogen antplsate require eight; the nitrite ion
requires ten, and the rest of the components naustdasured at twelve places. Therefore
there are components which are enough to be saropted(pH, redox potential), but there
are such components as well which requires measmteim 12 sampling sites (ammonium
ion, phosphorus forms).

3.7 Displacement of heavy metal pollution in the sediment

In May 2000 there was a big Cd concentration (1h&kg) at the source
(25+900fkm); I also measured the examined elemtaihieaend point (24+125 rkm) of the
observed section in small concentration (2.43 mg/ky August 2000 (9.9 mg/kg) and
August 2001 (10.7 mg/kg) Cd was present in sigaiftcamount straight after the influx of
meteoric water trench from the former machine facttn December 2003 there was a
high concentration of cadmium (9.41 mg/kg) at 7Qareeaway from the source). In March
2004 | measured low concentration in every benthefobserved section and in May the
quantity of the measured element was under thectitmtelimit in the bed sediment. In
June 2004 cadmium was present in traceable amouwmiyaone place at the bend of the
stream at 25+830 rkm. In March 2004 the extremeugnnof rain displaced the pollution.
Heavy metals moved along with rolling material thhey were hardly traceable in June
(Graph 5. A and 5. B).
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Graph 5 A and B: change of cadmium concentratidgheasource of pollution (A) and at
the end (B), plotted against time
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Legend:

1: May 2000, 2: August 2000, 3: August 2001, 4: &aber 2003, 5: March 2004, 6: May 2004, 7: June
2004.

Red column: concentration exceeds the limiting @aiven in Executive Decree 40/2008. (1l. 26.)

After the rainy months the hydrological parametefshe bed have changed as
well. Heavy falls produced high water level andtéasvater speed which increased the
transport of the sediment and then the pollutios suibsided at the bends where the shore-
building activity was intense. These places belikeesediment traps and the heavy metal
accumulated and it got transported away only afterther increase in transporting ability
of the stream. The accumulated polluted sedimerst fwgther transported by the heavy
rains fallen on the basin. Without additional siggpthe observed section of the stream got
cleared of pollution. Several survey data on theceatration of heavy metals (Cd, Zn, Cr,
Ni) confirm the displacement of contaminated sedim@&he best way to track this is with
the concentration profile of Cd and Zn which canumequivocally linked to the point
sources.

90% (20 results out of 22 measuring result) of tike anomalous groups of the
cadmium values were measured under the inflow efntlachine factory. 7 outliers were
found at and under of the inflow of the machinadagcin 2000. Measuring values derived
from smaller groups were above the inflow, and iaréh, May and June of 2004 they
were at the source. In December 2003 the measuaings of the examined elements were
accumulated at two places away from the source.

The limiting value of Zink (Zn<80.9 mg/kg) is deed from three smaller groups.
Elements derived from smaller groups were aboveirtlew and at later moments in
March, May, June of 2004 they were at the sour¢® GL6 samples out of 24 samples) of
the two anomalous groups are located under thewndif engine-works. 7 outliers were
found at and under of the inflow of the machinetdag in 2000 and they were found
further away from the source of pollution in Mawid May 2004.
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3.8 New scientific results

15

Categorization of water bodies is not unambiguousvery case; the confirmation of the
water body’'s preliminary categorization requirese tikomparison of hydrological,
hydromorphological, chemical and biological coratis. Based on the detailed survey at
19 locations of the catchment-area of Galga str@amegular sampling points were
selected where examinations were done within thmér of surveillance monitoring for
thirteen months. Condition of Galga stream was dratey hydrological, hydro
morphological, chemical and biological examinati@pplying the aspects of EU Water
Framework Directive (WFD). Also biological examimats indicated the hydrological
changes which have been significant to the ratingpadition; but these effects have not
emerged unambiguously in the biota of the streaherdfore the rating of the stream’s
condition was decided by the results of chemican@rations. | determined that the
Galga stream can be separated into three wateredahd | proved this by hydro-
morphological, chemical and biological methods.

. | determined the confidence interval of sampliregjuency in space and time for the water

bodies of Galga stream which is required to thee§rele water quality rating of water
bodies. There are chemical components which regjrdy one sampling in space but
other components have fluctuating concentratiorefoee they would require sampling at
up to twelve locations. It can be a possible sofutio the emerged problem that in the
water bodies sampling should be done by the masibla component. Then the aliquot
or discharge-weighted amount of samples is mixemidaée an integrated sample and that
is analyzed to all components. In this case sammosts slightly increase but the analysis
is more cost-efficient. | worked out a monitorintam to the point source and diffuse
pollutions of streams. The possibilities of riskdaneach of good condition were
determined. | elaborated a generalizable guideh® practical execution of WFD-
compatible monitoring of “Galga-type” streams. Tharsuit of being representative,
reliable and cost-efficient meats with several atists hence a solution, which optimizes
the information and the costs, is required to exantihe minor water streams in regard of
the specifics and characteristics different frongéeriver.

| experimentally proved the deflation of identifipdint source pollution at the selected
sector of catchment area of Galga stream, andd geechemical statistical methods to
follow the displacement of the heavy metal pollatiof the deposit. With geochemical
statistical methods | proved that the Cd and Zmelgs of galvanienud originated from
industrial pollution put out it effect in the sedint for a long time, and the pollution
connected to the sediment’s fraction smaller th@nu® is traceable at faraway trap-
places. | proved the close relation between theeanelogical, hydrological and element-
analytical result. | defined that in given hydrale) circumstances if the industrial
activity is stopped and the pollution has no fresipply then heavy metal pollution is
displaced through six months and during the segat of this period — three months —
the concentration of elements decreased underetieettbn limit.



4 CONCLUSIONSAND SUGGESTIONS

The categorization of Galga stream was not unegaivd he hydro-morphological
changes were significant on the stream and this wdgated by the biological
examinations. Even so these effects were not uneqaily presented in the biota of the
stream. The pollution load of the stream is maindyn diffuse load and the role of point
sources is less. The biological effects of the $oadre not unequivocally bad. The stream
is in the edge of endangered condition and not+eyeled condition. So the classification
of the stream is “not endangered” but its condii®mot good. At the same time there is

possibility to reach good condition till 2015.

From evaluation of the chemical data lines it cancbncluded that on the Galga
stream more than one sampling point is requiretherparticularly examined water body.
A possible solution could be to the emerged problkat in the water bodies sampling
should be done by the most variable component. Theraliquot or discharge-weighted
amount of samples is mixed to make an integratedpkaand that is analyzed to all
components. In this case sampling costs slighttyeise but the analysis is more cost-
efficient.

Straight conclusions can be acquired from the ioglabf the hydrological and
elemental analytical results. The outliers of staial examinations and the intact condition
of background sample proved that the Cd and Zrupoii came from the inflow of the
engine-works in 2000. In later moments the valuemfsmaller groups indicates that the
Cd and Zn pollution ceased on the observed are&®04. The variability of Cd, Zn proves
that the cause for extreme value of cadmium waspthiition arrived to basin from
outside source. The heavy metal pollution, whiativad from the inflow of the former
machine factory, has been already displaced bylole In 2004 during the dredging of
Galga stream the transported sediment was placiedtioa embankment therefore it was
not possible to carry out other examination on #etion. To prevent further pollution

from the inflow it would be advisable to perfornc@mplete dredging.

The complex monitoring system based on the hydroéhg morphological,
physico-chemical and biological examination on téchment area of Galga stream can

proved a basis to the examination of other siniiland minor water streams.
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