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1. Introduction and research objectives

On more than two third of the area in Hungary,tf@rwater exploitation
is intensified due to the advantageous geotheratdlities. Major part of the
exploited thermal water has not reinjected intosadlace reservoires after
utilization. Thus, it is disposed to surface watdmr®ugh uninsulated ground
channels in enormous volume. Sewage thermal watieavhigh concentration
of salts, organic and inorganic contaminants mafi#ts into the soil medium,
affecting on soil and groundwater, as well as glgnbwn nearby. Hence, it is
very important to identify alterations caused bysteathermal water seepage
and its impact area.

To determine the characteristic contaminants ofithewaters utilized on
the Great Hungarian Plain, a synthetic study has h@esented based on
environmental reports (Szmektit Bt., 2003-2008) swils, groundwater and
thermal water of 25 establishments utilizing thermater. The thermal water
seepage effect on soil-groundwater system was cathdared with
comprehensive evaluation of these reports. Two hese establishments
(Cserkesél6-Spa/balneotherapy, Tiszakécske-Kerekdomb-horticult
estate/energetic purpose) were selected for dittdigsectionThree different
soil types were identified on the sample sites (@mem, Phaeozem and
Arenosol) according to the international, diagrwostil classification system:
WRB, 2006. Therefore, the pedology effects of ttamwater seepage could be
investigated on diverse soil types.

The goal was to evaluate waste thermal water sgépiground channel,
from the viewpoint of soil sodification/salinizatialkalinization using different
indices (pH, total salt content, composition ofsphlg %, Na %, SAR, soda
content). The alterations in the physical-chempaaiameters of groundwater
and the modifications of the groundwater level 8adl due to seepage were
also researched. Adsorption of Naducing sodification) in different soil types
along the channel was followed by laboratory meagkriments. Used thermal
water infiltrating into the soil from the channedrisports Navertically through
unsaturated zone between the groundwater and tterbof the channel. A
predictive Na-transport model for 10-year period was createdstess Na
load contributing to Naconcentration of groundwater. Furthermore, the
revealed alterations were confirmed by geostaisanalysis and the spatial
delineation of the affecting processes was detetinin

2. Materialsand M ethods

2.1. Samplearea

Cserkesél6 is located in the Tiszazug region of the Greatddwian Plain.
This study area with variable soil types (CherngzBitmeozem) is ideal for
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studying the effects of the used thermal water ageegince the spa has been
supplying the channel continuously with waste tt@rmater for the past 50
years. There is no significant inflow to the chdmvéng to low relative relief.

The investigated horticultural estate in Tiszakédskrekdomb with
predominantly Arenosol is situated in the Pilis-&lsand ridge. The unlined
ground channel has been loading with sewage thevatel periodically for the
last 10 years, exclusively in winter.

Beside the thermal water effects on soil and grasater, impacts on soil
productivity were also observed since the adjaaesds of both channels are
cultivated.

2.2. Sample method

The utilized thermal water, groundwater and soihgias were taken
(Cserkesdls, 2008 fall; Tiszakécske-Kerekdomb, 2009 summenjlifrent
sections and distances from the channel. Soil gnwére collected every 20
cm to the groundwater table.

2.3. Laboratory methods

Chemical parameters indicating salinity/sodicikddity and physical
parameters influencing pollution transport were sueed. The pH was
recorded in potentiometric way using a digital pelasuring device of Radelkis
type. Total salt content was determined via eleatanductivity. Carbonate
content of soil samples was determined with Scheitype calcimetry. The
humus content was measured by spectrophotometgy, l50, digestion in
the presence of Cr,0O;. Cation composition was determined using both 1:20
soil:ammonium-lactate extract via Atomic Absorptiand Flame Emission
Spectrophotometry and 1:5 soil:distilled water aottvia Inductively Coupled
Plasma Atomic Emission SpectroscofBased on these results, sodification
parameters expressing the ratio of cationss¥Nand SAR value) were
calculated. Anion composition (from 1:5 soil:disiil water extract) and soda
content was measured by titration. Soil texture determined by the yarn test
of Arany (the higher proportion of clayey particléise higher Arany texture
values). In the case of the soil samples havigg humus content and/or Na
concentration, grain size distribution curve based pipette method was
illustrated in order to corrigate the results bk tyarn tests. Porosity
measurement was carried out via permeameter, alithgf head method. Bulk
density was determined gravimetrically.

The adsorption characteristic of Nand the N& adsorption capacity of
soils can be described with adsorption isotherntegcwrepresent the relation
between the adsorbed quantity and the equilibriniotien concentration of the
test component at a determined temperature. Thersrb adsorbed Nehas
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important role in the aspect of physical soil ddgteon and sodification.
During N&-adsorption model experiment, 5 grams of soil (rejeatreated with
100 ml (V) of NaCl-solution of 200, 400, 500, 6@00, 1000 mg/l (c0). These
suspensions were homogenized for 3 hours by shakinthe adsorption
equilibrium between the soil and the experimerghlt®n come into existence.
Subsequently, separation of the phases was pedotwgefiltration. The
concentration of the resulted filtrate is the afriilm solute concentrationdc
In view of these data, amount of adsorbed Idar unit soil mass were
calculated (q) based on the formula (1).

q=(/m)*(ec) 1)

In order to devise adsorption isotherms; Mancentration @ of the measured
equilibrium solution is represented depending am dhlculated Naamount
adsorbed to unit soil mass (g). Modified Langmsatiierm was fitted on the
allocated points based on equation (2) by Micr@eagin 6.0.

Q:{a*k*ce}_e @)

1+k*c,

The "a","k","&","e" in the equation sign saturation concentratibrihe solid
phase surface, the adsorption equilibrium constahe equilibrium
concentration in the liquid phase and the origgnatisorbed Naconcentration
at the solid phase surface, respectively. Adsargiarameters of the different
soil horizons can be calculated from the equatioadsorption isotherm with
extrapolation of the edited section. The differ@rgguation (3) indicates the
values of soil horizons’ Nebuffer capacity (partition coefficient) counted as
first derivate of the edited sorption isotherm.

B:aqza[a*k*x}: a*k e, @
ax  ox|1+k*x| @+k*x)?

The "B" variable signifies the partition of a givéia concentration between
the soil adsorption surface and the soil solutidre model experiment series
was carried out with three replications, at 23 °C.

2.4. Modédlling

The groundwater flow models of the plots were pssed by Surfer 8,
applying kriging method on the basis of the heightsoil surface and the
standing water table depths. In the unsaturated abthe soil profile under the
channel, N transport by infiltrating water was compiled wikiHI UnSat
Suite Plus 2.2, applying VS2DT module. The simatairefer to a 10-year
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interval according to 3 scenarios (“best case”, ratvease” and “real case”).
The boundary conditions of the scenarios were rseiccordance with the
laboratory results of soil and water samples, ftoenviewpoint of groundwater
Na'-loading risk.

1. "Best Case" Scenario: describes the conditicenvthe N& contamination of
groundwater is expected to be minimal. Constantemwaif low-Na
concentration can be observed at low-level in tenpel. Both groundwater
level and N&content is low during the year. There is"Masorption in the soil
in this scenario. The real situation is underegéchan this case.

2. "Worst Case" Scenario: the most pessimisticnesiton, the most dangerous
situation of groundwater Nacontamination is assumed. The highest measured
concentrations of Naappear in the channel as an input over the yetir the
maximum water level in the channel. There is nd-atsorption in the soil,
thus the N&load of groundwater reaches the maximum. The bighneasured
groundwater table and the highest groundwatérasacentration were fed. In
this scenario, real situation is overestimated.

3. "Real Case" Scenario: This model setting appratés the (real) actual Na
transport conditions the most. It was made appl§tegfield observations and
laboratory test results of the samples from thelystarea. The adsorption
capacity of the soil is also taken into account.

2.5. Geostatistics

Summarizing the effects of used thermal water & @reat Hungarian
Plain, the calculated minimum, maximum, mean aaddstrd deviation values
of thermal and surface water, groundwater anddsid were compared with
the operative limit values. In the case of thermaler, the results were
evaluated according to the regulation of the Mipief Environment and Water
No. 28/2004 (XIl. 25), the collective decree of Mistry of Environment -
Ministry of Agriculture and Regional Development.Ng2002 (lll. 22) and its
amendment No. 219/2004 (VII. 21). The soil and gdwater limit values are
demonstrated in the joint ordinance of the Ministify Environment and
Ministry of Public Health No. 6/2009 (IV. 14). Baken these, both the
elements exceeding the limit values and the fregjueh contamination were
determined. A given component is considered typiedl contaminant if more
than 50 % of the cases exceed its limit value.

In the case of Phaeozem and Chernozem from Csélkegeostatistical
analysis is presented in order to validate thectsffef used, seeping thermal
water on soil parameters. In the course of stedistinalysis, SPSS 12.0 for
Windows software assuring correlation analysig)gipal component analysis
and discriminant analysis was applied in ordedniify perceived processes



and isolate spatially the channel-effected andaffetted (control) groups of
soil samples.

3. Reaults

3.1. Characterigic contaminants in used thermal water of the Great
Hungarian Plain and their effectson the soil-groundwater sysem

In the waste thermal water from the studied regiotihe Great Hungarian
Plain, the specific contaminants are ammonium,Hgand Pb. Furthermore,
Na“ predominance also can be observed among catiorsedping surface
water of thermal water origin, high Na % and ammonbf high concentration
are considered to be environmentally risky. Hg eotration exceeds limit
values in the surrounding groundwater as much éetly1 as in general. In
addition, limit value exceeding concentrationshaf tisky metallic elements in
thermal water and surface water was also detentggound water, although
their frequency is less than 50 %. The high-Naiatialso evident, despite the
fact that none of laws defines limit. The noticédikarity in the contaminants
of thermal water and groundwater suggests thermaterweffect on
groundwater. In the soil, total salt content and <%dgtranscended limit
concentration of salinity/sodicityExclusively pH value exceeded the limit
value in most cases. In some cases, concentrdtionicoelements (Hg, As,
Ni), can be observed as contaminants also in themmier, was higher that
ones in the operative limifmong contaminants in the soil, total salt content,
Mgs% and pH appeared in high frequency, which vargablelated to
salinity/sodicity/alkalinity sub-processes. Besjdsalt accumulation, physical
degradation and alkalinity can be assumed.

As for the effects on groundwater and soil by tifidtriating thermal waters
used in the investigated region, it can be assegsedexclusively Naand
ammonium of groundwater contaminants originate ftioenmal water. Seeping
thermal water exerts influence on the soil by shis transport/supply resulting
in salt accumulation. Despite the fact that thentlaé water salinity has not
exceeded the limit value, total salt content intheases is more than 500-1000
mg/l prescribed by the norm of irrigation water lgya(Darab & Ferencz
(1969)).

3.2. Chemical properties of the waste thermal water in two sdlected
samplearea and their effectson the groundwater

In the case of two out of 25 investigation areae(lisssl6, Tiszakécske-
Kerekdomb), more detailed investigations were edrdut to gain information
about the potential impacts of used thermal watepage.



It can be established that the high"I&atio in the waste thermal water is
characteristic in both study areas (just as theiqusly described investigated
region of the Great Hungarian Plain). Thereforeytban be classified into
irrigation water quality class 1V, which is unsuia for irrigation. Used thermal
water in Cserkegité and one in Tiszakécske-Keredomb belongs to thbjta-
HCO; and the Na-HC@CI chemical type, respectively, which supports Na-
dominance. As a result of the above mentionedr gwification impact is
confirmed.

In the case of soils having sandy texture alongtia@nels, Nain thermal
water with high Na % can get into the groundwatehigher amount. Being
high saturated hydraulic conductivity and low clegntent, Na can not be
adsorbed in high quantity but is able to get intogroundwater. Consequently,
the appreciation of Na-dominance in the groundwetar be detected over
change in the groundwater chemical type, directegme in Na % and
deterioration in irrigation water quality throughora categories. Increase in
Na'-concentration of groundwater is not typical of gwls with higher clay
content since these are capable of adsorbing marelfNncrement in Na %
can be observed in the groundwater near the dalit occurs in an indirect
way as a consequence of decrease fi @ad Md * concentration.

The alkalinity effect is caused by salts of allkajidrolysis (NaCOs,
NaHCQ) in thermal water getting into the groundwatere Highest degree of
alkalinization was also detected in the groundwateprofiles with sandy
texture.

The natural flow of groundwater is blocked and mamréess modified by
the channels. This modification rate depends onathgle formed by the
direction of initial groundwater flow and the pdmit of the channel. The
changes in the physical-chemical parameters of ngroater around the
channels are induced by the leakage of waste thevatar having different
chemical characteristic from groundwater, togetheth the modified
groundwater flow. These effects may appear difthrém the other sections of
the channels. For example, on the left bank of upper channel section
(Cserkesdls), total salt content of groundwater is locally @esed by
outflowing used thermal water near the channeludied the rate of salt
accumulation processes. In contrast, on the righk lof the lower section, the
outflowing water takes a damming effect on the gdwater having originally
high salt content. Thus, compared to the upperiogectotal salinity is
increasing near the channel promoting the developmeof
accumulation/salinization processes of soils.

In the case of channels continuously supplied wittste thermal water
(e.g. ones related to spas) increase in the ldviéheogroundwater table as
permanent impact can be described. In Csefkigssalt accumulation is
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expected due to the groundwater level rise aboge"thtical groundwater
table". In the case of channels periodically s@aplivith waste thermal water
(e.g. ones related to horticultural estates) cemnshide fluctuation in the
groundwater table can be observed comparing themiith summer period. It
has not approached the ,critical groundwater table'y. Tiszakécske-
Keredomb) making the development of salt accunmudéss likely.

Physical effects include even the thermic effedhictv led to higher
temperatures increase in the groundwater owinglteeblogically used seeping
water, than that of energetic utilization.

Based on the aforementioned, physical-chemical gdsanin the
groundwater induced by seeping thermal water teflgdicial anthropogenic
effect. In soil,getting contact with the poor quality thermal- amdundwater,
sub-processes of salinization/sodification candpeeted.

3.3. Effect of used ther mal water on different typesof soils

3.3.1. Characterization of the thermal water seepage effects based on
the WRB (World Reference Base for soil Resour ces, 2006)

Soil types of the plots were classified into refes groups of the WRB
(2006) in order to determine if degree of the altérations caused by seeping
thermal water justifies application of the giverfpr or suffix qualifiers and
classification of the profiles into different sgiloups. Prior to the classification,
natural (natric, salic) and/or anthropogenic (hgdca irragric) diagnostic
horizons reflecting sodification/salinization anfleets of the thermal water
seepage were defined.

It can be concluded that the natric and salic bagzwere not presented in
the profiles hence the salinization and sodificarfi@@ming them were in initial
phase. Hydragric and irragric horizons, indicaiimgyeased water effect due to
human impact, were perceived neither contrary tgpeeliminary expectations
for the appropriate thickness of the horizon otuet requirements were not
met the criteria.

The soil profiles close to the channel were clesbihto Orthicalcic Luvic
Chernozem (Pachic) and Calcic Luvic Phaeozem (Aio)upwhereas
denomination of the control ones was expanded with suffix Anthric
reflecting differences owing to cultivation. Beyaater suffix, other ones could
not be applied since there was no so significantlifoation in diagnostic
properties that can support the different clagdifim of the soils far from
channel. In the soils of Tiszakécske-Keredomb, ritiafic variance can be
observed only on the lower section of the charrie. control profile meets the
criteria of the typical Arenosol (Haplic Arenosothie soil near the channel
(Albic Arenosol), in turn, has a light-colored sulface leaching horizon,
which can be characterized with coarser texturdasidof structure.
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In Cserkes#ld, although there is just 285 m between the sampiletgp
downward the canal yet profiles can be assigneal different soil groups
(Chernozem-Phaeozem) over increased leaching dowlee section. This all
reflects soil development formed by the water seefiom the channel.

3.3.2. Evaluation of the salinity/sodicity/alkalinity effects of waste
thermal water seepage on soil by different indicators

Assessment of potential salinization/sodificatitk@hnization due to
used thermal water seepage was realized based am mpasameters
characterizing these processes. pHJ} total salt content (together with
the profiles of soda and lime content); soda cdntidas %, SAR value
were indicators of alkalinization; salinization asaodification, respectively.
Due to agricultural production around the canatswas important to
evaluate the agronomic aspects.

In the studied Chernozem profiles in Cserké%z weak salt
accumulation with Na-salt dominance can be detebt#t in the sample
points close to and distant from the channel. Hte of salt accumulation is
higher in the profile next to the channel thanha tontrol one. Increment
in the level of groundwater with high salt conteatiove the "critical
groundwater table" is attained by sewage thermédmautflowing from the
canal. Thus, salt balance in the profile has becopositive the
accumulation has dominatedigher salt maximum can be observed in the
profile close to channel compared to the contr@ owing to salt input not
only from the groundwater but from the channel. Vakie of salt maxima
diminishes whereas the depth of that increases &sther from the
channel. The groundwater of the profile near thandel is closer to the
surface than that of the distant one as a consequafnoutflow as well as
salt accumulation level is located closer to thefagme than that of the
control. Nd-concentration of the profile next to the chanseincreased by
Na" content originated from seeping thermal water icausirect enhance
in the Na% and the SAR valueThe extent of the detected Na
accumulation, however, has not approached thedsgiladation limit (12-
15 Na%b). The effects modifing soil have not manifestadhsan extent in
the Chernozem yet that could deteriorate soil lfigrtion the channel
adjacent areas.

In Phaeozem profiles, weak salt accumulation wasgctied, which
exceeds the rate that of experienced in Chernozeofilgs. The
intensification of the salt accumulation has ncambiguously depends on
the distance from the channel. On the channel adjaareas, role of Na-
salts has to be emphasized in salt accumulatiothdrsalt accumulation of
the control point, in turn, Na- and Ca-salts togethake part, which
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confirms rather groundwater origithe soda from seeping thermal water
appears in the groundwater and induces alkalimzati the subsoil of the
profile near to the channel. Thus, alkalinizatidfeet of the used thermal
water can be detected indirectly through groundwd#tbaeozem profile has
not adsorb large portion of the incoming ‘Néut let it leak into the
groundwater resulting high Na % near to the chanBéadvantageous
changes in the Phaeozem profiles can not be edtedlifrom agronomic
viewpoint as both the alkalinity and salinity impaeanifest itselves under
the root zone.

In Arenosols with sandy texture, the infiltratios less inhibited and
leaching is much emphasized than soils having higfey content and
more compact structure. Therefore, salt maximun@eapin the zone of
groundwater fluctuation. All topsoils were charaized with low salinity.
The salt maxima have not reached the salt accuimnlmit concentration
yet (0.05-0.1%). N&b and SAR values have not indicated sodification. |
the profiles with high saturated hydraulic condwitfiand low clay content
(low buffer capacity), groundwater is affected byttbthe salts and Na
intensifying its salinization/sodification impacthis process is only local
owing to the channel-parallel direction of groundeveflow. The alkalinity
impact of the seepage is manifested indirectly ubho groundwater by
increased soda and HgQconcentration surrounding the channels. Based
on these observations, thermal water effects omdsels close to the
channel are slight and only affect on the loweiaeg of the soil around the
groundwater table, or depth between the infiltratiand groundwater
fluctuation zone. Therefore, in the adjacent aregastential yield is
considered to be 100 %.

In general, it can be stated that:

= Salt accumulation has evolved in the profiles withechanical
composition heavier than sandy loam that have tloairglwater level
beyond the "critical groundwater table" and thendgl of groundwater
transcending 1000 mg/l.

= Higher degree of salt accumulation has manifestedltd the higher total
salt input and various textural types in the peofiThe textural changes
can contribute to the accumulation and concentratib the high salt
content water within the profile leading to the gp#ation of salts.
Excess salt input is provided by the sewage themakr outflowing
from the channel for the nearby profiles compaeddntrols. Near the
channel, higher salt maximum can be observed itloster depth as a
consequence of the increased groundwater table,splti content and the
capillary lift maintained by evaporation/evapotnaination. The level of
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salt accumulation is determined by the root zomstdef the plants living
or cultivated there.

= [t can be claimed that not just thermal water dffean cause salt
accumulation but it determines the extent and lef#he accumulation.

= The most significant effect of thermal water se&pag regarded to
increase in the level of groundwater with origigalligh salt content
above the "critical groundwater table" promotinfi aacumulation in the
soil.

= On the upstream of the channel, groundwater levalways higher than
that of the downstream section since the chanreblshepes from upper
section to lower one determining the depth of tteugdwater table. The
salt accumulation levels are influenced by the gdwater level so salt
accumulation is of less depth in the upper sedtian in the lower one.

= Na' effect of the infiltrating thermal water has to émphasized. Owing
to high mobility and small adsorption affinity (a¢ve to the other
exchangeable cations) of the studied ion, it culyedoes not cause
sodification in the profiles but entering grounderatan spread with its
flow. Notable N4 effect would be manifested by sodification in safl
this process was traced either in a longer periad the lowest point of
the groundwater flow system where the transporigtl boncentrations
of Na" could be accumulated taking the place of the nsirengly
associated ions on the adsorption surface.

= The alkalinity effect of used thermal water regulappears in the
subsoil indirectly through the groundwater. Thifeef is generated by
the soda and HCQexcess of thermal water origin.

3.3.3. Alterationsin the characteristic ion composition of the soils
depending on the distance from the channel

Apart from Phaeozem, increase in *M@ncentration is reflected in
each soil profile along the canal. Ndistribution in the profiles varies in
different sections of the channels; ion maximuma be detected in ever
deeper horizons of the profiles downstream: NMaminancy is also shown
in the ion diagrams of the groundwater near thencbh Therefore, a
portion of Nd is adsorbed but the Ndoad of groundwater could not be
eliminated by soils.

Excluding Chernozem profiles, each soil type hasvelo Md**
concentration near the channel than in the copwowit. Thus, in soils along
the canal, the typical process is #Mgobilization.

Among anions, HC® plays an important role in the Chernozem and
Phaeozem profiles. Close to the channel, KHGfncentration decrease
appeared in the Chernozem, while realignment ofdhecan be seen in the
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Phaeozem. In the case of Chernozem and Phaeozef,iS@arranged
along profile by the effect of the channel. Incremie SQ* concentration
also occurred in the Arenosol profile near the clehnwhich can be
detected in the groundwater, as well.

The seeping thermal water causes redistributio@loin every profile
and decrease in its concentration exclusively & ¢hse of Phaeozem. In
this section of the canal, @oncentration of the seeping thermal water is
very low so this easily mobilizing ion can be désat from the soilThere
is no dominant among anions in Arenosols, theiprean be considered to
be balanced.

The level of the ion maximuma, the degree of cotreéipn increment
is determined by the saturated hydraulic condugtiilepending on the
texture and structure of soil profiles); the sgip¢, ion composition of
groundwater and thermal water, respectively.

3.3.4. Evaluation of the Na"-adsortion in the different soil types

The adsorption of Naconcentration infilirating from the canal into
different types of soils can be followed by adsorpmodel experiment. After
devising adsorption isotherms, adsorption paramein be established. Since
Na" adsorption is weak hence adsorption curve is dmdi@ear (in 200-1000
mg/l Na concentration range) making difficult to define thaturation state.
Therefore, adsorption parameters, calculated byaotation of the isotherms
(eg. maximum adsorption capacity, originally adsdriN&-concentration), is
suitable only for estimation due to errors.

It can be established that order of the greatetsinpal N&-adsorption
capacity in the soils is as follows: Arenosol<Clozem<Phaeozem.

The differences in the absorbable”Nanount between the soil horizons
depends on the different humus, clay and carbarttent of each horizon
(determining the size of the adsorption surface taedamount of the active
sites), the original Nasaturation and the adsorption equilibrium constahe
latter two parameters can be calculated by usimg nfodified Langmuir
isotherms applied in the isotherm fitting.

The determined adsorption limit concentrations iigthe equilibrium
solution concentration above which adsorption, umdgch desorption can be
observed in the profilehis concentration is practically equal to the Eopium
Na’ concentration of soil solution and interfacing sbithe sampling moment.
This parameter also can be appointed from the piitsorisotherms; accuracy
of that is the same high as one of the isothetindiso has high precision (in
most cases 0.7 €R The adsorption limit concentrations of Chernozeitese
400 mg/l in the A-and C-horizons and 577 mg/l ie tB-horizon.In the
Phaeozem profile, adsorption limit concentrationexamined concentration
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range can be given only refer to the B-horizon (8@f). In the A-horizon it is
less than the lowest RNaoncentration used in the model experiment (200 mg
[); in the C-horizon it is greater than 1000 mdf. the Arenosol profile,
adsorption limit concentration can be given as@@d, 196 mg/l and 295 mg/l
in the A-, B- and C-horizon, respectively.

Adapting the results of the model experiment taurstconditions it
can be given that adsorption or desorption ocautheé horizons, based on
the characteristic adsorption limit concentratiésail horizons and the Na
concentrations of the infiltrating thermal waterhetnozem profile is
affected by thermal water with 570 mg/l Naoncentration inducing
adsorption in both A- and C-horizons and weak degaor in the B-horizon.
Towards the lower section, Naoncentration of sewage water in the
channel decreases to 430 mg/l causing adsorptiaimenA-horizon and
desorption in both the B- and C-horizons of Phasozarofile. The
Arenosol profile is took effected by waste thermater of 340 mg/l Na
concentration, which would result in different degrof adsorption in each
horizon. Simplified situation (the worst situatioB)reflected by the model
experiment, hence among natural conditions, iomspeting with N& and
adsorbing more strongly than N@.g. C&") take part in the adsorption of
the soil reducing the amount of adsorbablé.Na

The adsorption capacity of soil is an important tdacin the
groundwater protection. In the case of Phaeozermgprzon is capable of
adsorbing N& in high amount on the experimental concentratiange.
This is not beneficial in terms of reducing the'N@ad of groundwater. In
contrast, Chernozem and Arenosol profiles adsort Nach more
effectively in the C-horizon, which have a favomleffect in the reduce of
groundwater Naload.

The partition coefficient, i.e. the buffer capacisn be calculated as
the first derivative of the rise of the isothermnau The split of the
incoming N& concentration between the soil and soil solut®indicated
by the partition coefficient. In the experiment, ‘Neoncentration of the
initial solution increases while buffer capacitytbé treated soil decreases.
The limited adsorption surface is able to adsodyetesing proportion of the
incoming N& content, thus increasing proportion of that remaim the
solution and reaches the groundwater. The samesaserin the buffer
capacity can be observed even in natural conditisen as a result of
continuous Nasupply, Na is accumulated in the soil over the years, thus
the incoming N& concentration can be adsorbed in less amounantbe
found that the Phaeozem has the highest buffercigipaf the examined
three soil types and Arenosol has the lowest.
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Linear sections of the adsorption curves beingedifit distances from
the saturation maximum was revealed by the expetimiewas shown if
1000 mg/l N& containing thermal water (chosen the maximum
concentration in the experiment) was seeping onpthés instead of the
current approx. 500 mg/l, it would not saturateehére adsorption surface.
The soils have free adsorption capacity of NMariving from thermal water
seepage in the future. The proportion of the marimadsorbable Na
concentration can be counted based on the meamath@rms in the case
of about 500 mg/l effective concentration, and €800 mg/l effective
concentration. Consequently, if N@oncentration increment in seeping
thermal water was supposed to be up to 1000 nhg¥ldegree of saturation
would be high and rapid in the A-horizon of the @lozem (14.58%—
27.65%), and in the B-(1.17% 6.56%) and C-horizon (4,17% 11.94%)
of the Arenosol. In other cases, the degree ofratdm owing to an
increase in effective concentration has not refamedhe appearance of
degradation processes. These calculations also shatvin the case of
Phaeozem, Na mobilization, desorption would occur in the suhsoi
therefore these soils would not be able to suffitgjereduce the Naload of
groundwater. In instance of Chernozem and Arenodti load of
groundwater would be reduced by adsorption, butpttediles themselves
would represent sodification.

3.3.5. Na' transport models of the unsaturated zone under the canal

Na" transport models of the unsaturated zone undercémal were
carried out on two selected soil types (Phaeozemgndsol) of the
investigation areas applying three hypotheticalnades ("best case",
"worst case", "real case"Success of soil profiles in the inhibition of
groundwater Naload, based on the results of the models can beluded
based on the proper input dafde program is suitable for model temporal
changes of groundwater Nkbad and present it in selected time stdfise
date of real Na contamination reaching the groundwater can also be
determined. Adsorption and desorption occuring iffeent depth of the
profiles can also be inferred from the model.

On the basis of the "real case" models of unsadrid transport, it
can be sum up that in Phaeozem, Wancentration in the groundwater is
higher than in the seeping watdthaeozem profile having higher clay
content (clayey-loam texture) is saturated by theestigated ion rapidly,
thus the model shows desorption after the third.yea

In the case of Arenosol, Naoncentration of groundwater is lower than
that of the seeping water. Therefore, thé Nad of groundwater strongly
depends on the Nadsorption ability of the profiles. The Neoncentration
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of infiltrating water is reduced by the 40 cm thikdam layer below the
channel. In spite of adsorption in the loam laykre to the textural change
(loam—sand), desorption appears in the sandy layer istrgdhe N4 load
of groundwater. Soil profile above the groundwatdle is able to reduce
Na' load in the first five years, however, groundwaseloaded with N&in
the tenth year according to the model. The fadtwhi#nout adsorption (and
loam layer), N& load would reach the groundwater after the firsary
confirms the important role of adsorption. Thustween the given
boundary conditions, the extent of Neontamination of the groundwater is
slowed down by the loam layer of the Arenosol peofi

Compared to the Nasaturation of the Phaeozem profile, slower rate of
saturation is expected in Arenosol between thergh@undary conditions.
Thus, the appearance of sodification can be redjater in the Arenosol
profile; however, Naload through the groundwater may affect surroumdin
subsoil from the tenth year.

Decrease in Nabuffer capacity of the both modelled profiles abbk
pointed with the time passing. From the samé dmcentration input, soil
is able to retain lower proportion. Therefore, "Nancentration of the
infiltrating water is increasing. Continuous Naput during ten years can
saturate the absorption surface of the soil torgelalegree that infiltrating
water (as relatively diluted solution) gives rise desorption, mobilizing
Na’ into the groundwater from the soil.

Diluting or loading impact of a mobile contaminamt groundwater is
strongly dependent on the concentration ratio nredsin the infiltrating
thermal water and that of the groundwater. In aaldjtit depends also on
the adsorption capacity and saturation state dfceminecting the channel,
which can attend in the reduction of contaminamcemtration entering
groundwater.

The N& transport is determined by the structural and utext
conditions of the profile, influencing the poreustiure properties and the
saturazed hydraulic conductivity (ratio of gravbagl water and capillary
water), on the one hand and the rate of clay coritaming emphasized
importance in Naadsorption, on the other hand.

Original vertical N& ditribution of the profiles shows increasing Na
content towards the groundwater table. Equalizatbrthe vertical Na
distribution within the profile can be observed pyocesses evolving
between the infiltrating thermal water and the ,sbdsed on the model.
Steady Nagradient developes in the unsaturated soil zorkdenth year,
bridging the N& concentrations of the seeping water and groundwate

Based on the aforementioned, sodification is natifeated itself at the
time of the sampling work, however, during a loegat deposition of high
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Na % waste thermal water, infiltration and accurtiafa of N& on the
adsorption surface can support the*Nead of groundwater beside the
sodification of the profiles near channel.

3.36. Identification of used thermal water seepage impacts by
geostatistical analysis

Modifications in the investigated diagnostic scélr@meters generated
by the seepage of thermal waters, shown in theedieg chapters, were
confirmed by geostatistical analysis. Principal poment analysis for the
11 investigated diagnostic parameters was execufedr independent
principal components were generated representin39% of the total
variance. Each one of these can be correspondesh todependent soil
process, for example M mobilization, salinisation. In the multivariate
space of the principal components, discriminaniysigwas applied. The
positive and negative elements of the computedridigtant function
(D=0,65*FK4-0,45*FK1-0,28*FK3+0,18*FK2) were sepsed forming the
axes of the discriminant diagram. Finally, as aulte®f discriminant
analysis, soil samples was succesfully classifiedh(85,7 % propriety)
into the correct a priori groups ("thermal watefeafed” or "control")
according to the distance from the channel. Theutated discriminant
function is appropriate to predict the group of dmgher soil sample from
this investigation area. Later, the extent of tiipact area of the channel
can be monitored in this way.

The role of the identified processes in distinginighof sample groups
is indicated by the discriminant function. Kigmobilization is the main
process, and salinisation is the most insignific@dlinization processes
(compared to the control samples) are seems tadienentary along the
canal.

Summarizing the results of geostatistical analysis:

= in the soil, ion exchange and adsorption procesishis’ are presented (Na
accumulation);

= jon mobilization and leaching effect (Kfgmobilization, C&" mobilization,
carbonate leaching) can be detected as a consegusEhdncreased
outflowing of sewage water near the channel;

* simultaneous increment in humus anddéntent can be established owing
to the adequate water supply, higher temperatmereased plant and
microbial activity and the decomposition of platitsse to the channel

= weak soil salinization can be detected adjacent daeal, which is
indicated by the salt accumulation and the increéasela content.
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3.3.7. Spatial allocation of thermal water effects

The spatial extent of the aforementioned effectdeitermined by the
physical parameters of soils (saturated hydrawiedactivity, mechanical
composition, water capacity, etc.) and the directibthe groundwater flow
(due to the transported Nand salts). Since the original direction of the
groundwater flow is modified by established chanimedirect role of canal
situtation in the contamination transport can lzgest. If the groundwater
flow is parallel to the channel, impacts on grouatkw are local around the
canal, hence contaminants entering the groundwater transported
parallelly the channels. If the direction of camald groundwater flow has
any angle, the extent of the effect depends onotitlow or damming
impact of the channels on groundwater.

It was found that the impacts of the channel orugdevater and soil
are considered to be local (<30-35 m from the chhron the Cserkeéis
plot. An increasing trend is shown in the degreesalf accumulation and
alkalinization in the profiles downsteam the canal.

On the Tiszakécske-Keredomb plot, alkalinization etso be detected
in the control points, but the effect is decreasawgr farther from the
channel. Increment in the total salt content camlmgerved exclusively in
the upper section, near the canal. In profiles fgngand-texture and low
groundwater table, infiltration is dominated by \gtational water flow;
therefore salts transported rather vertical dowenthateral, resulting in
local effects. The sandy profile with loam layersha greater ability to
adsorb N& In spite of this fact, Na-effect of thermal waigan still be
detected in the groundwater, but remains local. Dxiream the channel,
the range of the effects is decreasing and appeariever deeper horizons.

Thermic effect of thermal water on the groundwaten be established
on the areas around the channels. Past the cha@mglerature is rising by
more °C in groundwater compared to the control achecase. If the
temperature is compared to the average soil temperél4 °C), the effect
can be noticed even in the control points. Deciinéhe thermic effect is
pointed downstream the channel since temperatuitevaing thermal water
is progressively diminishing due to heat releasthéoenvironment. Beyond
temperature and quantity of the deposited sewagerwheat effect on
grounwater is defined by the typical heat conduginsulating property of
the adjacent soils, as well as the groundwatee tdépth under the canal.
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