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INTRODUCTION AND AIMSOF THE RESEARCH

The intensive growth of urban areas and the antiyepic activities
being present there result in the physical and atemnmodification, the
transformation at different rate, and the contamdmaof urban soils. The
cumulative effects of concentrated busy traffid teacharacteristic of cities,
domestic heating, uncontrolled dumping of domeatid industrial waste,
and industrial emission cause the heavy metal obrgé these soils to
increase. As these materials do not decomposeatigfuand, as a result,
they are able to accumulate in soils, heavy meltelsome excellent
indicators of environmental impact. However, urlsails are not only the
recipients of anthropogenic heavy metals, theds san easily become the
sources of these toxic and potentially toxic materias well since these
heavy metals are able to enter the human bodymysfeurban residents
either directly (inhaling contaminated dust, ingastsoil, or the metals
being absorbed through the skin) or indirectly &aning vegetables and
fruits grown in contaminated soils) from these solDue to their being
cultivated, the soils of urban orchards and vedetghrdens need special
attention because they can become contaminatedgirtheir cultivation
too (using pesticides containing metals, mixing post as well as organic
and artificial fertilizers into the soll, irrigatinwith contaminated water).
Therefore, during the course of my doctoral rededaimed at studying the
garden soils located in the transition zone (ilrb&n buffer zone”) of
downtown technogenic soils and natural soils surding the cities
comprehensively; especially emphasizing the heagtahtontamination of
these soils and the possible harmful effects agidierefrom.

The study area of my research is Szeged, the mhist populated city
of Hungary, where the soils with garden cultivatfonction can be found
on the outskirts of the city, further from the ddewmn area, quite similarly
to other Hungarian and European cities; therefSeeged represents other
Hungarian and European cities of similar size aiithomt heavy industry
very well.

The aims of my doctoral research are as follows:

« | aimed at measuring to what extent the cumulag¥fects of
urbanization and garden cultivation modify the pbgks and
chemical properties as well as the pedologic diaasion
characteristics of garden soils with cultivatiomdtion.

e | also aimed at classifying the soils profiles esqub in the studied
gardens into the international soil classificatisgstem (Word
Reference Base for Soil Resources; WRB).



| aimed at studying the heavy metal contaminatibgasden soils as
well as separating the group of anthropogenic reétathese soils by
employing enrichment factors, simple and multivizristatistical
methods, and the vertical and horizontal distrinutiof metal
concentrations; furthermore, | aimed at identifyitigg sources of
these metals in order to assess both the extembah environmental
impact, and the extent of the cumulative effecthefavy metal
contamination which was induced by garden cultorati

| aimed at sorting the gardens with similar heavgtah load by

employing multivariate statistical methods so theduld study these
groups more thoroughly in order to gain more adeunaformation

about the factors influencing the heavy metal loedarden soils.

| aimed at studying the heavy metal buffering cépacf garden
soils modified by anthropogenic activities by amatg and
evaluating soils properties that exert great infigeon the mobility
of heavy metals and, therefrom, their bioavail&piior plants.

| aimed at estimating the mobilizable (i.e. eadilgtainable for
plants) and potentially mobilizable metal propamsoof certain
elements using sequential extraction; moreoveimked at revealing
the differences between anthropogenic and geogestals within
this particular aspect.

Finally, | aimed at measuring the heavy metal aunté vegetables
often grown in urban garden soils in order to seghat extent the
different vegetables are able to accumulate cemtéments from
urban garden soils; also, by employing bioaccunanaindices |
aimed at evaluating the actual mobility of metaisthie soil-plant
system.

SAMPLESAND METHODS

Sampling

In order to study urban garden soils, | collectesnposite topsoil

samples (0—10 cm) and control samples (80-100 wn) 61 gardens (31
vegetable gardens, 9 orchards, and 11 flower gaydeh50 houses in
Bakto, a district on the outskirts of Szeged, il@0In 9 gardens, full soil
profiles were exposed and analyzed on the spotpard soil samples were
taken from each of the genetic horizons and sgéra of these profiles for
laboratory analysis. | also collected different etdples (lettuce, sorrel,
spinach, carrot, and onion) from 20 of the studg@ddens, so the total
laboratory analysis involved 134 soil samples ardl [Bant samples
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altogether. Besides collecting soil samples andtpdamples, | also asked
the residents to fill in a questionnaire in ordercollect information about
garden soil-use methods, the past of the gardeqguestion, the use of
pesticides and other soil improvers, and possitflksi.

Laboratory Analyses

After laboratory preparation (drying, pulverizingnd sieving), the
following analyses were performed in the case dfsamples: mechanical
composition was specified on the basis of the Argamyn number (K). The
pH of soil samples was measured potentiometridallf,O and as well as
in KCI soil suspension [pH@®D), pH(KCI)]; the Scheibler calcimetric
method was used to measure the carbonate cont@6@ given in mass
percentage) of the soil samples. Humus content (W& measured with
colorimetric method after having performed oxidiaatwith concentrated
acidic and potassium dichromate solutions; the iguaf humus was also
analyzed with an optical method, without fractiooat and the process was
based on the method of Hargitai; in addition, Irelsterized the quality of
humus with the humus stability coefficient value).(K analyzed the total
water-soluble salt content of the soil samplesaltatalt %) with a
conductivity tester by measuring the electric canidity of a saturated soll
paste.

In order to determine the “total” heavy metal comtehe soil samples
were digested with aqua regia in a microwave ovend then the
concentrations of heavy metals (Ni, Co, Cr, Cu, A, Cd), As, and Ti as
reference element were measured by inductively leduplasma optical
emission spectrometer (ICP-OES). Metal fractionsdiferent mobility
were also measured (ICP-OES) with the help of thedified version of
the BCR” three-step sequential extraction procednréhe case of some
selected soil samples.

Measuring the heavy metal content of the plant $esngvas also
performed by using the ICP optical emission specéter after the plant
samples were prepared for laboratory analysis apdsed to concentrated

acidic solution (cc. HNg) in a microwave oven.



Calculating Enrichment Factors and Bioaccumulation Indices

The extent of surface enrichment of the studiechelds was estimated
with the help of enrichment factors (EF). | calteth two enrichment
factors. One of them is thélfbp Enrichment Factér(TEF) which shows
the proportion of metal concentrations measurabl¢he topsoil and the
control soil samples. The other enrichment facterthe ‘Pedologic
Enrichment Factdr (EFP) which shows the proportion of a studiedredat
and that of a carefully chosen reference elemerticfwis Ti in my
research) in the topsoil compared to the parenemahtinstead of the real
concentrations of these elements. The above medidactors were
calculated as follows:

TEF = [Elsh | EFRy = [Elsh /[Tf]SH
ElrH ElrH AT RH
where ‘E” represents the concentration of the studied efenimethe surface
soil horizon (SH) (0-10 cm) as well as in the refee horizon (RH) (80—
100 cm) at the same sampling spot.

The mobility of the studied metals in the soil-plasystem was
analyzed by calculating and assessing bioaccuronlatidices (BAI). This
index represents the proportion of the accumulatedal content of a
certain plant (or part of a plant) and the metaitent of the soil in which
that particular plant grew:

BAI = [E]Plant ,
Elsoil
where ‘E” represents the concentration of the selected Infmig/kg) in the
studied plant (of dry weight) and in the soil (4t aqua regia-extractable
concentration of the same element).

M ethods of Evaluating Results and Statistical Approaches

Processing and evaluating survey results were peefd using the
Microsoft Office Excel 2003 and the IBM SPSS Statss 20 software.
Evaluating survey results and calculated data weeeformed using
multivariate statistical methods (correlation asaly principal component
analysis, cluster analysis), and parametric and-pawametric statistical
tests (paired samples t-test, independent samypdss, tanalysis of variance
(ANOVA), Mann-Whitney U test, Kruskall-Wallis test). Geoinformation
methods were used to study the spatial distributtdnmeasured or
calculated data. Spatial analysing of the data emedting various maps
(heavy metal distribution maps, enrichment factoep, cluster map) were
done with using the ArcMap 10 software.
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SUMMARY OF RESULTS, THESES

1. Dueto the cumulative effects of urbanization and garden cultivation,
suburban garden soils are modified; this modification is manifested in
the quantitative and qualitative changes of the organic matter, the
modification of the mechanical composition, and the quantitative
change of the carbonate content of these soilsthe most.

Analysing the soil profiles and the soil sampleshaf gardens in the buffer
zone of Szeged has revealed that due to the eftdctsarious human
activities affecting urban garden soils certain pemties of these soils
(mechanical composition, humus content, humus tyuakrbonate content)
have been modified partly by garden cultivationctsas using different
organic fertilizers as well as kitchen and gardexste turned into compost,
mixing different layers of soil, etc.), partly byher human activities not
closely related to garden cultivation (such adlin§ garden soils, mixing
in foreign soil matter):

i. The former activities can be detected in both thengtative and
gualitative changes of the humus state of gardés; she total humus
content of garden topsoils increases while, asdme time, the amount
of raw humus matter of less quality also increese®pposed to the
humus conditions of the original soil of the area.

i. The latter activities can be detected in the modifon of the
mechanical composition of garden soils first of &l using soil with
more coarse texture for infilling results in thern@ased appearance of
coarser particle size fractions in the mechanicaimmosition of
topsoils, which also causes the value of the Argagn number to
reduce.

iii. The carbonate content of the topsoil of gardersdsiblso affected by
guantitative changes (it means that the carbonat¢ent of topsoils
does not change in each and every garden, and ivlteres so, the
increase is of different rate) which is the colieetresult of garden
cultivation and infilling.

2. The anthropogenic effects affecting suburban gardens and the extent
of soil modification therefrom are much smaller and of different nature
than those of downtown and heavily technogenic soils.

The prevalence of soils of almost natural statuténbuffer zone of Szeged
is dominant, these soils are only modified (mixin§ topsoil layers,

increased humus content) to an extent that doesnaée it necessary to
have them re-classified as anthropogenic soils (JWRBthe same time, the
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diversity of urban garden soils is well reflectedtihe presence of partly or
totally anthropogenic soils infilled with soil-likenaterials. Examples of
suburban garden soils include Chernozems of alnatstral status (Vermic,
Calcic Chernozems), young Cambisols with anthropmgéopsoil layer
(Hortic Cambisol), and Anthrosol with thick, man-dieatopsoil layer (Terric
Anthrosol) too.

3. Using only enrichment factors (EF), or analysing the vertical and
horizontal distribution of metal concentrations, or employing
multivariate statistical methods separately is not sufficient to
distinguish anthropogenic metals from geogenic metals. However,
employing all these methods together enables us to separate
anthropogenic metals with great certainty even in the case of suburban
garden soils, which areloaded with such metals only to a small extent.

Analysing the concentration of the aqua regia exatde (“total”) content
of As, Zn, Cd, Pb, Ni, Co, Cr, and Cu of topsoiés ievealed that only 18%
of these suburban garden soils can be consideretets (especially Cu)
contaminated soils, and the metal load of theds &mncerning most of the
studied elements) is more moderate than that ofittventown Technosols
in Szeged. Despite this fact, there are such el=mieesides copper of
which concentration detected in garden soils isiged by human activities.
By employing enrichment factors, simple and muliizge statistical
methods, and the vertical and horizontal distrifuti of metal
concentrations, | could separate two groups of Isietane having
exclusively geogenic sources, the other having bg#ogenic and
anthropogenic sources.

4. Enrichment factors, namely Top Enrichment Factor (TEF) and
Pedologic Enrichment Factor calculated using Ti as reference element
(EFP1;) can both be applied very well when separating metals which
have considerably been accumulated in topsoils as these two
enrichment factors (EF) provide statistically corresponding results.

Based on these findings, Ni, Co, Cr, and As do aatumulate from
anthropogenic source in garden topsoils (EF~1),ddnelopment of their
concentration is due to the lithogenic background pedogenic processes.
Whereas Cu (EF~4,2), Zn (EF~2,7), Pb (EF~2,5), &dl (EF~1,5)
accumulate considerably in garden topsoils, whishnot only due to
pedogenic processes, but partly to human actvittewell.

By employing principal component analysis (PCA), ieth also
separated the group of elements of geogenic or{§a&: Ni, Co, Cr, As), |
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could separate two groups of metals (PC1l: Pb, zah,a6d PC3: Cu)

accumulating from anthropogenic sources, which medhat these groups

of anthropogenic metals have different sources:

i. The human induced enrichment of Cd from the elemehtPC1 (Pb,
Zn, and Cd) affects only some of the gardens, maihle to point
sources, but the concentration of this toxic elenexteeds even the
,B" limit value in the topsoil of two gardens. Hower, Pb and Zn
enrich from anthropogenic sources in a significaoimber of the
gardens, their main source being atmospheric dépostaused by
traffic emissions.

i. The second group of elements accumulating from raptgenic
sources (PC3) is represented by Cu alone, of whimhcentration
exceeds the ,B” limit value in numerous gardens;reoeer, the
anthropogenic enrichment of this metal has thetgstaxtent on the
basis of the enrichment factors. The anthropogacdumulation of Cu
being present almost in every garden is not indumgditmospheric
deposition caused by traffic emissions though,enally copper-bearing
pesticides often used in garden cultivation.

5. Gardens with similar heavy metal load are well distributed spatially
too, which confirms that the two main sources of anthropogenic metal
load of suburban garden soils are traffic emissions (through
atmospheric deposition) and using pesticides.

The multiple sources (traffic emissions, garden tiation) of
anthropogenic metals (Cu, Pb, Zn, Cd) as well asntbn-equal extent of
enrichment of these metals in certain gardens redd@& necessary to
classify the sampling units (the gardens) into nfermogenous units on the
basis of heavy metal load, and | chose the mettiaduster analysis. By
employing cluster analysis, | could identify thismpling plots with either
extremely high or extremely low metal concentragiothat are not
characteristic of all the studied garden soils, afigr excluding these
conspicuous cases (6% of the studied gardensjeshef the gardens could
be classified into three different groups accordmgheir heavy metal load,
furthermore, the spatial distribution of these gr@is also clear:

i. The T cluster involvegardens free from anthropogenic metél8%
of the studied gardens), where even the otherwid@@pogenic metals
[(Pb, Zn, and Cd); (Cu)] do not accumulate in th&ipsoils. The
elements of this cluster are represented by flogeedens first of all,
which are usually located the furthest from theyboin road on the
northern and north-western parts of the study area.



i. The 2" cluster involvesgardens heavily loaded with anthropogenic
metals(51% of the studied gardens), where each of thier@mogenic
metals (Pb and Zn of traffic origin, and Cu of jede origin)
accumulates in the topsoil to a certain extent.s€hgardens cover a
significant part of the study area, but gardengasiid just beside the
busy main road are also represented here. Orchaedgtable and
flower gardens alike can be found among the elesnehthis cluster,
which indicates very well that metal load may ocaamywhere
independently from the type of garden use.

ii. The 39 cluster involvegyardens heavily loaded with coppé&5% of
the studied gardens), where only Cu originates framthropogenic
sources from all the anthropogenic metals founthentopsoil. These
gardens are situated in the middle of the studg,aaad almost all of
them are orchards and vegetable gardens, wherarttigopogenic
enrichment of copper is due to past and preserdegacultivation.

6. Anthropogenic activities affecting urban garden soils exert different
influence on the heavy metal buffering capacity of these garden soils
(they either increase or reduceit).

After analysing the metal load of garden soilsydleated the heavy metal
buffering capacity of these soils, which is extrgmmportant in the case of
soils which are used for growing vegetables for Ganroonsumption. It was
ascertained that the heavy metal buffering capagfiturban garden soils
slightly modified by anthropogenic activities isagh which is due to the
slightly alkaline pH of garden topsoils which bgetf prevents the metals
from getting mobilised. In addition, the anthropoigecarbonate content of
topsaoils increases the heavy metal buffering caypadiurban garden soils
by preventing them from acidification; whereasllinfg these soils with soil
matter of poor organic and mineral colloids redutles heavy metal
buffering capacity of the same soils. Although tia¢gal amount of the
humus content, which has a great role in bindireyvhenetals, increases as
a result of mixing different types of organic mat{@rganic fertilizers,
compost, etc.) into the soils, it is not the amaafngood quality humus that
increases but that of the raw, poorly humificatachbs fraction, therefore it
does not contribute to increasing the heavy metdleting capacity of
garden soils.



7. The potential mobility of geogenic elements (Ni, Co, Cr, As) found in
urban garden soils is of small extent, while the potential mobility of
anthropogenic elementsincreases asfollows: Cd < Cu < Zn <Pb.

As "total” metal content does not provide any imf@tion about the
bioavailability or mobility of the individual elem¢s, | also analysed the
mobile (i. e. easily obtainable for plants) and gwtentially mobilizable

fractions of the elements in selected garden swilpdes by employing the
modified version of the BCR three-step sequentidtaetion procedure.
Based on these results it can be stated that ttented mobility of the

geogenic elements (Ni, Co, Cr, As) found in thedgar soils is low, the
highest proportion of the “total” amount of thedeneents can be found in
the residue (inert) fraction and they are strorglynd to (the lattice system
of) minerals. However, the potential mobility of thropogenic metals
increases as follows: Cd < Cu < Zn < Pb, and inchee of the previously
mentioned elements the mobilizable and potentialbbilizable fractions

are predominant in the “total” metal content. Thepgwrtion of the easily
mobilizable fraction, which is also easily obtailmbfor plants, is not

significant even in the case of anthropogenic nsetdlich are mainly due
to the good heavy metal buffering capacity of thgmelen soils.

8. The metal uptake of vegetables often grown in gardens is not of the
same extent; leafy vegetables accumulate more zinc, cadmium, and
arsenic than root vegetables, but each of the analysed vegetables is
suitable for human consumption.

The extent of the possible harmful effects of thetahload of urban garden
soils cannot be judged without knowing the heavytaineontent of the
plants grown in these soils; therefore | analysedheavy metal content of
different vegetables (lettuce, spinach, sorrelrataonion) often cultivated
in the studied gardens in addition. These reseligaled that the order of
magnitude of the metal concentrations measurebearahalysed vegetables
is much the same as the metal concentrations neshdor vegetables
cultivated in the various soils of other citiest the Pb concentration of the
vegetables grown in the garden soils of the buftare of Szeged is much
lower compared to them. The slightly elevated Cuaceatrations in the
analysed vegetables reflect the anthropogenic @d laf these suburban
garden soils very well though. There is, however,connection between
the “total” metal content of garden soils and thetah concentrations
measured in the different vegetables cultivatedthese soils, which
indicates well that the heavy metal content abgbiiyethe plants does not
depend on the “total” heavy metal content of thesits, it rather depends
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on the easily mobilizable metal content and thevhemetal buffering
capacity of the particular soil as well as planédfic factors. The leafy
vegetables of the analysed vegetables (lettuceglsepinach) accumulate
significantly more As, Zn and Cd than the root wagées (onion, carrot).
Nevertheless, none of the vegetables grown in Hrdeyp soils that were
studied in the buffer zone of Szeged have so higloICPb concentrations
which would be above the threshold limit (maximuimii in food
products), these vegetables are suitable for humamsumption, so
consuming root vegetables and leafy vegetablesmyipvguburban gardens
do not pose any threat on human health.

9. Based on the calculated bioaccumulation indices (BAl), the mobility
sequence of the elements | analysed in this particular soil-plant system
isasfollows: Zn > Cd > Cu > Ni >As> Cr > Pb = Co.

| analysed the mobility of the studied elementshi@ soil-plant system by
using bioaccumulation indices (BAI), which descrihe metal absorption
capability of different plants and the extent af tinobility of the individual
elements at the same time. The mobility of the isti@&lements based on
the calculated mean BAI values is as follows:
Zn>Cd>Cu>Ni>As>Cr>PbCo. | found that the most mobile
elements in the studied soil-plant system are Zh@ah which means that
these metals can be absorbed by the analysed bbgetsd the highest
degree compared to the “total” metal content ofdgar soils. However,
leafy vegetables (lettuce, sorrel, spinach) cammctate significantly more
of these metals than root vegetables (carrot, grafien grown in gardens,
which is proved not only by the metal concentraiofnthese plants but by
the calculated BAI values as well.

My doctoral research is a good example of the thet the possible
negative effects of human induced changes beingeptein urban
environment cannot be estimated without the commdy of urban
environmental components. It is particularly trdesoil that does not only
receive and store those harmful materials thatraatate in the soil either
directly or stem from other components of the emvinent, but soil itself
can be the direct or indirect source of these halrglements at the same
time. The results of the present research alsoatemat not only urban
environment and its characteristic anthropogeniivities affect urban soils
but these soils may also affect urban citizenslityuaf life of which life-
long consequences must always be considered.
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