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EFFECT OF PUBLIC TRANSPORT
FOR HEAVY METAL CONCENTRATION IN THE SOILS

WPLYW TRANSPORTU PUBLICZNEGO
NA STEZENIE METALI CI EZKICH W GLEBACH

Abstract: Industrial and agricultural activities in the seoibver of the earth cause more and more noticeable
environmental load. Therefore, the natural seliffpation ability of soils has been greatly reducadd is
decreasing continuously. The soil itself is an e8ak value as it preserves the traces of landohistthe
landscape, the cultural and scientific examinatitiris indispensable for the survival of the wild] because with
the climate it also influences the water cycle aplity. One of the most important environmentaitdas
nowadays is the public transport. The public transis a polluting source that not only emits glfeamumse gases,
aldehydes, carbon blacks, dust, but unfortunatsly many inorganic toxic substances into the emvirent. The
biggest problem with the various inorganic polldsais that some of them are essential for livingaoisms, but
some of them are also very toxic at very low cotregions, too. The environmental pressure and pofiicaused
by heavy metals has become a serious problem #iraaiddle of the previous century. From the pointiew of
their fate, the soil characteristics are, for ex@mpumus, pH, etc. their role is important. Thashemetal content
found in the soil and/or in the soil can easily gteate to the groundwater, which can be transmittealigh the
animals and/or the plants to the human food chdowadays, the aero-planes are one of the most tanor
transport devices. The main goal was to have ttdapest “Ferihegy” Airport in this area a detrimémrtffect on
its immediate environment. Therefore, it was omn & examine the soil of the forest near the fortR@rihegy
I”. Our investigations were carried out not farrfrahe then active running runway, in the acacia laeslde the
road, which was not far from this area. Among teaJy metals, the concentration of cadmium, zina)gaaese,
lead, copper and iron were measured and then cechgarthose from control area. The examinationhef t
samples has begun with the proper way of storingparing and digesting. From the sieved (2 mm) $esngthe
pH value and dry matter content were measured s@hwples that went through a smoother sieve (0.2) ware
digested by a Milestone 1200 Mega Microwave digestystem. After the nitric acid digestion were mead
the heavy metal concentration in the soil samplgsab “ATI UNICAM 939 FAAS” atomic absorption
spectrometer, which was carried out for five eletseiron, lead, copper, zinc, manganese and cadmitim
Unicam 939 QZ GF90 graphite furnace atomic absmmptspectrometer. The measurement results were
recalculated to mg/kg of dry matter content. Traigtical analysis was performed by ANOVA with tiwfactor
random block design, using SPSS 14.0 software gacka Windows.
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Introduction

Industrial and agricultural activities are causingore and more noticeable
environmental load in Earth's soil cover. Therefdhe natural self-purification of soils is
greatly reduced and is decreasing continuouslyl iglf is an inestimable value as it
preserves the traces of land history, the landsdapecultural and scientific examinations.
It is indispensable for the survival of the wildljfwith the climate together also influences
the water cycle and quality.
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Among the environmental problems the transport @afie the air transport [1-3] was
chosen. Transport is a polluting source that ndy @emits greenhouse gases, aldehydes,
carbon blacks, dust, but unfortunately also manyrganic toxic substances into the
environment. The biggest problem with the variomsrganic pollutants is that some of
them are essential for living organisms, but sorhghem are also very toxic at low
concentrations [4-6]. The environmental polluticaused by heavy metals [4] has become
a serious problem since the middle of the previoerstury. From the point of view what
will happen to them, the soil characteristics anpadrtant, for example humus content, pH,
etc. The heavy metal content found in the soil antlf the soil can be transferred into the
groundwater, which can be transmitted through tiimals and/or the plants to the human
food chain.

The state of our environment is very important.Budapest Ferihegy Airport was
selected to study its environment. It is an impartuestion because the airport uses almost
the whole Budapest's airspace. The primary goaltwasxamine the soil of the shelter belt
near Ferihegy. The tests were carried out notréan fthe runway, in the acacia and beside
the roadside. In this little forest, which serviee telaxation of the local habitants a strange
spot was found in 2006 on the surface of the sdilere the condition of the plants was
much worse than outside of the spot.

One of the reasons for this was excessive amouhea¥y metals. In 2006 the heavy
metal concentration was measured by us, it wasdfchigh Cd contamination (mean:
13.35 mg/kg dry mass (d.m.)). After several yehesdondition of the shelter belt became
much better. The earlier bad-looking vegetation kégappeared and new beautiful
vegetation has emerged. The soil was also likelyetoeplaced, with another soil sampling
for this phenomenon. If high heavy metal concertrat can still be detected in the soll,
some other contamination can be attributed to previbad states. If the amount of the
heavy metal is reduced in the soil, it can be dtatethe literature that high cadmium
content is likely to be responsible for the damtmgéhe wildlife, that is to say, changes in
the soil spot. Among the heavy metals, the conaéatr of cadmium, zinc and manganese,
lead, copper and iron were measured and then cechpara control area. Nowadays this
area is rebuilt once again.

Our secondary aim was to monitor the heavy metaterd of soils near the woods, in
order to find out whether road traffic could affeébe soil of the forest and thus the flora
and fauna's living space.

Materials and methods
Sampling
Sampling of different soil samples

First sampling place is shown in Figures 1a and b.

The suspected contaminant source the former rungigrinegy 1, Airport in
Budapest, Hungary, which does not work nowadaysy wensidered as the centre, the
sampling was made along this area. The polluterceowas drawn onto a map with
1:10,000 scales.

Second sampling plaée shown inFigure 2.
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Fig. 1. Soil sampling near Budapest Airport (fornf@rihegy 1, nowadays it does not work): a) “FofKjf",
“OldB” and “OldJ” are the spots of the soil sampdesl b) the control (source: Google Earth)

Fig. 2. Soil sampling scheme near road in Budapetstar from Budapest Airport (source: Google Eprth

Soil samples were spot and average samples, theytaleen from a 10 cm soil depth.
10 average soil samples (Folt2, Folt5, Folt7, FoR6lt 11, Foltl4, Foltl7, Cont2, Cont,
Cont7) and 35 spots were taken from the examinea. arhe soil was polluted according to
the results of the previous studies. From this fpoinview, spot samples were taken
on a rectangular sampling net and linearly fromrtieed (see Fig. 3). The average samples
were taken from a homogeneous area and from the kgrer. Figure 4 shows the location
of average and point patterns.

® 2 8 0% 900 2008 ¢ 24 o0

Fig. 3. Point samples taken from the road
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Linear emission sampling was applied near roadardtom the Airport (see Fig. 3).

4 pomntsamples

® average samples

1
4
4

Fig. 4. Location and average and spot patterns

Sample preparing

Preparation of soil: in order to remove piecesaafts, the samples were sifted with
sieve (diameter: 2 mm). Then these were left to dry

Moisture content and pH determination: determimatid moisture content and pH
were made according to standards No. MSz-08-020%-19.

All analytical measurements were done in 3 repdisat

Determination of soil pH

The pH value characterized the acidity of the sdiljuid phase. A lot of Hungarian
and National standards specify 2.5 : 1 liquid saté for water suspensions, and this is used
in the present method, too. The advantage of usingle/dni KCI suspension is that the
result values are more permanent and more repioéudihe acidity caused by;8" ions
is the real or actual acidity in distilled water dnen and the potential acidity can be
measured in neutral saline solution (source).

6 g air dry soil was used for the determinatiorKefl and distilled water pH in test
tubes. Soil was measured into 4 test tubes, theenf@listilled water was put into 2 test
tubes and 10 ctl mole/dni KCI solution was given to 2 test tubes, then thesee
homogenized and the method was repeated for alplsamThe samples were let to stay
12 hours at room temperature. The measurement evaswlith ADWA AD8000 pH meter.
WTW Technical Buffer (T = 25°C, pH = 4.01), HANNAstruments HI7007 (T = 25°C,
pH = 7.01), HANNA Instruments HI7010 (T = 25°C, pHL0.01) were used for three point
calibration.

Digestion of the soil samples by Milestone 1200amagrowave oven

Soil microwave digestionthe samples were digested by a MILESTONE 1200 Mega
Microwave Digester with the following process:

Digestion of soil samplesabout 0.5 g dry matter soil was put into each boften
5 cnt 65% HNQ and 2 cmi30% HO, were added and let to stay in the solution fof hal
hour and then put the bombs into the microwave deerhalf an hour. After that, the
bombs were put into water cooling for half an haumd when they cooled, they were
opened under a fume hood. The suspension madeilteasd into 25 cr standard flask,
then it was filled up with high purity distilled wex. The samples were stored in refrigerator



Effect of public transport for heavy metal concation in the soils 379

until the instrument measuring. The digestion wasedaccording to the ,Cook-book”
recipe of Milestone mega 12000 microwave oven. &@dbtontains the recipe of digestion

in microwave oven.

Table 1
Digestion program for soil samples
Steps Time [min] Process, microwave power [W]
Digesting, 250
Ventilation

Digesting, 400
Digesting, 250
Digesting, 700

| (wWN|(F-
~Njajanfo

Heavy metal detection

The soil samples were measured for Cd, Cu, Zn,Rémand Pb. In this paper, the Cd,
Cu, Zn and Pb concentrations will be describediffier@nt soil samples. The concentration
of measured heavy metals was determined by atobsiorption spectrometry (Soil: “ATI
Unicam 939 FAAS” and Unicam 939 QZ-GF90).

Statistical analysis
Statistical analysis was done by SPSS 14.0 for @firsd

Results and discussion

The pH value of the soil samples was examined haddsults are given in Table 2.
All the pH of soils were mostly acidic. Generalys true, that mobility of the heavy metals
increase in soil, if pH is acidic, and more avd#afor the plants. It can be said, that the
acidic pH is not favorable from environmental paifitziew.

Table 2
pH of soil samples
Soil samples PH, o PH i
Folt 2 5.41 +0.04 4.99 +0.11
Folt 5 5.89 +0.02 5.41 +0.05
Folt 7 7.06 +0.09 6.68 +0.06
Folt 9 6.76 +0.10 6.19 +0.01
Folt 11 7.70 +0.03 6.10 +0.03
Folt 14 5.98 +0.04 5.07 +0.03
Folt 17 5.07 +0.08 4.70 £0.04
Kif 1 5.30 +0.04 4,55 +0.01
Kif 2 5.58 +0.02 4.99 +0.01
Kif 3 5.61 +0.06 5.19 +0.04
Kif 4 5.26 +0.01 4.64 £0.00
Kif 5 6.03 +0.03 5.79 +0.03
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Soil samples PH, o PH

Kif 6 5.64 +0.01 5.16 +0.03
Kif 7 5.18 +0.04 4.67 £0.01
OldB 1 5.02 £0.01 4.20 £0.03
OldB 2 5.07 £0.02 4.60 £0.00
OldB 3 5.54 +0.01 5.26 +0.02
OldB 4 5.34 +0.04 4.86 £0.03
OldB 5 5.53+0.01 5.24 +0.06
OldB 6 5.91 £0.02 5.85 +0.07
OldJ 1 6.16 +0.02 6.15 +0.02
OldJ 2 5.79 £0.04 5.57 £0.01
OldJ 3 6.66 +0.08 6.60 £0.01
OldJ 4 5.61 +0.05 5.41 +0.02
OldJ 5 5.86 +0.04 5.78 £0.01
OldJ 6 5.92 +0.04 5.74 +0.01
Cont 2 6.89 +0.08 5.34 +0.06
Cont3 7.46 £0.03 7.10 £0.06
Cont7 7.78 £0.10 7.53 £0.04
Road 1 5.91 +0.05 5.73 £0.01
Road 2 6.75 +0.07 6.74 £0.03
Road 3 5.89 +0.06 5.65 +0.04
Road 4 6.92 +0.03 6.85 +0.01
Road 5 6.74 +0.06 6.52 +0.01
Road 6 6.94 +0.06 6.87 +0.04
Road 7 6.90 +0.02 6.87 £0.04
Road 8 7.02 +0.11 6.97 £0.11
Road 9 6.18 +0.01 6.02 £0.03
Road 10 6.98 +0.04 6.97 £0.04
Road 11 6.70 +0.02 6.68 +0.02
Road 12 6.92 +0.09 6.82 +0.04
Road 13 7.00 +0.06 6.92 +0.03
Road 14 7.46 +0.15 7.33 £0.02
Road 15 6.94 +0.06 6.84 £0.01
Road 16 7.28 +0.11 7.21 +0.01

Cadmium concentration in soil samples

The average cadmium concentration was in the st éng/kg d.m. In 2006 it was
monitored the same area, that time it was meagheedverage Cd concentration in the soil
13.35 mg/kg d.m. The Cd concentration of the spidtseamples was 14.20 mg/kg d.m.

Cadmium concentrations of soil samples exceeded ¢batamination limit
(2 mg/kg d.m.). At that time, pollution was 10 tisnkigher than, pollution limit. In 2008
cadmium concentration in the soil samples from #aene area was measured under
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contamination limit in all cases (Fig. 5a and bhisTmay be due to a change of the soil
state after the measurements in 2006.
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Fig. 5. Cd concentration in different soil samp{esntamination limit is: 1 mg/kg d.m.): a) near thgport,
b) near the road

In control samples, it can be stated that while2D06 the average value was
11.66 mg/ kg. d.m. When measuring soil sample2€@@8, it is only 0.16 mg/kg d.m., that
was the mean value. This may be due to the fattatHaod processing plant near it was
closed in 2007 and leakage happened at the neambfjll site.

The cadmium content of our samples was signifigaddpendentpg = 5%) on the
sampling site LSB, = 0.01.

The concentration of the samples taken along theRBig. 5b) is largely significantly
higher than that of the soils around the runway tedcontrols. This is probably due to the
car tires from the cars.

In soil samples at the beginning of the road (Rdis@ay 8) the concentration of
cadmium is higher than in the rest of the road. 3tiesamples 1-8 next to the road come
from the straight section of the road, probably ¢hes are moving faster than in the bend
(Road 9-Way 16). The higher speed is likely to Itesu higher wear, which is clearly
visible in the slightly higher cadmium concentratiof soils.

The highest concentration difference was amondfdtiewing soil samples: Route 1
and Route 11 (0.15 mg/kg d.m.) As well as Routad Route 11 (0.16 mg/kg). The Roads
1 and 6 are derived from the straight section efrtad, while the Road 11 is located on the
side of the curve.

Copper concentration in soil samples

The average copper concentration in the soil sasnpés 12.07 mg/kg d.m. Ferihegy 1
samples had a copper concentration from 4.44 @94hg/kg d.m.

The copper content of the samples depend on signiliy = 5%) on the sampling
points LS, = 6.38.

Most noticeably, the copper concentrations of theges taken along the way were
significantly higher than those of the other saraplehis phenomenon can be explained by
the car’s traffic, as wear and tear on lubricadisnpay occur, although the contamination
limits are not exceeded. The Road 4 patterns diften each road except for the Road 10,
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the best deviates from Road 9 (35.38 mg/kg d.rhg, least deviating from Road 12
(7.06 mg/kg d.m.). The Road 6 samples of all roatiepns are different except for Route
16. Route 8, the most different from Road 7 (20188kg d.m.). The least from Road 12
(6. 80 mg/kg d.m.). Road 8 is the best route frosa®ples (26.18 mg/kg d.m.) to the Road
16 samples (16.60 mg/kg d.m.). Road 10 is diffefearh Route 9 (29.29 mg/kg d.m.) and
Road 12 (0.97 mg/kg d.m.). The Road is 12 samptes the Road 9 (28.32 mg/kg d.m.).
Road 14 is from Road 7 (29.82 mg/kg d.m.) and Red®.98 mg/kg d.m.). In a clear
context such as lead and cadmium it can not bereddethat the copper concentration
would be higher along the straight section of tedrthan the curve section. It is probable,
that the copper pollution caused by the car's Weas not depend on the speed of the car.

Figure 6. shows, that none of the samples excéedsapper limit (75 mg/kg of d.m.).
However, it was found that Road 4 (41.39 mg/kg J.Road 6 (27.53 mg/kg d.m.), Road
10 (35.39 mg/kg d.m.) and Road 14 (sample 31.5lkgnd/m.) have a copper content
higher than the other samples.

The control samples have a copper content lowaer tiva average, Cont 2 sample was
4.51 mg /kg d.m., the Cont 3 sample was 6.67 mdlkg, and the Cont 7 sample was
5.22 mg/kg d.m.
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Fig. 6. Copper concentration in different soil sésp(contamination limit: 75 mg/kg d.m.): a) neairpdrt,
b) near the road

Zinc concentration in soil samples

The average zinc content of our soil samples waé26&hg/kg d.m. The average zinc
content of soil samples measured in 2006 was 3W@jikg d.m. The average zinc
concentration in the soil was 41.24 mg/kg d.m. @0& the sample of special spot was
21.69 mg/kg d.m. in 2010. The average zinc contéxbntrol soils was 29.05 mg/kg d.m.
in 2006, whereas the control soils had an averagecontent of 20.40 mg/kg d.m. in 2010.
These data show, that over two years the concimntraf zinc in the soil samples increased
on average except in the control area where itedesed (Fig. 7a).

The zinc content of the samples was significantdpahd on [ = 5%) the sampling
point LSDy, = 28.58.

The most striking is the Road 4 samples (Fig. Whjch show a significant difference
from all road patterns. The largest differenceseneetween the Road 4 and Road 13
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samples (247.37 mg/kg d.m.). The smallest deviaifofetween Road 4 and Road 8
(123.68 mg/kg d.m.).

Figure 7b shows, that one sample exceeds the Viahite for contaminants based on
200 mg/kg d.m. content. This was in the case ofdRéawith a zinc concentration of
276.93 mg/kg d.m.

a) b)

~
5
3

9
S
3

150

100

Zn concentration [mg/kg d.w.]
Zn concentration [mg/kg d.w.]

Sampling points Sampling time

Fig. 7. Zinc concentration in different soil sanple) near Airport, b) near the road (contaminatiomt:
200 mg/kg d.m.)

Lead concentration in soil samples

The average lead content of soil samples was 2@g/kg d.m. In forest in Ferihegy 1
and in the road area the lead concentration wegelem 4.24-79.27 mg/kg d.m. This can
be due to the human intervention and the car trafbng the road. It is true, that leaded
petrol has been banned in Hungary, but it was sidible in the soil during the
measurement.

The lead content of the soil samples is signifiyatepend on g = 5%) of the
sampling site LSE), = 18.08.
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Fig. 8. Lead concentration in different soil samsp(gollution limit: 100 mg/kg d.m.): a) near Airppb) near the
road
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Most noticeably, the lead concentration of the damplong the road is significantly
higher than the other samples. This phenomenomeaxplained by the amount of leaded
gasoline previously accumulated, although the cuirtation limits are not exceeded. Road
1 is significantly different from Road 16 (differem is in the Pb concentration (Road 1 -
Road 16) is between them 43.48 mg/kg d.m.), Ro@différence is in the Pb concentration
(Road 1 - Road 6) is between them: 26.20 mg/kg)camd Road 4 is different from Road
16 (difference is in the Pb concentration (RoadRbad 16) is between them 69.12 mg/kg)
and Road 6 (difference is in the Pb concentratiRoafl 4 - Road 6) is between them:
0.53 mg/kg). Road 6 is significantly different frotime Road 16 (difference is in the Pb
concentration (Road 6 - Road 16) is between ther®56thg/kg d.m.). The reason for this
is, that the track path is winding (Road 9-16)tts® vehicles are even faster in the straight
(Road 1-8) section, they are slowing down to thedheso emissions drop. In other road
area was found similar results [8].

It can be seen from Figure 8, that the concentraifdead in any sample does not pass
through the contamination limit, based on 100 mglkg.

The samples from other paths lead to a concentrafitead of 2 to 45 mg/kg d.m. Itis
also apparent, that the winding road sections #inerwise polluted and the degree of
emissions of cars is different.

Conclusions

In 2006 was a study at Szent Istvan Universitywirich was found, that cadmium
pollution in soil samples was over contaminatigniinear Budapest airport runway. Since
then, partial pollution removal has taken placaf te why was repeated the monitoring the
shelter belt area. It was important to know howcsssful the rehabilitation was. During
the evaluation, it was found, that there was ngtsmil sample over contamination limit in
the forest area. The same was stated for theawipkes taken from the road, except for the
content of a Zn soil sample (Road 4 sample: 2768&g d.m.).

As the heavy metal contamination found in 2006tegigor a longer period of time, it
would be worthwhile to carry out further investigais of the deeper layers of the soil as to
how much rainwater contaminated the deeper layatg@what extent. The present studies
do not reveal this, and the soil exchange couldy dake place in the upper layer.
Measurement of pH in most soil samples, in mostgdashowed an acidic effect, which
facilitates the mobilization of a large proportiohheavy metals.

During the rehabilitation, the entire forest was. &y this method, the measurements
have resulted in the removal of contamination fith soil. The new forest was installed.
The trees are only 20-25 years old and will agaicome a forest in the area.
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WPLYW TRANSPORTU PUBLICZNEGO
NA STEZENIE METALI Cl EZKICH W GLEBACH

Abstrakt: Dzialalng¢ przemystowa i rolnicza w oklnie pokrywy glebowej powoduje coraz bardziej zazaliae
obciazenie srodowiska. W zwizku z tym naturalna zdol§é gleb do samooczyszczanie silegta znacznej
redukciji i stale i zmniejsza. Sama gleba jest wacig podstawow, poniewa zachowujeslady historii Ziemi,
krajobrazu, podlega badaniom kulturowym i naukowylest ona niezidnha do przetrwania dzikiej przyrody,
poniewa wraz z klimatem wptywa rownie na obieg i jaké& wody. Jednym z najwaiejszych obecnie
czynnikéw srodowiskowych jest transport publiczny. Jestzoddiem zanieczyszcaieemitugcym nie tylko gazy
cieplarniane, aldehydy, sadze, pyly, ale niestéwniez wiele nieorganicznych substancji toksycznych dla
srodowiska. Najwgkszy problem z rinymi zanieczyszczeniami nieorganicznymi polega ym, tze niektore
z nich g niezlzdne dla organizméwzywych, ale niektére s réwniez bardzo toksyczne w bardzo niskich
stezeniach. Presja i zanieczyszczesiedowiska metalami gikimi staly s powaznym problemem od potowy
ubiegtego stulecia. Na ich los mayptyw cechy charakterystyczne gleby, na przyktadarté¢ humusu, pH itp.
Metale cizkie z gleby mog tatwo przedostasic do wod gruntowych, z ktérych przenoszonepezez zwierzta
i/lub rosliny do taacucha pokarmowego cztowieka. Samoloty abecnie jednym z najwmiejszych srodkow
transportu. Gléwnym celem pracy bylo zbadanie zlmmsci ograniczenia szkodliwego wplywu
budapeszteskiego lotniska ,Ferihegy” na najbtize otoczenie, dlatego zadaniem autoréw byto zbhadsaby
lasu niedaleko bytego lotniska ,Ferihegy I”. Badate zostaty przeprowadzone niedaleko niégaynnego pasa
startowego, na obszarze parigtym przez akacje i obok pobliskiej drogi.s#d metali c¢zkich oznaczono
stezenie kadmu, cynku, manganu, otowiu, miedzelaza, a nagpnie poréwnywano je ze ¢geniami metali
pochodzcymi z obszaru kontrolnego. Badania prébek obejmpwatasciwe ich przechowywanie,
przygotowywania i roztworzenie. W przesianych (2 yrpndbkach gleby oznaczono waistopH i zawartéé
suchej masy. Probki, ktére przeszly przestsze sito (0,20 mm), byly mineralizowane w miklofeaym
mineralizatorze Milestone 1200 Mega Microwave Syst€o roztworzeniu w kwasie azotowymzgnie metali
ciezkich w probkach gleby oznaczono spektrometrem aofioatomowej ATI UNICAM 939 FAAS. Szé
pierwiastkow:zelazo, otéw, miegd, cynk, mangan i kadm bylo znaczonych za pamsmektrometru absorpciji
atomowej z wykorzystaniem kuwety grafitowej Unic&39 QZ GF90. Wyniki pomiaréw przeliczono na mg/kg
zawartdci w suchej masie. Analjzstatystycza wykonano na planie trojczynnikowej ANOVA z blokami
losowymi z wykorzystaniem pakietu oprogramowani&SR4.0 dla systemu Windows.

Stowa kluczowe:metale ajzkie, transport publiczny, monitoring, efekt lotreskdrog



