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Abstract. As a result of global and intense production the waste disposal problems become more and more urgent. Waste
processing, utilization and recycling is to a certain extent limited by many economic, organisational and technological fac-
tors, and this inevitably encourages waste disposal in landfills. Physical, chemical and biological interactions in landfill
cell result in formation of landfill gas and harmful leachate. Because of lack of control, together with usual communal
waste, industrial waste was also dumped to landfills, therefore gas and leachate produced include large amounts of toxic
compounds. Once hazardous waste materials occured in landfills, later they vastly expanded the whole spectrum of toxic
materials and compounds. In the landfill environment chemical properties of surface and ground water and concentration
of separate components are governed by seepage of leachate and industrial solutants into soil and ground layers and their
transport by subsurface waters. Influence on the environment exerted by heavy metals contained in the leachate of Lapes
Landfill is discussed in this paper. Properties of industrial waste material influenced order of the main pollutants: the most
important elements in this case are Cu, Ni, Zn, Pb, Mn, Cr and other ions, the sulphides of these metals and other toxic
compounds. The First Landfill field is more polluted with heavy metal polutants than the Third field. In all the samples
iron concentration is the greatest exceeding even 200 times the admissible value allowed (Norm HN 24:2003). Sources
(springs) S11 and S17 are least contaminated with heavy metals. The greatest groundwater pollution was found in monito-
ring bore G13s. The leachate processed in purification devices is released to the Third stream. Heavy metal concentrations

in waters of this stream are low and they further decrease downstream because the pollutants are diluted.
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1. Introduction

Because of population growth with increasing consump-
tion, with rapidly expanding industry, transport, power
engineering and other economic sectors production re-
sources are used at an increased rate. With increased pro-
duction and consumption the waste disposal issue becomes
more and more acute. Inadequate waste management
causes real threat to the environment and public health.
Economic, organisational and technological factors par-
tially limiting waste recycling and utilization inevitably
support waste disposal in landfills. However, landfills are
sources of concentrated environmental pollution.

Due to physical, chemical and biological reactions
landfill gas and hazardous liquid — leachate — appear in
the volume of landfill. Even nowadays leachate is tempo-
rarily stored in liquid-waste reservoirs before being su-
pplied to purification facilities. Every year large amounts
of leachate are removed from the landfill by collecting it
in surface and subsurface drainage systems. Although a
considerable part of it is stored for further processing, the
remaining part reaches the bottom of the landfill and then
spreads with groundwater flow into the surrounding terri-
tory. In landfills leachate levels usually vary from 2 or 3
meters to 10 or 12 meters below the landfill cover (Dilia-

nas et al. 2001). Leachate from inadequately designed
landfills and waste dump sites pollutes surface and
ground waters (Spruogis and Jaskelevi¢ius 2000). Pollu-
tion level depends on soil permeability to leachate, and
the ground structure (Vasarevicius et al. 2005). In old
landfills leachate accumulated invariably pollutes su-
rrounding soil and remains harmful to fauna and flora
(Kaunalien¢é, Maciulyté 2003). Long-term research shows
(Idzelis et al. 2008) that a heavy metal concentration in
fish often exceeds the Maximum Permitted Concentration
(MPC).

Generation of landfill leachate (also called /andfill
juice) is an urgent environmental protection problem.
Leachate of municipal waste landfills is distinguished by
its great BOD, and by its considerable concentration of
heavy metals and other chemical compounds. Leachate
collecting, cleaning and treatment is a very important
issue in Lithuania as most landfills are built directly on
the ground surface without an impermeable liner. Leacha-
te usually accumulates around landfills, and pollutants
can freely permeate through the ground and mix with
through the groundwaters.

Leachate is polluted much more than communal
waste waters. Its pollution depends on the landfill age, its
technological structure, climate conditions, composition
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of waste dumped (Gasitinas et al. 2002). As due to lack of
control together with municipal waste also industrial
waste had been disposed, generated gas and leachate
comprise many toxic compounds. Hazardous waste dum-
ped in landfills expanded still further the spectrum of gas,
leachate toxic materials and compounds. Presence of
industrial waste in landfill resulted in addition to the main
leachate pollutants also ions of heavy metals: Cu, Ni, Zn,
Pb, Fe, Mn, Cr, Cd and others, of sulphides of these me-
tals and other toxic compounds. Imperfections of bottom
construction, inadequacy of leachate management influ-
ence considerably the increasing ground and surface
water pollution.

As indicated in some publications (Dilitinas et al.
2006, 2007), high concentrations of heavy metals — iron
and manganese — exceed hygienic norms for usable
ground waters. Concentration of these metals is increased
also by active bacteria oxidizing iron and manganese.
However, Fe and Mn contained in leachate contribute to
the concentration growth of these metals in ground and
surface waters.

Publication by Dilitinas and Kaminskas (2002) con-
tains information that Lapés Landfill reaches thickness of
24 to 30 meters (the average thickness is about 16 me-
ters). The cyclic leachate system (Dilitinas er al. 2001),
which was practised until spring 1998, when leachate
collected was poured using pumps on the top surface of
municipal waste, exerted considerable influence on lea-
chate quality. By seepage through all waste layers leacha-
te accelerated their decay, washed out new chemical
compounds, which enriched the existing composition of
leachate by adding new hazardous components while
increasing the risk degree and affecting rapidly changing
environmental pollution. Because of various physical,
chemical and biological reactions constantly taking place,
the varying leachate composition determines different
results of the investigation of environmental pollution.

The main objective of this work is, for a time period
chosen, to investigate and evaluate influence of Lapés
Landfill on the pollution of existing water springs,
ground and surface water with heavy metals (Cu, Mn, Fe,
Cr, Ni, Pb).

2. Methods of investigation

Experiments were carried out in Kaunas city, in the vicin-
ity of Lapés Landfill. Leachate of the First and Third
dump fields was investigated as well as the pollution with
heavy metals of ground, source and surface water. Water
samples were taken from the Marilé stream, the Third
stream, springs and four monitoring bores (in the First
and Third dumping fields).

2.1. Places of sampling

Leachate, ground and subsurface water samples for inves-
tigation were taken in June 2007. For this purpose already
existing, built for monitoring Lapés Landfill, observation
points were used (Fig. 1).

Leachate samples of the Land(fill:
1. In the drainage ditch which borders the Landfill (mea-
suring point D1);
2. A well in dumping field III (measuring point D5).

Groundwater samples:
1. In monitoring bore GO1s;
2. In south-eastern part of dump field II situated monitor-
ing bore GO5s;
3. In the monitoring bore G10s;
4. In the monitoring bore G13s.

Spring water samples:
1. In the middle of the right bank of the Maciupis stream,
200 m away in direction north-east from the first dump-
ing field (measuring point S11).
2. Upper part of the Leps$isé stream watercouse, 200 m
away in direction south-west from dump field III (meas-
uring point S17).

Surface water samples:

1. Marilé stream before dump field I (measuring point
PO1);

2. Higher level part of the third stream 30 metres away
from purification facilities (measuring point P06);

3. Marilé stream (measuring point P08§);

4. Lower level part of the Marilé stream (measuring point
P09).

All the samples from the drainage ditch, a well, mo-
nitoring bores, spring points and streams were taken to
clean and dry PET utensils; (samples from deep wells
were taken with the help of local workers).

2.2. Methods of chemical analysis

Chemical analysis methods were applied for investigation
of leachate and water samples carried out by the Chemi-
cal Laboratory of the Environmental Protection Depart-
ment in Vilnius Gediminas Technology University
(Aplinkos ... 1994).

Concentrations of heavy metals (Cu, Pb, Ni, Cr, Fe,
Mn) in leachate and water samples were determined by
the photometric method. The photo calorimeter KFK-
2MP was used for investigation.

The pH value of the Landfill leachate was determi-
ned with the help of pH-meter. This method enables to
determine hydrogen ion concentration in a wide range
(0—14) at temperatures from 0 to 100 °C. Before measu-
rements of pH the device was calibrated using etalon with
constant pH solutions that is according to the buffer solu-
tions (Paliulis 2004).

3. Investigation results and discussion

Exploitation of the municipal Lapés Landfill in Kaunas
city was started in 1973. Lapés Landfill occupies an area
of 37.4 hectares. It comprises three dump fields, filling
and cultivation renewal of which is planned to be carried
out in stages. Annually, in Lapés Landfill about 150
thousand tons of waste are disposed (UAB ,Kauno
Svara“ 2005).
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Fig. 1. Lapés Landfill layout scheme with sampling places (Dilitinas et a/. 2001)

Leachate composition of the Landfill depends on
many factors. The greatest influence on the leachate
composition is exerted by nature of waste, then follows
thickness of the waste layer, age of the Landfill, its const-
ruction and exploitation character, the amount of precipi-
tation and leachate interaction with the environment.
Because of leachate recharge system and other above
mentioned conditions leachate composition and concent-

Table 1. Chemical composition of the Landfill leachate

rations of heavy metals and other chemical compounds
vary at any time. This makes the data obtained by inves-
tigation very important.

Heavy metal concentrations determined during this in-
vestigation for the leachate of the First and Third dump
fields of Lapés Landfill sampled from the drainage ditch
(D1, First field) and from the well (D5, Third field) are pre-
sented in Table 1.

Concentration, mg/1
Place of sampling pH Copper Lead Nickel | Chromium | Iron | Manganese
(Cu) (Pb) (Ni) (Cr) (Fe) (Mn)
D1 7.91 0.0810 0.3040 0.2990 0.4200 40.01 0.311
D5 6.90 0.0432 0.0039 0.0123 0.0047 7.730 0.917
Accordmg.to Requirements of env1r0nmer,1,- 6.5-8.5 0.1 0.2 05 _ _
tal protection for waste water management
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The chemical analysis data show, that heavy metal
concentrations in these two fields differ sharply. Concent-
rations of Cu differ two times, while concentrations of Cr
differ 90 times, these concentrations being extreme valu-
es. Such great differences of some heavy metal concent-
rations were caused (predetermined) by different
industrial growth of various industries, conditions of
waste disposal and existing control.

As the First field has been used for waste disposal
since 1973, together with municipal waste, various types
of industrial production waste were also disposed in this
field.

Types of industrial branches determined variety and
concentrations in leachate of the Landfill and its toxicity.
Thus, for example, chrome concentration 90 times greater
than in the neighbouring field of leachate could be caused
by waste of leather and footwear industry. Intense pro-
duction in these industrial branches before the Indepen-
dence Declaration of Lithuania allowed large quantities
of leather processing and footwear production waste
which, according to valid in those times waste disposal
rules and existing order, could be dumped into landfills.
Intense production in these industrial branches before the
Independence Declaration guaranteed huge amounts of
leather and footwear production waste which, according
to the laws and regulations then valid, could be disposed
into landfills. After 1991 production intensity of indust-
rial branches mentioned above was decreasing. Corres-
pondingly, toxic waste amounts produced and disposed
into the Landfill gradually decreased. In addition, with
the First dump field being close to completion, newly-
disposed waste was dumped into the Third dump field of
the Landfill. Because of reduction of waste containing
chrome and prohibition to dispose industrial waste into
municipal landfills becoming valid, the spectrum of land-
fill leachate was also changing. Leather and textile in-
dustrial waste and galvanic shop waste disposed into the

Landfill contributed much to heavy metal appearance in
leachate composition. It should be noted that in the waste
of galvanic coatings the main heavy metals — Cu, Ni, Cr,
Pb and others — are present.

Chemical composition and concentration of separate
components of ground waters, stream and surface waters
in the landfill environment is determined by seepage of
leachate and industrial solutions into the soil and joining
subsurface flows. Volumes of leachate permeating soil
are very large. As presented in publication (Motiekaityté
1999) the total annual volume of partially processed by
circulation of leachate permeating soil and getting into
open waters and groundwater amounts to about
27 000 m’. However, the situation, due to various natural
factors and physical, chemical and biological reactions in
the Landfill, changes continuously. It means that the po-
llution level and nature of all the waters of the Landfill
environment also change continuously.

Measured by us heavy metal concentrations in va-
rious samples taken in June 2007 of ground, spring and
surface waters are presented in Table 2. Heavy metal
concentrations in groundwater, determined using samples
from monitoring bores G01s, G05s, G10s, are presented
in Fig. 2. The greatest values for the monitoring bores
mentioned above are assigned to nickel and copper. Su-
mmary concentration of four metals is the greatest in bore
GO5s.

The general view of existing situation of copper and
manganese concentrations in the leachate in all the sam-
pling places is presented in Fig. 3. It may be seen from it
that great manganese concentrations were found in
ground water (GO1s, G05s, G10s). Manganese concentra-
tion recorded in G10s 3.6 times exceeds its concentration
in the leachate of the First dump field, and 1.2 time
exceeds concentration in the leachate of the Third dump
field. Concentrations of all heavy metals in the samples
from groundwater in the monitoring bore G13s are equal

Table 2. Heavy metal concentration of various water samples in the Lapés Landfill environment

Concentration, mg/1
Place of sampling pH Copper Lead Nickel Chromium Iron Manganese
(Cu) (Pb) (Ni) (Cr) (Fe) (Mn)
eavy metals in the samples of ground (subsurface) waters
GO1s 7.42 0.0130 0.0030 0.0146 0.0065 4.96 0.592
GO03s 7.55 0.0061 0.0087 0.0340 0.0053 0.43 0.491
G10s 7.59 0.0019 0.0003 0.0033 0.0023 2.46 1.123
G13s 7.41 0.0730 0.2930 0.2870 0.3910 38.21 0.264
Heavy metals in the samples of spring water
S11 7.11 0.0054 0.0029 0.0023 0.0031 0.15 0.0009
S17 7.58 0.0047 0.0021 0.0017 0.0029 0.11 0.0003
Heavy metals in the samples of surface water
P01 7.55 0.0083 0.0017 0.0023 0.0064 1.17 0.0593
P06 7.16 0.0331 0.0027 0.0093 0.0111 1.02 0.2190
P08 7.47 0.0113 0.0012 0.0081 0.0096 0.84 0.1123
P09 7.63 0.0099 0.0005 0.0067 0.0088 0.36 0.0630
Norm
HN 24:2003 6.5-9.5 2.0 0.025 0.02 0.05 0.2 0.05
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Fig. 2. Heavy metals in ground waters
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Fig. 3. Concentrations of Cu (a) and Mn (b) in surface
waters, groundwater, spring waters and leachate

135

to corresponding values of leachate, while only the man-
ganese value is considerably lower. Manganese concent-
ration in the leachate from the Third dump field indicates,
that its source is not the Landfill waste, but disposed
wastewater purification silt.

Similarly, iron amounts in samples also stand out
(Fig. 4). Fe concentration is particularly high in the lea-
chate of the First waste dump field. These metal ions
appeared in the Landfill leachate during processing metal
scrap, metal etching, and other metal processing, also
from textile industry waste and waste waters with great
saturated iron quantities. Waste management priority
work — waste reprocessing — during the period of filling
the First dump field was not included into waste mana-
gement regulation laws and it was unpopular.
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Place of sampling
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Fig. 4. Concentrations of Fe in surface waters,
groundwater and spring water

Therefore, large amounts of heavy metals accumula-
ted in the Landfill, exposed to moisture, gas and some
elements in leachate, corroded and in the form of iron
salts joined leachate composition and in this way reached
ground and surface water surrounding the Landfill.

In publications (Untulis and Cesnulevi¢ius 2006)
another explanation of iron and manganese increase in
water might be found: concentration of these metals tend
to increase because of water “remaining without move-
ment”. Measuring points G05s and G10s are situated in
places of slow groundwater seepage. This is indicated by
small concentrations of other metals in water samples.

Most polluted groundwater was found in monitoring
bore G13s. Heavy metal concentration in it exceeds on
average 39 times the limit concentration indicated in the
Lithuanian Hygienic Norm HN 24:2003 “Safety and
quality requirements for potable water”, while iron con-
centration more than 190 times exceeds MPC. This moni-
toring bore is located between the First dump field and
Marilé stream watercourse. It would appear natural that
groundwater would flow in the direction of the Marilé
stream watershed. Leachate permeating soil together with
groundwater flows towards Marilé stream and in doing so
fills monitoring bore G13s.
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Fig. 5. Concentrations of Ni (a) and Pb (b) in surface
waters, groundwater and spring waters

Results from water samples of the other monitoring
bores show that concentrations of the technogenic me-
tals — nickel and lead — are greater in water samples taken
from monitoring bore G05s (Fig. 5). As this monitoring
bore is situated on the boundary of the dump field II near
the dump field III, groundwater samples taken from it
testify about accumulating heavy metals released from
waste gathered in the lately operated dump field III. Con-
siderable amounts of nickel are brought to surface waters
together with wastewater released by galvanic shops,
metal processing departments or wastewater of other
industrial branches. Lead appearance is determined by
industrial waste and possible disposal of acid accumula-
tors into the Landfill.

As for the other monitoring bores, water in monito-
ring bore G10 is the cleanest because it is situated farthest
from the Landfill. Nevertheless, the greater manganese
concentration mentioned above in the water sample still
remains a puzzle.

Heavy metal concentrations in the water of springs
S11 and S17 are less than admissible norms for potable
water (Table 2, Figs. 2-5). It leads to a conclusion that
these springs are not reached by polluted groundwater
with compounds of leachate by subsurface seepage.
Spring water table is surely protected from ground and
surface waters polluted by permeating leachate and able

to transport heavy metal pollutants. Groundwater of the
springs remains of a good quality and satisfies the
requirements of the Norm HN 24:2003.

The level of pollution with heavy metals of surface
water is low. Investigation results obtained show (Table 2,
Figs. 3-5) that the Marilé and Third streams are sufficient-
ly clean as concentrations of heavy metals (with exception
of iron and manganese) in the samples do not exceed the
values indicated in the Norm HN 24:2003. Iron concentra-
tion is exceeded 1.8 to 5.85 times, while manganese con-
centration — 1.26 to 4.38 times. These metals are important
pollution indicators and they show that leachate together
with groundwater reaches surface water. Fe and Mn con-
centrations as large as these show that the main role is
played not by migration processes in the medium “water-
rock” (Dilitinas et al. 2003) but by leachate.

The greatest iron concentration is in the sample taken
at measuring point PO1, while manganese concentration is
the greatest at measuring point P06. Down the stream and
away from the Landfill heavy metal concentrations are
gradually mixed and diluted and thus reduced by stream
water increasing in volume. Therefore, the least concentra-
tions are found at measuring point P09, as this measuring
point is down the stream and the most remote from the
Landfill. Hydrogen potential of leachate, groundwater,
spring water and surface water measured varies within a
small interval: from pH 6.9 to 7.91 (Fig. 6). This value is
close to the neutral alkaline medium value. Such a medium
does not support iron salt solution in water. In its turn, it
hinders usage of iron salts by plants and thereby purifica-
tion of water bodies from iron salts.

Place of sampling

G1 3sL'-.':-.':-_'.'-.'.'-3:-_'.'-.'.'-_':-_'.'-.'.'-_'.'-.'.'-_'.'-_':-.'.'-_'.'-_'.'-_'.'-_'.'-_'.'-_'.'-_'.'-_'.'-_'.'-_'.'-_:7 41

GO s R i iiE i) 7.42
pH

Fig. 6. Values of pH for surface waters, groundwater and
leachate

With comparison of pH values of leachate and water
samples (of groundwater and surface water as well)
(Fig. 6) and heavy metal concentrations in them (Tab-
le 2), it can be seen that almost all the heavy metal con-
centrations investigated are smaller in samples (points) in
which pH values are the greatest. What influences what?
Do heavy metals change the medium pH value or vice
versa. The answer can be found in published works of the
Geology and Geography Institute (Dilitinas et al. 2003),
containing assertion that medium acid-alkaline changes
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cause transformations of complex compounds and of
heavy metal migration forms. The authors clearly state
that mobility of heavy metal carbonate complexes sharply
reduces. Heavy metal transformation mechanisms presen-
ted in publications explain that medium hydrogen ion
concentration plays a leading role.

For comparative evaluation of pollution with heavy
metals, we calculate their coefficients of concentration
which are found using the formula (Dilitinas et al. 2003):

Ky =C/C, 1)
where C; C; — concentration of a chemical element, deter-
mined in a specific place, and its background concentration.

As in water from springs (S11 ir S17) heavy metal
concentration is less than norms allowed (Table 2) for
potable water, it is pure and its chemical characteristics
may be considered as background concentrations of hea-
vy metals.

Then heavy metal concentrations of surface water in
various places of the Landfill territory spread in such an
order which is shown in Fig. 7. For comparison heavy
metal concentration coefficients of leachate from both
dump fields and the most polluted monitoring bore G13s
are shown in Fig. 8.
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Fig. 8. Coefficients K, of heavy metal concentrations in
leachate and groundwater (monitoring bore G13s)

The coefficients of manganese concentration presen-
ted in Fig. 9 show that manganese pollution source is not
the Landfill waste itself but possibly industrial waste
containing manganese (waste of various industrial bran-
ches, minerals and ores having manganese, also water
plant decay and so on) spread beside the Landfill fields.
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Fig. 9. Coefficients K, of Mn concentrations in surface
waters, groundwater and leachate

J. Dilitinas et al. (2007) point to the fact that a cer-
tain group of acidofilic bacteria is responsible for manga-
nese and iron oxidizing process using metals as an energy
source, and micro-organisms oxidizing metals in neutral
or weakly alkaline medium. In support of this conjecture
it should be noted that the values of manganese and iron
concentration of monitoring bore G13s correlate with its
pH values (weakly alkaline environment).

The values of concentration coefficients make it ap-
parent that ground and surface waters are perceptibly
polluted by leachate seeping through the soil. However,
leachate contribution to water pollution is different for
the two fields of the Landfill. The bottom of the First
dump field with an area of 12.5 ha (Samuelsen 2002) is
without a liner layer and without a leachate-collecting
system. Leachate is collected in the drainage ditch situa-
ted around the Landfill, which gathers leakage only from
the upper part of the Landfill over the soil surface level.
Below the soil surface there is a deep drainage system
collecting another part of leachate. The other part of lea-
chate sinks to the bottom and is drained further at the
bottom and banks of the Marilé stream or it spreads
throughout the surrounding territory by seepage (Lapiu
savartynas 2007).

The Third waste dump field is built in conformity
with necessary environmental requirements. To protect
subsurface and ground waters from leachate leakage, the
bottom liner of the Landfill was constructed. Therefore,
the influence of leachate of this field on water pollution is
considerably lower. The more so as in leachate of this
field concentration values are lower compared with con-
centration values in the First field. This condition is
brought about by changed-sort constitution of waste dis-
posed and by dilution of leachate due to constantly accu-
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mulating moisture because of impermeable bottom liner.
This moisture reduces heavy metal concentration in the
Third field.

4. Conclusions

1. Heavy metal concentrations in the leachate of
the First and Third dump fields of Lapés Landfill are very
different. In this respect chromium, lead and nickel
should be noted as outstanding elements which were
found to be more abundant, correspondingly, 90, 78 and
24 times in the leachate of the First field if compared with
the Third field.

2. The peak groundwater pollution was recorded in
water of monitoring bore G13s. Heavy metal concentra-
tion in it exceeds on average 39 times the levels indicated
in the Lithuanian Higienic Norm HN 24:2003. It con-
firms intense leachate seepage from the First dump field
to the surrounding ground.

3. Evaluation of heavy metal pollution taking into
account polluter concentration coefficients, calculated
while comparing with the background values, indicates as
noteworthy the values of Fe (K;= 347, monitoring bore
G13s) and Mn (K, = 3743, monitoring bore G10s). The
concentration coefficients of this metal bear witness to
existence of the manganese pollution source which is
located outside the fields of the Landfill.

4. Pre-existing composition of waste, which has
been disposed during various periods of time, and pre-
viously valid rules of waste disposal which allowed to
dump into a communal landfill all sorts of industrial
waste as well as lack of strict control predetermined such
a chemical composition of leachate and concentration
differences as they stand at present.

5. Investigation of groundwater pollution with hea-
vy metals has revealed that spring water remains pure
with characteristics satisfying the Norm HN 24:2003.

6. Investigation of water samples, taken in the upst-
ream situated at measuring point P1 of the Maril¢ stream
before the Landfill, indicate intense leachate seepage and
diffusion to the environment as well as pollution of surface
and subsurface water with heavy metals carried by the Land-
fill leachate. The samples taken at the other measuring po-
ints of the Marilé stream show that pollutants are diluted by
inflowing water rivulets which join the Marilé stream.
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LAPIU SAVARTYNO FILTRATO ITAKOS APLINKOS PAVIRSINIU IR POZEMINIU VANDENU
UZTERSTUMUI SUNKIAISIAIS METALAIS TYRIMAI

B. Jaskelevicius, V. Lynikiené
Santrauka

Masiskai gaminant produkcija, ja vartojant, vis opesné tampa atlieky problema. Atlieky perdirbima, utilizavimg i$ dalies
ribojantys ekonominiai, organizaciniai bei technologiniai veiksniai nei$vengiamai skatina atliekas $alinti i savartynus. Dél
savartyno taryje vykstanéiy fiziniy, cheminiy bei biologiniy reakcijuy susidaro savartyno dujos ir kenksmingas filtratas.
Kadangi dél nepakankamos kontrolés i savartynus kartu su buitinémis, komunalinémis atliekomis buvo $alinamos pramo-
nés atliekos, susidaranciose dujose bei filtrate yra daug toksisky junginiu. Sia toksiniy medzZiagu bei junginiy jvairove dar
labiau papildo i savartynus patenkancios pavojingos atliekos. Gruntinio ir pavirSinio upeliy vandens cheming sudéti ir kai
kuriy komponenty koncentracija savartyno aplinkoje lemia filtrato ir pramoniniy tirpaly isisunkimo i grunta mastas bei
pozeminiy tékmiy pernaSos. Straipsnyje nagrin¢jama Lapiuy savartyno filtrate aptikty sunkiyjuy metaly jtaka aplinkai. Pra-
mongs atliekos léme, kad filtrato pagrindiniai terSiantieji elementai yra Cu, Ni, Zn, Pb, Mn, Cr ir kt. jonai, §iy metaly sul-
fidai ir kiti toksiniai junginiai. Pirmasis kaupimosi laukas yra labiau uZzterstas sunkiaisiais metalais nei tre¢iasis laukas.
Visuose méginiuose didziausia yra gelezies koncentracija. Ji net iki 200 karty virSija HN 24:2003 leidziamaja norma. Ma-
Ziausiai sunkiaisiais metalais uztersti Saltiniai (S11 ir S17 postai). PoZzeminis vanduo labiausiai uzter$tas G13s grezinyje.
1§ valymo jrenginiy iSvalytas filtratas yra iSleidziamas i upeli. Sio upelio vandenyje rasty sunkiyjy metaly koncentracijos
yra nedidelés, o upeliui tekant tolyn terSalai atskiedziami, ir metaly koncentracijos mazéja.

Reik$miniai Zodziai: savartynas, filtratas, sunkieji metalai, pH, koncentracija, gr¢zinys, gruntinis vanduo, pavir$inis van-
duo.

HUCCIEAOBAHME 3ATI'PA3HEHUA IOBEPXHOCTHBIX U ITIOJBEMHBIX BOJ TAYKEJBIMHU
METAJUIAMU U3 ®UJIBTPATA CBAJIKHU B JIAIIEC

Bb. Ackeasisuuloc, B. JIunnkene
Pesome

MaccoBoe MpoM3BOICTBO MPOLYKINH, T10Jb30BAaHUE €10 Bce Oosiee 00oCTpsIoT mpodieMy orxonos. IIpoueccsl nepepa-
00TKM M YyTMIM3AIMU OTXOJIOB, B OMPEENEHHOM CTENEeHN OrpaHNIMBAIONINE YKOHOMUUECKUE, OPTaHU3AOHHBIE U TEX-
HoJorn4yeckre (akTophl, HEM30EKHO CIMOCOOCTBYIOT WMHTCHCH(HKAIIMKM YAaldeHUs OTXOJOB Ha cBamkd. Ha cBankax
OTXOJIOB B Pe3yNbTaTe MPOTEKAIOMNX PU3UIECKIX, XUMUIECKUX U OMOJIOTUUECKUX Peaknuit o0pa3yloTcs ra3sl M TOKCHY-
Hblii QuibTpar. [Tockosbky M3-3a HEOCTATOUHOIO KOHTPOJIS Ha CBAJIKY BMECTE C ObITOBBIMM, KOMMYHAJIbHBIMKU OTXO0/1a-
MU yJIsUIMCh W TPOMBILIUIEHHBIE OTXOJbI, B COCTaBe 00Pa3yIOIIMXCs ra3oB U (PMIbTpaTa MUMEETCS MHOI'O TOKCHYHBIX
coe/iMHeHuit. OnacHble 0TX0/bl elle 60Jiee YBEIUYMIM CIIEKTP TOKCHUYHBIX MAaTEpPUaIOB U COCAMHEHMH B ra3ax u QUibT-
pare cBaJIKM. XMMHYECKUH COCTAB M KOHIEHTPALMs OTACIbHBIX KOMIIOHEHTOB IPYHTOBBIX M IOBEPXHOCTHBIX BOJ B paii-
OHE CBAJIKU OIIPENIEISIOT MPOHNKHOBEHHE (DUIBTPATA ¥ MPOMBIIUICHHBIX PACTBOPOB B IPYHT U UX MEPEHOC MOA3EMHBIMU
TeueHusIMU. B craTbe m3yuaeTcs BIMSHME TSDKENBIX META/UIOB U3 (uipTpara cBanky B Jlanec Ha cocTosHEE BOJ B paiioHe
cBaJkd. [IpOMBIIIIEHHBIE OTXOABI CIOCOOCTBOBAIM MOSBICHUIO B (JUIBTpaTe MOHOB OCHOBHBIX 3arpsI3HSIOMINX 3JIEMEH-
toB Cu, Ni, Zn, Pb, Mn, Cr, cyap(puI0B 3TUX METAIIOB U IPYTUX TOKCUUHBIX coeanHeHMH. [lepBoe moie HaKOMIeH!s OT-
XOZI0B B OONBIIEH CTENEHM 3arps3HEHO TSDKEIBIMH METa/UlaMH, YeM TPeThe moJjie. Bo Bcex OMBITHBIX 00pasiiax BOJBI
oTMeveHa camasi OoJblllas KOHLEHTpAlLUs WMOHOB »keine3a, moytd B 200 pa3 mpesblmaromas gomycrumyio Hopmy HN
24:2003. HaumeHblee 3arps3HEHUE TsDKEJIBIMU METalslaMd OTMEYEHO B NOJ3EMHOM BoJE MCTOYHMKOB (rmoctsl S11 u
S17). I'pyHToBble BOJbI O0JIbIIE BCero 3arpsi3HeHbl B ckBaxkuHe G13s. [loBepXHOCTHBIE BOABI PyYbEB, B KOTOpPbIE IIPOHU-
KaeT (uibTpar, a TakkKe CIMBACTCS OYMILEHHBIN (QUIbTpaAT, copepkar HeOOJbIINE KOHUEHTPALMK TSKEJIbIX METaJUIOB,
KOTOpBIE Pa30aBIISIOTCS] TECUEHUEM U YMEHBIIAIOTCSI.

Kurouesble cioBa: CBalika, (I)I/IJ'ILTpaT, TAXKCIBIC METAJIIBI, pH, KOHLCHTpalus, CKBaXXUHA, T'PYHTOBLIC BO/IbI, [TOBEPXHO-
CTHBIC BOJBI.
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