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Abstract. Today waste management is one of the most important environmental problems, danger that used landfills and
their collected leachate can cause. This paper analyses the filtration coefficient of soils typical of landfill assessment by
air conditions and different density of soils. Heavy metal concentrations were determined by using the flame absorption
spectrometric method. Besides, the results of modeling heavy metal permeability are presented here. Dependence of
heavy metal permeability characteristics on soil density are described. Experimental investigation and modeling of heavy
metal permeability in the soil allowed us to determine that the least permeable soil is dusty sandy grit.
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1. Introduction

Earlier there was no problem with waste because
the population was not large and there was enough terri-
tory for waste to depose. But even in the ancient times
people tried to recycle waste into fuel and fertilizers [1].

People seeked for a better life, and this was the
reason for increase of economic and technological in-
ventions. Despite that waste problems became urgent. It
is necessary to analyse the flux of waste materials and
evaluate direct technology development in waste man-
agement.

There is a tendency for natural resources to decrease
and pollution and waste amount to increase. People
started using synthetic materials — polyethylene,
polyvinylchloride, polypropylene, pesticide etc. Chemi-
cal agents — different detergents, lacquers, paints, and
pigments — are widely used. Manufacturing and applica-
tion of the mentioned products stimulates the amount of
waste to increase and pollutes the environment for long
periods of time because synthetic materials have a long
decomposition period.

Wrong ways of waste management can cause water
and atmosphere pollution. For example, the waste
leachate of an inappropriately designed landfill contami-
nates surface water as well as ground water. The great-

est problem that is associated with waste management is
lack of space in the existing landfills. The geological
and environmental control approach shows that it’s not
so simple to find other places for landfills. Special at-
tention should be paid to waste management in large cities
because the amount of municipal waste increases every
year. [2, 3] The mentioned facts influence increase in
the number of landfills near settled areas. These territo-
ries may cause very harmful results for a surrounding
environment as well as human health. One of the great-
est menaces in landfills is leachate. It penetrates into the
soil and pollutes soil and ground water. It is necessary
to apply all known remedies to avoid the harm.

Lithuania has joined the European Union, its waste

management system must be reorganized to fit the Euro-
pean Union requirements. Recently projects were pre-
pared for municipal waste landfills that fit the European
Union requirements to be established in Lithuanian re-
gions.

The main goals of this work were:

* to examine dependence of the soil (medium
coarse sand, sand with organic, peat, fine sand,
dusty sandy grit) filtration coefficient upon tem-
perature and soil density;

* to evaluate the soil filtration coefficient at the
same density and temperature;
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* to examine heavy metal concentration in the
leachate of municipal waste landfills;

* to simulate the leachate heavy metal scatter in
the soil by using the obtained results.

2. Methodology

Soils typical of landfills were used in the experi-
ment. Leachate was taken from a leachate collection
trench in Kairiai Landfill in Siauliai region. Trenches are
not immune to water and melting snow, so leachate natu-
rally mixed with water was used in the experiment.
Leachate contains many noxious materials that penetrate
into deeper layers of the soil together with water. The
aim of the investigation was to determine the filtration
characteristics of different soils and to show a potential
harm that could be done to the upper and deeper layers
of the soil. The following soils were used during the
experiment: 1) medium coarse sand; 2) sand with organ-
ics; 3) dusty sandy grit; 4) peat; 5) fine sand.

The aim of the experiment was:

*  to determine dependence of the filtration coef-

ficient upon temperature (0 °C, 5 °C, 15 °C,
20 °C);

*  to determine dependence of the filtration coef-

ficient upon the soil density;

*  to compare the filtration coefficient of all the

chosen soils of the same density.

The instruments used were:

An apparatus KF-OOM is presented in Fig 1; a stop-
watch or a watch with the second hand; a vessel with
water; a thermometer.

-
R
Bopd 1!,1’“‘

WREEEE

Fig 1. Principal diagram of apparatus KF-OOM:

1 — sand sample; 2 — metal tube; 3 — brass net (at the top
and bottom); 4 — bottom ring (plastic); 5 — top ring (plas-
tic); 6 — glass vessel with graded from 0 till 100; 7 -
equipment case; 8 — top case lid; 9 — moving ring; 10 —
bolt; 11 — rod with hydraulic incline graded from 0 to 1;
12 — bath
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The equipment KF-OOM was used to study the fil-
tration characteristics of sand. KF-OOM consists of three
separate parts. The first part — a 100 mm high metal
tube with brass netting and plastic rings on the both ends,
with diameter of 56,5 mm and its transverse section area
is 25 cm?. The second part — a glass-made vessel was
used to determine the volume of filtrated water. The third
part — a plastic case with measures to regulate and mea-
sure the hydraulic incline. We could study the sand fil-
tration characteristics with this apparatus when the hy-
draulic incline, the size of which can be from 0 to 1,0,
is constant.

The experiment was conducted according to the
method described in [4, 5].

The filtration coefficient value was calculated by an
equation:

k =V JtAl, cm/s, (1)
where

V., — volume of water cm?, filtered in time ¢, s;

A =25 cm? — diameter of soil sample, equal to the
diameter of the metal tube;

I — hydraulic incline.

The value of the filtration coefficient depends on
the water temperature. We determined the filtration co-
efficient of the soil when the temperature was 15 °C,
10 °C and 0 °C. In this case the filtration coefficient was
evaluated by an equation:

k .= kn, cm/s, 2)
where

N — temperature correction; it was calculated by an
equation:

n=0,7 + 0,03 t°, 3)
where

t° — filtrate temperature.

We also used another dimension of the filtration
coefficient (k) — m/24 h in calculations. In this case the
filtration coefficient in cm/s was multiplied by 864
[6-8]:

k,. [m/24h] = 864 k ., cm/s. 4

3. Investigation results

Dependence of the medium coarse sand filtration
on temperature is given in Figs 2-7.

As we can see from Fig 2, the filtration coefficient
changes, depending upon temperature. The filtration co-
efficient decreases with temperature. When the tempera-
ture decreased by 10 degrees from 15 °C to 5 °C, the
filtration coefficient decreased by 4 %. When the tem-
perature of leachate decreased to 0 °C, the filtration co-
efficient decreased by 5,1 %. The total filtration coeffi-
cient change was 9,1 %.

Calculation of the filtration coefficient of sand with
organics and its dependence upon temperature

Fig 3 shows that when the temperature fell to 5 °C,
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Fig 2. Dependence of medium coarse sand filtration co-
efficient upon temperature
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Fig 4. Dependence of peat filtration coefficient upon tem-
perature

the filtration coefficient declined by 13,3 %, and when
the temperature reached 0 °C, it declined additionally by
8,3 %. The general moderation of the filtration coeffi-
cient of sand with organics was 21,6 %.

Calculation of the peat filtration coefficient and
its dependence upon temperature

Peat was the next soil that was analysed.

In Fig 4 we can see a great difference between 15 °C
and 5 °C. This means that the filtration coefficient de-
clined by 18,3 %, and after reaching 0 °C, the filtration
coefficient decreased more by 2,4 %.

Calculation of the fine sand filtration coefficient
and its dependence upon temperature

Dependence of the fine sand filtration coefficient
upon temperature and its change is shown in Fig 5.

Like in other soils the fine sand filtration coeffi-
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aEy
g o B
£ ane
= 130
T E
-I 24D

LR
05D
e

UITRNT ST
n

Density of soil p, gcm’

|Dl.l Wemid i gluvpmee WP ie s B bk core wand [l TRl worb 200 I

Fig 7. Dependence of soil filtration coefficient upon den-

sity

cient declined with the temperature down to 5 °C, it
declined by about 16 %, and when the temperature
reached 0 °C, the filtration coefficient decreased more
by 8 %.

Calculation of the dusty sandy grit filtration coef-
ficient and its dependence upon temperature

According to the results of the last experiment a
conclusion could be made that the filtration coefficient
of dusty sandy grit is the lowest compared with the other
soils (the density of soil was not evaluated). This is be-
cause of the dusty fraction in the soil. The results of the
experiment are given in Fig 6.

Like in other soils a maximum decline of the filtra-
tion coefficient was reached, when the temperature was
5 °C. In this case it declined by 30 %. The filtration
coefficient declined more by 20 %, when the experiment
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Table 1. Dependence of soil filtration qualities upon density

Medium coarse sand Sand with organics Peat Fine sand Dusty sandy grit
Density p. |y pan | DemSIP | pan | PEISIYP | gn | PEISIVO gy | DOV an
g/cm g/cm’ g/cm g/cm g/cm’
1,6 1,88738 0,9 2,80556 0,6 6,19786 1,4 1,51961 1,7 0,68880
1,7 0,88646 1,0 2,50357 0,7 5,10564 1,5 1,32055 18 0,56448
1,8 0,55471 1,1 2,01655 0,8 3,53188 1,6 0,89873 1,9 0,38072
1,9 0,31182 12 1,64808 0,9 1,96027 1,7 0,76581 2,0 0,26240
was done at a temperature of 0 °C. According to the C. %0
experimental results, we can say that the filtration coef- Ciie = 1)600 ) )

ficient of dusty sand grit at 0 °C is by 50 % lower than
that at 15 °C.

Calculation of the soil filtration dependence on
density

The following step of this investigation was to
analyse the soil filtration qualities at different soil densi-
ties. These experiments were conducted at a temperature
of 15 °C (Table 1).

The results are given in a diagram for an easier in-
terpretation. Fig 7 shows the filtration coefficient change
for all the studied soils that depends on density. We
managed to reach the same density only for some of the
soils in order to compare the filtration qualities of soils
during the experiment.

For example, when the density of peat and sand with
organics is equal to 0,9 g/cm?, the filtration coefficient
of sand with organics is 1,4 times larger than that of
peat. The filtration coefficient of medium coarse sand is
2,1 times larger than that of fine sand, when the density
is 1,6 g/cm?. The filtration coefficient of medium coarse
sand and dusty sandy grit does not change, when the
densities are 1,8 g/cm?, 1,9 g/cm?3.

4. Determination of heavy metal concentrations

Determination of heavy metals in leachate by
Atomic Absorption Spectrometric (AAS) method

1 [ of leachate was filtrated through a glass filter
into a 1000 ml volumetric flask. 2 ml of HNO, were
added into the leachate. As the concentrations of metals
are lower than a measurable limit, the leachate must be
concentrated. 1 1 of leachate was evaporating to 50 ml
and in the 50 ml volumetric flask dilute to the mark with
distilled water. Later the concentrations of heavy metals
are measured by using a spectrometer Buck Scientific
210 VGP with an air-acetylene flame [9, 10].

Concentration measurement

The concentrations of metals are calculated by us-
ing the following equations [11]:

-A
C’ (5)
= Asm
Cx_ K ’ (6)

where
K — coefficient;

A — absorption (standards);

C — coefficient (standards), mg/l;
C, — concentration measurement, mg/l;

c

tikr

— true concentration, mg/l.

The results of the investigation are presented in

Table 2.

Table 2. Concentrations of heavy metals

Metals Investigation results

Manganese 0,122
Chromium 0,29

Nickel 0,39
Copper 0,06716

Zinc 0,044
Cobalt 0,127

pH 7,2

5. Simulation of heavy metal permeability in soils

Leachate from the main landfill in Siauliai region
is collected in trenches. The width of a trench is about
2 m, and the depth is about 1 m.

According to this, we drew a contour, but the depth
was chosen to be 5 m to control the permeability of the
pollutants.

After determining the concentration of heavy met-
als and comparing the results with a permissible con-
centration range, we obtained that there was quite a large
amount of nickel (Ni), chromium (Cr), cobalt (Co) and
manganese (Mn) in the leachate. Their concentrations
and ranges are given in Table 3.

According to the data of Table 3, we simulate the per-
meability of nickel, chromium, cobalt and manganese [12].

According to the created model and with the help
of VS2DTI software [13, 14], the permeability of nickel
in medium sand with a concentration of 0,4 mg/l was
calculated. The results are shown in Fig 8.

As we can see in Fig 8, during all the 12 hours of
calculation the pollutants dispersed on the surface, and
the concentration reached 0,4 mg/l. It means that this is
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Table 3. Comparison of heavy metal concentrations in
landfill leachate and concentration range

Metal Experiment Concen.tration range (from
results Robinson 1995), mg/l
Nickel 0,39 0,01-0,19
Chromium 0,29 0,01-0,17
Cobalt 0,127 <0,05
Manganese 0,122 0,01-0,16

a constant concentration of nickel on the soil surface.
We can see weak lines on both sides of a trench; the
concentration here is about 0,37 mg/l. When the depth
is more than 1 m, the concentration decreases to 0,3 mg/1.
Then the nickel concentration decreases every 10 cm.
When the depth is 1,6 m, the nickel concentration reaches
the lowest permissible range — 0,01 mg/1.

The next model was made and calculated for chro-
mium, and its permeability in medium sand was shown.
The results of calculation are given in Fig 9.

The results presented in Figs 8 and 9 are similar.
When the depth is about 1 m from the trench bottom,
the concentration of chromium remains the same —
0,3 mg/l. When the depth is about 1,5 m from the trench
bottom, the concentration of chromium reaches the high-
est permissible value — 0,17 mg/l, and a concentration
of 0,01 mg/l is reached, when the depth is 2 m. We
have to take notice that such a distribution of the con-
centration was obtained in 12 hours, but in reality, when
the pollution flow goes on for years, the concentration
C = 0,3 mg/l must be considered to be much higher.
Though our task was to show the permeability of pollut-
ant characteristics in the soil, we can say that images in
Figs 8 and 9 are identical, only the color scale of the
concentration differs. That is why it would be logical,
by simulating the permeability of pollutants into hard
soils, to show only one concentration, either for nickel
or chromium.

The concentrations of cobalt and manganese are very
similar too, 0,13 mg/l and 0,12 mg/l, accordingly. That
is why the simulation results will also be similar. So il-
lustration of the permeability of these pollutants into other
soils it is logical to show the simulation results of either
cobalt or manganese.

The permeability of cobalt in medium sand is given
in Fig 10.

As it can be seen from the calculation results, co-
balt leaks out to the surface. This means that the surface
of the ground is always contaminated, and the concen-
tration at that time is 0,13 mg/l, when a permissible con-
centration should be less than 0,05 mg/l. We can also
see a slight change in colors between red and light red.
It is lower than at the bottom of a trench, and in the
figure of permeability of nickel and chromium this range
is at the bottom of a trench.

Permeability in fine sand. In Fig 11 we can see
the permeability of nickel, when its concentration is

0,4 mg/1. After the calculation of chromium permeability
the concentration of which (0,3 mg/l) is very similar to
that of nickel, we can see the same view, but the con-
centrations of pollutants slightly differ in colors. For this
reason only the permeability of nickel in fine sand is
shown. The results of the last calculations are very dif-
ferent from those achieved by analysing the permeability
of heavy metals in medium sand. In this case pollutants
spread vertically into the soil and just a little sideward.
When it reaches a 4 m depth from the ground surface,
the concentration of pollutants starts reducing gradually.
As we can see in Fig 11, the trajectory of pollutant per-
meability is incurved into the opposite side from the di-
rection of permeability. The trajectory of permeability
of manganese and cobalt is very similar to that of nickel.

When a depth of 4 m from the surface is reached,
we can see that a maximum concentration of manganese
starts declining. According to the results of simulation,
we can say that heavy metals penetrate into deeper lay-
ers of fine sand and almost do not penetrate into the
Earth’s surface.

Permeability in dusty sandy grit. Studying the fil-
tration qualities of dusty sandy grit it is determined that
the filtration coefficient of that soil is the lowest of all
soils. It means that the results obtained during simula-
tion would confirm this proposition. According to the
model and after configuring equal conditions of perme-
ability, we can see that heavy metals penetrate slower.
The calculation results are given in Fig 12.

The obtained results affirmed the proposition. After
12 hours of calculation a maximum concentration of
nickel continues to a depth of 2 m from the surface, i e
it penetrates about 0,6 m from the source of pollution.
Meanwhile, the same parameters of concentration are
reached:

» according to analyses of medium sand, a maxi-
mum concentration starts declining at a depth
of 1 m from the bottom of a trench;

» according to analyses of fine sand a maximum
concentration starts declining at a depth of
2,5 m from the bottom of a trench.

As it was mentioned above, the concentrations of

manganese and nickel differ slightly.

A maximum concentration of manganese starts de-
clining at a depth of 0,6 m from the bottom of a trench.
The characteristics of pollutant penetration are very simi-
lar to the permeability of heavy metals in medium sand,
obviously, the penetration of dusty sandy grit is almost
twice slower. But we have to pay attention that the
leachate of a landfill has already been polluting the soil
for several years, and heavy metals have possibly pen-
etrated within a larger range. We should expect that in a
longer period of time pollutants would reach the surface
of the ground.

Permeability in silt loam. According to the cre-
ated model, and when calculations were finished, we
obtained the permeability of chromium in silt loam. The
results are given in Fig 13.
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Fig 10. Permeability of cobalt in medium sand

This time the results of chromium are given. In
Fig 13 we can see that the obtained results of simulation
are very similar those with fine sand, however, in this
case the permeability is significantly lower. Penetration
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Fig 11. Permeability of nickel in fine sand

Fig 12. Permeability of nickel in dusty sandy grit
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Fig 13. Permeability of chromium in silt loam
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to the sides and upwards is quite slow. The main flow is
directed towards depth. A maximum concentration starts
declining at a depth of 0,9 m from the bottom of a trench.

The permeability of cobalt in silt loam is very simi-
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lar to that of chromium, but we should note that in both
cases the interval of decline in pollutant concentrations
is narrow compared with that of medium sand, and al-
most similar to the decline interval of dusty sandy grit
concentration. The reason of that is a low filtration coef-
ficient of these soils.

6. Conclusions

1. The results of the experiment confirm that the
leachate generated in a landfill penetrates through the
soil. The filtration coefficient of the soil depends on tem-
perature and soil density.

2. The filtration coefficient of medium coarse sand
at 15 °C is 0,886 m/24 h, and at 0 °C — 0,806 m/24 h (it
reduced 1,1 times). The filtration coefficient of sand with
organics, peat and fine sand at a temperature from 15 °C
to 0 °C decreased 1,3 times. The largest change of the
filtration coefficient occurred in dusty sandy grit; it de-
creased 1,8 times.

3. In analyses of the experimental results on the fil-
tration coefficient dependence upon density we can see
that when density is 1,6 g/cm’, the filtration coefficient
(k) of medium coarse sand is 1,887 m/24 h, and when
density is 1,9 g/cm’, k = 0,311 m/24 h; it decreased 6
times. There was also a great change in peat. When its
density was 0,6 g/cm?, k = 6,197 m/24 h, and when its
density was 0,9 g/cm?, k = 1,960 m/24 h. The filtration
coefficient reduced 3,2 times.

4. When the density of peat and sand with organics
is the same and equal to 0,9 g/cm3, the peat filtration
coefficient £ = 1,960 m/24 h, and the filtration coeffi-
cient of sand with organics £ = 2,805 m/24 h. When the
density is 1,6 g/cm?, the filtration coefficient of fine sand
k = 0,898 m/24 h, and for medium coarse sand k& =
1,887 m/24 h, that is 2,1 times larger. During the experi-
ment we estimated the filtration coefficient of three soils
at a density of 1,7 g/cm?3. These soils were dusty sandy
grit, medium coarse sand and fine sand. Their filtration co-
efficient was: 0,688 m/24 h, 0,886 m/24 h, 0,765 m/24 h,
accordingly. According to the results, we can assert that
the filtration coefficient of these three soils is similar.

5. After the experiment we can assert that dusty
sandy grit is the most suitable for landfill construction
because dusty sandy grit has the lowest filtration coeffi-
cient (0,262 m/24 h), when density is 2,0 g/cm’.

6. Heavy metals penetrate rather quickly into me-
dium coarse sand although an assumption is made that
pollutants are at the bottom of a trench. Heavy metals
penetrate to the surface of the soil, and their concentra-
tion is constantly at a maximum there.

7. Pollutants spread vertically and just a little
sideward into fine sand. The trajectory of pollutant per-
meability is incurved to the opposite side from the di-
rection of permeability.

8. The characteristics of pollutant permeability in

dusty sandy grit are very similar those of heavy metals
in medium sand, and, obviously, the penetration of dusty
sandy grit is much slower. But according to the fact that
heavy metals penetrate into the soil year by year and
according to the permeability characteristics, we can as-
sert that a maximal concentration would be reached on
the ground surface.

9. Similar situation is found in silt loam; the trajec-
tory of permeability is similar to that of fine sand, and it
is slower only 2,3 times.

10. Simulation of heavy metal permeability in soils
has proved the main conclusions of the experiments that
dusty sandy grit is the least permeable soil type.
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SAVARTYNO FILTRATO SKVARBOS DIRVOZEMYJE TYRIMAI IR JVERTINIMAS

S. Vasarevitius, J. Cegariova, D. SliZyté
Santrauka

Siandien viena i§ svarbiausiy aplinkosauginiy problemu yra atlieky tvarkymas, grésme keliantys seni savartynai bei juose
susikaupgs filtratas.

Eksperimenty tikslas buvo atlikti sgvartyno filtrato skvarbos eksperimentinius tyrimus, ivertinti filtrate esanciy sunkiyjy metaly
koncentracijas ir sumodeliuoti ju sklaida dirvozemiuose.

Eksperimentas atliktas su gruntais, biidingais savartyny vietovéms. Filtrato imta i§ Siauliy regiono Kairiy savartyno filtrato
surinkimo griovio. KF-OOM jrenginiu buvo nustatyti skirtingo tankio grunty filtracijos koeficientai, esant skirtingoms oro salygoms.
Taikant liepsnos absorbcijos spektrometrijos metoda, apskaiGiuotos sunkiyjy metaly koncentracijos filtrate. Siauliy regiono pagrindinio
savartyno (Kairiai) filtratas yra surenkamas i griovius. Nustacius sunkiuyjy metaly koncentracijas filtrate gaunama, kad mangano,
chromo, nikelio ir kobalto koncentracijos yra gana didelés, palyginti su kity savartyny filtrato sudétimi. Didziausias filtrate yra
nikelio kiekis — 0,39 mg/l. Pagal gautas koncentracijas VS2DTI programa buvo sumodeliuotas sunkiyju metaly skverbimosi
dirvozemyje pobudis. Skirtinguose gruntuose jis yra skirtingas.

Atlikus eksperimentinius tyrimus bei sunkiyjy metaly sklaidos modeliavima, nustatyta, kad maziausiai laidus filtratui bei
terSalams gruntas yra dulkingas smélingas Zvyras.
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