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Predicting of lead distribution and immobilization in soil of the region
of lignite mining (Rudovci, Serbia)

Stevan M. Musick}, Ljiliana M. Kljajevié?, Misko M. Milanovi¢®, Maria Z. Cebeld, Sladana S. Milovanow,
SneZana S. Nenadaiand Milo§ T. Nenadow®

Lead distribution and immobilization in cultivatedils in Rudovci, Serbia was investigated. Samphiag carried out by the method
recommended by ICP-Forests Manual, 2006, Part iingling and analysis of Soil. The sampling geometrg systematically designed
with a random component. The maximum sampling depth100 cm and lead distribution was monitoredraud25 days. First sample
was taken after 50 days and every single next sampb taken after 50 days except for the last sampich was taken after 25 days.
Before the profile contamination, physical and cluainsoil analysis has been done. The cation exgbatapacity of the soil was done
because media affect mobility cations (anions)ih he effect of immobilizations of Pb is highesthe second horizons where the depth
of investigating soil is 25-50 cm.
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1. Introduction

Soil contamination is the result of human activitgcluding its pollution by atmospheric deposition,
application of agrochemicals and inflow of domestigste to the land dumpings. Heavy elements sudbbas
Cu, Cd, Hg and Zn often cause contamination of gater and food chains [5]. Pollution of groundl &urface
water with heavy metals is becoming a major consmoe Cd, Cr and Pb are not biodegradable andttend
accumulate in living organisms causing variousahles and disorders. Once enter the soil, the P&ubjected
to weathering processes such as oxidation, hydradiod carbonation [1]. In addition, lead in soil yna
unfavourably affect soil ecology, agricultural puation, or product and water quality [3]. Due tglnér levels
of heavy metals and pesticide residues in plardyxrts from the agricultural area of Belgrade, Seras well as
the presence of pesticide residues in some soiplesmtheir continual monitoring is strongly recoemded as
a first preventive measure to minimize human heaiths [11]. Lead causes encephalopathy, cognitive
impairment, behavioural disturbance, kidney damagaemia and toxicity to the reproductive syste§j.[1

The interaction of Pb ions with natural soil paddgginvolves multiple mechanisms because varioasiep
can exist in solution due to complexes with orgamd inorganic ligands. Knowledge on the interangiof Pb
with such substances as clay, aluminium oxides, @xides and manganese oxides which are preséme isoil
is necessary to understand the mechanisms of ther@n of metals [9]. Investigation of sorptionda
desorption behaviour of lead on Chinese kaolin kated that kaolin has the high affinity for Pb andjgested
that kaolin could strongly retain Pb [23].

The results of both adsorption edge and adsorjgmtherm studies showed that Pb adsorption is higHl
dependent. Among all soil properties, the organatten plays the most important role in controllilead
sorption onto soils [8]. The transfer of lead frenils to plants depends by many types of factoeswBen them
there is natural radioactivity of soil which waséstigated in our previous study [13]. ResearcheBility and
distribution of Pb in ten industrially polluted Dah surface soils showed that the first factorsedeining
the bonding of Pb in industrially contaminated sa@te contamination level and the stability of thiginally
contaminating Pb-species whereas soil charact=iatie of secondary importance [7]. Lead was cdraied in
the small (<0.063 mm) grain-fractions of most sollke study revealed that the adsorption capadithe soil
for Pb and the other heavy metals increases witte@sing sorbent concentration [10].

Some studies [15,19] observed that Pb contaminaiionrs mainly at a depth of 0 -15 cm. Some asthor
having applied Pb to soil observed that 30 weekseathing later, Pb was still concentrated withifes
centimetres of surface soil. Generally, the higlfdsis produced in the surface soil horizon of Bhtaminated
soil [20]. Investigations also showed that the bighalence of cations the greater its ability tsat and
penetrate into the compensating layer of negatiVleids [6]. The relationship between valence asdbility of
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adsorption can be explained by divalent and trivalens build. With anion compounds that dissodatsss
than monovalent cation reaction between anions lead cation leads to forming compounds that are les
dissociated [2].

The objective of this research, considering of sdlid above, is to explain the distribution and
immobilization of lead in the soils at Rudovci (Bi@) and predict the distribution of lead, when #ifect of
immobilization as well as physical-chemical profestof soil are known. Rudovci are located aroufidkf
south of Belgrade and four kilometres from the opast mines Kolubara basin where lignite (brownl)ciza
mined. This is the largest open cast mine in thi$ of Europe. Productive coal seam stretches frast to west.
Formations from Palaeozoic form the basis of th&lfiThe land is mainly clayey and sandy-clayepdsarely
sandy-gravelly.

The mines and power plants are air, water and mgilters. The region of Rudovci is agriculturaldan
cattle breeding area, supplying with its productdgBade, the capital of Serbia. Both of these factdfect
the significance of this research.

2. Materials and methods
2.1. Study area
The study area (Figure 1) is a small agricultuley located at Rudovci, near the city of Lazamrira
Serbia (44°22'N, 20°24’E). The average inclinatafrthe slopes is 4-5°.
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Fig. 1. Location settlements Rudovci as a fieltegkarch.

The meteorological parameters (air pressure, mipégature, air humidity, rainfalls, cloudy conditfoand
wind) have a high influence on the emission of ytolg materials. The average annual rainfall was 6in
(nearest meteorological station is “Rudovci Minesf)period December 10th, 2008 to February 9th,02éxd
average annual air temperature was 2C.%vww.hidmet.gov.rs The climate is moderate continental, with hot
summers and long, harsh winters. There is alsmsiderable effect of southeasterly winds.
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2.2. Sampling

There are several major approaches to samplindneénstudy of contaminated sites (regular networks,
statistical approach, the hypothetical-orientedraggh etc.) which give a detailed description @& thethods
ISO 10381-1:2002, ISO 10381- 5:2005 recommendedherbasis of proper sampling network (square, less
triangles).

The reason for making regular network sampling.(Blds easiness of setting up a network on thergto
which therefore facilitates the tracking and oba&ons changes in the pollutant spatial distributio

L] & (] L] ]

Fig. 2. A distribution map of sampling profileingg the methods of regular network with distanc2@®tm.

2.3. Analysis of soil samples

The samples were taken with special cylinder wighstrictly defined volume of 100 énralled Kopecky's
cylinder. The cylinders have one sharp side foreeasdentation of the ground surface. The samplei® taken
from the surface to the horizon depth. The grounthse needs to be prepared for taking samplesedins that
it needs to be clean and smooth, without roots giads. The soil specimen was taken from four hagzo
The mechanical composition was determined by utiiegsedimentation method [12]. After drying, sarsple
were sifted through 0.2 mm sift and prepared farabterizationSand, silt and clay fractions in samples from
each horizon of the cultivated soil were determibgdhe pipette method [12].

The organic matter was determined by the wet digesinethod [10], with potassium dichromate as
oxidizer. pH was measured with pH-meter (PRO-PH2D8M water. The elements present in soil were
determined by XRF analysis (UPA XRF 200, Ve&®PA). The structure of the soil was examined byay
diffractometer Siemens D-500, with Cy Kadiation. The diffracted X-rays were collecteceo® range 20-80
using a step width of 0.82nd measuring for 1s per step.

The water absorption capacity (WCU) was determiaedording to Rees and Chandrasekhar [16].
The mass loss of sample heated at 300 °C termeter'vedosorption capacity of drsamples” (WCU) and
calculated as:

WCU = [(a—b)/b]x100 (%) 1)
where:

a— mass of sample [1 ¢],

b — mass of sample after heating.

The cation exchange capacity (CEC) of soils wa®rdehed with standard procedure, applicable for
calcareous and noncalcareous soils (EPA, 1986.)

The samples were analysed for major and tracengniee. fluoride, chloride, nitrite, bromide, iite,
orthophosphate and sulphate, by ion chromatogrgMstrohm, type 761 Compact IC (Switzerland) with
a conductivity detector). The eluent was 3 mM®I&; at a flow rate of 1.0 mL mih The full-scale range was
50 uS and the injected sample volume wagiRGor each probe.

In this research cations Na K*, Ca“* and Mg?" were determined. The samples were analysed by
inductively coupled plasma atomic emission spec#toyn(ICP-AES, model Spectro CIROS vision, Kleve,
Germany). The spectral range between 125 nm and nfiiOwas covered enabling complete scans of
the spectrum within 3 s.
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2.4. Vertical distribution and immobilization of Lead

For research on vertical distribution of lead ie #oilsamples were collected from cultivated soil of four
horizons at different depths; 0-25 cm (l), 25-50 €it), 50-75 cm (lll), 79 cm (IV). Surface minesear
the biggest soil polluters due to direct partictdlygants, waste waters and harmful gases. It jgoitant to
examine the distribution of lead at these depthsabse crop plants that are planted in this ama @nd wheat
mostly) get water from the soil at a depth from3Dem, and even up to 120 cm depth (Nenadeval., 2012).

Lead distribution was monitored nine times durir&p 4lays from (December 1®008) to (§ February
2010). The period between samplings was 50 dayst §ample was taken after 50 days, the next fatigw
sample was taken after 50 days and the last samipéh which was taken after 25 days.

To investigate immobilization of lead by the sahgples was contaminated at 25°C with a solutioRtof
(NOs), (99.99 % Alfa Aesar) of 2.95 mg/l concentrations@émple of 0.2 g of four- horizon soil was placed i
the flask and 10 ml of lead nitrate solution wadeatlto it. The flask was closed and shaken for.ZBohavoid
the random error three samples from each sampbpghdwvere analyzed and the average value was atddul
The lead uptake .g(mg/g) was evaluated using the initial and cusréniead concentration j(cation and
¢; cation), in a given solution volume, V, for a givemount of soil as a substrate, (8q. 1):

_ (Cication - thation) A\
s @

The PB* adsorption efficiencyy, on soil was evaluated to optimize the contacetand the amount of soil
and was calculated with Equation (3):

Qe

n= c cation — Cecatior) (100

Cication (3)
Where &.i0nand Eeaion are the initial and equilibrated cation concerdra (mg/l).
3. Result and discussion
XRD analysis of soils showed the presence of quidalinite and feldspar as the major phases (Eig)r

Clay assemblage consisted of kaolinite, smectiteerstratified illite - smectite and illite. Thetter contains
minor titanium and some iron.
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Fig. 3. The comparative X-ray powder diffractionttean samples from: a) | horizon; b) Il horizon; H) horizon d) IV horizon
(e-kaolinite/illite, *- quartz, #- feldspar).
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In the analysed soils, the clay fraction prevailedall horizons, making from 55.5 to 65 % (Tab. 1).
Percentage of clay increased with the profile deti highest was in the horizon IV (65 %). Theesipf clay,
silt and sand are < 0.002 mm; 0.002-0.006 mm a@6-P.mm, respectively. Sand fraction made fromt.6
2.7 % and silt from 0.3 to 0.7 %. The organic matercentage was the highest (1.6) in the uppezdwil) and
decreased to 0.8 in horizon IV.

pH has a significant effect on the various propsrivf the soil as well as the mobilization of ptahts
through the soil. The pH value of an adsorptionee@i@., the pH value at which a change occursparéicular
concentration of aqueous ions adsorbed by a sblabe) is dependent on the surface-metal bondieggitr
and, consequently, on the type of adsorption siteled. pH can significantly affect the solubiliby minerals.
pH of soil samples was in the range 4.6 - 7.21tl@nbasis of different pH values on the horizonshef same
profile can be seen that the tested soil can lesifi@d from highly acidic to moderately alkalinals

In our previous study [12] the values of the Rud®ail texture were approximately the same for $had
and silt contents, while different clay content wasorded (55.5 - 56.4). Based on the clay corgeild may be
characterized as light clay (USDA, 1999). In theinity of the investigated soil there are clay esataons. Clay
deposits have been moved by erosion and water fhain primary location. This is a possible reason d
different percentage of clay in the same soil ffedent periods.

Tab. 1. The soil structure, the water absorptiapacity and CEC of the soil.

Samples Organic matter Clay Silt Sand WCU CEC
(%] (%] (%] (%] (%] [meq/100g]
| horizon 1.60 55.5 0.60 2.70 3.52 35.9
Il horizon 1.20 59.2 0.30 1.60 4.54 59.1
1l horizon 1.00 61.1 0.40 2.20 4.47 63.7
IV horizon 0.75 64.9 0.70 2.40 6.68 68.6

The main adsorption mechanism, involiedthe cation removal by soil is exchanged with
exchangeable cations such as’GaMg 2, K * and Na* [17]. The CEC of these materials is a measure of
number of negatively charged sites that attracthamgeable cations. The negative charge caused by
substitutions within the lattice structure is penmat and pH independent. In the land were the tiges
(pebbles), plants and other residues which arevethdrhis is the reason why percentage sum is 04

Cation exchange capacity was in the range from 85.68.6 meq/100 g and increased with the profile
depth (Table 1). The rate and stability of adgorpgenerally increase with organic matter, clagfeste area
and CEC. In soils low in organic matter or clay teor, adsorption may be dominated by cations, wthiéerole
of cations in adsorption may be minimal in soilshaiigh organic matter or clay content.

Table 2 shows chemical composition of soil and Bi&io of investigated soil.

Tab. 2. The chemical composition of samples.

Samples SiQ Al,O3 CaO K0 Fe03 ZrO, TiO, Si/Al

| horizon 74.9 4.89 1.72 3.65 3.27 0.047 1.22 12.3
Il horizon 75.0 4.85 1.50 3.68 3.33 0.050 1.15 12.4
I horizon 68.1 5.40 1.49 3.74 4.12 0.038 1.10 10.1
IV horizon 66.2 5.91 1.56 3.56 4.21 0.036 1.04 8.97

Cation adsorption by soil is strongly influencedtbg Si/Al surface site ratio, steric effects dkitayers or
channels, Lewis acid strength of the metal, andpthhe medium. The ratios Si/Al depends on the prtpn of
the coarse materials, mainly formed by quartz saviish contains only silicon, and fine clays whiobntain
silicon, aluminium and potassium. Generally Si/atio of all four horizons, in the soil of lignite ining
(Rudovci, Serbia) is so high and from this poinvigiw that soil shows great mobility of lead iohsaugh them.

Soil organic matter is an important component & $oil. It has a high surface area, and has fumatio
groups (e.g., carboxyl and phenol groups) that Ime&tn form chemical bonds with. It has been olethat
Pb forms strong complexes with organic matter. Ur case the percentage of organic matter was low
(0.75-1.6 %) and decreased with increasing depim fwhich soil samples were taken. This low coniant
organic matter could favourably affect the ratead$orption of Pb in the investigated soil. Strawd Sparks,
(2000) [18] measured of sorption kinetics using stiered flow reactor revealed that the extenthaf fast and
slow reactions occurring in the soil is directlypdadent on the amount of soil organic matter prtesen
Specifically, with increasing the soil organic neattontent the rate of Pb sorption decreases. [18].

3.1. Vertical distribution of Pb?" in natural soil

Lead in soil is largely insoluble, low in mobilitand seldom leached from the profile. As a redeit,
contamination occurs mainly in the surface soil doehuman factors, and the concentrations of sbil P
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drastically decrease with increasing soil deptigufé 4 shows a vertical distribution of%bf four horizons of
soil after 50 days, 100 days, 150 days, 200 d&3@.days, 300 days, 350 days, 400 days and 425 dagking

at the trend of lead distribution in the soil aftesampling (Figure 4) the movement path of contamts is
obtained. Every point shows mean values of thraghimg.

Lead distribution in the first horizon changed histperiod from 12.00 mg/kg to 0.60 mg/kg. In teeand
horizon change of lead concentration ranged frd80 Ing/kg to 1.20 mg/kg. In the third horizon afiee ninth
sampling, concentration of lead (2.40 mg/kg) ishigthan after the first sampling (1.50 mg/kg).sTthend was

continued in the fourth horizon. After the firsihgaling in the fourth horizon concentration was OrB@/kg but
after 9" sampling concentration of lead increased to 3.8k

—&— | sample
—eo— |l sample
—A— |l sample
—v— IVsample
—<4— Vsample
° —»— Vlsample
—— VIl sample
\® —e— Vil sample
—o— [X sample

124 n

104

Concentration mg/I
?

Depth (cm)

Fig. 4. Vertical distribution of Plons in four horizons of soil during different peds
(50 days, 100 days, 150 days, 200 days, 250 dagsjays, 350 days, 400 days, 425 days).

After the first sampling (after 50 days) the grddiecline in the concentration of lead could beeotsd.
The first horizon was permeable to lead cationeAfhe second sampling (after 100 days) accumulatidead
in the third horizon was notified. After the thisdmpling (after 150 days) accumulation of leadhi $econd
horizon occurred. From the fourth to the seventh@ing, lead accumulated in the third horizéinally, after
the ninth sampling (after 425 days) the maximunceoiration of lead was observed in the forth harizo

3.2. Effects of Lead immobilization

The adsorption of Pb was investigated at diffekahties of pH ranging from 2.05 to 9.2.The adsorpft
ions in alkaline and acidic media of four horizame investigated. The adsorption of Pb ions inladkanedia is
higher than in acidic media. For this purpose, gffects of lead immobilization in alkaline media alf four
horizons were determined.

For calculation of the effect of Pb immobilizationalkaline media (Tab. 3) of four horizons of istigated
soil the Equation (3) was used. Table 3 shows ffleets of Pb immobilization in the soll

Tab. 3. The effects of Pb immobilization in thié so

Sample D[;:-gt]h [0'/]0 ]

| horizon 0-25 65.3+ 1.06
Il horizon 25-50 88.7+ 0.65
Il horizon 50-75 26.3+1.63
IV horizon 75-100 32.7+0.24

The effect of immobilization ranged from 26.3 t®3.% to 88.7 ta0.65 %. At depths of 25 to 50 cm
(the second horizon) the greatest effect of imnirdtilon (88.7 %) is obtained, i.e. the accumulatbitead was
the largest (Figure 4). It is obvious that all tast composition of soil, acidity of soil contrileuthe best
immobilization of lead in the second horizon. Theained results may used as a guide that in irgegstil area
shouldn't plant the crops at depth 25 to 50 cm.
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4. Conclusions

These studies get information about the prediatibmertical distributions and immobilizations ofalé in
soils in the region of lignite (Rudovci, Serbia)rihg different time. Physical-chemical propertiek soils
determine the adsorption of lead and thereforer theitical distribution and immobilizations. Thertieal
distribution of lead in the period from 100 to 3@8@ys has the same trend. Lead concentration wasicatly
higher in the first and Il horizons in relationttee Il and IV horizons. The vertical distributicmapproximately
equal after 400 and 425 days of all horizons. Tdeogption of Pb of the soil is higher in alkalinedm and in
all of horizons adsorption isoterms have the samedt The effect of immobilizations of Pb is highesthe
second horizons of investigated soil. These resylen a new ability to predict the distributionpafilutants, if
the effect of immobilization is known as well agypital-chemical properties of soil.
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