
USE  OF  HIGH-EN ERGY  ION IZ ING  RA DI A TION  FOR
MI CRO BI O LOG I CAL  DE CON TAM I NA TION  OF  COASTAL

SOIL  IN  THE  KOLUBARA  RIVER  BA SIN,  SER BIA

by

Vuk A. GAJI] 1, Ivica T. VUJ^I] 1, Gordana D. DRAŽI] 1,
Jelena M. MILOVANOVI]1, and Slobodan B. MAŠI] 2*

1 De part ment of En vi ron ment and Sus tain able De vel op ment, Singidunum Uni ver sity, Bel grade, Serbia
2 De part ment of Ra di a tion Chem is try and Phys ics, Vin~a In sti tute of Nu clear Sci ences,

Na tional In sti tute of the Re pub lic of Ser bia, Uni ver sity of Bel grade, Bel grade, Ser bia

Sci en tific pa per
https://doi.org/10.2298/NTRP2103261G

The Kolubara river pol lutes the coastal land in the river ba sin and makes it un suit able for ag ri -
cul tural ac tiv i ties in that area. Also, con tam i nated land poses a risk to the en vi ron ment. Dif -
fer ent meth ods can be used for soil de con tam i na tion. These meth ods in clude bi o log i cal treat -
ment/bioremediation, chem i cal ox i da tion, soil sta bi li za tion, phys i cal meth ods, such as soil
leach ing, or treat ment with high-en ergy ion iz ing ra di a tion. Gamma ir ra di a tion of soil is a
well-known method of in hib it ing mi cro bial ac tiv ity. This pa per in ves ti gated the in flu ence of
dif fer ent doses and dose rates of gamma ir ra di a tion on mi cro or gan isms' de con tam i na tion of
coastal soil, in the Kolubara river ba sin. The ir ra di a tion ef fects on re duc ing the to tal num ber
of mi cro or gan isms and re mov ing mold and patho genic bac te ria from soil sam ples were ex am -
ined. Gamma ra di a tion af fects the soil's or ganic mat ter, caus ing the for ma tion of free re ac tive
rad i cals, which act as re duc ing and ox i diz ing agents, cleav ing C-C bonds, and depolymerizing 
car bo hy drates. It was found that a dose of 3 kGy of gamma ra di a tion, neu tral izes all patho -
genic bac te ria, a dose of 5 kGy de ac ti vates mold in soil sam ples, and a dose of 10 kGy is op ti -
mal to kill all mi cro or gan isms in the sam ples and ster il ize ex posed soil. The re search showed
that the dose rate does not sig nif i cantly af fect mi cro bi o log i cal de con tam i na tion of soil us ing
gamma ir ra di a tion. The con tent of heavy met als in soil was de ter mined, and the ob tained val -
ues were com pared with the remediation limit val ues pre scribed by the regulations. It was
con cluded that the con tent of heavy met als in the an a lyzed soil sam ples is be low the limit of
remediation val ues. The only ex cep tion is the slightly in creased cop per con tent in one sam ple.
The re sult of this re search is the con clu sion that the coastal land from the Kolubara ba sin can
be de con tam i nated by gamma ra di a tion treat ment. This ad vanced soil treat ment tech nol ogy
is avail able in Ser bia be cause there is an in dus trial plant for gamma ra di a tion treat ment within 
the Vin~a In sti tute.
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IN TRO DUC TION

Coastal eco sys tems may be ex posed to anthro-
pogenic pres sures, in clud ing pol lu tion from hu man
ac tiv i ties [1]. In re cent years, rivers and coastal land
pol lu tion have been a grow ing prob lem due to rapid
pop u la tion growth and in dus trial de vel op ment [2].

Pol lut ants that flow into rivers and ac cu mu late in 
coastal soil are in creas ingly in ves ti gated [3, 4]. The
most com mon pol lut ants are or ganic mat ter and heavy
met als, in var i ous forms in coastal soil [5]. Or ganic
mat ter con sumes ox y gen dur ing de com po si tion. The
re sult ing an aer o bic con di tions gen er ate hy dro gen sul -

fide and meth ane that neg a tively af fect the en vi ron -
ment [6]. Heavy met als can be ad sorbed dur ing the
de com po si tion of or ganic mat ter and later eluted by
desorption, dis so lu tion, sub sti tu tion, hy dro ly sis, or
mi cro bial ac tiv ity. Heavy met als in soil can neg a tively
af fect the aquatic eco sys tem and wa ter qual ity [7].
Heavy met als can eas ily dis solve in wa ter and be ab -
sorbed by aquatic or gan isms, such as fish and in ver te -
brates, caus ing many bi o log i cal ef fects, from es sen tial
to liv ing or gan isms, to deadly ones [8]. They can cause 
toxic ef fects that in ter fere with or gan isms' growth, me -
tab o lism, or re pro duc tion, with con se quences for the
en tire trophic chain, in clud ing hu mans [9].

The Kolubara river is po si tioned in west Ser bia. It
is about 100 km long and rises from two rivers, Obnica
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and Jablanica, near the town of Valjevo. The Kolubara
river ba sin cov ers an area of 3650 km2. The ba sin is rich
in lig nite de pos its. The main trib u tar ies of the river
Kolubara are Rabas, Kladnica, Tamnava, Gradac, Banja,
Lepenica, Ribnica, Toplica, Ljig, Peštan, Turija, Ub,
Lukavica, and Beljanica. Its max i mum flow at the con -
flu ence with the Sava River is about 28 m3s–1 [10].  A
graphic rep re sen ta tion of the river Kolubara and its main
trib u tar ies is shown in fig. 1.

Due to the de vel oped in dus try in this area, the
prox im ity of the lig nite mine, and in suf fi cient care for
en vi ron men tal pro tec tion, the wa ter in the river
Kolubara con tains sig nif i cant pol lu tion. Pre vi ous
stud ies have re ported en vi ron men tal pol lu tion in the
Kolubara river area [11, 12].

Wa ter can be pol luted from sev eral sources,
from wastewater treat ment plants and fac to ries to min -
ing ac tiv i ties, paved roads, and ag ri cul tural run off.

Con tam i nated wa ter washes the nec es sary nu tri ents
from the sur round ing soil. Wa ter pol lu tion makes the
soil acidic and neg a tively af fects the sol u bil ity of nu -
tri ent ions [13]. Also, many heavy met als and mi cro or -
gan isms from the wa ter may pen e trate the soil and stay
there, mak ing this land un suit able for ag ri cul tural ac -
tiv i ties [14]. Mi cro or gan isms from wa ter of ten end up
in coastal soil, which can be ad sorbed by clay min er als
or or ganic mat ter. These com pounds tend to grad u ally
de grade in the soil bio chem i cally. Heavy met als in the
soil are toxic in higher con cen tra tions. Their sol u bil ity
de pends on en vi ron men tal fac tors. The sol u bil ity of
heavy met als in the soil is mostly af fected by the pH of
the so lu tion, the to tal metal con tent, the to tal car bon
con tent, and the ox ide con tent in the soil.

Mi cro or gan isms can be found ev ery where in our 
en vi ron ment. They in habit air, wa ter, land and live in
all hab i tats of our en vi ron ment. Most mi cro or gan isms
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Fig ure 1. Map of the Kolubara river ba sin
(Sub strate map: soft ware SAS.Planet.Nightly.201020.10106, Base map: Bing Maps-sat el lite zoom 15)



do not cause dis ease. In stead, they main tain the fer til -
ity of the soil, de grade wastes in land fills and com post
piles. Only 1 % of to tal mi cro or gan isms are patho -
genic or dis ease-caus ing bac te ria.

Re cently, high-en ergy ion iz ing ra di a tion has
been used as an in no va tive method for remediation of
con tam i nated soil [15-17]. Gamma ra di a tion can re -
move patho gens, molds, and to tal mi cro or gan isms
from the treated soil [18, 19].

This pa per de ter mined the pres ence of patho genic 
bac te ria Esch e richia coli, Staph y lo coc cus aureus, and
Pseu do mo nas aeruginosa.

Esch e richia coli (E. coli) is bac te ria found in peo ple
and an i mals' en vi ron ments, foods, and in tes tines. E. coli in 
the soil in di cates the pos si ble pres ence of dis ease-caus ing
bac te ria, vi ruses, and pro to zo ans. The ac cept able level of
E. coli in soil is 1.26 cfug–1 (col ony-form ing units in one

gram) [20]. Staph y lo coc cus aureus (S. aureus) is a
toxigenic patho gen [21, 22] and is a sig nif i cant cause of
nu mer ous dis eases [23, 24], in clud ing toxic shock syn -
drome, men in gi tis, and sep ti ce mia [25]. The pres ence of
this bac te ria in ag ri cul tural soil is not al lowed [26]. Pseu -
do mo nas aeruginosa (P. aeruginosa) is a Gram-neg a tive,
rod-shaped bac te ria. It can cause dis ease in plants, an i -
mals, and hu mans [27]. The pres ence of this bac te ria in ag -
ri cul tural soil is for bid den [28].

This re search aimed to op ti mize the most ap pro -
pri ate ra di a tion dose and dose rate suit able for the in -
ac ti va tion of all patho gens from con tam i nated soil
along the ba sin of the Kolubara river. The in flu ence of
dif fer ent doses and dose rates of gamma ra di a tion on
re duc ing the to tal num ber of mi cro or gan isms in the
sam ples of the coastal soil of the Kolubara river was
de ter mined. The ra di a tion dose re quired for com plete
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Fig ure 2. Coastal soil sam pling points from the Kolubara river ba sin



ster il iza tion of the soil was also de ter mined. Fi nally,
the con tent of heavy met als in the sam ples from the
most cru cial sam pling points was de ter mined. Based
on these re sults, the pos si bil i ties of us ing soil treated
with gamma ir ra di a tion in ag ri cul ture were ex am ined,
con sid er ing the di rec tives on soil pro tec tion [29, 30].

MA TE RI ALS AND METH ODS

Sam ple col lec tion

A sam pling of soil was per formed on an area of
3600 km2 in the Kolubara river ba sin, for one month,
with av er age daily tem per a tures of 20.2 ºC, av er age
day light of 11.75 hours, av er age hu mid ity of 69 %,
and an av er age rain fall of 32 mm. Sam ples were col -
lected at 14 key points: at the spring of the Kolubara
river and its con flu ence with the Sava river and 12
points with the most sig nif i cant pol lu tion was ex -
pected, fig. 2. Sam ples were col lected from depths of
20 cm and 50 cm from the sur face. The weight of the
sampleseach sam ple was 2 kg. Af ter sam pling, soil
sam ples were sieved through a 2 mm di am e ter mesh
[31] and stored in a dry and dark place.

De scrip tion of sam pling points:
– Sam pling point 1 (UTM co or di nates: E 409870 m, 

N 4901541 m, al ti tude 193 m) – at the con flu ence
of two con stit u ent rivers: Obnica and Jablanica,
which form the Kolubara river in the cen ter of the
city of Valjevo.

– Sam pling point 2 (E 413176 m, N 4902302 m, al ti -
tude 172 m) – on at the lo ca tion of the ur ban part of 
the city of Valjevo.

– Sam pling point 3 (E 419073 m, N 4903407 m, al ti -
tude 150 m) – near the con flu ence of the Banja
river and the Kolubara river.

– Sam pling point 4 (E 425744 m, N 4906085 m, al ti -
tude 131 m) – at a ru ral lo ca tion, one ki lo me ter up -
stream the Ribnica river and the Lepenica river
flow into the Kolubara.

– Sam pling point 5 (E 427448 m, N 4909905 m, al ti -
tude 123 m) – where the Toplica river flows into
the Kolubara.

– Sam pling point 6 (E 434611 m, N 4911729 m, al ti -
tude 112 m) – near the con flu ence of the Ljig river
and the Kolubara river.

– Sam pling point 7 (E 436902 m, N 4915180 m, al ti -
tude 100 m) – the lo cal road where it is pos si ble to
cross the Kolubara river. Vis i ble traces of gravel
ex ploi ta tion.

– Sam pling point 8 (E 440828 m, N 4914415 m, al ti -
tude 99 m) – sam pled at a lo ca tion down stream from
the set tle ment of Lazarevac. The Lukavica river
flows through the set tle ment of Lazarevac. Pol lu tion 
is no tice able (bi o log i cal waste, tur bid ity of wa ter).

– Sam pling point 9 (E 439755 m, N 4919475 m, al ti -
tude 94 m) – a sam ple was taken at the con flu ence

of the Peštan river in Kolubara. The Peštan river
and the Kolubara river have been dis placed from
their nat u ral flows in this area in the past, due to
the need for lig nite ex ploi ta tion.

– Sam pling point 10 (E 441087 m, N 4927716 m, al -
ti tude 86 m) – sam pled at the lo ca tion down stream 
from the Kolubara Min ing Ba sin (open mines
where lig nite is ex ploited).

– Sam pling point 11 (E 440513 m, N 4928554 m, al -
ti tude 86 m) – where the Beljanica river flows into
the Kolubara river. A few ki lo me ters up stream,
the Ther mal Power Plant Kolubara is lo cated.

– Sam pling point 12 (E 437052 m, N 4937122 m, al -
ti tude 76 m) – the coast is dif fi cult to pass due to
the abun dant veg e ta tion. Sam pling was car ried
away from the coast due to an im pass able ap -
proach.

– Sam pling point 13 (E 437258 m, N 4943323 m, al -
ti tude 74 m) – at the lo ca tion where the high way
Miloš the Great crosses the Kolubara river, a few
ki lo me ters north of the set tle ment of Obrenovac.

– Sam pling point 14 (E 440398 m, N 4945644 m, al -
ti tude 70 m) – at the con flu ence of the Kolubara
river and the Sava river. There is an in dus trial zone 
and many fac to ries (Eko-Dunav, Mei Ta Eu rope,
MTE Au to mo bile Parts Fac tory).

Gamma ir ra di a tion

Ir ra di a tion of soil sam ples was per formed in the
Ra di a tion Unit of the Vinca In sti tute of Nu clear Sci -
ences. All sam ples were ir ra di ated with dif fer ent doses 
of gamma ra di a tion: 1 kGy, 3 kGy, 5 kGy, and 10 kGy,
and with dif fer ent dose rates: 300 Gy/h, 1 kGyh–1, and
10 kGyh–1. An eth a nol-monochlorobenzene do sim e -
ter was used for dosimetric con trol of the ab sorbed ra -
di a tion dose [32, 33]. The mea sur ing equip ment was
an in stru ment oscillotitrator type OK-302/2 of the
com pany Radelkis (Bu da pest, Hun gary). Since the ac -
cu racy of the os cil lo scope mea sure ment [34] is highly
de pend ent on the mea sure ment tem per a ture [35], all
do sim e ters are thermostated to 25 °C. Mea sure ments
were per formed at a con stant tem per a ture. Trace abil -
ity with the pri mary stan dard was achieved via trans fer 
do sim e ters sent to the Risø High Dose Ref er ence Lab -
o ra tory from Den mark.

Mi cro bi o log i cal anal y sis

The ini tial con tam i na tion and the to tal num ber of
mi cro or gan isms, molds, and bac te ria in the soil be fore
ir ra di a tion and af ter gamma ir ra di a tion with dif fer ent
ra di a tion doses were ex am ined in the ac cred ited mi cro -
bi o log i cal lab o ra tory. The method used to de ter mine
these pa ram e ters was Ph. Eur. 7.0 (2.6.12. – Mi cro bi o -
log i cal ex am i na tion of non-ster ile prod ucts (to tal vi a ble 
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aer o bic count), and 2.6.13. – Mi cro bi o log i cal ex am i na -
tion of non-ster ile prod ucts (test for spec i fied mi cro or -
gan isms)) (Eu ro pean Di rec tor ate for the Qual ity of
Med i cines and HealthCare, 2011).

De ter mi na tion of mold

The molds count was per formed by plat ing 1 ml
of dec i mal di lu tions on Sabouraud dex trose agar. Plates
were in cu bated at 25 °C for 5-7 days. For qual i ta tive ex -
am i na tion, 10 mL of pre pared sam ple was added to 100
mL of ca sein soya bean di gest broth.

De ter mi na tion of E. coli

For the de ter mi na tion of E. coli, 100 mL of broth
me dium A was used. The so lu tion was ho mog e nized
and in cu bated at 35-37 °C for 18-48 hours. Af ter shak -
ing, broth me dium G was added and in cu bated at
43-45 °C for 18-24 hours. Sub cul ture on plates of agar
me dium H at 35-37 °C for 18-72 hours. The growth of
red, non-mucoid col o nies of gram-neg a tive rods in di -
cated the pres ence of E. coli. It was con firmed by ap -
pro pri ate bio chem i cal tests, such as indole pro duc tion.

De ter mi na tion of S. aureus

For the de ter mi na tion of S. aureus, 100 ml of
broth me dium A was used. The so lu tion was ho mog e -
nized and in cu bated at 35-37 °C for 18-48 hours. Sub -
cul ture on a plate of agar me dium O and in cu bated at
35-37 °C for 18-72 hours. Black col o nies of gram-pos -
i tive cocci, sur rounded by a clear zone in di cated the
pres ence of S. aureus. Con fir ma tion may be af fected
by suit able bio chem i cal tests such as the coagulase test 
and the deoxyribonuclease test.

De ter mi na tion of P. aeruginosa

For the de ter mi na tion of P. aeruginosa, 100 mL
of broth me dium A was used. The so lu tion was ho -
mog e nized and in cu bated at 35-37 °C for 18-48 hours.
Sub cul ture on a plate of agar me dium N and in cu bated
at 35-37 °C for 18-72 h. If no growth of mi cro or gan -
isms was de tected, the prod uct passeds the test. If the
growth of gram-neg a tive rods occurreds, some ma te -
rial of mor pho log i cally dif fer ent, iso lated col o nies
was trans ferred to broth me dium A and in cu bated at
41-43 °C for 18-24 hours. The prod uct passed the test
if no growth oc curred at 41-43 °C. 

De ter mi na tion of the con cen tra tion
of heavy met als in soil 

To de ter mine Cd, Pb, Ni, and Cu con tent in the soil, 
the soil sam ples were dis solved in HF, HClO4, and HCl.
Af ter dis so lu tion, the Ni and Cu con tent was de ter mined

us ing AAS (PerkinElmer PinAAcle 900T). For quan ti ta -
tive anal y ses of As, Hg, and Se, soil sam ples were
dis solved in HNO3, HClO4, H2SO4, and HCl. Af ter dis -
so lu tion, the As, Hg, and Se con tent was de ter mined us -
ing the Mer cury Hy dride Sys tem AAS (PerkinElmer Pin
AAcle 900T). The ap plied method was cho sen ac cord ing 
to the pre vi ous re search on de ter min ing the to tal metal
con cen tra tion in the sludge [36-38].

For de ter mi na tion of Cd, Co, Pb, Ni, Cr, and Cu,
2 g of dry weight sludge sam ple was mixed with 15 mL 
of HF and 5 mL of HClO4 and heated at 150 °C. The
dry res i due was dis solved in 10 mL of HCl (1:1) and
cooled to room tem per a ture.

To de ter mine As, Hg, and Se, 1 g of dry sam ple
was mixed with 5 mL of HNO3, with gen tle heat ing.
Af ter that, the digestate was cooled to room tem per a -
ture, 0.5 mL of HClO4 and 2 mL of H2SO4 were added,
and dis so lu tion was con tin ued un til the ap pear ance of
white va pors. The so lu tion was cooled to room tem -
per a ture again, and 10 mL 6M HCl was added. Af ter
cool ing, the so lu tion was trans ferred quan ti ta tively to
a 25 mL vol u met ric flask with dis tilled wa ter.

RE SULTS AND DIS CUS SION

De ter mi na tion of the to tal num ber of
mi cro or gan isms in the soil at dif fer ent
po si tions of the Kolubara river flow

The to tal num ber of mi cro or gan isms was de ter -
mined at 14 key sam pling points of the coastal land
along the Kolubara river. The re sults are pre sented in
fig. 3. Sim i lar re sults have been pre sented in pre vi ous
stud ies [39]. Sam ples col lected at depths of 20 cm and
50 cm are shown.

From fig. 3, one can con clude that soil pol lu tion
in creases along the river's course as it ap proaches the
con flu ence with the Sava river. This in creas ing pol lu -
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Fig ure 3. The to tal num ber of mi cro or gan isms in soil
de pend ing on the dis tance from the spring of the river
Kolubara. Num bers 1 to 14 pres ent the sam pling points



tion in di cates that the Kolubara river, pass ing through
pop u lated places and in dus trial zones, is be com ing in -
creas ingly con tam i nated and pol lutes the sur round ing
coast. Also, soil con tam i na tion is higher in the deeper
lay ers be cause they are more ex posed to the Kolubara
river. Ex cep tions are Points 2 and 12. Sam ple 2 was
taken from the ur ban part of Valjevo, where due to hu -
man ac tiv i ties, the sur face layer is more pol luted than
the rest of the sam pled points. A sam pling at Point 12
was per formed far ther from the coast due to in ac ces si -
ble ac cess, so the Kolubara river does not soak deeper
lay ers.

The di a gram also shows the peaks in sam pling
Points 8 and 9, which orig i nate from the in creased pol -
lu tion that the Lukavica river brings from the set tle -
ment of Lazarevac.

Mi cro bi o log i cal de con tam i na tion
us ing gamma ra di a tion 

The in flu ence of dif fer ent doses of gamma ra di a -
tion on the in ac ti va tion of the to tal num ber of mi cro or -
gan isms in the key 5 sam pling points (near the spring
of Kolubara river, near the con flu ence, and three
points with the high est con tam i na tion) was de ter -
mined. Sam ples from a depth of 50 cm were an a lyzed.
Doses of 1, 3, 5, and 10 kGy were used at an av er age
ra di a tion dose rate of 10 kGyh–1.

The re sults are pre sented in fig. 4.
Fig ure 4 shows that a dose of 5 kGy neu tral izes

most of the mi cro or gan isms from the soil. In com par i -
son, a dose of 10 kGy is suf fi cient for the com plete in -
ac ti va tion of mi cro or gan isms from all tested sam ples.
In this way, the soil be comes ster il ized. Ster il ized soils
are used re peat edly to ger mi nate seeds, prop a gate cut -
tings, or grow ju ve nile plants [40, 41]. Seed lings
grown in ster il ized soils pro duce higher root bio mass
and rhizosheath soil (RS) mass than those grown in
un ster il ized soil. Some re search ers showed that soil

ster il iza tion by gamma-ir ra di a tion in creases wheat
seed lings' root growth and RS mass [42].

In flu ence of dif fer ent dose rates of the gamma
ir ra di a tion on mi cro bi o log i cal de con tam i na tion

In ad di tion to the dose rate of 10 kGyh–1, the ef -
fect of lower dose rates, which are of ten pres ent in
com mer cial ir ra di a tion treat ment, was also ex am ined.
For this pur pose, com par ing the im pact of dose rates of 
0.3, 1, and 10 kGy was per formed. The test was per -
formed on the most con tam i nated sam ple, with ini tial
con tam i na tion of 7.8×105 g–1. The ob tained re sults are
shown in fig. 5.

From fig. 5 it can be con cluded that the rate of
soil de con tam i na tion de creases with de creas ing dose
rate. How ever, these dif fer ences are small and prac ti -
cally neg li gi ble, so it can be con cluded that the dose
rate does not play a sig nif i cant role in the in ac ti va tion
of mi cro or gan isms in the soil.

De ter mi na tion of the patho gen
mi cro or gan isms in soil sam ples

The in flu ence of gamma ra di a tion on the com -
plete neu tral iza tion of three patho genic bac te ria (E.
Coli, S. Aureus, and P. Aeruginosa) was de ter mined.
Five dif fer ent sam ples were tested: sam ple at the
spring of river, con flu ence, and 3 points with the high -
est pol lu tion in ac cor dance with the re sults from fig. 3.
The re sults are shown in tab. 1.

Ta ble 1 shows that a ra di a tion dose of 3 kGy is
suf fi cient to re move all patho genic bac te ria from the
soil. Pre vi ous re search has shown that even a dose of 2
kGy is of ten suf fi cient to re move all patho genic bac te -
ria from the soil [43].
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Fig ure 4. The ef fect of dif fer ent ra di a tion doses on
the re duc tion of the to tal num ber of mi cro or gan isms

Fig ure 5. The ef fect of dif fer ent gamma ir ra di a tion dose
rates on mi cro bi o log i cal de con tam i na tion



Con tent of mold in soil and in flu ence of
dif fer ent doses of the gamma ir ra di a tion
on molds' de con tam i na tion

Mold has been ob served in soil sam ples. The fol -
low ing patho genic mi cro or gan isms can be de tected in
the mold: S. aureus, P. aeruginosa, E. coli, Sal mo nella
spp., and Enterobacteriaceae. There fore, it is nec es -
sary to in ac ti vate mold so that the soil can be used in
ag ri cul ture.

The mold con tent was de ter mined at 14 key sam -
pling points of the coastal land along the Kolubara
river. The re sults are pre sented in fig. 6. Sam ples col -
lected at depths of 20 cm and 50 cm are shown.

It can be seen from fig. 6 that the amount of mold
in the soil does not de pend on the po si tion of the soil
con cern ing the Kolubara river. It is as sumed that the
pol lu tion of the river does not af fect the molds' con -
tam i na tion of the coastal soil. The mold con tent in all
the sam ples has val ues from 7000 – 25000 g–1.

The ef fect of gamma ra di a tion on mold in ac ti va -
tion was ex am ined on a sam ple with the high est value
of mold (25000 g–1, sam ple 8), us ing ra di a tion doses of 
1, 3, and 5 kGy and a dose rate of 10 kGyh–1. The re -
sults are shown in the di a gram, fig. 7.

It can be con cluded that a dose of 5 kGy is suf fi -
cient for the com plete in ac ti va tion of the mold from
the soil sam ple.

De ter mi na tion of the con cen tra tion
of heavy met als in soil

The con tent of heavy met als was de ter mined in
soil sam ples taken from 5 key sam pling points. The ef -
fect of heavy met als on soil mi cro bial mainly in cludes
the in flu ence of heavy met als on soil mi cro bial ac tiv -
ity, soil en zyme ac tiv ity, and the com po si tion of soil
mi cro bial com mu nity [44]. The ob tained re sults were
com pared with the limit val ues from the Reg u la tion on 
limit val ues of pol lut ants, harm ful and haz ard ous sub -
stances in the soil [45]. This Reg u la tion pre scribes the
max i mum and remediation val ues of heavy metal con -
tent in the soil. The remediation pro ject must be im ple -
mented when the av er age con cen tra tion of any pol lut -
ing, haz ard ous and harm ful soil ma te rial ex ceeds the
remediation value. Ta ble 2 shows the con tent of heavy
met als in the sam pled soil and remediation val ues.

From tab. 2, it can be con cluded that the con tent
of heavy met als in the an a lyzed soil sam ples is be low
the limit of remediation val ues. There is no need to re -
move heavy met als from the soil be fore mi cro bi o log i -
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Ta ble 1. Con tent of patho gen bac te ria be fore and af ter gamma ir ra di a tion

Patho gen bac te ria Ra di a tion dose
[kGy]

Sam pling Point 1
(50 cm)

Sam pling Point 8
(50 cm)

Sam pling Point 9
(50 cm)

Sam pling Point 10 
(50 cm)

Sam pling Point 14 
(50 cm)

E. coli

0 <1 2.56 4.11 1.68 <1

1 <1 <1 <1 <1 <1

3 <1 <1 <1 <1 <1

S. aureus

0 Not pres ent Pres ent Pres ent Not pres ent Pres ent

1 Not pres ent Pres ent Not pres ent Not pres ent Pres ent

3 Not pres ent Not pres ent Not pres ent Not pres ent Not pres ent

P. aeruginosa

0 Not pres ent Pres ent Pres ent Pres ent Not pres ent

1 Not pres ent Not pres ent Pres ent Not pres ent Not pres ent

3 Not pres ent Not pres ent Not pres ent Not pres ent Not pres ent

Fig ure 6. Mold con tent in soil de pend ing on the dis tance
from the spring of the Kolubara river. Num bers 1 to 14
pres ent the sam pling points

Fig ure 7. The ef fect of dif fer ent ra di a tion doses on the
re duc tion of mold in soil sam ples



cal de con tam i na tion. The only ex cep tion is the slightly 
in creased cop per con tent in one sam ple (sam pling
point 10). The in creased con cen tra tion of cop per at
one point prob a bly orig i nates from the mine (sam pled
at the lo ca tion down stream from the Kolubara Min ing
Ba sin). Be fore gamma treat ment of the soil from that
sam pling point, remediation should be done to re duce
the cop per con tent. Some meth ods for re mov ing cop -
per from soil in clude so lid i fi ca tion/sta bi li za tion, soil
wash ing, vit ri fi ca tion, and flo ta tion [46-48]. Af ter
suc cess fully re mov ing cop per from the soil, it can be
treated with gamma ra di a tion due to mi cro bi o log i cal
de ac ti va tion.

CON CLU SIONS

Kolubara is one of the most pol luted rivers in
Ser bia, mainly be cause it passes through pop u lated ar -
eas, in dus trial zones, near rail ways and mines. Dur ing
its course, Kolubara river is in con tact with the sur -
round ing coastal land, both sur face and be low the sur -
face lay ers. Kolubara river con tam i nates coastal soil,
which be comes un suit able for ag ri cul ture and the en -
vi ron ment in gen eral. The most sig nif i cant con tam i na -
tion co mes from patho genic mi cro or gan isms.

This re search aimed to op ti mize the most ap pro -
pri ate ra di a tion dose and dose rate suit able for the in -
ac ti va tion of all patho gens from con tam i nated soil. It
was de ter mined that the dose of 3 kGy de stroys all
patho gen bac te ria, 5 kGy in ac ti vates mold, and 10
kGy com pletely ster il izes treated soil. Ster il ized soil
pro duces health ier plants, saves time and money, and
can ben e fit the en vi ron ment. Also, it has been shown
that the dose rate does not play a sig nif i cant role in mi -
cro bi o log i cal de con tam i na tion of soil us ing gamma ir -
ra di a tion. Fi nally, the con tent of heavy met als was de -
ter mined on in soil sam ples. It was shown that the
con tent of heavy met als in the an a lyzed soil sam ples is
be low the limit of remediation val ues. The only ex cep -
tion is the slightly in creased cop per con tent in one

sam ple. In this case, remediation to re duce the cop per
con tent should be per formed be fore gamma ir ra di a -
tion treat ment.

The other meth ods used for de con tam i na tion of
soil are bi o log i cal treat ment/bioremediation, chem i cal 
ox i da tion, soil sta bi li za tion, and phys i cal meth ods,
like soil wash ing. The en vi ron men tal ap pli ca tion of
gamma ir ra di a tion has an ad van tage over other emerg -
ing pro cesses, in that, a good un der stand ing of the un -
der ly ing chem is try is found in the ra di a tion chem is try
lit er a ture. The unique fea ture is that the pres ence of
sol ids does not com prise the pro cess, thus al low ing the 
po ten tial ap pli ca tion of ra di a tion pro cess ing to soils. It 
can also be eas ily en gi neered, as a unit pro cess in a
treat ment sys tem, be cause re ac tions de stroy ing pol lut -
ants are rapid. An other ad van tage of gamma ir ra di a -
tion is its ca pa bil ity to kill bac te ria and in ac ti vate vi -
ruses. At the same time, it is de stroy ing pol lut ants.

Based on all the ob tained re sults, it can be con -
cluded that the coastal soil from the Kolubara ba sin
can be de con tam i nated by gamma ir ra di a tion treat -
ment. The soil treated in this way has a great po ten tial
for ap pli ca tion in ag ri cul ture.
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Ta ble 2. The con tent of heavy met als in dif fer ent soil sam ples

Heavy metal Cad mium Cop per Nickel Lead Zinc Mer cury Ar senic Selenium

Sam pling
point Depth mgkg–1 dry mat ter

1
20 cm 1.9 83.5 33.6 100 150 6.2 15.3 <0.1

50 cm 2.0 82.0 35.7 78 150 6.7 16.0 <0.1

8
20 cm 2.2 182.5 44.2 116 150 8.2 18.5 <0.1

50 cm 2.2 178.0 45.8 110 165 9.0 18.6 <0.1

9
20 cm 1.9 185.0 46.2 98 145 9.0 16.3 <0.1

50 cm 2.0 182.0 40.3 96 145 9.1 16.0 <0.1

10
20 cm 1.8 212.0 28.7 84 120 8.2 14.7 <0.1

50 cm 1.6 209.0 31.3 83 95 8.3 15.1 <0.1

14
20 cm 1.6 165.0 30.2 90 110 7.5 14.1 <0.1

50 cm 1.6 160.0 26.3 82 120 7.3 13.2 <0.1

Remediation val ues
(mgkg–1 dry mat ter) 12 190 210 530 720 10 55 100



Milovanovi}. All au thors an a lyzed and dis cussed the re -
sults and re viewed the manu script.
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PRIMENA  VISOKOENERGETSKOG  JONIZUJU]EG  ZRA^EWA  ZA 
MIKROBIOLO[KU  DEKONTAMINACIJU  PRIOBALNOG  ZEMQI[TA

 U  SLIVU  REKE  KOLUBARA,  SRBIJA

Reka Kolubara zaga|uje priobalno zemqi{te u svom slivu i ~ini ga nepodobnim za
poqoprivredne aktivnosti na tom podru~ju. Tako|e, kontaminirano zemqi{te predstavqa
opasnost za `ivotnu sredinu. Razli~ite metode se mogu koristiti za dekontaminaciju zemqi{ta.
Ove metode ukqu~uju biolo{ki tretman/bioremedijaciju, hemijsku oksidaciju, stabilizaciju
zemqi{ta, fizi~ke metode, kao {to je ispirawe zemqi{ta, ili tretman visokoenergetskim
jonizuju}im zra~ewem. Gama zra~ewe zemqi{ta je dobro poznata metoda inhibicije mikrobne
aktivnosti. U ovom radu ispitan je uticaj razli~itih doza i ja~ina doze gama zra~iwa, na
mikrobiolo{ku dekontaminaciju priobalnog zemqi{ta u slivu reke Kolubare. Ispitivani su
efekti zra~ewa na smawewe ukupnog broja mikroorganizama i uklawawe plesni i patogenih
bakterija iz uzoraka zemqi{ta. Utvr|eno je da doza gama zra~ewa od 3 kGy neutrali{e sve patogene
bakterije, doza od 5 kGy deaktivira plesni u uzorcima zemqi{ta, a doza od 10 kGy je optimalna za
uklawawe svih mikroorganizama u uzorcima i sterilizaciju tretiranog zemqi{ta. Istra`ivawe
je pokazalo da ja~ina doze gama zra~ewa ne uti~e zna~ajno na mikrobiolo{ku dekontaminaciju
zemqi{ta. Odre|en je sadr`aj te{kih metala u zemqi{tu, a dobijene vrednosti su upore|ene sa
grani~nim vrednostima sanacije propisane regulativom. Zakqu~eno je da je sadr`aj te{kih metala 
u analiziranim uzorcima zemqi{ta ispod granice sanacionih vrednosti. Jedini izuzetak je bio
neznatno pove}an sadr`aj bakra u jednom uzorku.
Rezultat ovog istra`ivawa je zakqu~ak da se priobalno zemqi{te iz sliva Kolubare mo`e
dekontaminisati gama zra~ewem. Ova napredna tehnologija tretmana zemqi{ta dostupna je u
Srbiji s obzirom da u okviru Institutu Vin~a postoji industrijsko postrojewe za tretman gama
zra~ewem.

Kqu~ne re~i: mikrobiolo{ka dekontaminacija, priobalno zemqi{te, gama zra~ewe, Kolubara 


