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This pa per in tro duces the dis tri bu tion back ground and unique char ac ter is tics of 137Cs in cul -
ti vated and un dis turbed ar eas. The sam ples were taken from three mea sur ing points of the
depth of 1 m. We ex am ined all vis i ble ho ri zons and de ter mined their clas si fi ca tions. There
were four ho ri zons in one pro file. All four ho ri zons had a dif fer ent zone thick ness. 137Cs is an
ar ti fi cial radionuclide that has been pro duced pri mar ily as a re sult of at mo spheric ther mo nu -
clear weapon tests since the 1950. Also, the great amount of 137Cs (~85 PBq) was re leased in
the at mo sphere dur ing the Chernobyl ac ci dent. So, 137Cs has been glob ally dis trib uted, with
fall out rates gen er ally re lated to lat i tude and pre cip i ta tion depth. The move ment of 137Cs in
soil is pri mar ily con trolled by soil ero sion pro cesses, such as pro cesses caused by wa ter, wind,
and till age. Thus, 137Cs is a valu able tracer to study soil ero sion. The spe cific ac tiv ity of 137Cs
in soil and sed i ment sam ples was de ter mined by us ing the gamma-spec tro met ric method.
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IN TRO DUC TION

Soil ero sion is a se ri ous en vi ron men tal prob lem.
Tra di tional meth ods used to mea sure soil ero sion are
time con sum ing and the re sults ob tained for an ex per i -
men tal plot are usu ally mu tu ally in com pa ra ble. Soil
deg ra da tion by wa ter and wind ero sion is a se rious
prob lem in most coun tries. Fur ther more, loessial soils
are very sus cep ti ble to wa ter ero sion pro cesses. Even a 
small in cli na tion of few de grees may re sult in me dium
to large wa ter ero sion of loessial soil. Ad di tion ally, in -
ap pro pri ate soil till age in ten si fies soil ero sion. To
choose an ap pro pri ate method of soil con ser va tion the
rate of soil ero sion should be known. There are many
meth ods to es ti mate the in ten sity of soil ero sion, but
tra di tional meth ods have many lim i ta tions. Hav ing
this back ground in mind, the method of soil ero sion
mea sure ment based on the 137Cs ac tiv ity mea sure -
ments over comes many lim i ta tions of the tra di tional
meth ods to mea sure soil ero sion as well as the em pir i -
cal mod els such as USLE or RUSLE, or Gavrilovic
method [1], used in for mer Yu go sla via. The de tailed

dis cus sion of the ad van tages and lim i ta tions of the
method based on 137Cs ac tiv ity was pre sented by
Ritchie and McHenry [2]. This iso tope has been pres -
ent in the en vi ron ment since the be gin ning of nu clear
weapon test ing and now a days 137Cs is a part of many
eco sys tems. 137Cs seems to be a valu able tracer for
study ing soil ero sion and sed i men ta tion be cause af ter
its de po si tion on the land sur face it is rap idly and
strongly ad sorbed by soil par ti cles [3] and thus its
redeposition in the soil en vi ron ment goes to gether
with the soil par ti cles. In a few words, this method is
based on the com par i son of the 137Cs in ven to ries in
sam pling points with a ref er ence in ven tory. The ref er -
ence in ven tory pres ents the lo cal in put fall out of 137Cs. 
This means that for a ref er ence site nei ther ero sion nor
de po si tion of soil has oc curred. The es ti ma tion of the
lo cal in put fall out of 137Cs is prob lem atic es pe cially in
re gions where un dis turbed sites are un com mon. The
sim ple com par i son be tween 137Cs in ven tory at a sam -
pling point and the ref er ence 137Cs in ven tory al lows
rec og niz ing ero sion and de po si tion ar eas; to ob tain
quan ti ta tive es ti ma tion of soil ero sion, how ever, one
of the mod els should be used [4]. Those re la tion ships
al low con vert ing 137Cs data into ero sion rate data.
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This pa per de scribes the mea sure ment of 137Cs
ac tiv ity in val ley soil. We mea sured the ac tiv i ties of
137Cs in soil sam ples in a small ag ri cul tural catch ment.
The study area was con tam i nated by 137Cs orig i nat ing
from Chernobyl ac ci dent [5]. The method based on
137Cs ac tiv ity was used as a tool to in ves ti gate soil ero -
sion and ac cu mu la tion for small ag ri cul tural catch -
ment. The value of the ero sion rate was ob tained by ap -
ply ing the mass bal ance mod els as well as the
pro por tional model. The aim of this study is to eval u -
ate the soil ero sion and ac cu mu la tion rates for the ag ri -
cul tural field lo cated on the loess slope as well as to
eval u ate the struc ture of soil re dis tri bu tion for the
study catch ment.

MA TE RI ALS AND METH ODS

The study area se lected for the in ves ti ga tion is a
small ag ri cul tural val ley lo cated at Rudovci ta ble land
near Lazarevac, Ser bia (44°22¢ N, 20°24¢ E). The av -
er age in cli na tion of the slopes of the study area is 4-5°
and the study area is 4 km2. The av er age an nual rain fall 
of the study area is 675 mm. Soil sam ples were col -
lected at three mea sur ing sites in De cem ber 2008.

The first mea sur ing site was at 221 m above the
see level, N 44° 22¢ 46.2², E 20°24¢27.83². This pro -
file was di vided into 4 zones. The sam ples were taken
from the depth of 0-13 cm, 13-30 cm, 30-60 cm, and
60-100 cm.

The sec ond mea sur ing site was at 226 m above
the see level, N 44°22¢50.97², E 20°24¢56.51². This
site was also di vided into 4 zones and the sam ples were 
taken from the fol low ing depths: 0-25 cm, 25-50 cm,
50-75 cm, and 75-100 cm.

The third mea sur ing site was at 222 m above the
see level, N 44°22¢49.54², E 20°24¢56.27², di vided
into 4 zones and the sam ples were taken from the depth 
of 0-20 cm, 20-40 cm, 40-70 cm, and 70-100 cm.

The ex act lo ca tions of each mea sur ing site were
de ter mined by a GPS por ta ble sys tem (Garmin, 76S).

The sam ples in the un dis turbed con di tion are
used for the de ter mi na tion of me chan i cal, mor pho log -
i cal and phys i cal char ac ter is tics of the soil. Rel a tive
hu mid ity and bulk den sity can also be de ter mined. The 
sam ples in the un dis turbed con di tion and in their nat u -
ral state were taken from the same place where the
sam ples for cul ti vated area had been taken from.
Those sam ples were taken with spe cial cyl in der with
the strictly de fined vol ume of 100 cm3, called
Kopecky’s cyl in der. The cyl in ders have one sharp side 
for eas ier in dent ing the ground sur face. The sam ples
were taken from the sur face to the ho ri zon depth. The
ground sur face needs to be pre pared for tak ing sam -
ples. It means that it needs to be clean and smooth,
with out roots and grass.

The bulk den sity of the soil was de ter mined. Bulk
den sity pres ents the ra tio of soil mass dried at 105 °C

and its vol ume in nat u ral state de fined by the Kopecky’s 
cyl in der. Data for 24 soil sam ples were taken into ac -
count in this re search (tab. 1).

The ver ti cal dis tri bu tion of 137Cs in the 12 soil
sam ples was de ter mined by gamma spec trom e try mea -
sure ments in the Lab o ra tory for Nu clear and Plasma
Phys ics, Vin~a In sti tute of Nu clear Sci ences, Belgrade.
The sam ples were mea sured in Marynelly ge om e try,
and the mass of each sam ple was ap prox i mately 0.5 kg.
Ra dio log i cal anal y sis was per formed by means of a
Schlumberger co ax ial HPGe spec trom e ter (res o lu tion:
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Ta ble 1. Bulk den sity of the samples

Sample Profile
Sampling

depth
[cm]

Cylinder
and sample

mass [g]

Bulk
density
[gcm–3]

Average
bulk

density
[gcm–3]

1

1 3-8

213.10 1.065

1.1472 237.70 1.304

3 212.00 1.073

4

1 18-23

259.50 1.484

1.5185 264.40 1.586

6 256.30 1.484

7

1 45-50

260.00 1.556

1.5708 266.70 1.593

9 261.80 1.561

10

1 75-80

265.00 1.588

1.59311 266.90 1.562

12 271.20 1.631

13

2 10.15

263.00 1.515

1.53314 260.40 1.547

15 256.10 1.538

16

2 30-35

246.70 1.444

1.45617 245.90 1.431

18 255.90 1.493

19

2 60-65

247.90 1.433

1.42320 245.20 1.449

21 248.40 1.387

22

2 80-85

272.00 1.528

1.50823 252.00 1.467

24 267.90 1.528

25

3 5-10

271.50 1.520

1.45126 248.70 1.429

27 244.10 1.403

28

3 30-35

267.00 1.568

1.56729 266.60 1.602

30 258.90 1.529

31

3 55-60

247.00 1.543

1.59332 262.00 1.606

33 266.90 1.630

34

3 85-90

269.10 1.623

1.57535 262.90 1.608

36 257.80 1.494



2.1 keV; rel a tive ef fi ciency: 15% at 1332.5 keV) as so ci -
ated with stan dard beam sup ply elec tron ics units. The
stan dard ized so lu tion of the com mon mix ture of
gamma-emit ting radionuclides trace able to the Czech
Metrological  In sti tute was used to pre pare the stan -
dards for the en ergy and ef fi ciency cal i bra tion of the
spec trom e ter in ac cor dance with IAEA rec om men da -
tions [6]. The mea sure ment time ranged from 80 000 s
to 230 000 s. All spec tra were re corded and an a lyzed us -
ing the Can berra’s Ge nie 2000 soft ware; net ar eas of the 
peaks were cor rected for the back ground, dead time,
and co in ci dence sum ming ef fects, ap ply ing the cal cu la -
tion method of Debertin and Schötzing [7]. The ob -
tained spe cific ac tiv i ties are given in tab. 2 expressed in
Bq/kg of dry soil mass. Quoted un cer tain ties (the con fi -
dence level of 1 s) were cal cu lated by er ror prop a ga tion 
cal cu la tion. The com bined stan dard un cer tain ties in -
cluded the ef fi ciency cal i bra tion un cer tainty and the
sta tis ti cal un cer tain ties of the re corded peaks.

RE SULTS

The re sults of the 137Cs ver ti cal dis tri bu tion at
the three mea sur ing sites have been shown in fig. 1.
The val ues showed a vide range of spe cific ac tiv ity,
from 38.1 Bq/kg on the sur face layer, to 0.028 Bq/kg at 
the max i mum of the depth of 100 cm. This can be ex -
plained by mas sive sur face con tam i na tion caused by
Chernobyl ac ci dent. 137Cs iso topes were cap tured on
the sur face lay ers, and 23 years later, their dif fu sion to
the bulk is al most gone. The small trace has been found 
at the bot tom, where the pol lut ant could get by a dif fu -
sion mech a nism en hanced by wa ter. Nev er the less,
137Cs half-life is about 30 years, which means that this
iso tope has not yet achieved a half of its con cen tra tion.
It could take 7 more years to get the half of the ini tial
con cen tra tion caused by the ac ci dent (fig. 1).

As it is shown in fig. 1, the most sig nif i cant mi -
gra tion of 137Cs  is at pro file 2. It  is  in  the  range of
38.1 ± 2.7 Bq/kg  at the  first  ho ri zon  (0-25 cm) to 0.28 
± 0.04 Bq/kg at the last ho ri zon (75-100 cm).

The dif fer ence is smaller at pro file 1, and it shows
a step by step be hav ior. At the first ho ri zon (0-13 cm),
the mea sured value is 37.2 ± 2.6 Bq/kg. At the sec ond
ho ri zon (13-30 cm), this value is 7 ± 0.6 Bq/kg, and this
trend con tin ues at the third ho ri zon (30-60 cm) to 0.09 ±
± 0.02 Bq/kg. At the last deep est ho ri zon (60-100 cm),
the value de creases to 0.019 ± 0.03 Bq/kg.

Pro file 3 shows a mi nor de vi a tion for ra dio ac tiv ity
val ues. The mea sured val ues for the ho ri zons 0-20 cm,
20-40 cm, 40-70 cm, and 70-100 cm are 30.8 ± 2.2 Bq/kg,
0.42 ± 0,08 Bq/kg, 0.13 ± 0,03 Bq/kg and 0 Bq/kg, re spec -
tively. Pro files 1 and 2 pres ent cul ti vated ar eas and pro file
3 pres ents an un dis turbed area. There is a dif fer ence in cal -
cu lat ing the ero sion coeficient: for ho ri zons 1 and 2 one
model was ap plied, while for ho ri zon 3 we used an other
model.

There are many re la tion ships to ob tain the quan -
ti ta tive es ti mates of soil ero sion and/or de po si tion
from 137Cs mea sure ments. In a few words, to ob tain
the quan ti ta tive value of soil ero sion from ce sium
mea sure ments, usu ally the ini tial in put of the fall out of 
137Cs has to be known. Luck ily, this in put may be ob -
tained for the area un der study by rel a tively sim ple
mea sure ments of 137Cs in soil in places with out ero -
sion or ac cu mu la tion. Gen er ally, the main idea of us -
ing 137Cs mea sure ments to study soil ero sion is a com -
par i son of the 137Cs in ven tory for study ing places with
the lo cal 137Cs ini tial in put. All ap proaches can be di -
vided into two main groups: em pir i cal re la tion ships
and the o ret i cal mod els. Em pir i cal equa tions have been 
es tab lished to ex plain the re la tion ship be tween 137Cs
loss and soil loss. This ap proach de mands the si mul ta -
neous mea sure ment of 137Cs loss from ero sion plots
(or the in crease for ac cu mu la tion plots) and soil loss.
At pres ent, a few em pir i cal re la tion ships ex ist [8].
Usu ally, the re la tion ship be tween soil loss and 137Cs
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Ta ble 2. Mea sured 137Cs in ven tory at the sam pling point

Samples Profile Depth [cm] 137Cs [Bqkg–1]

1 1 0-13 37.2 ± 2.6

2 1 13-30 7.0 ± 0.6

3 1 30-60 0.09 ± 0.02

4 1 60-100 0.19 ± 0.03

5 2 0-25 38.1 ± 2.7

6 2 25-50 1.0 ± 0.1

7 2 50-75 0.09 ± 0.01

8 2 75-100 0.28 ± 0.04

9 3 0-20 30.8 ± 2.2

10 3 20-40 0.42 ± 0.08

11 3 40-70 0.13 ± 0.03

12 3 70-100 –

Fig ure 1. De pend ence of 137Cs ra dio ac tiv ity of sam pling
depth



loss is ex po nen tial. Al though this ap proach is rel a -
tively easy to use, this kind of mea sure ment of soil ero -
sion has many lim i ta tions.

First, these em pir i cal equa tions have been es tab -
lished for rel a tively small ex per i men tal plots and thus
the use for other plots is rather dif fi cult. Sec ond, this
equa tion is the same for un dis turbed and cul ti vated ar -
eas. This can lead to the un der es ti ma tion of soil ero -
sion for cul ti vated fields and an over es ti ma tion of soil
ero sion for un dis turbed sites. This is due to the dif fer -
ent depth dis tri bu tion of 137Cs in the soil pro file for the
un dis turbed and cul ti vated field [9].

The sec ond group of ap proaches is to con vert the 
137Cs ac tiv ity data into soil ero sion value, and it con -
sists of the o ret i cal mod els. Gen er ally, all ex ist ing the -
o ret i cal mod els could be di vided into two main
groups: mod els de vel oped for un dis turbed and for ag -
ri cul tural ar eas. There are two kinds of the o ret i cal
mod els to con vert the 137Cs data for the ag ri cul tural
fields: pro por tional mod els and mass bal ance mod els.
The pro por tional mod els have been es tab lished and
used by many sci en tists. The pro por tional mod els
were sum ma rised by Wall ing and Quine. Brown et al.
es tab lished the gravimetric model but this model is a
kind of a pro por tional model [10-12]. There are a few
dif fer ent pro por tional mod els for the cal cu la tion of the 
value of soil loss but the dif fer ences be tween them are
rather small. Those mod els are based on the as sump -
tion that 137Cs is com pletely mixed within the plough
layer. The soil loss is di rectly pro por tional to the 137Cs
loss from the soil pro file. The equa tion can be writ ten
as [13]

Y
B X

T
= 10

100

d
(1)

where:
Y – rate of soil loss, [t.ha–1yr–1],
B – bulk den sity of the soil, [kgm–3],
d – depth of the plough layer, [m],
X – per cent age re duc tion in to tal 137Cs invertory,

de fined as (A A Aref ref- ×) / 100,
Aref – lo cal 137Cs ref er ence in ven tory, [Bqm–2],
A – mea sured 137Cs in ven tory at the sam pling

point, [Bqm–2], and
T – time elapsed since ini ti a tion 137Cs ac cu mu la -

tion, [yr].
As it is shown in fig. 2(a), the rate of soil loss de -

creases faster in pro file 1 than in pro file 2. Dif fer ences
be tween these val ues are not big due to its very sim i lar
chem i cal and phys i cal com po si tion. Also, the dis tance
of these two mea sur ing points is small and we can say
that it is al most the same soil com po si tion. In fig. 2(b),
the rate of  soil loss has a big ger value for 0.5 t.ha–1yr–1

in pro file 2 at the depth of 25 cm and has a con stant
value up to the depth of 75 cm.  Af ter this depth, the rate
of  soil loss de creases for 0.2 t.ha–1yr–1. Oth er wise, the
same val ues for pro file 1 at the depth from 30 to 60 cm
are 0.4 t.ha–1yr–1 and they are con stant. At the depth of

60 to 100 cm there is a slight in crease of the rate of soil
loss for 1 t.ha–1yr–1.

This ap proach has sev eral lim i ta tions. First, this
model as sumes that ce sium is uni formly dis trib uted in
the plough layer. Im me di ately af ter the fall out, the sur -
face con tained more ce sium than the lower soil layer
due to ag ri cul tural mix ing, e. g. due to plough ing. It
means that the re sults of the cal cu la tion of the soil loss
may be over es ti mated [14]. More over, due to the se -
lec tive re moval of fine soil par ti cles the re sults can be
over es ti mated. This is be cause 137Cs is more readily
ad sorbed on the fine soil frac tion. In a nut shell, this ap -
proach has been widely used due to its sim plic ity al -
though the re sults are some times in ac cu rate. To over -
come the lim i ta tions of the pro por tional mod els (and
also of the gravimetric ap proach), the mass bal ance
model was pro posed by Kachanoski et al. [15]. The
au thors sup posed that the re la tion ship be tween soil
ero sion and 137Cs re main ing was time-de pend ent.

They as sumed that the re la tion ship be tween the
chang ing of 137Cs in soil and soil ero sion de pended on
the at mo spheric de po si tion of 137Cs and the till age di -
lu tion of 137Cs. The au thors also con sid ered the vari a -
tion in soil ero sion and 137Cs de po si tion dur ing a year.
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Fig ure 2. (a) Rate of soil loss de pend ence of ac tiv ity at
cul ti vated ar eas; (b) rate of soil loss de pend ence of sam -
pling depth at cul ti vated ar eas



The rate of soil ero sion for un dis turbed ar eas is
usu ally much smaller than for cul ti vated ar eas. More -
over, due to the lack of me chan i cal mix ing of soil dur -
ing ag ri cul tural pro cesses, the ver ti cal dis tri bu tion of
137Cs in the soil pro file is dif fer ent than for cul ti vated
ar eas [16]. Fur ther more, soil ero sion pro cesses could
be dif fer ent for un dis turbed soils and for cul ti vated
soils.

For un dis turbed soil, the mod els to con vert 137Cs 
mea sure ment data into the soil ero sion value can be di -
vided into two main groups: the pro file dis tri bu tion
mod els and the dif fu sion mod els. Both groups of mod -
els are clas si fied as the o ret i cal mod els. An em pir i cal
re la tion ship sim i lar to the re la tion ships for cul ti vated
soils also ex ists, but those re la tion ships have many
lim i ta tions and thus soil ero sion es ti ma tion might be
in cor rect [17]. The pro file dis tri bu tion mod els are
based on the as sump tion that gen er ally for un dis turbed 
soil the ce sium ac tiv ity de creases with depth ex po nen -
tially

¢ = - -A x A x h( ) ( )/
ref e1 0 (2)

where:
A¢(x) – amount of 137Cs above x depth, [Bqm–2],
x – depth, [kgm–2], and
h0 – fac tor de scrib ing the pro file shape, [kgm–2].
For the soil ero sion place, ac cord ing to Wall ing

et al. [11], and Wall ing et al. [18], the re la tion ship
could be ex pressed by the equa tion

Y
t

X
h=

-
-

æ

è
ç

ö

ø
÷

10

1963
1

100
0ln (3)

where:
Y – rate of soil ero sion, [t.ha–1yr–1],
t – years of sam ple col lec tion, and
X – re duc tion of the 137Cs in ven tory at the sam -

pling point rel a tive to the lo cal ref er ence in ven tory of
137Cs [%] (fig. 3)

In fig. 3(b), it is clearly vis i ble that the rate of
soil ero sion has a max i mum value on the depth of 20
to 70 cm. This is con firmed at two ho ri zons, the first
ho ri zon lo cated at the depth of 20 to 40 cm and the
sec ond ho ri zon lo cated at the depth of 40 to 70 cm.

In fig. 3(a), it is con firmed once again, same as in 
cul ti vated area mea sure ments, that with in creas ing
137Cs ac tiv ity, the rate of soil ero sion de creases.

For this model, it is also pos si ble to as sume,
same as for sim pli fied mass bal ance model de scribed
in the pre vi ous chap ter, that the to tal 137Cs fall out oc -
curred in 1963. This sim pli fied ver sion of the model
was de scribed by Wall ing et al. [18]. It should be men -
tioned that such a sim pli fied mass bal ance model
could be a source of the over es ti ma tion of the soil ero -
sion rate. The mod els de scribed above, al though quite
easy to use, might not pro vide cor rect val ues of soil
ero sion es ti ma tion.

The re sults of soil ero sion cal cu la tion de pend on
the dis tri bu tion pat tern of 137Cs in the soil pro file, as
was shown by Yang et al. [19]. They per formed a nu -
mer i cal sim u la tion of the soil ero sion rate by us ing dif -
fer ent val ues of 137Cs loss as well as the depth dis tri bu -
tion of 137Cs. They found that for a small per cent age of
the re duc tion in the to tal 137Cs in ven tory, the re la tion -
ship be tween soil loss and 137Cs loss is al most lin ear.
They con cluded that the depth dis tri bu tion pat terns of
137Cs are a ma jor fac tor for es ti mat ing the rate of soil
loss. To carry out more re al is tic stud ies, the dif fu sion
mod els are better. The be hav iour of ce sium in soil af ter 
the de po si tion is quite com plex and the depth dis tri bu -
tion of 137Cs in soil pro files is time-de pend ent. There
are phys i cal, chem i cal, and bi o log i cal pro cesses re -
spon si ble for ce sium re dis tri bu tion within soil.

CON CLU SIONS

This study served as a pre lim i nary in ves ti ga tion
of the amount and vari abil ity of 137Cs in the soil un der
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Fig ure  3. (a) Rate of soil ero sion de pend ence of ac tiv ity at 
un dis turbed ar eas; (b) rate of soil ero sion de pend ence of
sam pling depth at un dis turbed ar eas



two dif fer ent land uses, cul ti vated and un dis turbed
soils. 137C ac tiv ity is sub stan tially dif fer ent at each 12
sam ples and re flects the ero sion sta tus of each site.
Vari abil ity is not un usu ally high for a soil prop erty, but
the de gree of vari abil ity found pres ents se ri ous sam -
pling prob lems be cause of the long count ing times in -
volved in 137Cs anal y ses. Vari abil ity ap pears to be pri -
mar ily de pend ent on the land use and sam pling area.

The vari abil ity in 137Cs ac tiv ity in soil pre cludes
the use of in di vid ual sam ples for soil loss es ti mates.
The rou tine anal y sis of the large num bers of sam ples
in ero sion sur veys is likely to be im prac ti cal. It is sug -
gested that once an es ti mate of vari abil ity has been
made, any fur ther sam ples col lected be bulked for
anal y sis.

Cae sium-137 method al most al ways gives good
re sults, es pe cially in de fin ing ero sion in ten sity in un dis -
turbed ar eas. Oth er wise, some er rors could be pres ent
as a con se quence of non-ideal dis tri bu tion of ra dio iso -
topes, es pe cially their con cen tra tion and dis tri bu tion on
dense wooden ar eas, cul ti vated ar eas, etc. From this
rea son, it is nec es sary that the ob tained re sults should be 
com pared with the re sults ob tained us ing other meth ods 
and tech niques. For ex am ple, this other method could
be the well known Gavrilovic’s and hy dro-tech ni cal
method.

ACKNOWLEDGEMENT

This work is sup ported by Ser bian Min is try of
Sci ence and Tech no log i cal De vel op ment un der pro -
jects 142016 and 141001.

REF ER ENCES

[1] Gavrilovi}, S., En gi neer ing of Tor rents Flows and
Ero sion (in Ser bian), Spe cial Edi tion, 1972, Bel grade, 
p. 292

[2] Ritchie, J. C., McHenry, J. R., Ap pli ca tion of Ra dio -
ac tive Fall out Cae sium-137 for Mea sur ing Soil Ero -
sion and Sed i ment Ac cu mu la tion Rates and Pat terns,
Jour nal of En vi ron men tal Qual ity, 19 (1990), 2, pp.
215-233

[3] Bacchi, O. O. S., Reichardt, K., Sparovek, G., Sed i -
ment Spa tial Dis tri bu tion Eval u ated by Three Meth -
ods and its Re la tion to Some Soil Prop er ties., Soil and
Till age Re search, 69 (2003), 1-2, pp. 117-125

[4] Wall ing, D. E., Use of 137Cs and other Fall out
Radionuclides in Soil Ero sion In ves ti ga tions: Prog -
ress, Prob lems and Pros pects, IAEA-TECDOC-1028, 
IAEA Vi enna, 1998, 3, pp. 39-62

[5] Wall ing, D. E., Quine, T. A., Cal i bra tion of Cae -
sium-137 Mea sure ments to Pro vide Quan ti ta tive Ero -
sion Rate Data. Land Deg ra da tion and Re ha bil i ta -
tion, 2 (1990), pp. 161-175

[6] ***, Mea sure ment of Radionuclides in Food and En -
vi ron ment, AGuidebook. Tech ni cal Re ports se ries
No. 295, IAEA, Vi enna, 1989

[7] Debertin, K., Schötzing, U., 1990, Bedeutung von
Summationskorrektionen bei der Gammastrahlen-
-Spektrometrie mit Germaniumdetektoren. PTB-Be-

richt PTB-Ra-24, Braunschweig, Ger many;
Firestone, R. B., Ta ble of Iso topes, 8th ed., Wiley-
Interscience, New York, USA, 1996

[8] Wall ing, D. E., Quine, T. A., Use of 137Cs Mea sure -
ments to In ves ti gate Soil Ero sion on Ar a ble Fields in
the UK: Po ten tials Ap pli ca tions and Lim i ta tions,
Jour nal of Soil Sci ence, 42 (1991), 1, pp. 147-165

[9] Zhang, X. B., Higgitt, D. I., Wall ing, D. E., A Pre lim i -
nary As sess ment of the Po ten tial for Us ing Cae -
sium-137 to Es ti mate Rates of Soil Ero sion in the
Loess Pla teau of China, Hy dro log i cal Sci ences, 35
(1990), 3, pp. 243-252

[10] Zhang, X. B., Wall ing, D. E., He, Q., Sim pli fied Mass
Bal ance Mod els for As sess ing Soil Ero sion Rates on
Cul ti vated Land Us ing Cae sium-137 Mea sure ments,
Hy dro log i cal Sci ences, 44 (1999), 1, pp. 33-45

[11] Wall ing, D. E., Quine, T. A., Cal i bra tion of Cae -
sium-137 Mea sure ments to Pro vide Quan ti ta tive Ero -
sion Rate Data, Land Deg ra da tion and Re ha bil i ta -
tion, 2 (1990), 3, pp. 161-175

[12] Brown, R. B., Kling, G. F., Cutshall, N. H., Ag ri cul -
tural Ero sion In di cated by 137Cs Re dis tri bu tion: II. Es -
ti mates of Ero sion Rates, Soil Sci ence So ci ety of
Amer ica Jour nal, 45 (1981), pp. 1191-1197

[13] Du, M., Yang, H., Chang, Q., Minami, K., Hatta, T.,
Cae sium-137 Fall out Depth Dis tri bu tion in Dif fer ent
Soil Pro files and Sig nif i cance for Es ti ma tion Soil
Ero sion Rate, Sci ence of Soils, 3 (1998), 1, pp. 23-33

[14] He, Q., Wall ing, D. E., In ter pret ing Par ti cle Size Ef -
fects in the Adsorption of 137Cs and Un sup ported 210Pb 
by Min er als Soils and Sed i ments, Jour nal of En vi ron -
men tal Ra dio ac tiv ity, 30 (1996), 2, pp. 117-137

[15] Kachanoski, R. G., de Jong, E., Pre dict ing the Tem po -
ral Re la tion ship be tween Soil Ceasium-137 and Ero -
sion Rate, Jour nal of En vi ron men tal Qual ity, 13
(1984), 2, pp. 301-304

[16] Higgitt, D. L., Froehlich, W., Wall ing, D. E., Ap pli ca -
tions and Lim i ta tions of Chernobyl Radiocaesium
Mea sure ments in a Carpathian Ero sion In ves ti ga tion,
Po land. Land Deg ra da tion and Re ha bil i ta tion, 3
(1992), pp. 15-26

[17] Ben-Haim, Y., Lettner, H., Bossew, P., Hubmer, A. K., 
Spa tial Vari abil ity of Fall out Cae sium-137 in Aus -
trian Al pine Re gions, Jour nal of En vi ron men tal Ra -
dio ac tiv ity, 47 (1999), 1, pp. 71-82

[18] Wall ing, D. E., He, Q., Im proved Mod els for Es ti mat -
ing Soil Ero sion Rates from Ce sium-137 Mea sure -
ments, Jour nal of En vi ron men tal Qual ity, 28 (1999),
pp. 611-622

[19] Yang, H., Chang, Q., Du, M., Minami, K., Hatta, T.,
Quan ti ta tive Model of Soil Ero sion Rates Us ing 137Cs
for Un cul ti vated Soil, Soil Sci ence, 3 (1998), pp.
248-257

Re ceived on No vem ber 13, 2009
Ac cepted on Jan u ary 27, 2010

S. S. Nenadovi}, et al.: Ver ti cal Dis tri bu tion of 137Cs in Cul ti vated and ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2010, Vol. 25, No. 1, pp. 30-36 35



S. S. Nenadovi}, et al.: Ver ti cal Dis tri bu tion of 137Cs in Cul ti vated and ...
36 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2010, Vol. 25, No. 1, pp. 30-36

Sne`ana S. NENADOVI], Milo{ T. NENADOVI], Ivana S. VUKANAC,
Aleksandar R. \OR\EVI], Slavoqub S. DRAGI]EVI], Milutin A. QE[EVI]

VERTIKALNA  RASPROSTRAWENOST  CEZIJUMA–137  U
OBRADIVIM  I  NEOBRADIVIM  ZEMQI[TIMA

U ovom radu prikazana je rasprostrawenost i jedinstvene karakteristike cezijuma-137
kako u obradivim tako i u neobradivim zemqi{tima. Uzorkovawe je vr{eno na tri merna  mesta  do
1 m dubine. Ispitani su svi vidqivi horizonti i utvr|eno je postojawe 4 horizonta u jednom
profilu, koji su razli~itih debqina. Cezijum-137 je ve{ta~ki radioizotop koji je nastao kao
posledica termonuklearnih reakcija ispitivanog oru`ja u atmosferi zemqe kao i ne`eqeni
proizvod nuklearnih akcidenata (^ernobil, 1986). Ovaj radioizotop je {iroko rasprostrawen u
celom svetu, gde se wegova migracija u zemqi{tu prati pomo}u intenziteta erozije potpomognutim 
vodom i vetrom. Stoga je cezijum-137 va`an faktor pri odre|ivawu intenziteta erozije kako u
zemqi{tu tako i u sedimentima, te je odre|ena wegova specifi~na aktivnost kori{}ewem gama
spektrometrije.

Kqu~ne re~i:  cezijum-137, erozija, zemqi{te, gama spektrometrija


