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Ex trac tion of 137Cs from: Hypnum cupressiforme and Isothecium myurum mosses was in ves ti -
gated us ing the fol low ing so lu tions: H2SO4, HNO3, and a mix ture of H2SO4 and HNO3 at
three pH val ues (4.61,  5.15,  and 5.75) and dis tilled wa ter (pH = 6.50). Af ter five suc ces sive
desorption pro cesses last ing 24 hours the fol low ing amounts of 137Cs [%] were ex tracted
from mosses: us ing acid so lu tions 19.1-34.7 and 18.4-30.5, and us ing dis tilled wa ter 29.1
and 26.9. Sorp tion of 137Cs was per formed at no less than two sorp tion points in moss tis sue.
In the in ves ti gated pH re gion no sig nif i cant in flu ence of H2SO4 or HNO3 on 137Cs ex trac tion 
was noted in re la tion to wa ter ex trac tion, i. e. ex trac tion with acid rain with pH > 4.6.
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IN TRO DUC TION

Mosses are old, prim i tive, non-vas cu lar plant spe -
cies, with a spe cific struc ture (they have no formed root, 
leaves, trunk or stoma), but also a spe cific ecol ogy and
phys i ol ogy in com par i son with other spe cies [1, 2]. In
the pres ent re search Hypnum cupressiforme and
Isothecium myurum mosses were taken as the model
sys tem. Hypnum cupressiforme is a com mon and wide -
spread spe cies of moss. It grows in a wide va ri ety of
hab i tats and cli ma tic zones and is found on all con ti -
nents. It grows on tree trunks, logs, walls, rocks and
other sur faces, but it pre fers acidic en vi ron ments and is
tol er ant to pol lu tion. It was for merly used as a fill ing for
pil lows and mat tresses. Isothecium myurum, with its
mod ern name Isothecium alopecuroides, ap pears in
wood lands, on stream banks and in shel tered places,
most com monly on lower parts of tree trunks and on
roots, rocks and stones, es pe cially that are base-rich. It
does not grow on acidic sub strates.

Acid rain is formed of SO2 and also of NO2

formed from H2SO4 and HNO3 af ter ox i da tion dur ing
at mo spheric fall out. Ac ids formed in the at mo sphere
fall on the earth's sur face with fall out or by free fall due 
to the ef fect of grav i ta tion force. The term acid rain re -
fers to any acid pre cip i ta tion, re gard less whether it is
wet or dry pre cip i ta tion [3-7].

If moss sorbs a cer tain sub stance (for ex am ple
137Cs) it be comes pol luted with it [8-26]. When moss is

then sub merged in wa ter or is pe ri od i cally soaked with
so lu tions not con tain ing the sorbed sub stance, this sub -
stance will be ex tracted. The amount of the ex tracted
sub stance will de pend on the type of ex trac tion so lu tions
that in flu ence spread ing of pol lu tion by this sub stance
into the en vi ron ment. In our pre vi ous work the ex trac tion 
of 137Cs and met als was mon i tored in Cetraria islandica
li chen by us ing an acid so lu tion with pH val ues rang ing
from 2.00 to 5.75, and also the ex trac tion of 137Cs from
Homalothecium sericeum (Hedw.) Schimp. moss and
Brachythecium mildeanum moss [27-36].

A sys tem for mon i tor ing the ex trac tion of 137Cs
with acid so lu tions sim i lar to acid rain was set up. In
this study, the ex trac tion of this iso tope from two com -
mon moss spe cies was in ves ti gated with the aim to
con firm the de ter mined pos si bil ity of us ing moss as
pol lu tion bioindicators and also as sources of 137Cs
pol lu tion.

MA TE RI ALS AND METH ODS

In this work the fol low ing chem i cals were used:
H2SO4 p.a. (pro analysi), Merck, HNO3 p.a. Al ka loid,
dis tilled wa ter hav ing pH val ues 6.50, buffer so lu tions
with pH 4.00 and 7.00, Carlo Erba and stan dard Merck 
fil ter pa per. 

Mass was mea sured on METT LER an a lyt i cal
scales (sen si tiv ity 0.1 mg).

Ex trac tion so lu tions were made by add ing con -
cen trated H2SO4 (I) or HNO3 (II) into 200.0 mL of dis -

A. A. ^u~ulovi}, et al.: Ex trac tion of 137Cs from Moss Us ing So lu tions Sim i lar to ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2019, Vol. 34, No. 4, pp. 361-367 361

* Cor re spond ing au thor; e-mail: anas@inep.co.rs



tilled wa ter un til pH val ues of 4.61, 5.15, and 5.75
were reached (so lu tions H2SO4: I1, I2, I3, and HNO3:
II1, II2, and II3, re spec tively). So lu tion (III) was made
by mix ing 100.0 mL of so lu tion (I) and 100.0 mL of
so lu tion (II), with iden ti cal pH val ues (so lu tions III1,
III2, and III3).

Sam ples of Hypnum cupressiforme (A) and
Isothecium myurum (B) moss spe cies were col lected
from the Djerdap Na tional Park (Ser bia) in 2006 and
kept in pa per bags. Moss sam ples were dried spon ta -
ne ously in air, cleaned from vi su ally no tice able im pu -
ri ties and then me chan i cally ground. Ex trac tion sam -
ples weigh ing 10.00 grams were put in plas tic ves sels
(7.50 cm in di am e ter and 150.0 cm3 in vol ume). Ini tial
ra dio ac tiv ity lev els of sorbed 137Cs were mea sured in
these sam ples.

Af ter mea sur ing the ini tial ac tiv ity, sam ples
were soaked in 200.0 mL of dis tilled wa ter and a so lu -
tion with com po si tion sim i lar to acid rain, (I), (II), and
(III), or (D), and then left to rest for 24 hours. Five suc -
ces sive ex trac tions were per formed. The ex trac tions
were per formed at room tem per a ture (22 °C) with pe -
ri od i cal mix ing. Af ter the first ex trac tion a dark yel low 
so lu tion was ob tained. The sec ond ex trac tion pro -
duced a lighter so lu tion, and the last ob tained so lu tion
was al most col or less. Af ter each ex trac tion, moss sam -
ples were dried at room tem per a ture in an open ves sel
un til a con stant mass was reached. Sam ple ac tiv i ties
were mea sured, as well as the ac tiv i ties of the ob tained
ex tracted so lu tions. All se ries were re peated twice.

The ac tiv i ties of 137Cs in the sam ples were de ter -
mined by an ORTEC-AMETEK gammaspectrometer
hav ing an HPGe de tec tor, 8192 chan nels, res o lu tion of 
1.65 keV and ef fi ciency 34 % at 1.33 MeV 60Co with a
mea sure ment er ror be low 5.0 %. Gamma Vi sion-32
soft ware was used for spec tral anal y sis [37]. En ergy
cal i bra tion and ef fi ciency cal i bra tion of the
gamma-spec trom e ter were per formed prior to mea -
sure ments by us ing a cal i bra tion source con tain ing a
mix ture of radionuclides with known ac tiv ity. The de -
tec tor was cal i brated with three dif fer ent ra dio ac tive
ref er ence ma te ri als in the Marinelly ge om e try: Sil i -
cone resin (Czech Metrological In sti tute Praha (CMI
Praha), Cert. No. 1035-SE-40517-17, Type MBSS 2
(241Am, 109Cd, 139Ce, 57Co, 60Co, 137Cs, 113Sn, 85Sr,
88Y, 51Cr), 490.0 g, den sity: 0.98 ± 0.01 gcm3, vol.
500.0 ± 5.0 cm3 ref. date 1.9.2017); sil i cone resin CMI
Praha,  Cert. No. 1035-SE-40661/14, Type MBSS 2
(241Am, 109Cd, 139Ce, 57Co, 60Co, 137Cs, 113Sn, 85Sr,
88Y, 51Cr), 490.0 g, den sity: 0.98 ± 0.01 gcm3, vol.
500.0 ± 5.0 cm3, ref. date 1.10.2014; and Veg e ta tion
(Inst. Ra dio log i cal Pro tec tion, Bel grade: QAP 9709,
23.12.2002).

The ac tiv ity of 137Cs was mea sured in the sam -
ples be fore and af ter each ex trac tion un der the same
geo met ri cal con di tions last ing one hour. The 137Cs

con tent in each sam ple was ex pressed as the per cent -
age of re main ing ce sium in the sam ple af ter each
ex trac tion in re la tion to its con tent in the ini tial sam ple.

Mass re duc tion of sam ples af ter each ex trac tion
was lower than the mea sure ment er ror. The mea sure -
ment er ror is the stan dard de vi a tion of all in di vid ual
mea sure ments when so lu tions with the same pH value
are used re gard less of the so lu tion type.

With suc ces sive ex trac tions with equal vol umes
of desorbance so lu tion the amount of the re main ing
sorbed sub stance, Cx, changes with the num ber of ex -
trac tions, nx, ac cord ing to the fol low ing equation [35]

ln lnC C anx x= -0 (1)

where is the C0 sorbed sub stance con tent in the sam ple
be fore ex trac tion, a – the a con stant, nx – the num ber of 
suc ces sive ex trac tions with equal vol umes of ex trac -
tion so lu tion, and Cx – the amount of sorbed sub stance
for a cer tain value of nx. 

RE SULTS AND DIS CUS SION

The con tent of 137Cs in each sam ple is ex pressed
as the per cent age of the ac tiv ity of the re main ing 137Cs
in the sam ple af ter each of the five suc ces sive ex trac -
tions in re la tion to the ini tial sam ple ac tiv ity. 

Ta ble 1 shows the ac tiv ity of 137Cs [Bqkg–1] in
Hypnum cupressiforme (A) and Isothecium myurum
(B) mosses be fore ex trac tion and the per cent age of the
re main ing 137Cs in mosses af ter each of the five suc -
ces sive ex trac tions us ing so lu tions (I), (II), and (III).
Each value in the ta ble is the av er age value of two mea -
sure ment se ries.

The ac tiv i ties of 137Cs in moss were as fol lows:
2682 and 2757 (A) and 2002 and 2040 (B) Bqkg–1, that 
is in the in ter val of the mea sure ment er ror, in di cat ing
the ho mo ge ne ity of moss sam ples af ter rep a ra tion for
mea sure ments.

Af ter five ex trac tions so lu tions (I), (II), and (III)
ex tracted be tween 19.1 % (II, pH 5.75) and 34.7 % (I, pH 
4.61) of 137Cs from moss (A), and 18.4 % (II, pH 5.75),
and 30.5 % (I, pH 4.61) from moss (B). The first ex trac -
tion, in ac cor dance with the pre vi ous re searches [34, 35],
re moved the high est per cent age of 137Cs in re la tion to the
ini tial ac tiv ity in the moss (12.0 %-16.9 %). 

From tab. 1 it is ob vi ous that changes in the pH
value of the so lu tion af fect the ex trac tion of
radiocesium from mosses, i. e., the sig nif i cant role of
H+ ion in the ex change of Cs+ ion.  The ob tained re -
sults in di cate that in all cases with in creased pH val ues
of the ex trac tion so lu tion the amount of ex tracted
137Cs is re duced. This in di cates that hy dro gen ions
have an in flu ence on 137Cs ex trac tion from moss.

The re sults ob tained for to tal ex trac tion of 137Cs
for all pH val ues show that the high est ex trac tion oc -
curred when so lu tion (I) was used, fol lowed by so lu -
tion (III), and ex trac tion was the low est when so lu tion
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(II) was used. This means that an ion type af fects ex -
trac tion, re gard less of the fact that the used ac ids were
strong. In this case the sul fate an ion has a stron ger ef -
fect. Since ce sium is an al kali metal, the ef fect of the
acid an ion type on ex trac tion is the con se quence of
acid an ions on cor re spond ing com po nents of the or -
ganic mol e cule in moss tis sue to which the sorbed ce -
sium was bonded.

In our pre vi ous anal y ses, the same so lu tions, af -
ter five suc ces sive ex trac tions, ex tracted from 22.8 %
(III, pH 5.75) to 33.2 % (III, pH 4.61) of 137Cs from H.
sericeum moss and from 20.5 % (III, pH 5.75) to 37.6
% (I, pH 4.61) of 137Cs from B. mildeanum moss [34,
35]. The com par i son of the cur rent re sults with those
ob tained for H. sericeum moss and for B. mildeanum

moss, leads to the con clu sion that moss type has no ef -
fect on 137Cs ex trac tion type. 

The 137Cs desorption mech a nism us ing acid so -
lu tions can also be ap plied to other al kali met als.

Ta ble 2 con tains data col lected when dis tilled
wa ter (D) was used as the ex trac tion agent. Dis tilled
wa ter (D) ex tracted 29.1 % 137Cs from moss (A) and
26.9 % from moss (B). The first ex trac tion, in ac cor -
dance with the pre vi ous re searches, re moved the high -
est per cent of 137Cs in re la tion to the ini tial ac tiv ity in
the moss, 16.9 % (A) and 11.7 % (B). The com par i son
of the cur rent re sults with those ob tained for H.
sericeum moss (31.3 %) and for B. mildeanum moss
(30.7 %), leads to the con clu sion that moss type does
not af fect 137Cs ex trac tion type [34, 35].
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Ta ble 1. Ac tiv ity (av er age val ues of two mea sured sam ples) of 137Cs in mosses H. cupressiforme (A) and I. myurum (B)
be fore ex trac tion, per cent age of re main ing 137Cs in mosses af ter each ex trac tion and to tal ex tracted 137Cs from moss [%],
us ing so lu tion I, II, and III

So lu tion H2SO4 (I)

pH 4.61 5.15 5.75

Mosses A B A B A B

Ac tiv ity lev els of 137Cs in mosses be fore ex trac tion [Bqkg–1]

Ex trac tion
2757 2028 2697 2002 2737 2040

Per cent age of re main ing 137Cs in mosses af ter ex trac tion [%]

I 84.4 86.9 83.1 84.0 86.9 87.2

II 73.8 77.3 77.8 78.3 81.9 82.4

III 68.2 74.0 75.7 76.7 79.8 79.8

IV 65.9 71.2 73.5 75.2 78.1 79.2

V 65.3 69.5 73.1 74.8 77.5 79.0

To tal ex tracted 137Cs from mosses [%]

34.7 30.5 26.9 25.2 22.5 21.0

So lu tion HNO3 (II)

pH 4.61 5.15 5.75

Mosses A B A B A B

Ac tiv ity lev els of 137Cs in mosses be fore ex trac tion [Bqkg–1]

2749 2016 2703 2011 2741 2034

Per cent age of re main ing 137Cs in mosses af ter each ex trac tion [%]

I 85.5 86.4 89.9 88.0 87.9 88.1

II 80.1 80.8 83.7 83.3 84.9 84.4

III 77.4 78.2 81.5 82.2 83.8 82.8

IV 76.3 77.9 79.2 81.1 82.1 81.9

V 76.0 77.3 78.7 80.8 80.9 81.6

To tal desorbed 137Cs from mosses [%]

24.0 22.7 21.3 19.2 19.1 18.4

So lu tion H2SO4-HNO3 (III)

pH 4.61 5.15 5.75

Mosses A B A B A B

Ac tiv ity lev els of 137Cs in mosses be fore ex trac tion [Bqkg–1]

Ex trac tion
2737 2021 2682 2017 2720 2025

Per cent age of re main ing 137Cs in mosses af ter each ex trac tion [%]

I 85.4 87.3 84.1 85.3 87.6 87.4

II 81.0 78.5 79.9 78.0 82.3 83.2

III 78.3 74.8 77.7 76.5 79.7 80.1

IV 76.1 73.1 76.9 75.1 78.5 79.2

V 75.0 72.3 76.8 74.4 78.0 78.7

To tal ex tracted 137Cs from mosses [%]

25.0 27.7 23.2 25.6 22.0 22.3



The ob tained re sults in di cate that hy dro gen ions
have an ef fect on 137Cs ex trac tion from moss. 

The  ex trac tion  of  137Cs  with dis tilled wa ter,
tab. 2, showed that wa ter is also an ex trac tion me dium
with sig nif i cant ef fi ciency, as the per cent age of to tally
desorbed 137Cs in all cases was higher than in the case
of acid so lu tions, ex cept in a sin gle case when H2SO4

so lu tion with pH = 4.61 was used. This im plies that
137Cs ex trac tion is a com plex pro cess, in flu enced by
wa ter as a sol vent, as well as by a se ries of other com -
po nents pres ent in the ex trac tion so lu tion, i.e. in acid
rain that leads to ex trac tion in nat u ral con di tions. The
ob tained re sults are in ac cor dance with the ones ob -
tained for the H. sericeum moss and B. mildeanum
moss [34, 35]. 

If the re sults of our pre vi ous re search on the ex -
trac tion of 137Cs from Cetraria islandica li chen us ing
so lu tions with the same pH val ues and com po si tions
are com pared with the re sults ob tained in this ex per i -
ment,  it can be con cluded that two times more 137Cs is
ex tracted from li chen com pared to mosses and this is
prob a bly the con se quence of dif fer ent struc tures of
these spe cies, the se lec tiv ity of semipermeable mem -
branes, sorp tion of 137Cs in the thallus, plant age and
lo ca tion. As Cetraria islandica li chen was col lected in 
1994, it was also prob a bly more con tam i nated with
137Cs. 

Fig ure 1 shows the change in 137Cs con tent in
(A) and (B) moss spe cies de pend ing on the num ber of
suc ces sive ex trac tions, nx. Ex po nen tial curves were
ob tained for all ex trac tion so lu tions, (I), (II), and (III),
and their form does not de pend on pH value and so lu -
tion type, fig. 1. Anal o gous curves were ob tained
when dis tilled wa ter was used for ex trac tions. The ob -
tained re sults were an a lyzed by ap ply ing the same pro -
ce dure as in our pre vi ous pa pers [34, 35].

The de pend ence of the log a rithm of the amount
of sorbed sub stance in the solid sorbent phase on the
num ber of suc ces sive ex trac tions, nx (eq. 1) is in all
cases lin ear, fig. 2, show ing that only one sorp tion type 

is ac tive, or one of more sorp tion types pre vail (the rest 
are neg li gi ble). The re sults of this re search are in ac -
cor dance with our pre vi ous re searches [34, 35].

The ex trap o la tion of the ob tained lin ear
dependences re sults in val ues for ln C0e (C0e – the
value of C0 ob tained by ex trap o la tion of the straight
line based on ex per i men tal data) pre sented in tab. 3.
The  val ues  of  DC0

 (DC0 = 100 – C0e)  rang ing  from
5.6 % to 22.5 % in di cate that at least two types of 137Cs
sorp tion are pres ent in mosses, that sig nif i cantly dif fer
in bond ing strength. The weakly bonded part of 137Cs
is ex tracted us ing the de scribed so lu tions. The re main -
ing part of 137Cs is bonded much more strongly, and
cor re spond ing ca pac i ties are very full, so the amounts
of ex tracted 137Cs from these lo ca tions are much lower 
and they do not sig nif i cantly cause changes in equi lib -
rium con cen tra tions in cor re spond ing vol umes of the
used ex trac tion agents. This leads to the fact that the
graph of eq. 1 does not dif fer from a straight line.
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Ta ble 2. Ac tiv ity (av er age val ues of two mea sured
sam ples) of 137Cs in mosses H. cupressiforme (A) and I.
myurum (B) be fore ex trac tion (Bqkg–1) with dis tilled
wa ter (pH 6.50), per cent age of re main ing 137Cs in mosses
af ter each ex trac tion and to tal ex tracted 137Cs from moss
[%]

Mosses A B

Ac tiv ity lev els of 137Cs
in mosses be fore ex trac tion [Bqkg–1]

2650 2061

Ex trac tion Per cent age of re main ing 137Cs
in mosses af ter ex trac tion [%]

I 83.2 87.3

II 76.7 79.3

III 73.3 75.9

IV 72.0 73.9

V 70.9 73.1

To tal ex tracted 137Cs from mosses [%]

29.1 26.9

Fig ure 1. Con tent [%] of 137Cs in moss A – Hypnum
cupressiforme and B – Isothecium myurum in re la tion to
the ini tial con tent (100%), de pend ing on the num ber of
suc ces sive ex trac tions, nx, with so lu tions (I), (II), and
(III)

Fig ure 2. Log a rithm of the con tent [%] of 137Cs in moss
(A) Hypnum cupressiforme and (B) Isothecium myurum,
ln Cx, de pend ing on the num ber of suc ces sive ex trac tions
[nx], us ing so lu tions: (I), (II), and (III), initial con tent C0 = 
=.100 %



CON CLU SIONS

The com par i son of the ob tained re sults with the
ones ob tained for H. sericeum moss and B. mildeanum
moss points out to equal be hav ior of mosses dur ing ex -
trac tion with acid so lu tions. This means that acid rain
will desorb 137Cs from mosses and trans fer it into the
en vi ron ment. This also hap pens when rain is not acid
but very clean. As ce sium is an al kali metal these con -
clu sions can be ap plied to other al kali met als. 

The re sults ob tained for 137Cs ex trac tion from li -
chens show that in gen eral there are no dif fer ences in
re la tion to ex trac tion from mosses, so these spe cies
can be used for the same pur pose – de tec tion of 137Cs.

Hypnum cupressiforme and Isothecium myurum
mosses were col lected in 2006, i. e. 20 years af ter the
Chernobyl ac ci dent, while Homalothecium sericeum
moss was col lected in 2002, 16 years af ter the ac ci -
dent, show ing that mosses re tain sorbed 137Cs for a
long time, though trans fer of 137Cs from a pol luted en -
vi ron ment can not be ex cluded.

AC KNOWL EDG MENT

This work was fi nanced by the Min is try of Ed u -
ca tion, Sci ence and Tech no log i cal De vel op ment of the 
Re pub lic of Ser bia (Pro ject num ber: III43009) 

AU THORS' CON TRI BU TIONS

The ex per i ments were done by A. A. ̂ u~ulovi}.
Data anal y sis, dis cus sion of the ob tained re sults as
well as writ ing of the manu script was done by A. A.
^u~ulovi} and D. S. Veselinovi}.

REF ER ENCES

[1] Longton, R. E., The Role of Bryophytes and Li chens
in Ter res trial Eco sys tems, in: Bryophytes and Li chens 
in a Chang ing En vi ron ment, (Eds. J. W. Bates, A. M.
Farmer), Clar en don Press, Ox ford, UK, 1992

[2] Rich ard son, D. H. S., The Bi ol ogy of Mosses, Blackwell
Sci en tific Pub li ca tions, Ox ford, UK, 1981

[3] Veselinovi}, D., et al., Con di tions and Pro cesses in
the En vi ron ment (in Ser bian), Physicochemical Ba sis
of En vi ron men tal Pro tec tion, Book I, Text books of
Physicochemistry Fac ulty of Phys i cal Chem is try,
Uni ver sity of Bel grade, Bel grade, 1995

[4] Wellburn, A., Air Pol lu tion and Acid Rain, The Bi o -
log i cal Im pact, Lon don: Longman Group, 1988, pp.
274

[5] Railsback, L. B., Lower pH of Acid Rain As so ci ated
With Light ning: Ev i dence from Sam pling within 14
Show ers and Storms in the Geor gia Piedmont in Sum -
mer 1996., Sci. To tal En vi ron., 198 (1997), 3, pp.
233-241

[6] Baek, B. H., et al., Chem i cal Cou pling Be tween Am -
mo nia, Acid Gases, and Fine Par ti cles, En vi ron.
Pollut., 129 (2004), 1, pp. 89-98

[7] Denison, R., et al., The Ef fects of Acid Rain on Ni tro -
gen Fix a tion in West ern Wash ing ton Co nif er ous For -
ests, Wa ter, Air, Soil Pollut., 8 (1977), 1, pp. 21-34

[8] Zechmeister, H. G., et al., Def i ni tions, Strat e gies and
Prin ci ples for Bioindication/Biomonitoring of the En -
vi ron ment, in: Bioindicators and Biomonitors; (Eds.:
Markert, B. A.; Breure, A. M.; Zechmeister, H. G),
Elsevier Sci ence Ltd: Am ster dam, The Neth er lands,
2003

[9] Brown, D. H., Bates, J. W., Bryophyte and Nutient
Cy cling, Bot. J. Linn. Soc., 104 (1990), 2, pp. 129-147

[10] Delfanti, C., et al., Mosses as In di ca tors of Ra dio ac -
tiv ity De po si tion Around a Coal-Fired Power Sta tion,
Sci. To tal En vi ron., 227 (1999), 1, pp. 49-56

[11] Elstner, E. F., et al., Nat u ral and Chernobyl-Caused
Ra dio ac tiv ity in Mush rooms, Mosses and Soil-Sam -
ples of De fined Biotops in SW Ba varia, Oecologia, 73 
(1987), 4,  pp. 553-558

[12] Giovani, C., et al., Bryophytes as In di ca tors of Ra dio -
ac tive De po si tion in North east ern It aly, Sci. To tal. En -
vi ron., 157 (1994), 1, pp. 35-43

A. A. ^u~ulovi}, et al.: Ex trac tion of 137Cs from Moss Us ing So lu tions Sim i lar to ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2019, Vol. 34, No. 4, pp. 361-367 365

Ta ble 3. Val ues of ini tial ac tiv ity of 137Cs (C0e), de ter mined by ex trap o la tion of straight lines in per cent age and the
dif fer ence (DC0) in re la tion to the mea sured ini tial ac tiv ity C0 (100 %) be fore ex trac tion with so lu tions* (I), (II), (III), and
dis tilled wa ter (D), for mosses A (H. cupressiforme) and B (I. myurum)

pH A B

I

C0e [%] DC0 = 100-C0e [%] C0e [%] DC0 = 100-C0e [%]

4.61 85.6 14.4 82.2 17.8

5.15 84.4 15.6 77.5 22.5

5.75 87.8 12.2 87.8 12.2

II

C0e [%] DC0 = 100-C0e [%] C0e [%] DC0 = 100-C0e [%]

4.61 94.6 5.6 85.6 14.4

5.15 90.9 9.1 88.7 11.3

5.75 89.1 10.9 89.1 10.9

III

C0e [%] DC0 = 100-C0e [%] C0e [%] DC0 = 100-C0e [%]

4.61 87.4 12.6 87.8 12.2

5.15 84.8 15.2 85.6 14.6

5.75 86.5 13.5 88.2 11.8

D
C0e [%] DC0 = 100-C0e [%] C0e [%] DC0 = 100-C0e [%]

6.50 83.9 16.1 88.2 11.8

* So lu tion com po si tions are given in the Ex per i men tal sec tion



[13] Mar ket, B., et al., Gen eral As pects of Heavy Metal
Mon i tor ing by Plants and An i mals, in: En vi ron men tal 
Biomonitoring-Ex po sure As sess ment and Spec i men
Bank ing, Pro ceed ings, Sym po sium Se ries 654,
Amer i can Chem i cal So ci ety, Wash ing ton, D. C., 1997

[14] Papastefanou, C., et al., Li chens and Mosses: Bi o log i -
cal Mon i tors of Ra dio ac tive Fall out from the
Chernobyl Re ac tor Ac ci dent, J. En vi ron. Radioact., 9
(1989), 3, pp. 199-207

[15] Kilic, O., Biomonitoring of 137Cs, 40K, 232Th, and 238U
Us ing Oak Bark in Bel grade For est, Instanbul, Tur -
key, Nucl Technol Radiat, 27 (2012), 2, pp. 137-143

[16] Salemaa, M., et al., El e ment Acumulation in Bo real
Bryophytes, Li chens and Vas cu lar Plants Ex posed to
Heavy Metal and Sul fur Deopsition in Fin land, Sci.
To tal En vi ron., 324 (2004), 1-3, pp. 141-160

[17] Sawidis T., et al., Ce sium-137 Mon i tor ing Us ing
Mosses from W. Mac e do nia, N. Greece, J. En vi ron.
Manag., 90 (2009), 8, pp. 2620-2627

[18] Szczepaniak, K., Biziuk, M., As pects of the
Biomonitoring Stud ies Us ing Mosses and Li chens as
In di ca tors of Metal Pol lu tion, En vi ron. Res., 93
(2003), 3, pp. 221-230 

[19] Whicker, F. W., Im pacts of large Radionuclide Re -
leases on Plant and An i mal Pop u la tions, in: Ciba
Foun da tion, Health Im pacts of Large Re leases of
Radionuclides, John Wiley, Lon don, UK, 1997

[20] Basile, A., et al., Com par i son of the Heavy Metal
Bioaccumulation Ca pac ity of an Epiphytic Moss and
Epiphytic Li chen, En vi ron. Pollut., 151 (2008), 2, pp.
401-407

[21] Berg, T., Steinnes, E., Use of Mosses (Hylocomium
Splendens and Pleurozium Schreberi) as Biomonitors 
of Heavy Metal De po si tion: from Rel a tive to Ab so -
lute De po si tion Val ues, En vi ron. Pollut.,  99 (1997),
1, pp. 61-71

[22] Boileau, L. J. R., et al., Li chens and Mosses as Mon i -
tors of In dus trial Ac tiv ity As so ci ated with Ura nium
Min ing in North ern On tario, Can ada-Part-1: Field
Pro ce dures, Chem i cal Anal y sis and Inter-Spe cies
Com par i sons, En vi ron. Pollut., 4 (1982), 1, pp. 69-84

[23] Ajti}, J., et al., El e men tal Com po si tion of Moss and
Li chen Spe cies in East ern Ser bia, Nucl Technol
Radiat, 33 (2018), 1, pp. 275-285

[24] ^u~ulovi}, A., et al., Mosses as Biomonitors for Ra -
dio ac tiv ity Fol low ing the Chernobyl Ac ci dent, Arch.
Biol. Sci., Bel grade, 63 (2011), 4, pp. 1117-1125

[25] ^u~ulovi}, A., et al., Nat u ral Radionuclides and 137Cs
in Moss and Li chen in East ern Ser bia, Nucl Technol
Radiat, 27 (2012), 1, pp. 44-51

[26] ^u~ulovi}, A., et al., Ac tiv ity Con cen tra tions of 137Cs
and 40K in Mosses from Spas in East ern Ser bia, Arch.
Biol. Sci., Bel grade, 64 (2012), 3, pp. 917-925

[27] ^u~ulovi}, A., et al., Desorption of Met als from
Cetraria Islandica (L.) Ach. li chen Us ing So lu tions
Sim u lat ing Acid Rain, Arch. Biol. Sci., 66 (2014), 1,
pp. 273-284 

[28] ^u~ulovi}, A., et al., Ex trac tion of 137Cs from Cetraria 
Islandica Li chen with Wa ter, J. Serb. Chem. Soc., 71
(2006), 5, pp. 565-571 

[29] ^u~ulovi}, A., Desorption of 137Cs and Other Met als
from Cetraria Islandica Us ing Acid So lu tions (in Ser -
bian), Ph. D. thesis, Fac ulty of Phys i cal Chem is try,
Uni ver sity of Bel grade, Bel grade, 2007

[30] ^u~ulovi}, A., et al., Ex trac tion of 137Cs from Cetraria 
Islandica Li chen Us ing Acid So lu tions, J. Serb.
Chem. Soc., 72 (2007), 7, pp. 673-678 

[31] ^u~ulovi}, A., et al., Metal Ex trac tion from Cetraria
Islandica (L.) Ach. Li chen Us ing Low pH So lu tions,
J. Serb. Chem. Soc., 73 (2008), 4, pp. 405-413

[32] ^u~ulovi}, A., et al., 137Cs Desorption from Li chen
Us ing Acid So lu tions, Russ. J. Phys. Chem. A, 83
(2009), 9,  pp. 1547-1549 

[33] ^u~ulovi}, A., et al., Desorption of 137Cs from
Cetraria Islandica (L.) Ach. Us ing So lu tions of Ac ids
and their Salts Mix tures, J. Serb. Chem. Soc., 74
(2009), 6, pp. 663-668 

[34] ^u~ulovi}, A., et al., In flu ence of Acid Rain Com po -
nents on Radiocesium-137 Desorption from Cetraria
Islandica (L.) Ach. li chen (in Ser bian), Hem. Ind., 66
(2012), 5, pp. 701-708  

[35] ^u~ulovi}, A., Veselinovi}, D., Desorption of 137Cs
from Homalothecium Sericeum (Hedw.) Schim.
Moss Us ing Weakly Acid So lu tions (in Ser bian),
Hem. Ind., 67 (2013), 6, pp. 975-980

[36] ^u~ulovi}, A.,Veselinovi}, D., Desorption of 137Cs
from Brachythecium Mildeanum Moss Us ing Acid
So lu tions with pH 4.60-6.50, Russ. J. Phys. Chem. A,
89 (2015), 13, pp. 2473-2477

[37] ***, Gamma Vi sion-32: Gamma-Ray Spec trum Anal y -
sis and MCA Em u la tor, Soft ware User´s Manuel,
ORTEC

Re ceived on May 20, 2019
Ac cepted on Sep tem ber 26, 2019

A. A. ^u~ulovi}, et al.: Ex trac tion of 137Cs from Moss Us ing So lu tions Sim i lar to ...
366 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2019, Vol. 34, No. 4, pp. 361-367



A. A. ^u~ulovi}, et al.: Ex trac tion of 137Cs from Moss Us ing So lu tions Sim i lar to ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2019, Vol. 34, No. 4, pp. 361-367 367

Ana A. ^U^ULOVI], Dragan S. VESELINOVI]

EKSTRAKCIJA  137Cs  IZ  MAHOVINA
RASTVORIMA  SLI^NIM  KISELOJ  KI[I

Ispitivana je ekstrakcija 137Cs iz mahovina Hypnum cupressiforme i Isotheciu myurum
koriste}i rastvore: H2SO4, HNO3 i sme{u H2SO4-HNO3, na tri pH vrednosti 4.61, 5.15 i 5.75, kao i
destilovanu vodu, (pH = 6.50). Posle pet sukcesivnih ekstrakcija u trajawu od po 24 ~asa
ekstrahovano je 137Cs [%] iz mahovine 19.1-34.7 i 18.4-30.5 a destilovanom vodom 29.1 i 26.9. Mahovine
posle ekstrakcija nisu pretrpele uo~qive strukturne promene. Sorpcija 137Cs vr{i se na najmawe
dva sorpciona mesta u tkivu mahovine. U ispitivanoj oblasti pH, nema bitnog uticaja H2SO4 i
HNO3 na ekstrakciju 137Cs u odnosu na ekstrakciju vodom, odnosno ekstrakciju kiselim ki{ama sa
vrednostima pH > 4.6.

Kqu~ne re~i: H2SO4, HNO3, sme{a H2SO4-HNO3, destilovana voda 


