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The wa ters of two lakes and two streams that dom i nate in the Šar Moun tains aquatorium
were an a lyzed. The tri tium pro file of soil was also re corded. All sam ples were taken at ap prox -
i mately the same time, to gether with sam ples of pre cip i ta tion. Dur ing the pe riod of tak ing
sam ples, the am bi ent tem per a ture con di tions were taken into ac count for ten days around the
time of sam pling. Mon i tor ing of the sea sonal max i mum with tak ing into ac count the ob -
tained tri tium soil pro file and the tem per a ture on and around the day of sam pling un am big u -
ously showed that all tested wa ter in the Šar Moun tains aquatorium is of at mo spheric or i gin
and as such un suit able for any ma jor trans for ma tion for com mer cial pur poses.
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IN TRO DUC TION

Wa ter sup ply for the needs of the pop u la tion, in -
dus try and ag ri cul ture is one of the most press ing is -
sues of to day's civ i li za tion. This prob lem is par tic u -
larly rel e vant to the idea of ob tain ing en ergy from the
so-called re new able en ergy sources (RES), which in -
clude mini-hydropower plants. There is rea son able
doubt about the idea re lated to an in crease in RES as it
has been shown that of ten more en ergy is in vested in
their con struc tion (mostly of non-re new able or i gin)
than can be ob tained dur ing their op er a tion life. Also,
RES, es pe cially mini-hydropower plants, dis rupt the
eco log i cal bal ance of the en vi ron ment in which they
are built. For this rea son, it is nec es sary to have the ba -
sic data i. e. the en ergy po ten tial of the aquatorium
where the con struc tion of a mini-hy dro power plant is
planned. This means, among other things, quan ti ta tive
(per cent age) knowl edge of the at mo spheric wa ter, sur -
face wa ter, and ground wa ter par tic i pa tion in the
amount of wa ter in tended for the op er a tion of
mini-hydropower plants. For this pur pose, com monly
used are the ar ti fi cial trac ers (paints) that are in serted
into the wa ter and based on their con cen tra tion the wa -
ter con nec tion (re la tion ship) in the ob served
aquatorium is es ti mated [1, 2]. How ever, such trac ers
are not guided by the same hy dro dy namic laws as wa -

ter which leads to the mea sure ment un cer tainty type B
of the pro ce dure it self.

In the world, as well as in Ser bia, the method of
tri tium con cen tra tion mea sure ment in hy dro log i cal
stud ies has been pres ent since the six ties and to gether
with the same method with deu te rium are con sid ered
to be the most ac cu rate [3-5].

This pa per aimed at in ves ti gat ing the con nec tion
of at mo spheric, sur face and ground wa ter us ing tri tium
which, as a nat u ral com po nent of wa ter (HTO), is sub -
ject to the same hy dro dy namic laws as tri tium-free wa -
ter com po nents (H2O). By now no such tests have been
car ried out for the Šar Moun tains aquatorium (south ern
Ser bia) as it was as sumed that the wa ter re sources of the
moun tain are purely of at mo spheric or i gin. Such an as -
sump tion is log i cally jus ti fied as the Ser bian prov ince
of Kosovo is ex tremely wa ter-poor, so the ex is tence of
lakes and streams at an al ti tude of about 2000 m can
hardly be at trib uted to some un der ground wa ter
springs. How ever, this is sue be came rel e vant af ter the
be gin ning of the con struc tion of mini-hydropower
plants in the Šar Moun tains aquatorium with un proven
claims that a part of the aquatorium wa ters was of un -
der ground or i gin. In ad di tion to the re search of wa ter
in ter con nec tion within the Šar Moun tains aquatorium
by a ra dio ac tive hy dro gen iso tope tri tium, chem i cal and 
bi o log i cal anal y sis were car ried out in par al lel.
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TRI TIUM IN NA TURE

The level of in ter est in tri tium has changed over
time since its dis cov ery (1939) to the pres ent. Its ini tial 
high in ter est sub se quently de creased as it was con sid -
ered a fairly be nign iso tope [6, 7]. How ever, tri tium
be nig ni ties is be ing checked in wa ter me tab o lism
now a days [8], and the use of tri tium in hy drol ogy has
be come a stan dard method [9].

Tri tium (or super heavy hy dro gen) is a ra dio ac -
tive iso tope of hy dro gen of 0.0002 % abun dance.
Abun dance of tri tium in nat u ral hy dro gen is chang ing
due to hu man ac tiv i ties so that this per cent age should
be un der stood con di tion ally [6]. Tri tium is pro duced
by nu clear re ac tions and the most im por tant are
[10-12]

D + D = T + H + 4 MeV (1)

6Li + n = 4He + T + 4.69 MeV (2)

10B + n = 9Be + T + 0.2 MeV (3)

11B + n = 9Be + T + 9.6 MeV (4)

14N + n = 12C + T + 4.5 MeV (5)

14N + n = 33He + T + 11.5 MeV (6)

9Be + n = 8Be + T + 5.53 MeV (7)

D + n = T + g (8)

The ar ti fi cial tri tium was ob tained for the first
time by re ac tion (1). Re ac tions (5) and (6) are as so ci -
ated with the for ma tion of tri tium in the up per lay ers of 
the at mo sphere un der the in flu ence of fast neu trons of
cos mic ra di a tion. Nu clear power plants, es pe cially
heavy-wa ter re ac tors, are the most im por tant per ma -
nent pro ducer of tri tium. In re ac tors, tri tium is formed
as a fis sion frag ment in 0.01 % yield by re ac tions (7)
and (8) which take place in the ac tive zone. Over 70 %
of the tri tium thus pro duced re mains at the site of for -
ma tion, and the rest goes into the nat u ral en vi ron ment
which con tin u ously (in cor re la tion with the de vel op -
ment of nu clear power) in creases the con cen tra tion of
tri tium in na ture [13]. Based on this pre sen ta tion, it can 
be con cluded that the to tal amount of tri tium in na ture
can be di vided by or i gin into nat u ral and ar ti fi cial. The
most im por tant nat u ral sources of tri tium are the up per
lay ers of the at mo sphere wherein, un der the ac tion of
high-en ergy neu trons of cos mic ra di a tion, re ac tions
(5) and (6) take place. Fast neu trons of cos mic ra di a -
tion also pro duce tri tium caus ing the de cay of heavy
el e ments in the Earth's crust. The yield of these re ac -
tions is less than the to tal amount of nat u ral tri tium in -
di cat ing that cos mic ra di a tion and in ter ac tions in the
oceans cre ate some ad di tional tri tium [14-16]. Ar ti fi -
cial sources of tri tium are ther mo nu clear ex plo sions
and nu clear power plants. Since 1953, ther mo nu clear
ex plo sions have been re spon si ble for the in ser tion of

large amounts of tri tium in na ture, tab. 1 [17]. Tri tium
is usu ally mea sured in tri tium units where 1 TU is de -
fined as the ra tio of 1 tri tium atom to 1018 hy dro gen at -
oms, ap prox i mately equal to 0.118 BqL–1.

Ap pli ca tion of tri tium in hy drol ogy

The most com mon form of tri tium in na ture is
HTO (called tritiated wa ter). The mol e cules of tritiated 
wa ter en ter the hy dro log i cal cy cle within which (ex -
cept for phase tran si tions) they be have iden ti cally to
or di nary wa ter mol e cules. At phase tran si tions HTO
be haves like other heavier com po nents of wa ter i. e.
with a lower va por pres sure (at 15 °C the va por pres -
sure of the tritiated wa ter is 10 % lower than in H2O).
The con cen tra tion of HTO, in all phases of the hy dro -
log i cal cy cle, is also af fected by the av er age age of the
tritiated wa ter mol e cules due to tri tium losses from the
sys tem by ra dio ac tive de cay. Prop er ties of tri tium, as
well as the prop er ties of the tritiated wa ter, en able the
use of tri tium in hy drol ogy, which con sists of test ing:
ground wa ter res to ra tion, in fil tra tion of pre cip i ta tion
into the soil, sur face wa ter and ground wa ter com mu ni -
ca tion and de ter mi na tion of ground wa ter age [18, 19].

The so-called ex cess wa ter [2] is neg a tive from
April to Au gust, and pos i tive from Au gust to April
with high val ues in the win ter pe riod [20]. Change of
the tri tium con cen tra tion in pre cip i ta tion sea sonal
min i mum cor re sponds to the neg a tive part of the ex -
cess wa ter. It can be con cluded that iso to pic fluc tu a -
tion, which re flects the mech a nism of re newal, is a
cor re la tion of sev eral mag ni tudes, mak ing it dif fi cult
to un am big u ously con clude its mon i tor ing [21-23].
For the Bal kan geo graph ical po si tion, low av er age an -
nual tem per a tures can be con sid ered to lead to an in -
crease in ex cess wa ter in win ter and that the change in
tri tium con cen tra tion in the res to ra tion wa ters fol lows
the tri tium con cen tra tion in pre cip i ta tion (since most
of the pre cip i ta tion is in win ter when re newal is min i -
mal) [24].

The ini tial ap pli ca tion of tri tium for hy dro log i -
cal pur poses was as an ar ti fi cial tracer for study ing the
pen e tra tion of pre cip i ta tion wa ter through the soil [25,
26]. At the same time, high con cen tra tions of tri tium
were in jected into the wa ter at the in fil tra tion sites and
the fur ther pro cess was mon i tored by time. More re -
cently, nat u ral tri tium has been used for this pur pose.
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Ta ble 1. Tri tium con cen tra tion be fore ther mo nu clear
ex plo sions and at the con tem po rary level. The TU unit is
de fined as the ra tio of one tri tium atom to 1018 hy dro gen
at oms

Tri tium con cen tra tion [TU]

Be fore 1953 Pres ent sit u a tion

Oceans 0.54 10

Rivers 2.5-6 300

Pre cip i ta tion 10 100-200



Spe cif i cally, by re cord ing the so-called tri tium pro file
for the com po si tion of the ob served soil, we can de ter -
mine the in fil tra tion rate through the soil, by in fil tra -
tion mech a nism and a frac tion of pre cip i ta tion which
in the lon ger pe riod per forms re newal of wa ter [27,
28].

For the last thirty years, tri tium has been used to
de ter mine the con nec tion be tween ground wa ter and
sur face wa ter. In gen eral, in one hy dro log i cal sys tem,
the move ment of wa ter, and there fore tri tium, can be
shown ac cord ing to the scheme in the fig. 1 [7, 8, 24].

The equi lib rium equa tion for each area of the
scheme in fig. 1 is [27, 28]

Q T Q Ti i o o= (1)

where Qi and Qo are the in put and out put com po nents,
and Ti and To are the cor re spond ing tri tium con cen tra -
tions. The ap pli ca tion of this equa tion is sim ple,
namely, the mea sure ment of tri tium con cen tra tion in
each com po nent of Qi and the knowl edge of one of the
com po nents makes it pos si ble to de ter mine the other
com po nent.

A very im por tant fea ture of ground wa ter is its
age. The age of some ground wa ter means the time
elapsed since its en try into the un der ground. The ba sic
method of de ter min ing the age of ground wa ter us ing
ra dio ac tive iso topes is to re cord the change in ra dio ac -
tiv ity of the wa ter over time. It should be noted that due 
to the het er o ge ne ity of un der ground sys tems, it is not
pos si ble to use the ex po nen tial de cay law since its ap -
pli ca tion would re quire a strictly iso lated sys tem. For
this rea son,  the ex po nen tial model is used with the fol -
low ing clas si fi ca tion: 1– tri tium con tent be tween 3 TU 
and 10 TU in di cates that the ground wa ter is over 40
years old; 2- tri tium con tent greater than 20 TU means
that it is of more re cent or i gin [29]. Of course, there are 
more pre cise di vi sions as well as com pletely dif fer ent
di vi sions for ther mal wa ters. It should be noted that tri -
tium is not the only iso tope that can be used to de ter -
mine the age of ground wa ter. The tri tium field of ap -
pli ca tion is for wa ters youn ger than 30 years. In
sys tems con tain ing wa ter of dif fer ent ages, car bon 14C

and sil i con 32Si are used in ad di tion to tri tium to de ter -
mine the pro por tions of the var i ous com po nents [29].

EX PER I MENT

Ex per i men tal de ter mi na tion of tri tium ac tiv ity
took place in the fol low ing stages: sam ple tak ing, sam -
ple prep a ra tion for en rich ment, sam ple en rich ment,
prep a ra tion of the en riched sam ple for mea sure ment,
and mea sur ing tri tium ac tiv ity in the sam ple.

When sam pling, care must be taken to en sure
that the sam ple is a true rep re sen ta tive of the an a lyzed
wa ter. Care should also be taken that af ter sam pling
the sam ple must not be in con tact with at mo spheric
mois ture. There fore, the sam ples are sent im me di ately
af ter tak ing in one-li ter, filled to the top and well
closed, poly eth yl ene bot tles for fur ther pro cess ing. To
de ter mine the wa ters con nec tion in the Šar Moun tains
aquatorium, fig. 2, sam ples were taken from 1 –
Jažina~ko Lake (fig. 3), 2 – Štrba~ko Lake (fig. 4), 3 –
Durlov Creek (fig. 5), and 4 – Bereva~ki Creek (fig. 6). 
Sam pling was per formed five times in one cal en dar
year (2018). The sam ples thus ob tained are marked
chro no log i cally by a month of sam pling: 1 – Jan u ary, 2 
– April, 3 – July, 4 – Sep tem ber, and 5 – De cem ber. At
the same time with the men tioned sam ples, pre cip i ta -
tion sam ples (rain or snow) were also taken.

To mea sure the tri tium ac tiv ity all of the stan dard 
meth ods used in the mea sure ment of ion iz ing ra di a -
tion can be im ple mented and us ing a gas coun ter, nu -
clear emul sion, as the de tec tor. The main prob lem of
mea sur ing tri tium ac tiv ity us ing the stan dard meth ods
is that tri tium emits low-en ergy beta par ti cles so it
must be in tro duced di rectly into the de tec tor ac tive
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Fig ure 1. Flow di a gram of wa ter and tri tium in the
hy dro log i cal sys tem

Fig ure 2. Šar Moun tains aquatorium: 1 – Jažina~ko
Lake, 2 – Štrba~ko Lake, 3 – Durlov Creek,
4 – Bereva~ki Creek



zone (into the work ing vol ume of the coun ter, into the
liq uid scintillator, or the ion iza tion cham ber). In most
cases, the tri tium ac tiv ity of nat u ral wa ters is mea sured 
by a scin til la tion coun ter. The liq uid phase scintillator

can be used to de ter mine the wa ter ac tiv ity of more
than 40 TU from a sam ple of about 10 ml of wa ter,
with out any pre lim i nary prep a ra tions and with stan -
dard mea sur ing equip ment. This is quite sat is fac tory
for the de tec tion of tri tium in serted as a tracer, but for
nat u ral tri tium with an av er age con cen tra tion up to 20
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Fig ure 3. Jažina~ko Lake

Fig ure 4. Štrba~ko Lake

Fig ure 5. Durlov Creek

Fig ure 6. Bereva~ki Creek



TU, such a pro ce dure is not suf fi ciently pre cise so
sam ple en rich ment is nec es sary.

Sam ple en rich ment is the most im por tant part of
the pro cess for de ter min ing the ap par ent tri tium con cen -
tra tion. Typ i cally, en rich ment is per formed by a fac tor of
10 to 100. All meth ods that are nor mally used for iso to pic 
en rich ment can be ap plied (dis til la tion, chro ma tog ra phy,
dif fu sion, elec trol y sis, and centrifugation).

Elec trol y sis is the most com monly used en rich -
ment method (and was also used in this re search).
Elec trol y sis en rich ment is based on the aban don ment
of hy dro gen in the gas phase from a so lu tion af ter the
elec trol y sis of wa ter. The rate of hy dro gen evo lu tion
far ex ceeds that of deu te rium and tri tium. There fore,
the sep a ra tion fac tor is greater for tri tium than for deu -
te rium and for deu te rium greater than for hy dro gen.
As a re sult of this phe nom e non, the con cen tra tion of
tri tium in the elec tro lyte res i due in creases pro gres -
sively dur ing elec trol y sis. The com bined mea sure -
ment un cer tainty of the to tal mea sure ment of tri tium
ac tiv ity was less than 10 % [30-32].

RE SULTS AND DIS CUS SION

In figs. 7-10 the mea sured tri tium con tent is
shown in the pre cip i ta tion and in Jažina~ko Lake,
Štrba~ko Lake, Durlov Creeks, Bereva~ki Creeks, re -
spec tively.

From figs. 7-10, it can be con cluded that all the
wa ters of the ob served aquatorium are of at mo spheric
or i gin. The no tice able dif fer ences be tween fig. 7-10
are a con se quence of the ra tio of the pre cip i ta tion vol -
umes of wa ter to wa ter in lakes or tor rents. These fig -
ures also show a de crease in the con cen tra tion of tri -
tium in the win ter months. In the win ter months, when
pre cip i ta tion is the high est, there is a pre vi ously ex -
plained de crease in tri tium con cen tra tion. The same
ef fect, in a slightly milder form, is felt dur ing the sum -
mer months as wa ter tests were car ried out at high al ti -
tudes, which re duced the tri tium con cen tra tion in pre -
cip i ta tion. Un like flow ing wa ter, lake wa ter is the
wa ter of older or i gin, which is re flected by its slower

mon i tor ing of the sea sonal (sum mer) max i mum in pre -
cip i ta tion wa ters. The dif fer ence that can be ob served
be tween the ra tio of tri tium con cen tra tion in pre cip i ta -
tion wa ter and wa ter from Durlov and Bereva~ki
Creeks is due to the con fig u ra tion of the ter rain. Pre -
cip i ta tion wa ter into the Durlov Creek, for much of its
course, flows to the stream through the ground (which
can be no ticed when ex am in ing the tri tium soil pro file
and the pro file com pletely agrees with the ob served
de lay of tri tium con cen tra tion in stream wa ter and pre -
cip i ta tion wa ter). Dur ing the ex am i na tion, it was not
pos si ble to de tect the ex is tence of any larger ba sin with 
ground wa ter un re lated to pre cip i ta tion.
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Fig ure 7. The con tent of tri tium at the site Jažina~ko
Lake; full line – pre cip i ta tion, dashed line – lake wa ter

Fig ure 8. The con tent of tri tium at the site Štrba~ko
Lake; full line – pre cip i ta tion, dashed line – lake wa ter

Fig ure 9. The con tent of tri tium in pre cip i ta tion and in
Durlov Creek; full line – pre cip i ta tion; dashed line – lake
wa ter

Fig ure 10. The con tent of tri tium in pre cip i ta tion and in
Bereva~ki Creek; full line – pre cip i ta tion; dashed line –
lake wa ter



CON CLU SION

An anal y sis of the tri tium con cen tra tion in the
wa ters of Štrba~ko Lake, Jažina~ko Lake, Durlov
Creek, and Bereva~ki Creek (which form the back -
bone of the aquatorium of the ob served part of the Šar
Moun tains) clearly shows that all the wa ters of this
aquatorium are of at mo spheric or i gin. Some dif fer -
ences in the tem po ral po si tion ing of the sea sonal max i -
mum are due to the ag ing of the wa ters in the lakes and
the dif fer ent mor pho log i cal com po si tion of the soil,
which causes dif fer ent tri tium pro files (which were
also re corded dur ing the ex per i ment, but for rea sons of 
ra tio nal ity they are not shown in this pa per). From the
above it can be con cluded that the wa ters in the Šar
Moun tains aquatorium should not be com mer cial ized
be cause they are un pre dict able as an en ergy source,
and their com mer cial iza tion could pro duce changes in
the eco and biosystems of the moun tain.
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Nenad Z. STANOJEVI], Jelena V. \OKI], Predrag V. OSMOKROVI]

ISPITIVAWE  ME\USOBNE  POVEZANOSTI  VODA  AKVATORIJUMA 
[AR-PLANINE  TRICIJUMOM,  RADIOAKTIVNIM  IZOTOPOM  VODONIKA 

U radu je prikazano ispitivawe porekla i povezanosti voda akvatorijuma [ar-planine.
Analizirane su vode jezera i dva potoka koji dominiraju ovim akvatorijumom. Tako|e su izvr{ena i
snimawa tricijumskog profila zemqi{ta od interesa. Uzimani su (po mogu}nosti) istovremeni
uzorci padavina u ispitivanom rejonu. Prilikom uzimawa uzoraka vodilo se ra~una o
temperaturskim uslovima ambijenta desetak dana oko trenutka uzimawa uzoraka. Pra}ewe
sezonskog maksimuma, uz uzimawe u obzir dobijenog tricijumskog profila zemqi{ta i tem per a -
ture na dan uzimawa (i oko wega), nedvosmisleno je pokazalo da je sva voda akvatorijuma
ispitivanog dela [ar-planine atmosferskog porekla i kao takva nepogodna za bilo kakva ve}a
preoblikovawa u komercijalne svrhe.

Kqu~ne re~i: tricijum, tricirana voda, trasirawe voda, akvatorijum [ar planina


