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En vi ron men tal ra di a tion mon i tor ing in volves mea sur ing the level of ra dio ac tive con tam i na -
tion of the air, in clud ing the rel e vant me te o ro log i cal mea sure ments at the mi cro-lo ca tion type 
of mea sure ments, which are es sen tial for eval u at ing the ex tent of en vi ron men tal fac tors and
ef fec tively man ag ing the ex po sure of the pop u la tion and the im pact on the en vi ron ment.
These mea sure ments are cru cial in en sur ing a com pre hen sive un der stand ing of the eco log i cal
con di tions and fa cil i tat ing in formed de ci sion-mak ing to safe guard the well-be ing of com mu -
ni ties and eco sys tems. This pa per shows the re la tion be tween the change of am bi ent dose
equiv a lent H*(10) rate in the air and pre cip i ta tion due to wash ing out and rainout in the at -
mo sphere. Mea sure ments were made in the vi cin ity of nu clear fa cil i ties within the pub lic com -
pany Nu clear Fa cil i ties of Ser bia at the weather sta tion mount ing pole 114 m above sea level.
To il lus trate the re la tion ship be tween the mea sured am bi ent dose equiv a lent H*(10) rate and
pre cip i ta tion lev els, a vari a tion of these val ues was em ployed spe cif i cally dur ing the most
rain-laden months in 2019 and 2020. Be sides, an interlaboratory com par i son was con ducted
to as cer tain the sys tem's op er a tional val i da tion. A thor ough ex am i na tion of this ra tio dis -
tinctly re veals the im pact of heavy rain fall on the am bi ent dose equiv a lent H*(10) rate,
thereby ra tio nal iz ing the ob served el e vated val ues. Im por tantly, these height ened read ings
were not at trib uted to any in ad ver tent re lease of ra dio ac tive effluents from nu clear fa cil ity op -
er a tions in this par tic u lar in stance.
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IN TRO DUC TION

Pro tec tion of the en vi ron ment from ion iz ing ra di a -
tion is a set of mea sures that pre vent the harm ful ef fects
of ion iz ing ra di a tion in the en vi ron ment and elim i nate
the con se quences of that ra di a tion, as well as keep ing ev -
i dence of ma te ri als and raw ma te ri als that in crease the
con cen tra tion of radionuclides above the pre scribed lim -
its in the tech ni cal-tech no log i cal pro cess [1].

The pub lic com pany Nu clear Fa cil i ties of Ser bia
(PC NFS) is the only op er a tor of nu clear fa cil i ties and
the holder of a li cense to carry out nu clear ac tiv i ties in
the coun try. The PC NFS op er ates the re search nu clear
re ac tor RA, which is in prep a ra tion for de com mis sion -
ing ac tiv i ties, the ex per i men tal zero-power nu clear re -
ac tor RB, two old ra dio ac tive waste stor age fa cil i ties
with the nu clear li cense for the fi nal shut-down, two

new ra dio ac tive waste stor age fa cil i ties in op er a tion
(Han gar H3 and se cure stor age SS), a waste pro cess ing
fa cil ity in prep a ra tion for trial-run, and a closed ura -
nium mine Gabrovnica in east ern Ser bia.

 Fol low ing cur rent leg is la tion, PC NFS mon i tors
ra dio ac tiv ity in the en vi ron ment in the vi cin ity of nu -
clear fa cil i ties and ex am ines the level of ex ter nal ra di a -
tion by the am bi ent dose equiv a lent H*(10) rate mea -
sure ment in the air, the rel e vant me te o ro log i cal
mea sure ments, and mod el ing the dis per sion of ra dio ac -
tive pol lut ants in the bound ary layer of the at mo sphere.

Mon i tor ing of ra dio ac tiv ity in the en vi ron ment
is car ried out to as sess the pop u la tion's ex po sure to
ion iz ing ra di a tion, both from nat u ral and ar ti fi cial
sources. Nat u ral ra dio ac tiv ity as an in te gral part of our
en vi ron ment con tin ues to be the main source of ra di a -
tion ex po sure and im pact on the en vi ron ment, with
85.5 % of the av er age ra di a tion dose re ceived by the
pop u la tion. In the bound ary layer of the at mo sphere,
nat u ral ra dio ac tiv ity co mes mostly from ra don 222Rn
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and thoron 220Rn, which are pres ent in the at mo sphere
as part of the nat u ral de cay chains of ura nium and tho -
rium. The prog eny of these radionuclides spread in en -
vi ron men tal air and are re moved from the at mo sphere
by pro cesses such as dry and wet de po si tion. With dry
de po si tion, prog eny falls to the ground due to grav ity
or air flow. This pa per deals with the wet de po si tion
pro cess oc cur ring due to the wash ing of prog eny by
pre cip i ta tion.

The cli mate of the Vin~a area be longs to the mod -
er ately con ti nen tal type with four sea sons. The au tumn
pe riod is lon ger and warmer than the spring pe riod. Sum -
mers are warm, while in win ter there is snow cover.
Spring is short and rainy, and sum mer co mes quickly.
The warm est months are July and Au gust, while the
cold est is Jan u ary. Data cov er ing the pe riod from 1958 to
the pres ent in terms of mon i tor ing me te o ro log i cal pa -
ram e ters at the Vin~a mi cro-lo ca tion are avail able.

The an nual av er age amount of pre cip i ta tion was
684 mm from 1961 to 1990. The high est amount of
pre cip i ta tion oc curs in June, with an av er age monthly
amount of pre cip i ta tion of 90.4 mm. The dri est month
is Oc to ber, with a mean monthly rain fall of 40.3 mm.
The lo ca tion and co or di nates of the me te o ro log i cal
sta tion are shown in tab. 1. and fig. 1.

Dur ing the rainy pe riod, ra dio ac tive el e ments
are washed out from the at mo sphere to the ground, and 
a tem po rary in crease in the am bi ent dose equiv a lent
H*(10) rate is ob served. There fore, it is im por tant to
dis tin guish in real time whether pos si ble in creases and
changes in the mea sured val ues of am bi ent dose equiv -
a lent H*(10) rate in the air re sult from changes in me -
te o ro log i cal con di tions or the oc cur rence of a ra di a -
tion or nu clear ac ci dent.

Apart from pre cip i ta tion, the am bi ent dose equiv a -
lent H*(10) rate in the air gen er ally de pends on geo -

graph ical lo ca tion, mainly in flu enced by al ti tude (cos mic 
ra di a tion), the ra dio ac tive con tent of lo cal rock for ma tion 
and soil (nat u rally oc cur ring min er als with sig nif i cant
con cen tra tions of ura nium, tho rium, and po tas sium), as
well as by nu clear ac ci dents and tests in the past (con tam -
i na tion by ar ti fi cial radionuclides).

 The ac ci dent at the Chernobyl nu clear power
plant (1986) raised aware ness of pos si ble nu clear ac ci -
dents as well as long-dis tance trans por ta tion of nu -
clear ma te rial de pend ing on me te o ro log i cal con di -
tions. This led to the de vel op ment of a sys tem for
con tin u ous mea sure ment of the dose rate of gamma ra -
di a tion in the air, as well as early warn ing of a ra di a tion 
ac ci dent in most coun tries.

Nu clear fa cil i ties in the PC NFS are an ar ti fi cial
source of ra di a tion. Con tin u ous mea sure ment of am bi ent 
dose equiv a lent H*(10) rate in the air as part of the mon i -
tor ing of ra dio ac tiv ity in the en vi ron ment around nu clear 
fa cil i ties is car ried out to ful fill the safety and se cu rity
con di tions for the op er a tion of nu clear fa cil i ties un der the 
Law [1] and Rulebook [2]. The tests are car ried out by an
ac cred ited method fol low ing the re quire ments for the
com pe tence of test ing lab o ra to ries ac cord ing to the
SRPR ISO/IEC 17025:2017 stan dard (Test ing the level
of ra dio ac tive air con tam i na tion by con tin u ous mea sure -
ment of the strength of the am bi ent dose equiv a lent: EPA
HASL 300:1997), by the Con for mity As sess ment Body
of Ser bia [3, 4].

Rou tine interlaboratory anal y ses are car ried out
to en hance the anal y ses of pre cip i ta tion's in flu ence on
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Ta ble 1. Co -or di nates of the mea sur ing sta tion

Co -r di nates of the mea sur ing sta tion

Lon gi tude: l = 20°35'59.85"E

Lat i tude: j = 44°45'38.55"N
The al ti tude of the ob ject: 114 m

Fig ure 1. Lo ca tion of the
mea sur ing sta tion



ra di a tion con di tions in both work and liv ing en vi ron -
ments and to eval u ate their re la tion.

An interlaboratory com par i son of con tin u ous
mea sure ment of the am bi ent gamma dose rate equiv a -
lent was per formed.

MEA SURE MENT AND METH ODS

As part of the mon i tor ing of ra dio ac tiv ity in the
en vi ron ment, con tin u ous mea sure ment of the am bi ent
dose equiv a lent rate of gamma ra di a tion in the air is
car ried out at five lo ca tions in the vi cin ity of nu clear
fa cil i ties and one at a re mote lo ca tion, Vodovod, in the
vil lage of Vin~a, which is part of the sys tem of early
warn ing of emer gen cies at the state level, which is
within the com pe tence of the Di rec tor ate for Ra di a tion 
and Nu clear Safety and Se cu rity of Ser bia. The data
con tin u ously col lected at the lat ter lo ca tion, are also
part of the Eu ro pean Ra dio log i cal Data Ex change
Plat form (EURDEP) [5]. The co or di nates and lo ca tion 
of the mea sur ing sta tion are given in tab. 1 and fig. 1.

The EURDEP plat form also shows data on the
en vi ron men tal am bi ent gamma dose rate equiv a lent in
the coun tries sur round ing the Re pub lic of Ser bia. This
is cru cial as mon i tor ing of the dose rate in the neigh -
bor ing coun tries where nu clear power plants are in -
stalled en ables the track ing of po ten tial in creases in
the am bi ent dose equiv a lent H*(10) rate. De pend ing
on the pre vail ing weather con di tions and at mo spheric
cur rents, the air borne con tam i nant cloud may ex tend
to our coun try as well.

Data on the am bi ent dose equiv a lent H*(10) rate
mea sure ments in the air are col lected con tin u ously for
24 hours, and the half-hourly val ues are dis played on
the main mon i tor in the con trol room of the De part -
ment for Ra dio ac tiv ity Ex am i na tion and En vi ron men -
tal Pro tec tion of the PC NFS. In ad di tion to light and
sound sig nal ing, the sys tem has been im proved with
the help of the eEMIS ap pli ca tion and SMS no ti fi ca -
tion in case of an in creased am bi ent dose equiv a lent
H*(10) rate above the de fined thresh old, which in this
case is ap prox i mately dou ble the value of the nat u ral
back ground (200 nSvh–1) [6]. Also, this value is ap -
prox i mately dou ble the value of the mea sured back -
ground dur ing sys tem com mis sion ing, rep re sents the
new ref er ence ini tial state, and is a trade off be tween
suf fi cient sys tem sen si tiv ity and low false alarm
events. Com pany AMES from Slovenia de vel oped the 
eEMIS ap pli ca tion.

The SMS no ti fi ca tion about the in creased dose
rate reaches the phone num bers of the per sons au tho -
rized for ra di a tion mea sure ment, as well as the per son
in charge of ra di a tion safety in the PC NFS.

Pre vi ous prac tice has shown that no ti fi ca tion of
in creased val ues of the dose rate was re ceived only due 
to in creased val ues dur ing rain fall, which was con -
firmed and proven in reg u lar re ports [7].

Con tin u ous am bi ent dose equiv a lent H*(10) rate
mea sure ments were ob tained us ing MFM203 mon i tors.
MFM203 is a por ta ble in stru ment for mon i tor ing gamma 
ra di a tion in the en vi ron ment. It au ton o mously per forms
all the nec es sary func tions of a self-sus tained lo cal mon i -
tor. When con nected to a data com mu ni ca tion link, it op -
er ates as a smart field unit of the real-time au to matic early 
warn ing net work. The two en ergy-com pen sated Gei -
ger-Müller-based probes of dif fer ent sen si tiv i ties and
mea sure ment ranges, MFM203 can cover dose-rates
from the nor mal back ground to ac ci den tal lev els.

Two probes are po si tioned at 1.3 m above the
grass sur face. The site is el e vated 114 m above sea
level, which al lows for un hin dered air flow around the
probes.

The mea sur ing range of probes is from the back -
ground  level  of  am bi ent  gamma  dose  rate  equiv a lent
(50 nSvh–1) up to ac ci den tal lev els (1 Svh–1). The en ergy
re sponse  of  the  probes is from 50 keV to 2 MeV, lin ear in
the en ergy in ter val from 60 keV to 1.3 MeV within 20 %. 
The Dose rate dis play range is in Sievert per hour units,
lim ited to a five-digit dec i mal significand (man tissa) and a
one-digit de cade ex po nent (XXXXXe+Y) [8].

The gamma dose rate mon i tor with probes (A
and B) is pre sented in fig 2.

From the ra di a tion pro tec tion point of view, it is
im por tant to de ter mine the re la tion be tween am bi ent
dose equiv a lent H*(10) rate in the air and me te o ro log -
i cal pa ram e ters. Me te o ro log i cal pa ram e ters, i.e., air
tem per a ture at dif fer ent ref er ence heights, air pres -
sure, the wind at three lev els, pre cip i ta tion, rel a tive
hu mid ity of the air, and so lar ra di a tion, were ob tained
by au to mated mea sur ing de vices as part of the au to -
mated me te o ro log i cal sta tion set up on the me te o ro -
log i cal weather sta tion mount ing pole of the 40 m of
height, on 114 m above sea level [9].
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Fig ure 2. Multifunctional gamma dose rate
mon i tor MFM203 with probes



The struc ture of the me te o ro log i cal tower was re -
newed in 2008, and sen sors were placed on three lev els
at the me te o ro log i cal tower: 2 m, 10 m, and 40 m. An
au to mated weather sta tion with sen sors (AMS156),
made by the Slovenian com pany AMES, is pre sented in 
fig. 3. and fig. 4.

An au to matic elec tric rain gauge with a heater
fig. 5, whose res o lu tion is 0.2 mm [9], placed 1 m
above the ground, ob tained data on the amount of pre -
cip i ta tion.

All col lected data and mea sured val ues are rep -
re sented and an a lyzed by the ap pli ca tion eEMIS.

The con tin u ous mea sure ment re sults of the am -
bi ent dose equiv a lent H*(10) rate in the air are shown
in units of nSvh–1. The com bined mea sure ment un cer -
tainty of the re sults is es ti mated to be 28.64 % with a
con fi dence level of 95 % (k  = 2), for the com mon ef -
flu ent en ergy range (60 keV to 1.3 MeV), by the in ter -
nal doc u ments of PC NFS [10].

RE SULTS AND DIS CUS SIONS

Graph i cal pre sen ta tions of am bi ent dose equiv a -
lent H*(10) rate dur ing sig nif i cant rainy pe ri ods in 2019 and 2020, when the re la tion with pre cip i ta tion is

par tic u larly ev i dent, are shown in figs. 6 and 7 for De -
cem ber 2019, and in figs. 8 and 9 for Feb ru ary 2020,
re spec tively.

The Pearson cor re la tion co ef fi cient was com -
puted to de ter mine the at mo spheric nat u ral ra dio ac tiv -
ity de pend ence on pre cip i ta tion.

The Pearson cor re la tion co ef fi cient quan ti fies
the ex tent of de pend ence be tween two phys i cal mea -
sures, pro vid ing a value within the in clu sive range of
+1 to –1. It mea sures the strength and di rec tion of a lin -
ear re la tion ship be tween two vari ables [7].

The fol low ing cri te ria were used for Pearson's
cor re la tion co ef fi cient: uncorrelated (for val ues that
are be tween –0.09 and 0.09), low cor re lated (for val -
ues that are be tween –0.3 and –0.1or be tween 0.1 and
0.3), me dium cor re lated (for val ues that are be tween
–0.5 and –0.3, or be tween 0.3 and 0.5), and strong cor -
re lated (for val ues that are be tween –1.0 and –0.5 or
be tween 0.5 and 1.0) [7].

The Pearson cor re la tion co ef fi cients were com -
puted us ing Microsoft Of fice Ex cel by the func tion
Pearson. Val ues of 0.82 for De cem ber 2019 and 0.43
for Feb ru ary 2020 were ob tained af ter cal cu la tion.

Ob serv ing the graph i cal pre sen ta tions and com -
puted Pearson's co ef fi cient, a me dium to strong cor re -
la tion be tween pre cip i ta tion and am bi ent dose equiv a -
lent H*(10) rate be comes ev i dent. It is ap par ent that
the rise in am bi ent dose equiv a lent H*(10) rate was not 
a re sult of a spe cific ra dio log i cal ac ci dent but oc curred 
no ta bly dur ing the rain i est months in 2019 and 2020. 

It is im por tant to know that the shown in creases
do not ex ceed the value of 200 nSvh–1, which is the
value of the set alarm thresh old.
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Fig ure 3. Au to mated me te o ro log i cal weather sta tion

Fig ure 4. Scheme of the me te o ro log i cal sen sors at
the me te o ro log i cal tower

Fig ure 5. Rain gauge with heater
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Fig ure 6. Am bi ent dose equiv a lent
H*(10) rate and pre cip i ta tion dur ing
De cem ber 2019

Fig ure 7. Am bi ent dose equiv a lent
H*(10) rate and pre cip i ta tion
dur ing De cem ber 2019 with spe cial
anal y sis of the rain i est pe riod
(23.12.2019-26.12.2019)

Fig ure 8. Am bi ent dose
equiv a lent H*(10) rate and
pre cip i ta tion dur ing
Feb ru ary 2020



INTERLABORATORY COM PAR I SON

Interlaboratory com par i son is the or ga nized per -
for mance and eval u a tion of the re sults of tests of the
same pa ram e ters by two or more lab o ra to ries un der
pre de ter mined con di tions. These re quire ments are
also de scribed in the in ter na tional stan dard ISO/IEC
17025:2017 [3].

As part of the interlaboratory com par i son, the
con tin u ous mea sure ment re sults of the am bi ent dose
equiv a lent H*(10) rate in the air of two lab o ra to ries
were com pared. Two par tic i pat ing lab o ra to ries were
the De part ment for Ra dio ac tiv ity Ex am i na tion and
En vi ron men tal Pro tec tion in PC NFS and the De part -
ment of Ra di a tion and En vi ron men tal Pro tec tion,
Vin~a In sti tute of Nu clear Sci ences in Bel grade.

The PC NFS used the Multifunctional Gamma
Ra di a tion Mon i tor MFM203 with two GM probes
(AMES En vi ron men tal Mea sure ment Sys tems), and
Vin~a used the Sta tion ary Alarm DMRZ-M15A Mon i -
tor with two plane-par al lel pan cake GM tubes in side

the probe, with the mea sure ment range from 50 nSvh–1

to 1 mSvh–1 [11]. Both probes are suit able for a pho ton
en ergy range from 60 keV to 1.3 MeV.

Both do sim e ters were cal i brated in the Vin~a In sti -
tute of Nu clear Sci ences – Sec ond ary Stan dard Do sim e -
try Lab o ra tory ac cord ing to In ter na tional Or ga ni za tion
for Stan dard iza tion stan dard ISO 4037 [12-14].

The re sults of the interlaboratory com par i son
from 08.12.2021 to 13.12.2021 are shown in fig. 10.
Ad di tion ally, a graph i cal rep re sen ta tion of the mea -
sure ment re sults dur ing pe ri ods of el e vated rain fall is
in cluded, high light ing a con spic u ous cor re la tion.

Due to the con tin u ous na ture of the mea sure -
ments last ing 6 months, and large amounts of data, we
could not pres ent the en tire data in this pa per. That is
why we did graph i cal rep re sen ta tions of the dose rate
dur ing the sig nif i cant rainy pe ri ods when the re la tion
with the am bi ent dose equiv a lent rate in the air is par -
tic u larly pro nounced, as shown in fig. 10.

The or ga nizer of the interlaboratory com par i son
sta tis ti cally and graph i cally pro cessed all the data. The 
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Fig ure 9. Am bi ent dose
equiv a lent H*(10) rate and
pre cip i ta tion dur ing Feb ru ary
2020, with spe cial anal y sis of
the rain i est pe riod
(03.02.2020-07.02.2020)

Fig ure 10. Am bi ent dose
equiv a lent H*(10) rate and
pre cip i ta tion dur ing
inter-lab o ra tory com par i son for
pe riod 08.12.2021-13.12.2021



graph i cal pre sen ta tions in fig. 10 show a clear match
be tween the mea sure ment re sults. Both in stru ments
also have a good re sponse to pre cip i ta tion and a strong
re la tion be tween the am bi ent dose equiv a lent H*(10)
rate and the amount of pre cip i ta tion.

CON CLU SIONS

This pa per pres ents the char ac ter is tics of the
mon i tor ing sys tem for am bi ent dose equiv a lent
H*(10) mea sure ment and the au to matic me te o ro log i -
cal sta tion used in the vi cin ity of nu clear fa cil i ties in
the PC NFS. The mea sure ment re sults of am bi ent dose
equiv a lent and pre cip i ta tion were gath ered and an a -
lyzed.

Am bi ent dose rate di ur nal vari a tion caused by
hu mid ity changes in creas ing the dry de po si tion of ra -
don prog eny con cen tra tion was not ob served due to
the sys tem not be ing sen si tive enough for such small
vari a tions. How ever, the wet de po si tion of ra don with
prog eny dur ing the rainout was de tected. A re la tion -
ship be tween pre cip i ta tion vol ume and dose rate in -
creases was ob served. An anal y sis of the dose rate in -
crease and de crease in con junc tion with
me te o ro log i cal data can help de ter mine if the in crease
was caused by the ra don wash out or the pres ence of ra -
dio ac tive effluents from nu clear fa cil i ties, whether
dis tant or on-site.

To en sure proper op er a tion the sys tem is reg u -
larly cal i brated in an ac cred ited lab o ra tory. Also, a lab -
o ra tory intercomparison was or ga nized. The re sults
were an a lyzed and are sat is fac tory, as the mea sured
val ues of the dif fer ence be tween two sys tems at the
same lo ca tion were in the range of their mea sure ment
un cer tainty. Sta tis ti cal anal y sis of the intercomparison 
data showed a ro bust cor re la tion be tween am bi ent
dose equiv a lent H*(10) rate in creases and pre cip i ta -
tion lev els.
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Vesna M. RADUMILO, Milo{ V. \ALETI], Aco J. JANI]IJEVI]

RELACIJA  AMBIJENTALNOG  EKVIVALENTA  JA^INE  DOZE  I
KOLI^INE  PADAVINA  TOKOM  MONITORINGA  RADIOAKTIVNOSTI

U  OKOLINI  NUKLEARNIH  POSTROJEWA

Deo pra}ewa radioaktivnosti u `ivotnoj sredini u blizini nuklearnih postrojewa
obuhvata ispitivawe nivoa radioaktivne kontaminacije vazduha, kao i relevantna meteorolo{ka
merewa na mikrolokaciji, radi procene nivoa i kontrole izlo`enosti stanovni{tva i `ivotne
sredine. U radu je prikazana korelacija izme|u promene ja~ine ambijentalnog ekvivalenta doze
gama zra~ewa u vazduhu i koli~ine padavina usled spirawa atmosfere. Merewa su vr{ena na
lokaciji meteorolo{ki stub na 114  nadmorske visine. Da bi se prikazao odnos izme|u izmerenih
vrednosti ambijentalnog ekvivalenta doze i koli~ine padavina, kori{}ena je varijacija ovih
parametara tokom najki{ovitijih meseci u 2019. i 2020. godini. Me|ulaboratorijsko pore|ewe je
prikazano da bi se dokazala validacija sistema. Analiza ovog odnosa jasno pokazuje uticaj
intenzivne ki{e na ja~inu ambijentalnog ekvivalenta doze, {to opravdava izmerene kratkotrajne
povi{ene vrednosti koje, u ovom slu~aju, nisu nastale usled eventualnog akcidentalnog ispu{tawa 
radioaktivnih efluenta usled rada nuklearnih postrojewa.

Kqu~ne re~i: mon i tor ing, `ivotna sredina, meteorolo{ki parametar, padavina, nuklearno
..........................postrojewe


