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This study pres ents the re sults of 226Ra con tent in 104 Bul gar ian min eral wa ters as well as the
in ves ti gated cor re la tions be tween the physicochemical pa ram e ters, geo log i cal struc ture, and
spe cific ac tiv ity of 226Ra. The re sults show that the 226Ra ac tiv i ties range from <30 mBqL–1 to
4900 mBqL–1  with a mean value of 156 mBqL–1. The high est con cen tra tions of 226Ra were
mea sured in min eral wa ters orig i nat ing from the car bon ate strata, as the dom i nant geo log i cal
struc ture. Thus it is well con nected with the es ti mated mod er ate pos i tive cor re la tion be tween
Ca2+, Mg2+, and Ra2+ cat ions in the wa ter. The es ti mated an nual dose shows large dis per sion
of val ues rang ing from 6 µSv to 1000 µSv with a mean value of 32 ± 9 µSv. The re sults dem on -
strate the need for fur ther in ves ti ga tion of ev ery min eral wa ter, but greater at ten tion should
be given to the min eral wa ters with low pH and high con tent of Ca2+ and Mg2+.
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IN TRO DUC TION

Ra dium be longs to the group of radionuclides
with high radiotoxicity. The 226Ra fol lows the cal cium
me tab o lism in the hu man body and is de pos ited partly
in the bone tis sue. The 226Ra could cause bone, cra nial
and na sal tu mors [1].

226Ra is es sen tially sol u ble in wa ter. It en ters
ground wa ter by the dis so lu tion of ma te ri als in wa ter lay -
ers, re moval of rock or soil sur faces and is re leased from
min er als by ra dio ac tive de cay [2]. In its pas sage within
the Earth's crust, min eral wa ters come into con tact with
large sur faces of ra dio ac tive erup tive rocks such as gran -
ites, quartz por phyry and ba salt which con tains ra dium
[3]. The ac tiv ity con cen tra tions of ra dium de pend on the
geo log i cal struc ture of the aqui fer and dis tri bu tion of the
par ent el e ment in the rock ma trix [3-5].

The sol u bil ity of the par ent el e ment and the sol u -
bil ity of the radionuclide it self in flu ence the con cen -
tra tions of the radionuclides in min eral wa ters [6].

In ad di tion to the geo log i cal struc ture of the aqui fer 
there are many other fac tors, such as physicochemical
pa ram e ters con trol ling the con tent of 226Ra wa ter.

Ra dium is highly sol u ble in wa ters with low pH
and its con cen tra tions fre quently are con nected with the 
to tal dis solved salts and sul fates. It is re ported that a
pos i tive cor re la tion be tween the min er als con tent and
the level of nat u ral radionuclides in wa ter ex ists [7, 8].
The cor re la tion be tween the ra dium con tent in the wa ter 
and con tents of chlo rides, cal cium, po tas sium, and bro -
mine was ob served in the lit er a ture [9, 10-13]. Those

com po nents be come typ i cal el e ments in the salt com po -
si tion of ground wa ter. On the other hand, it was
re ported that the con tent of ra dium does not de pend on
the dis solved ura nium in the wa ter [14, 15].

It is well known that the con tent of ra dium in the
wa ter de pends on the chem i cal com po si tion of the wa -
ter more than the con tent of ra dium in the rocks of the
aqui fer [16, 17].

The is sue of the re la tion ship be tween the to tal
dis solved salts in the wa ter, wa ter con duc tiv ity, pH
and other physicochemical pa ram e ters is not yet fully
un der stood. 

The spe cific ac tiv i ties of 226Ra in the min eral wa -
ters vary widely. Due to the high radiotoxicity of ra dium 
iso topes, es pe cially 226Ra nu mer ous stud ies were con -
ducted and eval u a tions in terms of im ple men ta tion of
ra di a tion pro tec tion for the pop u la tion were made. 

With re gard to pub lic health, the pur pose of this
study was to de ter mine the spe cific ac tiv i ties of 226Ra
in Bul gar ian min eral wa ters as well as to es ti mate an -
nual ef fec tive doses due to the in ges tion of 226Ra.

 The oc cur rence of el e vated con cen tra tions of
226Ra and the cor re la tion be tween 226Ra con cen tra -
tions and physicochemical pa ram e ters in min eral wa -
ter sam ples were also pre sented.

MA TE RI ALS AND METH ODS

Bul garia is di vided into three ma jor
hydrogeological units – Lower Dan ube Ba sin, In ter me -
di ate Re gion and Rila-Rhodopes Re gion. The Lower
Dan ube Artezian Ba sin en com passes the Moesian Plate,
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Bal kan Fore land tec tonic zone and north ern part of the
Bal kan tec tonic zone. The In ter me di ate Re gion cov ers
the south ern part of the Bal kan zone and Sredna gora tec -
tonic zone. The Rila-Rhodopes Re gion com prises the
Rila-Rhodopes mas sif. Three types of res er voirs are
found in the coun try – strat i fied, frac tured and mixed
(wa ter from a frac tured res er voir is sec ond arily ac cu mu -
lated in a youn ger sed i ment res er voir).

The Moesian Plate has a Cal edo nian-Hercynian
base ment and a cover of Up per Pa leo zoic and Me so -
zoic sed i ments. The main geo ther mal res er voirs in the
plat form area are sit u ated in the car bon ate strata of the
Malm-Valanginian, Mid dle Tri as sic and Up per De vo -
nian age.

The Sredna gora zone is a het er o ge neous hy dro -
ther mal re gion where unstratified (fault-frac tured),
strat i fied and mixed hy dro ther mal sys tems are pres -
ent. Hy dro ther mal cir cu la tion takes place in the frac -
tured mas sif of gran ite and meta mor phic rocks and in
the Up per Cre ta ceous vol cano – sed i men tary de pos its. 
Ther mal res er voirs are formed also in many
postorogenic Neo gene – Qua ter nary grabens filled up
with terrigenious de pos its.

The west ern part of the Rila-Rhodopes mas sif is
built of Pre cam brian meta mor phic and gran ite rocks,
frac tured by a dense set of seis mi cally ac tive faults.
Un strati fied hy dro ther mal sys tems with ther mal wa -
ters of low sa lin ity, me te oric or i gin and of the high est
tem per a ture up to 100 °C are found in this area. The
meta mor phic ba sin con tains some large bod ies of mar -
ble that act as hy dro ther mal res er voirs. Per me able
terrigenous-clastic rocks in the deep Neo gene and
Paleogene grabens also con tain ther mal wa ters [18]. 

Bul garia has a to tal of more than 225 hy dro ther -
mal sources of min eral wa ters with to tal ca pac ity of
5000 Ls–1. In south ern Bul garia there are 148 and in
north ern  Bul garia there are 77. Ac cord ing to their
tem per a ture, min eral wa ters are cold (to 37 °C), warm
(37 °C to 60 °C) and hot (over 60 °C). The ma jor ity of
them have a tem per a ture be tween 37 °C and 50 °C.

Sam pling was done for the pe riod of 5 years
(2011-2016). This study pres ents the re sults for 104
Bul gar ian min eral wa ters, which show a dif fer ent de -
gree of min er al iza tion and dif fer ent hydrogeological
units. On the ba sis of the ac cess to data for
physicochemical pa ram e ters, for cor re la tion pur poses
56 min eral wa ters, rep re sent ing dif fer ent cases were
val ued.

Sam pling was done in poly eth yl ene bot tles.
Con ser va tion with con cen trated HNO3 was pro vided
in the lab o ra tory, within 6 to 8 hours af ter sam pling.
Fil ter ing of the sam ples was not done, be cause they
were very clear and did not show any type of sus -
pended mat ter.

The 226Ra de ter mi na tion was per formed by mea -
sure ment of its daugh ter 222Rn af ter equi lib rium in an
ion iz ing cham ber us ing Al pha Guard PQ 2000 PRO.
The pro ce dure in cludes sev eral radiochemical steps.

Ra dium was de pos ited from the so lu tion as ra -
dium-bar ium sul phate. The sul phate was trans formed
into car bon ate af ter melt ing with so dium car bon ate.
Ra dium car bon ate was trans formed into chlo ride af ter
di gest ing with HCl into a ra don bubbler. The ra don
bubblers were purged and sealed, flooded with pres -
sur ized aged air for 20 min and stored for 20 to 30
days. Af ter these em a na tion pro cesses, the grow ing of
222Rn dur ing the stor age time which was equal to 226Ra 
ac tiv ity was mea sured. The per cent age of es tab lished
equi lib rium was used for the cal cu lat ing of the fi nal re -
sults. The ef fi ciency of the ion iz ing cham ber was
73.44 %. The un cer tainty of mea sure ment was 4.76 %
(k = 2). The min i mum de tect able ac tiv ity (MDA) was
0.001 BqL–1. The vol ume of the cham ber was 600 ml
and the vol ume of the sys tem was 913 mL.

Physicochemical anal y ses were done by the Ac -
cred ited Lab o ra tory from the Na tional Spe cial ized
Hos pi tal for Phys i cal Ther apy and Re ha bil i ta tion. The
re sults have been taken from the State Cer tif i cates of
min eral wa ters, pub lished in the pub lic reg is try of the
of fi cial web page of the Min is try of Health [19].

The re sults for the to tal dis solved sol ids (TDS),
an ions (F–, Cl–, SO4

2–), cat ions (Na+, Ca2+, Mg2+), pH
and tem per a ture (T) of the in ves ti gated min eral wa ters
were cor re lated with ra dium con tent by the sta tis ti cal
soft ware tool IBM SPSS.

An nual ef fec tive doses (ID) from in ges tion of
min eral wa ter with 226Ra were es ti mated us ing the
most con ser va tive hy poth e sis that one per son is drink -
ing the same min eral wa ter the en tire time on the ba sis
of 2 L per day con sump tion for adults. 

RE SULTS AND DIS CUS SION

Spe cific ac tiv ity of 226Ra in min eral wa ters

The re sults for 226Ra spe cific ac tiv ity of 104 an a -
lyzed Bul gar ian min eral wa ters are pre sented in tab. 1
and  fig. 1. The re sults rep re sent ap prox i mately 46 %
of all min eral wa ters in Bul garia. The dis tri bu tion of
the re sults is shown in fig. 2.

The re sults show that the 226Ra ac tiv i ties range
from <30 mBqL–1 (MDA) to 4900 mBqL–1 with a
mean value of 156 mBqL–1 (n = 104). The value of the
kurtosis (100) means that the dis tri bu tion is
leptokurtic, i. e. there are higher fre quen cies of val ues
near the mean. If we ex clude the max i mum value from
the as sess ment the mean value be comes 107 mBqL–1

with Std. De vi a tion 62 mBqL–1 (n = 103). When com -
par ing the ra dium spe cific ac tiv i ties val ues ob served
in the pres ent study, ex clud ing the high est value, with
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Ta ble 1. Sta tis ti cal re sults for 226Ra con tent in mBqL–1

Min. Max. Mean Std. dev. Me dian Kurtosis

Stat ist. Stat ist. Stat ist. Std. err. Stat ist. Stat ist. Stat ist. Std.
err.

30 4900 155.8 46.5 474 94 100.19 .47



those re ported for other coun tries (tab. 2), it was ob -
served that these re sults are of the same or der of mag -
ni tude as those re ported for Croatia, Greece, France,
Tu ni sia, Mo rocco and Hun gary and higher than those
de ter mined in wa ters from Ser bia, Ro ma nia, Spain,
Tur key and Po land.

Geo log i cal struc ture and ra dium con tent

For the as sess ment of pos si ble cor re la tion be -
tween the geo log i cal struc ture of the wa ter ta ble and
ra dium con tent 56 min eral wa ters were in ves ti gated.
The dis tri bu tion of the num ber of the in ves ti gated wa -
ters con sid er ing the geo ther mal res er voirs or i gin is: to
the plat form area sit u ated in the car bon ate strata – 19,
to the plat form area sit u ated in the frac tured mas sif of
gran ite and meta mor phic rocks – 16, to the plat form
area sit u ated in the sed i ments – 5, to the plat form area
built mainly by the ef fu sive rocks – 9, and to the plat -
form area built mainly by gneiss es – 7.

The ob tained re sults for 226Ra con tent in dif fer -
ent geo log i cal res er voirs are pre sented in tab. 3.

The high est con cen tra tions of 226Ra were mea -
sured in the min eral wa ters orig i nat ing from the car -
bon ate strata, as the dom i nant geo log i cal struc ture.
The low est con cen tra tions of 226Ra were reg is tered in
min eral wa ters orig i nat ing from geo ther mal res er voirs 
built in ef fu sive rocks and sed i ments as the dom i nant
geo log i cal struc ture. On the ba sis of the stan dard er ror
of the mean val ues, there are ob vi ous sta tis ti cally high
dif fer ences within the groups. The lim ited num ber of
in ves ti gated sam ples in the groups and the fact that we
in ves ti gated only the dom i nant ma te rial in the geo log i -
cal struc ture could give only the pi lot in for ma tion
about a pos si ble cor re la tion be tween 226Ra con tent and 
the geo log i cal struc ture.

Cor re la tions be tween physicochemical
pa ram e ters and 226Ra

The chem i cal com po si tions and spe cific ac tiv ity
of 226Ra in the min eral wa ters an a lyzed (tab. 4) in di -
cate a broad vari a tion for all pa ram e ters. The TDS
ranged from a few mgL–1 to 10892 mgL–1. The re sults
of pH, tem per a ture, an ions and cat ions dem on strate
the dif fer ence of the min eral wa ters com po si tion.

The con cen tra tion of 226Ra in wa ter can be in flu -
enced by a num ber of fac tors, such as geo log i cal com -
po si tions of the wa ter ta ble, the min eral con tents of the
wa ter and chem i cal be hav ior of the nu clide [28].

Pearson cor re la tion co ef fi cients (two tailed) be -
tween physicochemical pa ram e ters and the 226Ra con -
tent quan ti fied in the in ves ti gated min eral wa ters were
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Fig ure  1. Spe cific ac tiv ity of 226Ra in Bul gar ian min eral
wa ters in [BqL–1]

Fig ure 2. His to gram with the dis tri bu tion of the 226Ra
con tent in Bul gar ian min eral wa ters

Ta ble 2. The com par i son of 226Ra con tent in min eral
wa ters from dif fer ent coun tries

Coun try 226Ra [mBqL–1] Lit er a ture source

Croatia 87-6200 [20]

Tu ni sia 34-3900 [21]

France 588-2287 [22]

Mo rocco 9-3696 [23]

Greece 300-5000 [24]

Hun gary 4,3-2940 [25]

Ro ma nia 60-480 [4]

Ser bia 10-530 [26]

Spain 2-1370 [27]

Tur key 100-1200 [12]

Po land 4-758 [13]

Bul garia 30-4900 This study

Ta ble 3. Sta tis ti cal re sults for 226Ra con tent in mBql–1

Geo ther mal
res er voir (dom i nant

struc ture)

Min.
stat ist.

Max.
stat ist.

Mean

Stat ist. Std. err.

Sed i ments 30 113 64 34

Gran ite and
meta mor phic rocks 30 152 78 31

Car bon ate strata 30 240 127 63

Ef fu sive rocks 47 110 73 23

Gneiss es 76 177 112 36



es ti mated and pre sented in tab. 5. We ob served a mod -
er ate and pos i tive re la tion ship be tween Ca2+, Mg2+

and 226Ra (r, .404 and r, .417, re spec tively). This could
be due to the sim i lar chem i cal be hav ior be tween two
va lence cat ions from the sec ond group of the Pe ri odic
ta ble (Ra2+, Ca2+ and Mg2+). A weak pos i tive cor re la -
tion was ob served be tween TDS, SO4

2–, Na+, and
226Ra (r, .361, r, .363 and r, .312, re spec tively). A weak
neg a tive cor re la tion was es tab lished be tween pH and
226Ra (r, –.390). No cor re la tion was ob served be tween
226Ra and tem per a ture, Cl– and F–.

An nual ef fec tive doses

Min eral wa ters are fre quently used by peo ple for 
drink ing pur poses. For this rea son an as sess ment of
the ef fec tive dose was done. 

An nual ef fec tive dose (ID) from in ges tion, due
to 226Ra pres ent in min eral wa ter for adults was es ti -
mated tak ing into ac count that all wa ters will be used
per ma nently for drink ing with 2 lday con sump tion per
per son; . The dose con ver sion fac tor for 226Ra is
2.8×10–04 mSvBq–1 [29].

The fol low ing for mula was used to cal cu late the
an nual ef fec tive dose

ID Ai V E= × ×

where A is the ac tiv ity con cen tra tion of 226Ra [BqL–1],
V – the an nual in take of min eral wa ter [L] and E is the
dose con ver sion fac tor of the 226Ra [mSvBq–1].

The val ues of the es ti mated an nual ef fec tive
dose, due to 226Ra pres ent in min eral wa ter show a
broad vari a tion rang ing from 6 µSv to 1000 µSv. The
mean value is 32 µSv with a Std. Er ror of 9 µSv. The

me dian value is 19 µSv. The fre quency dis tri bu tion of
the an nual ef fec tive dose (ID) is pre sented in fig. 3.

The cal cu lated dose, with the ex cep tion of the
high est value is much lower than the In di vid ual Dose
Cri te rion (IDC) for the pub lic 1.0 mSv rec om mended
by the World Health Or ga ni za tion for all groups of the
pop u la tion [30]. WHO de fined in the Guide lines for
Drink ing Wa ter Qual ity that the ad di tional risk to
health from ex po sure to an an nual dose of 0.1 mSv, as -
so ci ated with the in take of radionuclides from drink -
ing wa ter, is con sid ered to be very low.

In the ma jor ity of the ex am ined cases the dose is
less than 1% of the to tal ef fec tive dose re ceived from
all nat u ral sources (2.4 mSv) pre sented by The the
United Na tions Sci en tific Com mit tee on the Ef fects of
Atomic Ra di a tion [31]. The com par i sons dem on strate
the in sig nif i cance of doses from in ges tion of min eral
wa ter with 226Ra in com par i son with other sources of
ex po sure. The wa ter with the high est value for 226Ra
con tent (4.9 ± 1.38 BqL–1) is pro hib ited for hu man
con sump tion.

CON CLU SIONS

The di ver sity of the geo log i cal or i gin of Bul gar -
ian min eral wa ters con sti tutes the main fac tors for the
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Ta ble 4. Physicochemical pa ram e ters in min eral wa ter

Pa ram e ter Min.
stat ist.

Max.
stat ist.

Mean
stat ist.

Std. dev.
statist.

T [°C] 13 98 39 20

pH 6.41 9.95 8.48 0.95

TDS [mgL–1] 1 10892 658 1368

Cl– [µgL–1] 2230 4680320 93210 566374

F– [µgL–1] 110 24500 3775 3984

Na+ [µgL–1] 3010 2729000 134701 332412

Ca2+ [µgL–1] 400 741480 38901 99921

Mg2+ [µgL–1] 30 231040 13965 33263

SO4
2–[µgL–1] 8760 2133600 129435 273531

226Ra [mBqL–1] 30 240 95 49

Ta ble 5. Pearson cor re la tion co ef fi cients (r), re lated to par tic u lar physicochemical pa ram e ters and
226Ra con tent

T [°C] pH TDS [mgL–1] Cl– [µgL–1] F– [µgL–1] Na+ [µgL–1] Ca2+ [µgL–1] Mg2+[µgL–1] SO4
2–[µgL–1]

226Ra
[mBqL–1]

Pearson
cor re la tion .198 –.390** .361** .264* .106 .312* .404** .417** .363**

Sig. (2-tailed) .143 .003 .006 .049 .439 .019 .002 .004 .006

N 56 56 56 56 56 56 56 45 55

*Cor re la tion is sig nif i cant at the 0.05 level (2-tailed); **Cor re la tion is sig nif i cant at the 0.01 level (2-tailed)

Fig ure 3. His to gram with the dis tri bu tion of the ID due
to 226Ra con tent in min eral wa ters



dif fer ent physicochemical pa ram e ters of the wa ters.
The high est con cen tra tions of 226Ra were mea sured in
the min eral wa ters orig i nat ing from the car bon ate
strata, as the dom i nant geo log i cal struc ture. The low -
est con cen tra tions of 226Ra were reg is tered in min eral
wa ters orig i nat ing from geo ther mal res er voirs built in
ef fu sive rocks and sed i ments as the dom i nant geo log i -
cal struc ture. Thus it is well con nected with the es ti -
mated mod er ate pos i tive cor re la tion be tween Ca2+,
Mg2+ and Ra2+ cat ions in the wa ter. The quan tity of
TDS, SO4

2– and Na+ can in flu ence weakly the 226Ra
con tents. The pH can in flu ence weakly the 226Ra con -
tents with a neg a tive cor re la tion. 

The ac tiv i ties of 226Ra range from a few mBqL–1

to 4900 mBqL–1. Af ter ex clud ing the max i mum value,
the mean value be comes 107 ± 62 mBqL–1.

The es ti mated an nual dose shows a wide va ri ety
of val ues rang ing from 6 µSv to 1000 µSv with the
mean value of 32 ± 9 µSv. All re sults, ex cept one are
much lower than the val ues rec om mended by the
WHO for adults.

The re sults from this study dem on strate the need
for in ves ti ga tion of ev ery sin gle min eral wa ter in the
ter ri tory of the coun try, giv ing more at ten tion to min -
eral wa ters with low pH and high con tent of Ca2+ and
Mg2+.

AU THORS' CON TRI BU TIONS

The o ret i cal and nu mer i cal anal y ses were car ried
out by R. M. Kamenova-Totzeva, and A. V. Totzev and  
R. M. Kotova an a lyzed and dis cussed the re sults. The
manu script was writ ten and the fig ures were pre pared
by all the au thors.
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Rosica M. KAMENOVA-TOCEVA, Aleksandar V. TOCEV, Radostina M. KOTOVA

SADR@AJ  RADIJUMA  U  MINERALNIM  VODAMA  BUGARSKE

U ovom radu prikazani su rezultati ispitivawa sadr`aja 226Ra u 104 mineralne vode u
Bugarskoj, kao i ispitivawe korelacije izme|u fizikohemijskih parametara, geolo{ke strukture
i specifi~ne  aktivnosti 226Ra.  Rezultati  pokazuju  da  se aktivnost 226Ra kre}e u opsegu mawem od
30 mBqL–1 do 4900 mBqL–1, sa sredwom vredno{}u od 156 mBqL–1. Najve}e koncentracije 226Ra
izmerene su u vodama koje nastaju iz karbonatnih slojeva kao najdominantnije geolo{ke strukture.
Ovo je u dobroj vezi sa procewenom umereno pozitivnom korelacijom izme|u Ca2+, Mg2+ i Ra2+

katjona u vodi. Procewena godi{wa doza pokazuje veliku disperziju rezultata u opsegu od 6 mSv do
1000 mSv uz sredwu vrednost od 32 ± 9 mSv. Rezultati ukazuju na potrebu za daqim ispitivawima svih
mineralnih voda, s tim da bi ve}a pa`wa trebalo da bude posve}ena mineralnim vodama sa niskom
pH vredno{}u i ve}im sadr`ajem Ca2+ i Mg2+.

Kqu~ne re~i: 226Ra, mineralna voda, korelacija, procena doze


