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Radioacuivity in drinking water 7 U and Ru radivisotopes /
Rudiouctive diseqinlibria in water / Hot minera! waters /
Tup wuter 7 Wells 7 Environment

Summury.,  Radinchemical results (34U, U, #*Ra and ‘*Ru
activities: “MUA™U, “Ra47Ra and TRAFUU aetivity rution)
are reported Tor 31 dnnking water samples ¢ollogted from X
wells, 12 hot mineral springs, 5 ¢old springs, and 6 tap water
samples, Activities of the Ra isutopes were measured by
samma spectrometry using G low background and high of-
ficiengy well type germmamum detecton The U isatopes were
counted 1n an alpha spectrometer. The resuits show thae 4
activity vancs between 4.46 and about 308 mBqg 1! in wells,
0.59 and 17.88 mi3q "' in hot springs, 2.19 und 3.21 mBy |~
in cold spangy, and between 2.5 und 1870 mBq 17* in ap
waler samples, <*UF™U activity ratio is generadly higher than
1 which is the cquilibrum activity ratie value in closed sys.
tems. It varies in the runges 0.79-2.11 1n wells, 0.97-7.39in
hot springs, 2.53-8.30 in cold prings, and 1.14=2.38 in Lp
water. Unlike well waters, spring waters show low U activi-
ties and high <“UF™U acuvity ratios, The highest agavity of
Rit measured in hot minera] water samples i< about 150 and
382 times higher than the highest activity of Ra found i well
waters and in ¢uld springs, respectively. SRS ac ity
ratios are in the ranges: 0.07=1.13 1 well, 1.79-2115 i hot
springs. 0.86~4.79 in cold aprings, and 0,18~ 5.61 in tap water
samples, The data are similir 10 those pubtlished for other
regions of the world,

1. Introduction

The presence ond behasiour of radioelements in natural
waters from different sources have been widely studied
throughout the world [1=16). The behavioor of U and Th
decay series nuclides in ground water is of interest o peo-
chemists, U explerations, and health physicists, Studies of
P*U series nuclides in gronnd water hase had a varicty of
purposes including the caleulation of mwtad scasenying
rites (I3]0 developimg U exploration models (3], and the
assesament of the effects of phosphate mining on witer
quality [17, 18] On the other hand, 2 Ra has been used
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as o tracer of large-seale ocean airculation provesses and
observed increase of #*Ra with depth in the aeean rellects
the effects of biological cyeling on the ocean surfuce toe
gether with the bottom souree function [19), Other studics
conecerning Ri concentration in riverine {20] and estuivrine
ensironments [21] allow one 1o undentiand the Pa redisu”
bution in the environment and the resulting health yunses
guenges,

The nituryl radicactivity in wells and spring waters
comes mainly from the prmordial radionuclides in soils
1*'X and the 4n and 4n=+2 senes), Furthermnore, some Qos-
mogenic radionuclides  andlor ridicnuchides  onginating
from o pollution can be found in natural waters used for
drinking. The conmogenic nuclides, like "I and "Be, have
been added 1o these waters through rain water. The natural
polluting radioelements can arise from industnal wastes,
geological erosion of U-bearing rocks or excessive utilie
sintion of agricutturl fenilizers. Concentrations of nitural
radioclements in witer depend on the physico-chemicil
conditions and on the geological, geogruphical and socio-
cconomical environment,

The oatural radivactivity of groundwiter varies greatly,
High concentrations of natural radioactive elements have
heen found not onty in witer from U mines, but ilvo in
miineral water and in ome drilled wells [2, 4, 16], The
Wnowledge of U and Ra concentrations in drinking waler is
inportant because an appreciable fraction of the absorbed
U and Ra s deposited in humin bone, with the comresponds
ing contribution to the internal dose,

In this work, we liave applied fur the fiest time in Mo
rocen, a rapid combined technique for measuring U and Ra
sotopes from the sione water sample, Saine results oblan.
ed from drinking water samples colfected from different
sites (spriags, wells ad tap water) will allow us 1o compare
U amd R activities at these sites and help us to vrient the
neat sumplings in order to establish i disaibution map of
the radioelements i matiral drinking waters of Morocen, A
comparisen between activities of U and Ra sotopes in
drinking water samples tasen from different foeniities in
Morocco conld alw help us o Snow whether radioactivity
ad o pollubing or nataral erivin,
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2, Sampling and methods
hN | Sam’pling _ 1’
The analyzed. natural water siumples have deen collected
from § wells. 1Rt springs .\nd § cold springs, Tap water
samples from # dm.m( ¢iten have been analyred as well,
The sampled sies ‘ch been chosen at ditferent loeations
in Moroeco in arder tov,:nc significant prchmm.xrv results
which could crent next samplings, The regica of Feg is
characierized by dn imporant presence af hot mineral
spangs, Water of some of these sources is commercialized
1Sidi Harazem) or used as water of bath to heal some skin
sicknesses hecause of its wealth in mineral salts (Al Allah,
My Yacoub), Khourtbga tegion is located in the interior of
the country on the largest tray of phosphates in Moreeco,
[t is often wTected by dryness which explains the high num»
ber of dritled wells in this region, Sample No, 22 has been
taken from a well located at about one km {rom one of' the
phosphate extraction sites to the east of the city off Khou-
nbga,

2.2 Ssmple prepuration

Twenty litres of water are collected in a polyethylene tank
and immediately acidified to pH 2-3 with concentrated
HINO\. After filtration, iron curmier (FeCly) (50~ 80 my) and
wnown MU equilibrated spike solution are added. U
and Th are LOPRQP“&\(\L’ with Fe(OH), by addition of
NH,OH to pH 10 9 ay desenibed by Choukn 122]. A
known quantity of batium in BaCly form (1) is then
added. Ra isotopes are coprecipitated with BaSQ, (weight
cormected by a mass factor of 1,16 due to the convenion of
BaCl, to BasQ,) formed by addition of H,S0, drops in the
medium without signilicant changing of pH. Precipitation
o hydroxides ix achieved belore the Ba and 1,50, uddition
step 1o avoid coprecipitation of Th with H;80,. The two
precipitates are recovered by tiltration and rinsed on the
filter with deionized water. The filtrates were obtiined be-
fore adding spikes and after hydroxides und BaSO, precipis
tation using 2 0.4 um filter pore size, The finst filtration
allows 1o remove the suspended matter, but no suspended
matter hns boen observed in all analyzed witer samples,
The sood recoveries for U and Th separation (40 o 70%
inchiding all separation and extraction steps), and for Ru
extraction (70 to 100%) show that hydronides and BaSO,
filtration efficiensy wits quantitative,

The recovered precipitates on the filter are recuserated
inte i polyethylene tube wnd 8 N TINGQ, iv then added. Hy-
drovides contaitting U and Th are saluble in acid medium
whereas BasQ, coprecipitiated with Riis not soluble in this
medivn, The two fractions dre separated by liltration or
centrifugation. The imsoluble BaSO, is rinsed with § N
HINO, then with deionized winer,

2.3 Separation aed activity measurement
of U and Th Isotopes

Complete mining and onidation are achioved by evaporats
iny to dryness the solution containing U and Th, obtained
by dissolution of hydionides in acid medium, The dry resie
due is dissolved in 8 N HC and the hydroides are previpis

Hydronides «U'eTh
in ¥N HC
INHNOy 3 INNHG
| .'
A4 \ AU,
| 1
| )
. ‘ ;
i | » :
! M Fe Uj
" Th = impurities 1Ca, AL, ) v
| i IHCl  Caraction of Vin
i ! TTA (pH=H
| K
=
v l‘nrmnon of Evaporsting
Thin TTA(pli=1)  onto Al foul
Impunties
v
IIvaporating U for
oo '\l fl measirement
v
™ for
messurenient

Fig, 1, Separation wheme for U and Th in waler samples by ions
eachunge resin,

Tuble 1, nergies and intenuties of doughters used to meusure **Ra
und TURA activaties,

lsotope Energy theV) lntensity (%)
™Ra Ra 1850 AR

epn e T

Heph NI 19.20

Py KAM) e

St L] Y 16.09
'Ry AL KRR 12.01

AL o9 5.8

HIAC PR 46

tated at pH 8 to 9 with ammonium hydronide, In this sep,
Th and U are precipitated together with iron hydioxides,
sluminium and other mpurities, After dissolution in 8 N
MY, the sample is filtered and is ready for the jon exchange
procedure (Fig, 1),

A sinple resin exchange column is used twice: (D In
the first step, U oand Fe are fined on the resin in o 8 N HCI
medivm while Th and other impurities are collected with
the efflucni. Fe is then eluted with 18 ml off 8 N HNO, U
is eluted wath 20 ml of 01N HCL and evaparated 10 drye
ness, and (23 Inthe second step, Th s loaded on the resin
bed in 30 10 40 nd ul' HNO, to ensure solely the tixation of
Th The Jatter is ¢luted with 8N HCL ad evapeorated 1o
thyness, The jon exchange procedure s identical 1o that
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Tuble 2 U, "L, -*Ra and ~"Ra activitiey in analysed sampies,

n? Site Lovation .y ey Ra “Ra
mBy ! fmig! ") mBg «mBg It
Hot spangs
1 Sudi Harazem? ov) Fug e AN =072 a0z LRDE-SED
2 Sudi Harazem* +v) Fes R 5] S.21=0sl ORI EAEY] RS
1 Sidt Harazem iv) Fer Wizl $1920.92 LROER ] 0=t W
4 Ain Allshe Fez Sz f4n=0.84 Nz 102910
$ Ain Allah® Fer BN NS o Ind 29580 2980 ) 20,40
6 My YRoub Fez a7 =108 54%20.78 Inon = 12 :0=1n
7 Oulmes 1) Cuimes MR IV Cax0u0 INTER &3 10
X Sidi A\t i) Quimes 4922074 0200 910060 LW =0.60
9 Ouled Repun FB. Sualah szt 1742117 Rm=l0 un) T LN
10 My Hachem ireachudia =4t (RIS )]
11 My Al Brrachidia LH1z 0. irzoN
12 Bleu Meski Frachudis d7.lesdin 15.85 =18
Cold springs
13 Foumn ¢} Anser Reni Mellal 106022120 19200 10.50 26,47 LW0=060
1o Aitt Asserdoun Remt Mellal tRA RS i 288032 2482028 0.75=0.19
15 Tirhhouls Bem Mellal 241137 D=0 908 =040 240 £0.40
16 Charmou Aztou LA RE-S BT A1=20%0
17 Khareouzn Azrou 7.28 £0.5)3 2ol =028
Wells
i Settat Settat 16645 =22.10 164,80 = 26.80 1083 =050 I ]
19 Beni Yakhief Khounben 417 =028 d4620.0 sn=030 L=0.20
2 Qurzhida Khounbya M43 =108 283zl 24.00 = 1.00 A=
a1 Lahmina Khoutibga RRUE i .20 108 15.10= 140 o) =040
2 1 ki Phos, extr. Khounhyga M= N4 22753
b Beni Mellal Beni Mellad 1319 =0% 6.5 =083 1.00 %020 1,20 =020
p Quled Reguia ER, Saluh LY E-E R 80.60 24,13 Bt =0 480 =0.80
2% Bemi Amir ER, Salah B 12 = 484N S SA2 2008 4,90 = 0.60
Tap water
2 Kenit Kenira SNE=042 2.50 £ 0.30 0462 0.06 0.77 =004
7 Khoyrbga Khoutibygu ST =100 1570 % L4y W60 % 1.50 7.70=1.40
pa | K. Tadla K. Tadla 18.06 = 1.06 734 =056 40,60 = 1.70 $40 %2020
29 F.B. Sulah FR. Salah WOK=1.76 12.92 2098 d5.%0 2090 1240 =1.00
3o Hem Mellul Beni Mellal 1580 = 1.07 3311 213020 <0.40
M Errachedia Erractucdia J407 =328 10172140

a: first samphing.
b second sampling,

18): water {rom spring.
(¢): commercialized mineral water,

used in (23, 24] for U and Th sepuration in carbonate
samples with minor modifications. It is shown in Fig, 1.

After these anionic exchange steps, Th is ready for de-
position while U must be separated from residual iron, lts
purification is performed by diisopropyl ether extruction,
followed by cvuporation of the aqueous fraction contain-
ing U,

In the last step, U and Th are entricted separately with
TTA (1-(2-thenoyl)-3,3,3-tifluarnacetone) in (oluene in o
nitric medin at pli 3 and 1, sespectively, The two organic
phases contiining L and Th ure evaporited onjo s minium
foils and flamed to remove any truce of carbon, The thin
sourees are, it the end, ready lor alpha spectromerry,

2.4 Determination of Ru

Ra is extracted from the water samples by precipitation
with BaSO, after removad of U and Th as deseribed above,
Schmidt and Reyss (25 reported that this method is essen-
tally quantitative for Ra removal, The (3a-RaS0,) is dried
at roum temperature, The obluined powder is sealed into

plastic ferrule whose form is computible with the dimen.
sions of the used well type Germanium detector, The game.
ma speetrum is measured after 20 days which is necessary
to ensure radioactive equilibrium between Ra isotopes and
their dunghters. The efficiency of Ra extraction by BaSQ,
precipitation is obtained by ealcututing the ratio of the
weight of recovered RuSO, w that of added BaCly (correct-
ed by a muss factor of 1.16), Extraction efficiencies are, in
most cases, in the range 75— 100%. Ra activity is measured
Iy cammi spectrometry using a 220 ¢in® low-background
well type ginnma riuy detector in the Laborioire Souterrain
de Modane (LSM-Centre National de¢ la Recherche Scienti-
fique (CNRS-France)Commissuriat i 1'Encrgie Alomigne,
PRa and TPRa activities are mexsured from gumma rays
as mentioned in Table 1,

3, Results

The activities of U iotupes (90, U and Ra isotopes
CRa, Ra), Tor the analyzed samples, are piven in Ta-
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Tuble 3 F“UF =L, *"Ry™Ra and **Ra/ U activity eatios in analyeed
wmpes,

nl '.laL.cNU ::QR“IQ:-RJ L‘-R“/,'-L-

Hot wprings
t 848 20.8) 12002 LA =G
- TNzoel 2,19 =002 PRSI
J 0N =080 0.18=0.0! ISR PR n]
4 43 =00 0103 =000 Slozdnl
s Jad=020 Q0 =00t ARRE- )
) 184 =028 0,168 =g} o
H 411200 0.0%0 =90 MR IR M
s 297018 0.06 20,0t 179z
9 20 =012 0.08 =00, 633 2040

) I 2048

11 2N =011

e 10y =023

Cold sprngs

13 488 20.72 .31 =0.00 4,79 =0.381

{d 531 =0.8! 0.0 = N.08 0.86 =0.13

15 30 =000 0.27 = 0.06 33 =008

16 2353 =042

17 372044

Wells

R 1.01 =0.04 1.50 =014 0.07=0,0!

19 098 =0.12 0.20=0.04 [RESAR)

20 1.08 £0.08 0.20=0.04 (.11 =010

] 1.16 2004 0.04 =003 0.88 =007

o2 0. =002

A «11=04d 1202028 0.16 20.03

o4 1.0t =0.02 0fo =0 0.100 = 0.008

23 0.97=0.03 0902013 0.122001

Tap water

b L4 2021 1672023 0.1820.0)

2 182007 0.32=0.04 2.20=0.22

o8 208 =012 0.13=0.03 5612049

9 191 2008 0.7 =002 334=028

Jo 18204

b} LIS =041

ble 2. The MU, #RyFRa and 7R/ MU activity rae
tios, for the sume sumples, are given in Table 3. The mene
sured uctivities covered wide ranges, from 0.59 mBq I~ in
Oulmes mineral water sample to about 308 mBq 1=' in the
well water sumple located at about 1 ki lrom phosphates
extraction site in Khowribga aren for U, and from 0,36 mBq
1" in Kenitra rap water sample to 3696 mBq 1=! in the My
Yacoub mineral water sample for Ra, The B4UA™Y, Ry
Ru and F*RaU covered also wide ranges, they vary
between 0.79 observed for well water not far from the
phosphates extraction site, und 8.30 for Thivhboula cold
spring water sample for U™, between 0.05 in the
Oulmes spring water and 1,67 in Kenitra tap witer sample
for **Ra/**Ra, and between 0.07 measured in Settur well
water and 211§ in commercialized Oudmes mineral water
for #*Ra/*""U. The eirors quoted in Table 2 are one sigma
uncertainties due 10 counting statistics,

4. Discussion

Among analyeed well waler samples, samples Noo 19 and
23 had the lowest actisity off WU (L36 mBq 1! and

6.25 mBq | respectively), samples No. 18 and 22 had the
hughest activities (abeut 165 mBg 17 and 308 mBg 1™ reu
spectively), In the 4 remaning sampless U actisities ranged
from 22.53 10 60.60 mBq I*'. The mean activity of **U i
amaly2eg well sumples was about 30 mBq 17" The Ra ag.
tivity measured tor seven well water saraples ranged from
1o 28 mBq ™' with 2 mean value of 9.8 mBq 1", The
SRWAUL activity rato vared between 0.07 and 1,14,

Except in samples No, 13 and 23 where #*Ra*™Rua iy
> 1, the activities of ***Ra originating from **Th were low.
ar than those of “*Ra orginating from U, The ¥"Ru/ Ry
#atio v more varable than 2UA"L because *'Ra and Ry
aeigins are in ditferent Jecay series, in which the parent
“Th and U have quite dissirmular chemical behaviours in
solutions,

The rudivactive disequilibrium between the two U iso.
topes, **U and its duughter *#U in natural waters is well
known [1. 3, 12, 15, 26, 27]. [n the dissolved phuse, the
MU activity is generadly in excess compared 1o that of 2y
resulting in an *#UR™U activity ratio = 1. The genesis of
this excess js attributed to procesws like preferential lench-
ing of U [13, 28], inssim decuy of alpha recoiled ™Th
{291 or leuching through alphisrecoil tracks {30, 31} The
UMY activity ratio varied in well waters between 0.79
for the sample presenting the elevaled #*U activity and 2,11
meusured in one of the sumples presenting the Jowest *y
aetivity, Hussain and Krishnaswami {13] and Cowurt and
Osmond [33) have observed 4 reverse correlution between
MUY activity ratio and <"U conceatration in well
waters {rom regians neur Ahmedabad and in aquifers (rom
Southern Texas. They have wtributed this finding to
changes in the oxidizing/reducing conditions of the aquifer
environment, with high U and low UL in the oxis
dizing zones and low *U and high *UF*U in the reducs
ing zones, .

Except for the commercivlized Quimes water that is
poor in U and rich in Ra, 2*U activity ranged from 3.01 to
17.88 mBq 1= with a mean activity value of 7.72 mBq I™
that is clearly lower than that of well water mean value
(80 mBq 1™*), The Ra activity ranged from 9.1 to 3656 mBg
1=" with a mean value higher thun 590 mBg 1!, A compani=
son of the U and Ru activities in hot mineral water shows
that large amounts of **Ra do not nccessarily indicate o
high concentration of U in the surrounding rocks, Ofen
such un anomaly could be cuused by Ra that his migrated
from other areas and been deposited randomly in the fis-
sures of the bedrock, U and Ra concentrations in ground-
waters could also depend on the nature of surrounding
rocks.

The ™MUAU activity 10108 in spring waters were obvis
cusly higher than those in waters from wells, Considering
the munimum statistical error, they varied from about 1 for
commercialized sidi Ali water sample to a high value of
7.39 with a mean value of about 3.98 for hot springs, and
from 2.53 to 8.30 with u mean value of ubout 4.85 for
cohl springs. The reverse trend in #*U netivity vs, UMY
activity ratio in hot spring waters suggests that the elevated
temperittures and strong reducing conditions at depth in
peathermal systems civse an aceeleration of isotopic exs
change processes. Reduction of U will hudly sccelerate
is010pe exchange Juc to the lower solubility of U in oxides-
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LCdlV) form und expulsion of “*U lrom erystalline system
which will be peeferentially leached from surrounding des
DCSILS U A ds mentioned above,

In geothernmal sources where the temperaturs and the
concentation of the chinene are very <levated and the re-
ducing potential 1s high, the ="RAT™L acusity ratos are
often very lurge. Zukin ! ai. (33, and Hercroy of al (34
have found. in samples of geothermal origin, the fatos in
the ceder ol 10° 1o 12, Indeed, 11 & reduing medium where
U is much less mebile than Ra, the dizappearance of wl-
phates dllows more important cuncentrations of Ra n solue
uon [38],

The measured U and 2Ry activities in ¢oid springs
were low and the measured values of “MUA"C were ele-
vated, The activities and activity ratios vaned detween 2.8
and 3.21 mBg 1+ for U, 2,45 and 10.5 mBg 17! for Ry,
0.75 und 20 mBq 17! for ¥*Ra, 2.53 and %.30 for U/
prU, 0,27 and 0.31 for FFRaf R, and between 0.80 und
4.79 for #* Ry U,

In springs, both Ra und U distributions are affected by
temperature, salinity, and redox condition, The decline of
L coneentration muy result from the retrograde stability off
uranyl carbopite complexes [36). High temperiture may
increise Ra concentrutions by reducing adsorption coefs
ficients for the divalent Ra ions [37). Solid solutions with
cuelestile, barite, or ather atkalinescarth sulphiates or Sarbone
ates mav control soluble Ra concentrations in some cases
[3R]). The removal of Ra from solution Is prncipally by
adsorption or cation eachange [39]. The aqueous chemstry
ol Ra may also be greatly influenced by redov stiate of the
environment, but the etfect is opposite o that for U. The
measured FPRWAU ration in our spring water sunples vir
¢d from Q.86 10 4,79 for cold springs and ftom 1,79 10 2118
for hot springs.,

Roesults obtiined for tap water samples then from 6 Jit-
ferent Moroecun cities did not present any anomadous value
of U und Ra activity, or in #U/A"U, 7R Ra und ¥R/
U mtios. Radioactivily in tap witer depends on its source
that could be rivers, dams, welly or springs. Activity in p
water vanes] between 2.8 und 15.70 mBq 1* for U, 046
and 4580 mBq 1! for **Ra with averages of 947 snd
2472 mBq 1Y, respectively, The activity ratios varied bes
tween 1,14 and 325 for S0/, 0,03 and 1.67 for “*Ru/
#Ru und 018 and $.61 for FoRW MU,

The U uctivities can also be affected by walinty and
seasonal variations, Indeed resuhs reponted 1n 7, 8] show
seasanal variations in U activity of & factor of 2 10 3 with-
out ubviously changing YUY ratio. The virimtion rep.
resents a tandom sampling of whit is probably o Nuctuation
inthuenced by rinfall, run-off, and soil-leaching phenom-
end, The same results show a variition of U activity from

10 mBq 17 for salinity of 0% 10 46 mBq 1" tor salinity of

37.2%. Qur simples have been wmpled in the sime season
af ~pring,

a8, Conclusion

Radiochemical analyses of 31 hinking water saonples tahen
fromy wells, springs amd G water have allowed, fop the et
tinwe in Mojoeco, 1o obtain dats on the repatition of the

principal natural radioelements in Jdeinking witers from Jifs
ferent sourves, The obagined resulls (MY, 270, #*Ra and
P activites: PUUATL, RWIRa and BPRWAML aes
tivity ratiost are sitmilar 1o those given by data published
{or other regions ol the world, This comparisen shows that
there is ao sigmiicant mdioactive polluten in anaiyred
drinking watesy what vontnbute to reassuce he Morogean
sonsumer.

The measur=d activities of U and “*Ra cosered wide
ranges, from 0,29 1o abeut 38 mBg 177 for the fint, and
from 0.46 10 laSn mBg 1°' for the seennd, The most ele:
vated vajue of 398 mBy 17! wuy obtained for the My Yu-
coulr spring wazer that s very loaded in Jissolved aits and
actually aot used for dnnking, The “UAML, #*Ra*™Ra
and #"Ra/“™U covered also wide ranges, they varied from
0.79 1w 3,30 for ““LA™U, from about 0.04 1o 1,67 for **Ri/
#*Ra, and from 0.07 10 2115 for PR/ A compirison
of results repanition in invesugated drinking waters show
that: (1) the U activities are higher in wells than i the
others sources, (2) the hot mineral waters are generaully
characterized by Tow U wetivities and high #*Ru activities
and THUAT™L activity ratios. This statement is dug o the
clevated temperatures and streng reducing conditions at
depth in geothermal systema, (3) in cold spring witers, U
and *"Ra actisities vary it narrow ranges that suggests that
there v no large vanation in environmental conditions of
investiguted cold springs,

We can not generaiize the obtained results for all drink.
ing waters in Moroeco beciuse of the limated number of
the analyzed samples. Although they guve o general idea of
U and Ri radionotopes sctivity repitrtition in wells, springs
and tap water sumples which coukd be used 10 onent the
next satnplings in order to establish a global distnbution
map of radioclements in drinking waters of Moreego, A
compunson of ancmatously high activities of uramium and
radium radivisotopes with data obtained for no polluting
regions of the world, could help us 1o detect the eventual
radicactive pollution,
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