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!-~cr#.t_:_J 
RcuJioacthir;.• ill Jrinl:ing v.·m..r I U anJ Ru radioi.wtop,..1·/ 
RdtliotJ<'tiY,. Ji.H'tfiiiUhria irr lt'cJ/f'f I /lot millt'f!ll \l.'tlfl'fJ I 
1i1p IHUtr I W,•fls I F.m·irwl!llt'llt 

Sununurv. Radi(lchcmic:~l re\ult\ ,:••t:. :"t:. l'•R:t .rnd ::•Ra 
:u:ti11itie.,; ;"L'fl'"C. ::•l<.tf'.-"!<:1 and .-.-.R.u,."L' .u:ti\'tl'\' r:~tJO\l 
arc repor1cd t'or 31 t!nnkin~ .,.Jtcr ~ample' t:l)ll~cte<i from l< 
well\, I: hot mineral .•pr1n!:'. 5 cold 'rnngo(, ;md 6 t~rp water 
'ample\. ,\ctil'ilie~ of the RJ j,utopt:~ were rnc:l\urt•t.l by 
~amrna 'pco:rwmctry u~in11 .1 lo1w b:td:~rounJ :rnJ high cf· 
fit.:1cn.:y wdl t~·pc ~:o:nno<ntum JC'ICCIN. ·111(' U i•••Wfll.'' w~:rc 
counlrd 1n ;an ;olpha 'PI.''I:tn•m~·r..•r. The rl'•Uit~ •lww th;u '"U 
activity vane"' b.: twe-en J..Jt.> ;ond .tlx•ut ~OM m.Aq t·' in .,.,ell,, 
0.59 and li.K!:I mBq 1·• in hot .. prin!:'· :.19 anu J=l mBq t·• 
in cold ~pnnt:'• :tn.! ~IWCL!n 2.5 anu 1~.70 mBq l"' in lap 
Wltl~·r ,;unplc~. · ••ue•t..: •·~·tiVIIY ratio i• g.,.no:r:oll~ hl):h••r than 
l which ~~ the CGuililmum a~ll.,it:- r;lll(• value in dt:~..cd 'Y\· 
terns. It v:uic~ in th~ ran~e' 0. 79- ~.11 1n well,, O.':l7 -7 .JQ in 
h~,t 'Pring,, =.s;~- ~JO in cold 'prin1:,, ;md 1.14- ~JS in 1.1p 
wuter. Cnlikc wl.'ll wutc"'· •pnng wo~tcr~ 'how low :••t: :u:tivi
lic" and high ; .. Uf'"L: a~·11viry r:ttto,, ·n1c hr~hc~t oto,•:tvity of 
Ra mc:t,urcd in hot rnin~·ral watt'r '"mrlc' ;,. :ll'l:tut l!iO Jnd 
~~= time-" hichcr th.m It~ hi!,:hl'\1 .'\Ctivity of l<;r f1111n<.l i11 .,.,ell 
w;ttcr. and in t:•Jid ~prirtl:'· rt:\f~CO:Iivcly. ;)•·J<af"U '" ,,·ity 
rnrio' :m: in the r:1nl!t'•: O.IJ7-1.1.lin wrfl,, 1.7')-~ll!i '" h~)l 
'f'rinpi. O.S6-4.71) in culu .• prins-.. Jnd 0.1 K- 5.fl1 in wp ~ ;rrcr 
~umplc~. The ditta arc 'inular to th•N.: publi,hcll for othe-r 
rrt:ion' of lhc world. 

'· rntroductlon 
TI1c rr\·.,cno.·c :•nJ hcha' k•ur of r:~t.lit~le!HI•:rtt' in tlillill'ill 
w:tli.'r" ftllnl ~liff.;n·nt "'urco:s ha,·c l'lt.'cn Wtllclv \ttttli\·J 
rhrou!!hout the \lo'llfld II- I (•j. TI1t' bch:J\·i,:ollr uf iJ and '111 
dccay \eric' nuclide\ in :;rr.oumJ water j, nf intt·r··•t lo t:co
~h·~mjq,, U cxplr;ratiou". and hc:rlth phy\io:i'r'. StudiL'' llf 
1 '"U .. eric~ nudidC\ in l:round 1\~tl'r h:,\c h;ul :t \';tl'i..:tv nr 
puojl'-1~c:; inchu.lint: lh~ <:;tkUI.tti~·n of 111,'1;<1 ,C.t\cn;:inl: 
rate\ [131. dc\'r.lnping U c.;plror;ofi•·orJ tllL"I.:-1' !.1J, ;md the 
:1\.\t:\\menl or the t•((ccb of rh<hphatc ll1illi11)! nn watrr 
quality [17, l~). On the .. :her hanJ, ':'l(a h;" b•:o:ll u'o:d 

' 
as a tr;t..:o:r ot' htrgc-~o:lllc C~Ct:an ~m:ularion prC~~:I!,scs •md 
ob"!l"\\l'o.l ir•..:rc:"c "" ;:~Ra u. ith dl•pth in the •'ll:e:~n rl•l1c!;t:> 
th.: effect~ of bi()lo~u::~l cycling on the c01:enn ~urfa.:e to. 
~ether .,., ilh the lx1ttotn ~O\trcc function [ 19]. Other 'ltuJic.~ 
COih.:cming R;t C(lnccntratilm in riverine (:OJ and e~tuarine 
en\ ir~~nrncnt~ l: ll ;.Jivw one to unllcNand the P.a rcdist.r' 
l;!utivn in the cn,·ironmcnt ,,noJ thl! rc,ullin~ hcnJ:n .;un!IC• 
qucno:c~. 

The n:rtur:1l raJiC~;rctivity in .,.,ell\ .rnd 'PrinJ; watel"!\ 
..:Nne' m:rinl~ from the pr:morcli;d r:to.lionucli,ic' in 'oil!l 
I'"!( :tnu the 4n anu ·ln +: \Cncs ), furthcrrnorc, \l,mC: COS• 
lll<)t:cni..: raJionuo:liJc, anJ/or rildi•'lludrJc\ nngin.ttin.; 
frnrn a p<~llution Ciln he fuund in niltural w:~tcl'\ tN~J for 
o.lrinkin~. 1'hc co,llhJgo.:nic nudiJc,, like 'H :mo.! 'Be, have 
bc:con ;tddcd W thc'l.' wall.',... :IHl•u~:h r:tin \.\.;lll'f. Thco natural 
pollutin~ r;ulux•lr:m..:nt., •:;m aril>l: from inJthtn:tl wa .. rcs, 
~o:ologic;ll erosion of 1..:-he:rrin~ r~Xk~ or e.,ccssivc utih· 
t.;ttion of ;1gricuhural r~nilitcl'\. Concentration' l,f natur:tl 
l';ldiOI:'ktncnt~ in Witter Jo:~nd on tho: phy~i~o-.;ho:mical 

..:c•nJition' and on the gc(l!n~rcal, geo~r:tphical ;rnd ''~~o:io
o:..:onomkal o:nvironmcnt. 

'l11c natural J':tdiom:riviry or l>ruundwaro:r \';tric' ~rcatl:-". 
lli~h cnnccnlriltit'Jil~ l1f n;,tural r:H.Iioa..:till! o:l~m~nL' lwvl:' 
hco:n ft,unJ nol unly in water !'rom U mine,, but al'o in 
111illl'r:1l Willer and in 'l'tnC urtllt:d well, [~. -1, 16]. ln.: 
I,Jlowlcdt:c <•f U and Ra concl·ntrotlil'll' in Jrinkin~ w;1tcr j, 

irnpon.1111 l~o:au't: ••n Jpprro;i:rhlc fra.:ri.-•n t•f lho: ,,b,orbo:\1 
U ••nd Ra b dcr"-''itl·J in human h<)tll', '' ith thc o;conc'J)IJIH.I• 
it11: C\1ntrihuth1n to lhc int.·mul Joo,c. 

In lln~ "wk, wc hiiW ••rrlicd fur 1!1<: tir't time in ;\·lo
rr-.:..:o, " rapid .:oruh;no:Lltccltni.:tuc f<11' mca,urin!: U and R:r 
l"lltC•('l<:'" from tho: \,11\lC \\atcr \:m1rle. S.mH: rl'\U!h uht,tlll• 
l'J front drin~ill!! ""'l'r ~ampJo:, "~'llc..:to:1l frllrll Jif(l·rcnt 
'ill'~ (,)"ring~. w•.·ll~ itluf tap water) will :rllm,·u, to ~C1111pi!rO: 
t; am! l(a ao:tivitir" at th.:'c ,jll'' and hdp u' In nril.'nl '"c 
IK\t ,;,rnplill!!' in ••ldl·r lo l''t.thli'h" dhtJihutit1fl map l'f 
tho: r.oJi•)O:klll<'lll\ i.o t•••hlliil drin~il1[.! w;ucr' of ~horn..:co1, 1\ 

.;,'lll(lOiri:.t•ll h.:t\\,•,·n ;o..:ti\ilil~' of L.: anJ Ra •~···1''1~' in 
dnr1l;in1: 11 .ttcr ~:o111pl•.'' !.t~cn fr(Ht1 o.lifl't:r.:nl k~o·:,:i:iL'' in 
~1.:.H..:c•• ..:1•ulll :ohll ltl·lp u' to ~now wlt,•rh~r ra.li''·•divily 
lhod a i~llltoliltl: nr Hahu.rl nri~in. 
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2. San~plin~ nnd methods 
I / 

.:.1 Sam'pll.n).! 
.. 

The: anal~·l~-d.,nntural w.arer S:Lmples hav~: !:-t!en "~'11-: .. ·:c:d 
fr!)m S "'~lls. :;n,~t ~plin•~ .~d S ~:old •prin,:s. Ta~· '~at~r 
-;amril:ll f•c•m ') Jk)t;mt due:·~ ha~o·e bl:cn ma!yr.ed a_, '.lot:ll. 
The 5:tmplcd 'lite" '*'ve M~:n ~ho~n at di!l't:rcnt !oc:ttil)ns 
in ~forl~O:t.' in on!c.-r tov,:h~ ~i,niri..:ant prelimrn•LI'Y rc'u!l" 
which ..:ould ··~cnt ne~t ~.unplin~). The r::;i..,n of Ft:. i!l 
..:h.lt'J..:tcriled b~ J.n lnlJX."''"..lnt ~sc:nce cr hot min~r:ll 
~pnnt:'\• Water of ~l)nlO: of t.,C\C \OIJ~C:~ i.'i .:'ommc:~ialiull 
1 Sidi H,lra:,ttm) or u~J a.:; u.·arcr o( ;ath 10 hc::ll scm..: skin 
'io:knc:s-.cs \:\(cau~( ~~r' its weJith in mincl't\J ~It!- (.'\fn ,J,.l!ah, 
,\f~· XJ~'•Jr4l- '· Khn:4rrb;.:a I'I:'Sion i' IC~o.:Jied in the: intcri\1t of 
the: counu;.· on th<: 1.1r::cst tray of pho~pho.~IC!I in :--.totl~co. 
fl i~ often :ul"ccteJ b:; drync ... \ which c.~pi.Lins the high num· 
~r of dlilk\.1 \!.·ell~ in thio, rcsion. Sample No. ~~ has been 
l<\kcn from :\ well l~:lled at al.x,ut one km from ~1nc 1.11' the 
pho~phute e:\tlao:tion \itc:- to the ea•>t of the: city of Khou· 
ribga. 

:.: Sample prcpurntlon 

Twenty litrcs ot' wah:r arc collc~h:ll in a polyeth~·lcnc tJnk 
and immediately a~idilicd to pH :-3 with cono:~ntrJtcd 
1-f."O,. Mtl!r liltr:ttkm. irun .,;;rrril:r (FcC!,) l!iO- ~0 m~) ;uuJ 
i...nown ~' 2 L',f2="Jn l."qUi!i!'II"JI('d srike \('llulion :lre :lddc:J. LJ 
and Th ;rrc .:orrl!drit;ll.:l.l with Fc(OH), b!" :tdditi(ln of 
~11.01-1 to pH S to 9 a:. dl!~cri~J by Ch1..1ukri l~:!.). A 
kn~,wn ~.JUantity ot' 1'-ilriunt in B;•Cl: fomt (t ~) is then 
a\ldcd. Ra i«'IOJ."C:!I "~ ~.:op~ipitated with BuSO, (wdsht 
co~t~:d ~y 11 rna~' f:~ctC~t of 1.16 due to the Cl..'tWel'llion of 
BaC11 to BJ$0,) fomterJ by adl.liliutt M H:SO, 1lro1"' in the 
medium \l,·ithout si,gnil'u:ant ..:h;•nt:ing ol' pH. Pn.:.:iJ,ilation 
ot'h;-dro.,idc:' i' -..chic\'~d ~·t'orc the B:t and H:SO, addilion 
~ter to ;w~1iJ .:opr~~ipitatll.'ln of Th with li:SO,. The two 
p~ipiwtc~ a~ tc~:ov~rcd by tiltration anJ rin'Cd on th~ 
llhcr with dci~o,ni:t..:d w:ucr. The liltr:llc~ "'ere obt:tincd b¢· 

fo~ :u.Jdins "Pikes and after hyJro\i\ll.l!. and BaSO, prcdpi· 
tntion using a 0.4 1.11n tiller f.'l.'l'l! o;iJe. The tiNt liltr:1tion 
nllows to remove the ,u,~nded m.!ltcr, but no ~~~'~lldl.-d 
mancr hn~ lx-l.'n obo;cr\'cl.l in all analy1cd w;llcr 'amp!f:,, 
1ne ~~I.Xxl rcco .. cri~s r(lr u ;md Th 'l.'pnrntion (.10 to 70% 
indru.ling all 'il!flarati~)n and c~tr;u:tiM steps), and for Ra 
cxtr:•ction (i'O to tOO<;;. J 'how th:1t hvdro:\idc~ nnd BaSO. 
lihr.rtiun cOkicn~:-' wa' qu••ntitativc.' 

The ~~overed J'lrccipit.llcs on the liltc:r arc: 1\"':U~'I:r.llcd 
int(l :1 polycth:-'kn~· tuhc and S N 11~0. j, thc:n :t\ld.:u. Hy· 
Jro\iucs t:~'nfainin)! U and Th arc "1-'luhlc in 01cid nri.'Jlurn 
wlwrcors Ba~O. t:1.1prc,·ipit:.t~d with Ra j, M\ll ~ohJI'-Ic in thi' 
nw,lium. 11lc two fr.t~tio)n' an: 'crarulcd b:-' filtration or 
ccntrifu::utivn. 111e itl'l..l!uhh: BaS04 i~ rin .. cd with ~ ~ 
1-1~0 .. thc:n with dei1.lllitcJ \l':tll'r. 

2.J Scp~u·:allnn :t~d :u:th·it,y nu.·a'iUI'crn,•nt 
ur u ;md 1'h l~otopcs 

Ct)lllJ'lclc mi,in~: anJ o\id.ttkul :11~ a.:hi•!WJ by C\':lrorat· 
in~ lo Jrync~~ 1hc ~\,luti\'11 ~\'nt;~inins U and 11,, obtuhlcu 
by dio;~olution \,r hyJ11l~iJe' in adJ ntc11iuru. Thco li!J' tesi· 
l!uc ;, Ji~:ioh·cJ in ~ :o-i HCI illld the hyJroxiJcs nrc prcdpi· 

(',.~>:, lhk:lm. •\. ChNt;!'l, J .• L Reo:--,_, tt at. 

H1dro~•d~~ •L'•Th 
. in~~ HCI 

J ISBO 

I <,..,: ... ,,~"~------~· U-F~:J 
I 

'f' 

":'ll• imruritii!IIC.a, AJ. 

I .,. 

Sam11 ri.'!IIR ~ 
1n gs rc.;o, 

.,. 
lmpun11e1 

... 
E'llrlh.,ton or 

Th 111 TIA lJ'II•I) 

I 
1!\·aroLinl! 
1)1110 .\I r, •• , 

I 
• ·n. tur 

~!lllmnt~nl 

! 
1 
I 

U! .,. 
r .\trACti<>n etr1: in 

ITA r,pH•n 

me1uurtm~nt 

•·•..:. 1, ~r.mm"'n ..:hf1nc fl)!' U allll Th •n ""all!r \OJIIIrlt'l toy ion• 
,•,o:h!4n~r ~.ln. 

·ntbll' 1. f!.ocr~:·~~ aml inlrn•ttle' ur 1lm1~hltn u~ IIJ ttl('li\IU'~ ~, .. Ra 
un,J ,,.RJ :tO:ll\'1111.'"-

l~h.lf"o! l!ne~· tl.tV) lutcn~ii:O r<C-1 

""RJ '"~·Q ~.:M ,,.PI\ :aLQ 7,47 
!hpj:\ :9~.: IQ.::O 
!'"lib ~~::..o J'UO 
mot ('()Cl.~ oi(!,(IQ 

"'Ra 11•,\.; ~:l~~~~ t::..UI 
r:·,\~ 9DJ.9 ~~ 
•z·A~ %11,Q t7.4b 

tatcd at r.H S to 9 with amml'nium hy,lr~''idc. In this ''cp, 
111 unt.J L: ;m: rredritntcd tog~ther with iron h)•Jmxidc~. 
:rluminium .&nl.! ~,tho:r impuritk,, Aft\·r di!ool>~lhtlil'lll in S N 
1-!CI. I h.: "ntnrli! io; tiltcrcd aud j, re:ady r~'r th~ iM C:'\:Chan~:c 
J'l l'll..'c:dure o:i~. 1). 

A sint:IL• rc~in c:~.:hangL' l!l'lumn j, u~cd twlt:r;o: ( 1) In 
the first ~IC!\ U .111J Fl· ;uc li.\~\lllll thi! rc:o.in in u ~ ~ HCI 
medium whil~! Th anJ ,,!her inll'ttritics are Cl..,lll•-.:tl'\1 with 
th.: cft1ucnl. F'c i)o thl!n du:cl.l wtth I~ mlof S :"\ IIZ"O,. U 
Jo; clu•~·J 1\'lth ~0 ml or n. I N BCI and c\':J)XllittcJ to dt;~· 
nc,:-, .m\1 (~) In tbl· ~ct:t'llll step, 111 i~o lo;h.kti on tl'll! n:l<in 
b\.J in ~0 11.1 .tO ml ~·J' 11~0. to cn,un: sok•l,· the li:\~tthm ol' 
Th. '11tc Ia ncr is dutcd with S 'S UCI .,nj c:' ·'t:"'•I'"Jtl'\1 to 
dt)nc)os, 'J1)c ion c~ch:lfl$1! tm'l:'cJurc j, iltcntil..·al h.' lhnt 
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·"'"' ltl<e\ Jnd Ok.'ll\ 11~ f'Jl;•.)ol .,,. U Jl'olj IY rl•ll•)l..;.l<•~· $7 --
Tublt':. ~ .. u. :••t,;, ···R~ an..!···~<~ ito:tiVIIIC• in an •• !~ ltd ,,lfllrit'l. 

n' S.te :_,":altnn ;•·t: ; .. t: '.''RJ ;;•R.a 
•mfl~ r··, rm~l ') :m~l''l .. ,~!"" --

1-lot •rnn~' 
S•d• lfotnlcm • , , r-~, )V IJ: ': ~ ~ol '> ()~ :: •>. 'Z ~t.~= l Jl) ~II):':! 10 

::: S•Ji Harut:n' · \) Fet. ,li(.~f) = .'1 ~3 ~.:i = l),t)J 1,11),..0: I 'lt) :! ~):: 40 
J Sid! Ho~nu:n i\'J Fu )~.I): : =-~'> ~.::): 0.~::: ~Q tl}!: 1.:0 :, ;o: t :o 
J :\l'n ,\l!ah• Fet :5. 7f) : :.J.~ ~.JI): l)}ll )I)Ct): I)~ ).(O: 0 10 
~ .-'in .1,.1!01h' Fet :f).bJ :: i4 ~ ;Ct: Ill~ ;.,:m = l).r:<O ;,-"): i),JO 

6 ~~~ Y~I:'UI:> Fez t 1.~7 : I 1))1 !l . .l~: t). :!' .ll)tit) !: ~= ".1:0: tr) 
7 011lmc:~ ''' 0\Jiri'IC\ : . .w: l) :-: c ~Q = 0 ,;<) ::.~.. .. :) .,.,<tl: I . )I) 
I! Srdr \It I.; I Qt,I'TI<'• .1,9:: o .• ol ~ o·: o.:-r, Q 10 !O.bO )._:11)!:000 
') Ouk•l Rc;:'JIIl F H. Sollo&h •1.1:: :.~ 17 .• lt ': 1.17 I ::.•:C) =: :.10 1)~): t.~ 

10 "'Y H;~<.tw:m !:~J.:h•<lia .&<l,.l~ : .l,l'l 1.1 ~~ = !.Pill 
It ~~~· t\h f:r.-J~hidia ~.1)1 :0.~~~ ~ 111: 0.)1 
1::: Bh:u ~lt\ki J~m~ht.Jia J7.1::Jllll 1.5.5~ = l.llq 

Cold 1prang' 
IJ Foum ~I MI\Ct B4."ni \.lc:llal lD.6::: I .:0 :. 19:: 0.;16 10.~0 = 1),.17 3)0:: 1),6(.) 

14 ,\tn ,, '"-'rdoun Bent ~1cllal 1~.1.'::1~3 :::.!1~:: f),:l~ ~ ... ~ = tl:."' 0.7~:::0.19 
1.5 Tlrhtooutu ncnl ~lcll.d ~=.41: 1.37 :.~0 = 0.~ .. Q.f)~ :; 0 -''I ~.ol() .!: 0 .. ~0 
1() Cl\~ 1\trou ~.I: : I. I I .'.:1 :0.!10 
17 Khurwu111 Al"'ll 7.:9 :0.~3 :.:.•:: o.:~ 
Wrlb 

!K Scttat Soenal 166.4S:: :7. tO 1 (>.UtQ :: :6.!10 10.>0 :0~0 r-: .:,., .~ 1.;:b 
19 Ocnt Yilkhlcf 1\.hounb!:ll ol.,\7:: o.:::M J,Jh :': 0.3~ ~.10!:0)0 1.()) ~ o.:o 
:o Our::hida 1\h()unb~il ;:.1,~3: 1.9K :::.~3 : !.Sol =~.00! 1.00 ~~I 
:I L.:ihmm~ l(h,.,Jtlht:~ ,1(;.,lQ ~ ::.:7 !~.~0~ I.QW 1:1.10 = l..&l} 1}.~)!: 0 . .!0 
~: 1 L:m I~'· 1'\lr. K!wunh~:& ~4, = ~~ ~mt~3 = :1.~3 
~;I flcni ~~~lla1 131'm ~!ella! 13.JQ ::0.99 o.:s :':: 0.~) 1.00!: o.:o t.:o:: o._:~o 
:4 Olllt"ll Rei"•a F.H. S.I!Jh 1)1..::1 = J.17 b(l,b() = 4,1,\ h.~ I-: OJ: J.~l) ::0.~ 

:!~ Rent t\m1r P.B. S;~l:•h olol.t::H,.I 4~.JX: ~.?S ~.J:!:: OJI! ol,l)l) = 0.1')0 

Tap ~~oater 
:!6 Kt"nitm Kr111tra :.!oi~:O..': :.~0:!: 0.30 0.4h:: O.Ofl 0.77 ::0.().1 
::7 Khnunllga Khnul1h~ll : !.67 = l.QO 1:1.70:: 1.-11 ,14.60 ~ 1.~0 7.70~ 1.40 
:M K. 'ro~tila K. ·ro~dla 1~.06~ I.M 7.:J:: 0.~6 .10,60! 1.70 ~,oil} :': ::.:o 
:::9 P.ll. Siilah r.R .. ~~1.111 ~·1.6H =: 1.76 IZ.Il: !0.9!1 J$,!10 ~ O.'JO : :: • .uJ :: 1.00 
30 Hcn1 :"tlt"Jial u~ni :"o1cllill 1 :.NO: l.t>7 1!.31 = t.:J ~.~~ :<: o.:'l <0.41) 
.11 L:m~~o·tmJia Erra.:hrdia JJ.O'.: 3-~~ 10.17.: l.-'0 

t !»): w;,trr (rom ~pnn.:. ~: rtr\1 \Utnplm,;. 
h:): ~ommerl:laliud mtneral watc:r. 1>: '~<'coml '•illlplln~:. 

used in 1~3. :!4] fnr U :tnd 'In .,cp:tr:ttion in cmfx,n:tlc 
!-:tmplcs with mitwr modilic:.~tions. It i:. ~hown in Fi)!. I. 

Afrcr the~.: .mionic cxr.:hant:c '>tCJ". 111 i!> ready for de· 
po~ilion while U mu .. t be !~>cp:tratcd from rc,idual iron. lt!
purili.:;ttion i!. ~rf'orn1cu by clii,~1J>rl1pyl ether c\trar.:tion, 
followed by CV:Jpo;tr:llii)O oJ' the aqucoU~ fra.:tion Cl1111:1ill· 

int: U. 
In the ln~t ~tep, U <tnJ Th :arc c:\tra~:lcd 'l.'para1ely with 

YI'A (l-t:!·thcnoyiJ·3,;\,3-trifluom:rcctonc) in tnlu~·•1c in a 
nitric media :•I pi I 3 and I, I'C~f'<·r.:ti\·cly. 'l11c two Mganic 
pha~cs cor.t;tining 1.! 11nd ·n, Hn' c:vap .. ,r;•h•d onto :•~·•minium 
foil~ nml !lamed to rcnmve any tracl! Clf' r.:ttrt.cm. ·rh: thin 
.;oun·c~ arc, at the end, ready !'or alpha ~pcctromclry. 

2.J Dctcrmlnatinn of Rn 

pla~tic fen-tile who~c r~1rm is comp:ttiblc with the Jimen· 
skm~ ol' the u~cd well typi: G~rmauium d~tcctor. ·n,c gam· 
mu 'ipccrrum i~ measured after :o day~ whi~h i:; ncc:c,.~ary 
to cn~urc radi~1acth·c equilibrium betwc~n R;t i~'-,"'J'Ies and 
their dau~htcrs. The cfficicn~y of Ril cxtra.:tk1n by B:tSO. 
prccipitlltic.ln is c_)bt:lincd by c:.kul:ttint: rhc ratio of the 
wci~;ht or rCClWercd BaSO, ll) that or added BaCh (COI'TI~CI· 
cJ by a mass f:u:tor nf I. 1 6). Extr:u:rion cflickncics al'c, in 
m<•~l ca~cl\, in the ranee 75-100~. R:t nctivity is mca~urcd 
b)' :;:tmm:• 'fleCin,mctr:-· u~ing a ~:!0 ern·' llm·-bad\t!r(lund 
well trl~ l::nnma r:ty d.:rc,·tor in tlw l .• alxlr:twirc Soutcrrain 
de :'-·!odanc (LS~ !-Centre ,~ittkuwl de l:t Rl'c.:h~.•rd11! Sdcnti
liquc r,C~RS-Fr:mcc)/Commir.~ari11t ;, I'Encr,;ic Atomique. 
11'Ra illll.l ::•Ra :u:tivifil!s ilrC UH::tsurcd rrolll ,\!IIITlllla r:tys 
as mcntion.:J in T;ahlc 1. 

Ra i" cxtr:a~tcd from the w:tt~r 'ample' by prt:cip\1:11k1n 
with BaSO~ aftt:r fl'mlwal of U :md 111 as dc~r.:ril'l',J at,ovc. 
Schmidt and Rcy~' [15] f'-'l")rtcd that thi~ m!;tltod is ~";sen· 
ti;dly qutmlirarh•: for Ra r.:movn!. 1'hc 1Ba·lt1SO,) i~ dried 
ill n.>om kmpcratutc. '1111! ohr .. incd powdt•r i~ ,r.akd intc• a 

.3. Rcsu!Lo; 

Tile tu:tivitie~ nf U i'c.)lol~·~ (l"U, !'"U) :u1u R:r i'•.ttnpc' 
(·'>•·Ra, ::•Ra), !'ell' the :wa:)'''~d ,,unplc~ .. •rc t!i\'CII in 'f'.t· 
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'ntbl~ ~. :wL'fo'"t:. :."R..t.f:.Ra il!ld :~oR:If'"ll a..:ti~1r,. r1tio' in .an.ll~lt.'\1 
'l.ll"lr~. 

n' ~"l.''''l: ::•R.If:·~J L'OR;v"'"L' 

H.:t •Pro:"~-;~ 

o . .l~: o.~J 0.1~!00~ ~ .• ~l\: l.C.. 
~ ~.~oJ: ll.~= ~.19:0.0:: II.~~: I.J~ -
·' n.·~ :0.!1) O.t~:Q.OI l'l'.P: t.~ 
.j, "'·~": o .. ': 0.10) ~ ::.ro.L ~ :o :0,01 
~ ).I) :c).:!! c).()') :: 0 I) I J.l~ :O.J'1 
i') ~~:';I).~ 0.1!\S:: IJ •:t).l ~::t=~ .. .t,l ~ :O.~.l o.o~o= tJ •))I :tt~:J~t , 
!\ 0.~7 :0 I~ 0.~:0.01 l.~::t};«) 
Q :.~0 ~ 0.1~ 0.0~ !1).0', 1;\ •. \:: :0 . .1() 

II) ,\,60.: O . .l.~ 
II :.~~~!:OJ I 
t:: ~.03:: OJ' 

CoiJ 1pnn•' 
13 4.K~ ::o::: O.l1 :: 0.()) J.:'?:O.:i1 
14 -'Jl :0.~1 0.~1:: O.OK 0.~=0.1.\ 
I !I li.30!:0.t~: o.:,:: o.OtJ ).,:\!! ::0.,:\' 
IO ::.!13 : O,.l,:l 
17 :l.::i':O . .W 

Well, 

IS 1.01 ! o.o.a 1..5Q: O.lol 0.07!:0,01 
19 0.9!! :::O.JZ o.:o::o.~ 1.14:::0.10 
::o 1.0!! ::0.0!1 o.:o:o.04 1.11 .: 0.10 
:!I 1.16:0.~ 0.04::0.()3 0.~!! :1).07 .. ., 

o.~::o.o:: .... 
~' ~.11 !;0.13 1.=:o = o.~s. 0. 16.::0.0~ 
::4 1.01:: o.o:: 0.:"!1;-;0(}) 1).100: 0.0011 
~ 0.97 :O.QJ 0.90.::0.1.1 0.1:::0.01 

T.1p WliC:t 

:o 1.14:o:O.::I 1.67 :o,:~ O.IH:O.O~ 
::7 UK :o.o7 o.::::o.04 :.:o '! o.:: 
~K ::.oll.:o.t:: 0.1~ ::0.05 5.61:0.49 
:9 J.QJ : O.OK 0.~7 :o.o:: 3.:14 ~o.::s 
JO 1~"-' :0.:4 
)I :t.J~ :::0.41 

ble ~. The H"t:r,.,•u. ::'Rar=6 R41 :md ::•Rae•Ll a~ti\'ity ro· 
tio\, for the same sampl~s. nr~ gh·cn in T01bl.: 3. The mea· 
surcd u~tivitics co,·crcd wiuc ranees. from O.S9 mBq J•l in 
Ot~fm,..~ minl!r.tl wutcr ~tplc to 01boUI ~01:! milq 1-• In the 
well water .. umplc lo..:att"d at about I km from pho.;phntel> 
cMr:u:tion sile in Klrouribga 01rc:u for U. :and from 0 . .:.6 mBq 
J-' in Kf'11itN •ap w:ucr sample to .~696 mBq J- 1 in the Jf,\' 
Yacoub minernl wurcr :-:ample fCir Ra. 11'11: H•UF'"U, l:•Rat 
~~~Ra and ::~Raflnu covered al!iO widc r:mgcs. t11c:y var:-' 
between 0.79 uh:.ct'Vcd for well water Ol)t far from lhe 
pho~phatcs cxtr:u:tion ~it!!', and S.30 for Tlrirltbou/a cold 
'Pring Willl!r sample (or u•ue·u. between o.os in the 
Ouflm•.v ~pring wn1cr :mu 1.67 in Kt>nitm tap water snmph: 
f~1r ::•Raf!•·Ra, and between 0.07 meilMtrCd in Sr'trlll well 
w:tter nnu .1115 in commcrcializcu Oulmt•s mineral wntcr 
for ::"R:tF"U. 'l11c c1rors quoll:u in Titblc:: arc om: !>i!Jma 
um:o.:rtt~lnli~' due 10 counting 'tatistit:s. 

4. Discu~"ion 
Amonc :tn:ti~·Lcd \\'ell wnlt!r ~:unrlc~. 'amp!cs :-\\,, 19 :tnd 
~3 h:td lhc low\·~t tu:th lty of ='•U ( ·1.~6 ml3q 1-• and 

6.l.~ mBq 1-' rc~P'!I=IJ''I!Iy), sample~ No. IS and 2: h:td the 
h1~h~~~ Jcti,itic~ (;~~·l.lt 16~ mB~ I"' :tn~ ~0~ ~G 1-' ~ 
~r-.."~;ti .. el\•), f:t r.h~ ~ l'l:ltkilnlllg wlr.;'IC~ (.: :.lt''J\ttlc:'S l':lnge.j 
t • . • ·~,. :. l'rt'm ~.::.5~ to 6060 mB~il"'. ~ mcrut aClt\1IY 01 " v lQ 

an;\l~lN o,t,ell w.mpll;$ ...,.:13 ~b¢ut '50 mBq I"'.Thc Rot~· 
thit..,. ml!~~ureJ fl'lr ~'en ..., ell wat~r ~unplc' ratl!:N trocn 
1 to':~ mBq ,_, with .1 ~man value 1.'11' 9.8 mBq l" 1, T'be 
:.:•RJf,•t.• acti~·ir,.· r:atio va.r:r:d lxtwcen O.o7 illld l.lJ, 

E.\l.'ept in ~1plc" So. 1.~ lfl\1 ~.3 ""here ::·RJ,~R:l i~ 
>I. the :u:thitics ot' ::•Ra onsinatint: from :.•:n IA.CM: low. 
<!r th:ut tho<;c: ot' ::•RJ ori~in"tin~ (1'\!m "'IJ. The ~"Rai'""R:s 
::-Jti~ I\ more ':uiat:-1~ than ~-"'t,;t:'"l.' ~cau~ ::..Ra and ~JQ 
~ri.;ins ill'~ in diiTcr~:'lt J~c::~y ~ncs. in which ~ parent 
:•:-r., .mJ :'•t: h.~ ... e quite dissi.rrular ch~:mical ~M,il.'lurs in 
~olutiot\'1, 

Th~ r:1dioactl.,.e di"«.-quilibrium bl:tv.·~cn the two U iso. 
ll'f"C~· :.••u and its daughtcr u.u in natur:ll waters is weU 
known (1. J. 1::. 1~. :6. :i). In the di~lved phu~. the 
:"'t.: JCti\'\ty is g<!ncrull~ in e~.:e~ C:\.'l'nPM:d 10 thl.lt ol' . .uwu 
resulting ln an ~ ... t,;~··u activit:-- ratlo > t. The gencs1s or 
thi!t c.,t:C!'.'I i~ attributed to pi'OI:es~s like ;m:rel't'nti:U leach
in,; of .:."'u [13, :MJ, in•:titr1 decay of alpha re~oiled ~""Tb · 
t~J~.>r lc:ac:hing lhrou~h alpha·~oil tr:1c~ [30. 31). 1M 
.:."'U/;."tJ a~tivitv rnlio \'aric:d in well wntc:~ lxtwel!n 0.79 
lor the ~:unpll! J'fe~ntin~ the elev:U~d :.~au :ICti\'il~ And ~.11 
me!!SUI't'~ in ~'"C l)f tlle sample~: Pl'l!llo:ntln!;, the lowcost uau 
n.:th·itv. Hu.,.sain and Kril\hnt\S\vami (1~1 and Cowan :md 
O~lnl.'t;d [3~J h:t\'C ol:l~I'Yf!d a T~\'el'l-e Cl.~tTelution bctW\.'en 
l-'•L'f-'"U :u::ti,·itv ratio and :.••t; c:onc:entrJtion in well 
w:ctel"i from ret:ions ncar Ahm~1ab:td Ulld in :~quil'ers rrom 
South~rn T~:\1\S, '111ey nave .1tt.ri~utcd this t1ndins to 
c:hangc:li in the oxidi.tlnsJrcdut.:ing c:onJitions of the aquifer 
c:n\'ironmcnt, with hish :'"U ;mJ low ::>4epnu in the oxi· 
dizins zones and low :'•U and high ~'·UP"U in the reduc • 
in~ Z(IOCS. • 

E:\c~pt !'or tht' tommc:rdulizcd Ot1fm"s w;.ster lhut is 
!XX'r in U and rich in Ra. :.~•u ucti'>'ity ranged from 3.01 to 
l1.S$ mBq 1-• with :a m.:an activity value of 7.7: m.Bq I~' 
that is dearly tower th:U\ thut of well wuter mean \'alue 
tl)O mBq t-1

). Th.: Ra :1ctivity iJnged from 9.1 to ~696mB~ 
1·1 wi~l n mc<an v:~luc. higher than 590 mBq 1-'. A compnn
~n of the U :~nd R.11 nctivities in hot rnincml water !<-bows 
thnt tnrge ;1mounts of :,.Ra do not ncce .. saril~· indicate u. 
hi••h concentrntion of U in the ~urrounding rocks. Often 
~u~h un :momal>' could be cnu!>Cd by Ra· !llill hu~ mlt;rntc:d' 
from oth~r areas and been de!X>silt.-d r:tndomly in the fis· 
~ures of the bt:urock. U and R:. conc-:ntrulions in sround· 
waters could ubo dl!'f!Cnd on the: nature of ~urroundlng 
rOI!k~. 

n,e 1"'Ufl·''U :tctivity 1:•lios in 'PI~Il!; water,; were obvi· 
ou~lr hit;hl!r than Lho~c in W:IICI'lo rrc)m wdls. Cl'OSidcrius 
the mtL\imum ~latilitknl error, ~1ey Y:Uil'f.l from nbout 1 for 
cetmmcrcializcd .fidi Ali wtllcr c;amrtc to a high value of 
7J9 with " m~an value or about 3.9.5 for ~l<'l sprint:"- and 
tium :.53 to SJO with u tnt':tn value of ubout J..SS for 

· Th d · ···u · · ···u~··u Nld ~p11n1_:s. e ri!\'Cf'SC trt'n In •· :tC\1\'Ity \'S, •. ,. 
:11:tivity mtio in hot 'Prit,G warN~ ~um;c~L' th;~t the ele\':llcd 
h:mpcratut-cs and ~h'l.'ltltl reducing C\1ndition!l at Jepth in 
~:ccnlwrmal sy!'tcm~ cau~e :m :u:ccll'I':Jtion of i~otC\ph: c:<· 
chnnu~ proce~o.c ... Reo.luC"Ii~'n of U will h:udly :1cl."d~r.11~ 
hotorx•c.'io:h:~nsc.- due: hJ the lower !oOiubi:ity of U in ol;ide$• 
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Ct!V) fonn anJ e\pubion uf :••u l'r~1111 c=r>''l.dlinc ~y,lcrn 
·• hkh will ~· pt'l:fcrcnl~<tll:; il.•;a.:h~·d fr·~m ''Jr.-•;•unt.!ans de• 
~;1ts as '"'a:- mcntionc:d .l!Xl\O.:, 

In !!"'''thl.'rl!l;tl S•1tlri:'C\ ~,~,hac I he !cm;xral uro: .1nJ the 
..:onccntt<~tion •)i r.hc chlornc ;trc \•:r.· dc~;ucd .mJ the n.:· 
ducmt,: ;x1t<:rH;JI 1s hl~h. the :;•R.I.1 '"L' a~!l'•lly r:sr:l)' .1rc 
ot'tcn \Cry lar:?c. Z..:kln t<l ai. i::n .1.nt.l Hereto:~,., <JI. [~..1) 

r. ..... t: found. in -.ur.plc.., eot' ~t'L''h<-r.nal •xi~in. tho: ratiO!- in 
~.he: .:rdcr of l•}' to !f)'. lnJcc•!, 111 .1 ~cdul!ing mcL!ium where 
L' j, mu..:h !cs' rr.t:o/:'ile than R.J. ·.h: O:i.,app:ar:tn..:c: of ~ul· 
pht.ttes ~llow~ m•)rc unpNtam c•.·r~.:cnt~:lli<.'ns .,1 Ra an solu· 
t.lon tJSJ, 

1ic mc:l'il.lac..J :••L' anJ ::•RJ .lcti\'ltic~ in .:~·1..1 ,rfin~~ 
were lo"' Jnd rhc m<"<~!ll.m.•J v:~Ju~.; of :••L:r-••t; •,t.cre clc· 
\ate\.!. The" a..::i,ilie' .i.'lt..l tCtl''it~ rmu'\ \:aricd l:oo:t'>'oo:cn ~.: 9 
. .nd :;.~1 mBq J·• for :••t;, ~.J!I.md !O.S mB~.J 1·• fvr ::•Ra, 
0. 7!1 and ~ )0 mB<J 1"' for ::•Ra, :.~~ and ~.JO for :'"U/ 
n•u. O.~i ;ant.! OJ 1 for ::•Rat::~R:t, .md bt.:t'>'o~cn O.IS() ;ami 
4.79 for ::~R;tf~···u. 

In \prin~~. Nth Rll and U di,tribution~ are affected by 
h:mrcr:tture. r.alinil;.', .tnd r<.'d(l:< conditron. 'l"hl· dcdine or 
L: Cl~n.:r:ntr:nion m;ay n·~ult :'rom th~ fl'trogradc ~t:abilit~· of 
w·an;.l c:~rbonatc c• . .'rnplc\c' 1)6]. l·li~h t~·mrx·r:~turc may 
i n..:rca~· Ril ~t~n~·cntr:tt ion .. by rcdul'tllj; t~d~orpaion t:l'\CI'• 
lkicnt~ for the di~·alcnt Ra ic)O'o 137). St1lid ~l.'lluti,m~ with 
~.·clc,tilc. b.1ritc, •x ~"~lhcr :tllo;alinc•c,lflh 'ulphatc' t•r ~••rho:-~· 
atco; ma~ control \Olublc Ra .;on.:cntration\ in ~omc c:"c~ 
I J){j. The: rcm<wal ot' Ra from ''"~lutk1n I' rrin.;ip;~lly by 
aJ,Nption or cation cx..:han~c !39). The aljllcou~ ..:hcmi~1ry 
or Ra ma~ aho 1x ~;rc;lll~ in!1ucn..:ca.l by rcJo' ~laic of lhc 
~nvironmcnt. but the ct'fcct i!. lli'P'''ilc ll' th.1t for U. Th-: 
ml!:t!-urcd :~~R:tf"U r:ttit" in our :-.prin!: w;all:r ';nnpks van• 
cJ from O.X6 to ..t. 7'.l for Cl'IJ ~rnn~;::. ;mJ ft om I. 79 to : ll S 
for hot 'Pring~. 

Rc~Ult!o (lbtaint.:a.l for lap wat..:r \tamrlc!<. taken fmm "'Jit'· 
ftrcnl ~l<mx..:an dtico, c.li..J Jll)l ptl'tot:nt any anom;!lou~ 'aluc 
ol' U 11nd Ra .~<:ri\·ity, or in ;)"lir-'"L:, ~:·R:If~•R:I :tnJ ::•K:tl 
~ ••u r;ttioo,, R:tJi,,ao:ll\'ll)' in IJ('I w;ah.•r Jo:)'ll:nJ, on ih 'ourcc 
that c=ould ~ rl"'l!l"o, d:un ... \1.•:11~ N 'print:'· ,\ctivity an t;op 
water \'llnc•l txtwccn ;:.~and 1!1.70 mBq t·• fur ~"U, O.·lb 

and O:S.l'IO mBq 1~' for ::•·Rll wilh ;1\·cragc' nf 9.-17 :mt.l 
~.1.7:: mBq 1··•, n:,,x•ctivcly. 'lne a~·tivity r<tlim. vark·d be· 
IWC'C'Il 1.10: .md ~ . .?-!\ fur :••L!fo' .. U, 0.1.1 anJ 1.67 for ':"Ra/ 
:~"Ra :md 0.1~ ;1nJ ~.()1 for ::•R.tP"U. 

The U acti\'itie~ c:an :1l!-o ht: affected lw ,aJinllv anJ 
~·~ao;onal variatilln~. lmlt•-:d rc,uh~ rq)l'ncJ ;n 17, Sl. \hl1W 
~·=a:-l111:tl \'a!'iali('n' in lJ :u,:li\'ily of a (;•c:h.•r nf ~ In ~ wilh· 
l)lll otwiou,ly ch.lllr.in)! : ··ur "I.! r;•tio. ·n1~ v:tri;•tion n:p· 
ac..,t!lll~ a ra11J1.11n \itlnrlillt! of wiJ;II is rrnhahJy a !lUO:IU;.til'll 
inr1u~·nccd b>' r:dnfall, run·off, olllll ~nil·lc:u:hin)! rht·nom· 
•·n;1. The ~.tmc rt:\Uit~ \h~w a \·:•ri:ariou I)( U :•~ti\'il:-" (r•)lll 

10 rnl3ttl'' for 'alinily of 0'.( to -16 rn13q I ·• f,,r ,,alinity or 
. :n .::r..,, Our \;unplco, h:wc hc.:n ''illll'lcd in tilt: o,;um: '~a,on 
nf 'Pring. 

~~. Cont:lu~i·J•l 

l·tat!it-.·h~:mk:tl :lllafy.,~·; r•f J1 •hi11l:in!: 1\,otcr ~:·"•pfc, l;,l..cn 
frnm \\CII.,, 'pr\•1):~ and lap \\;oh'l )t;,,·c .tlhJWl·d. ~~~r illc r,r,t 
tirno: in ~IOIC•;cn, In r,l•t:oiu dal.t 1~11 tl•c: rt:p;.rtitinn ,,f fhl' 

principal n.11ural r;u.Ji,:..:lcmo:nr' in drankint: ~:.tcr' frl1m ..tit'· 
fcrcnt "'ur.;~·-;, Tho: .,r.t.,lincd rc~ull~ e•1.', :••t,;, ::~Ra Jn..l 
::'KJ .lO:IIVHic": :.~L·,~··l'. ::•R,tf=~R<~ JnJ ::•R,.,-:''L' ac• 
tivit~ rJtio\1 .l!e o;imal;u- to lho~c l!l'cn b~ l!.UJ publbh..:d 
for other r.:~tWI~ Qt' tho: 'H'r!J. Thi~ .:ompari,~n \h•)'"'~ that 
t!Jt."rc i~ ~'' ,l-;n1ti.:am :":Jt.!icao:tivc: i"'l!utJ.:•n in Jl1Jl;o"tc..J 
drinking ·•,.:.1~:-. ~,~,hat .;l'nlrtbutc to ~il~~urc: ·.n.: ~l.,r•~can 
.:on~um~r. 

Th~ m~.1,uro:J :~cu., iuc:r. l.lf :••t: and ::~R.~ .:o\ereoJ wt~e 
r:mgc:s. rrom 1).~0 II) Jb~ul )I):S mBq 1-' !'or r.h..: liNt, ollld 
fmm O . ..t6 to !..,~, mBt1 I"' for the \Ccm1c;!. The mo'>t el..:· 
vatcd v:~luc of :~:~t:Jti m8o.j I"' wao, obtained !'or lhc .\f';l Y~· 
~·cub 'Pring ..,·;a:.:r that ;) '·cry lcn.!cd in ..!i"'"l\coJ ,;l:t·; Jn..l 
aclu.tlly O'-'t u...:J for Jnnkin~. The :.••t.:f'•L,:, ::•R.li-::•Ra 
anJ :~"RJF'"IJ .:o,·crcd Jlt,l1 ~~o·i..Jc range~. the;; \'aned from 
O.i9 tn :UI) for :••cp••t:. fr,,m JOOUt 0.~ \l' \.()7 for ::•Ra/ 
::•Ra .. and from 0.07 ll' ~ 115 for 1:~R:v'=···L~. ,\ .:~.'m;:'ari~~'n 
of rc,ult!. rC"rartili\'n in mvc,usatcd Jrinlo..snt: \loatcl"o ,h .. ,w 
th.tt: (l) the: :••c .u.:tivitico, arc: higher in '-'ell~ than m the 
otht!r\ ~l~urcc:s. i :1 the hot mineral w:ttcro; arc t:encr.ally 
char:t..:lcritcd h~· low :••l: activitic' and hi~,:h ::•R:~ ••ctivitic~ 
:md :,.t,;f'"l' .activit:< ratto,. l,i:o. 'I;IICinl!nl i' due to the 
clt•\:th:u tc:mr.:raturc~ .tnd 'trons rcdu..:int: c~.,nditi"n~ :et 
dt·rHh in ~cothcnnal 'Y''~m,.r3) in 0:11ld ~pring w;,tc:i". :••u 
anJ ::•Ra acti,llico, vary in ni1rrow ran:;e' thott su~~e.,ls th;tl 
lhcrc: 1' no l:ar;:e \'an:~tron in cnvironm-:nt•tl ~onditions of 
in\'e,tiz:llcJ Cl'IJ 'Pnnt:'· 

We ..:an not £:CI1l'r;ttitc the ~1ht:tin~·d rc:,ulh ft~r all Jrin\;· 
in~: v.:1t.:r' in ~lora:....:~:o ~cau~c of the limu~:J number of 
th~ anal~·tcJ 'ample~. i\tthOU!!h they ga,·c ,, ~cn~ral idea of 
U anJ Ra radillt\Oiop:~o :1ctr\ tty rcr<u1ition in well~. 'PI'ing~ 
anJ l!lp wat~·r 'ample' \1. hich t:l"~lll,l be u,~J to "ncnt the 
next ,,uorlint:' in orJcr 10 c•r .• bJi,h :1 t:l\)bal di~tnbutil'n 
motp or r:tdil'll!h:mcnl~ in •hinkin~ W:tlcro, ol' ~lorCot.:CO. A 
l!l'lnj'liln,on of ;ull'tn:IIUU\Jy hish, :10:ti\·itit:' oJ' uruniutn :m..J 
radium r;,dit.'i~l:lh)J'C~ with data •)t'ltaincd h.1r n1.' pollutin~ 
r'!gion~ uf the woriJ, could help u' 10 detc..:t the C'\C:Illual 
r:oJic•;actiw f'l.1llutk,n. 

Rc:rc:n.·••cc!" 

I. Ant!rc.~o·•, J. S., K~~. Jot. I.. F.: TM L' ,·nntrnl .md "t.:f''L' .tt:t1~1ty 
r,tflo of Ji•o,ollll'•l uran1un• 111 j'!tKAn.l"':th.'r lrttrn "'!Jle' lnt~uk 
\,ln<hauor• In l'.nr,t,mll '-~·• Gro~1 I, IUI-·117 11 1J~~~-

~. ,,,,L,uiiCn. ,\1., K.olwl•. H .. ,.\nt'lllotiCill\1)' h•i:h \1\JK:cniiJII~In\ nr 
tlr.•nwon. r.>dlum ;,nd l~t1un in 111,111'1 (hom drolkJ \loCil• in 11'1(' 11~1· 
''"'' ll'!!l\>1'1. Ct(''hlln. C'u•nH..:IHm, ,.,,.,~ .1~, lf1k 1- !ttl<~ ( t•J7'1l. 

,\ Chc·rJHit•~•·. V. V .. VraniUtn·=.'~. l•r.od f'rc•!:r.trn fur ~.;i,•nulic: 
Tr:on,1:11i''"'· J,•r""'lcln al'i7 1 ). ' 

4. El bo.•tiO:h. ,\l .. Eltttl<.• t'h>·••o;o...;honoi4all' dr• ,•),'111•'111, lt;lt'C' !•t;ot>ll'' 
Cl r .. tlioo:o(llf•) •l,oll\ )C, ,•,tu\ Jl,I1UI0:111'\, .\pplo\',111•)11 ~~~' e:o\1' du 
''·"'HI ol: 1 ... •1•.'\1'. ·nk'\(' tiC Dt ... ·:uwl, l.'nl\\'r\11~ :'>~llll11"'1licr II, 
r r:on,·r II'"'" 1. 

~- 1\..hn, II . lln"''"· R., C.,nllrll, J.: ''":'!~·"" nl' ~:.-~~S ;m,J Ra· 
=~'J iu :'IJI•Iu.: lll:tlt"l \U)'J'IIic' !>y o1 r;,,mm.•·l<ay 'l.,...•'llnmcl~r . 
llrallh l'h''· !''1, 1:!\···DI il'J'XII. 

''· 1\,•.,., R. :'>i .. Si~lt.u,l, 1<. 1·., :'>ll~>rc, W. S., o;,,nn•,·nau, J. 1..: Dl,ln• 
hui.lun and !itt\ <11' R.l·~=h :md k.a·:!~X in alii" .\n1o11un Ra\cr l:•tu• 
;,~ J G~''PhY•· Ro:\, ,\11, h11'1~··71~J.J tl 1lS~I. 

'/ It :,r./1\'tdt, \1., l!,,,n,m. R. S It•, I• 1 l't•I'IIIIIJI •n,·,., .ll~'tjlliiJ/t• 
riotlll: .l;•(lllt'tlflllll.l '" ,.,,,bJ,•m.\ m , • .,,ria h'lt"llo ~· i l•l rohlu•nl 

Cl~11 :Hit•n l't<''"· (),Jnhl 11'1~:1. 
:( h .111"' ••·h, \I , lt,ll ·"·'"· K. S. f.oth.l· l.'llollll•lll 'o'l II' I ,/ot,•,/;11/1/1• 

rr.•nr· AJ•J•:~~·,uiem,t let •• ,,,It, tH,uint ,,,,,/ ttn ltt)•'t':' ·~:til tfu'l't'r't 

l:!•t•l ,·Jilt•.lnl C"~ ...... n.: .. u l'rl'••. o,r .. ,d 1 l'J'•.~ 1. 
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Q, ~~oll\~tnt, ;\., Sunntu~. C., lkr".'tl;h, 0 .. ~lull,•r. ~- ~ .. ,..!,·n.:~ ft•r 1 
n •• ~r nnrut:l! ·mnium ~untc:nt in ~-...,rlti O\~·n. ~.JI'Jr~ .::7>1. ))';'
),\~ t!O:'Q), 

:ll. ~1\)\)rt, \li,: Am~l•m ~nJ ~fi"''"''~"r• :'l\~r .;~·n .. ~l\t:J'l•''l~ of unru· 
um.IJNrium ~11\l ~iurn I~IJ~J. ~ P!o~Mr. :;..-,, L~tt!. :!~1-
;:..t.a (l'll)i). 

:1. t':ater. A. J .. hlllll~ll~!'t. ~1.. 011~\J.lle. R. E..: l:r~ntllm '4:rl<'' dl\• 
:ljullil'num in M\fr ..:.tt~nu .111t.1 '"''Jtc,.,; '1':1<' •lV:l•!h::~J~<:!! ur 
Jl!Ur.lW\'111• a.;!l\1~ ~.al:•M. Mp:. Co:t>o.:!lo:m. :-. 1~)-: :o I :•N:). 

1:. Ot.;l..)l)[l, B. 1... 0~\i..!~tm, ~1. R.: !nh:~I":'..IU\ln "t' : .. t..;,•·•u :11!• 

u•uy ~~~"'in lll't.'l.lnti'lloJte". ~~~'t. ~001:1. ~. 11,1-o~:. -I"~~'· 
1). HU$liun. ~ .• !VI-Mit!'"'amt. S.: l:·~~:-< :~.:~' r--J<.!k~u•c- JJ\C'lUl· 

ltbnum in groun~"'~tt•n: lmpli.:AIIon1 tC'I ~'10: .,n.tn J( t'~l:l-' L'• 
:.'~ .l,,J l'diC ,,( f'I!J~\IV(' i)I)IIUt:IIJI~. C..'\>o:lutn. c, ... rn,-.,;tum. -'~Ia 
.a..t. 1:~7-l~l ll'lliOI, 

!4, Palm<>r. ~t. K .• Edmond. J. ~1.: \.'rantutn in r:,.o:r -.~t(r. G\.•o•:htm. 
C<J•m,-.;l\hn •• .lo~la ~7 • .a9ol7-.aoJ~~ ti<N~), 

''· Cunei!. J. c .. Uoyd, J. w .. l"~lliJvt.:h, ~I.: .\ \luJ:o- of ur.uuum 
llftJ !.ht.•num ~<.'ri"' bOIIJf"1s in .:holt.: ~l\lum!"'a•cr oJt' Linr;~•lin1hi~. 
J. Hydro!. 116, .).4.1-.1(1~ I I'J~O). 

lb. Ft'llno!. S.: ~lcnnino~ti,'lll or RJdt'n·O:Z: 3trJ !I.J•::t~ In ~Unrr:U 
.., . .all!r and dnnling wuler. A lUI'\ c)' in ,\,htri.~o An;\!~·,, t.W, 
1,4~-1~7 (191:10),. 

!?. ~~ufmJn, R. P. Blh,, J, D.: l::f!'n:t~ of ;olto,philt .. mint~rJhzauon 
.uJJ ph<.••ph~lc: illllu'u~ l)n l"'R.Iln 11-.,un.s ,...,,,~,of ~!'ntrall:t.mda. 
U.S. t:Pi\, o.>r R.aU. Prt•gram, L.1.' VrJ:J.•, St~v .. K~rt. l!l'·'v':I~0-6bo 
77-010 ( (Q7':'1. 

li'C, Stnl.ln, C.!)., W3~l,,n, I.[:,, Fon~:. S. W.; t:\·;~luati~•n ul' ::•R;1 Jnd 
':'Rn ~on~l!n!t~li\ln in ""''"111.1 and •url'~~.: w.u~r nl!~r ~ i'hu~phalt! 
nunin' nnll tnllrln~ r~~lunn)t (a.:1ht~. H~.tlth Ph~•· ·'~. 7';'9-~liJ 
ti'I';'Q), 

:1.1. Ku. T. L., Lut'. S.: ~·tw Jr.rnbal ~ll' RJ\lium.::l) o&.• ;a l.arJI"·~•UI:' 
~lo;~.llli.: mi\ill.tO trJ,'l!t. J, Ci.:''l'h~"'· R.-,, 'W, 10:..,~-IO~tt! 1\Qo,l.l), 

~0. Kr.l.:n~rr. T. F:. CurwJ.;h, P. B.; R.a..tiurn l'"''ll.'ll~' in t.'1o: kt~••<r ~lb· 
,,uirpi n•·cr. J. (i(l'r.h~,, Rt•. %, ~7'1':• :~oJ 1 toN\ 1. 

0:1. ~l.utlnt'N\j,'U!~. ,\,, Cioll(ia•l.4'0n, .\1., [\11/lll\'il~·h, ~1.: lM Ji~· 
tnb1111vn l•f U. Th .md '~Ka dt>n\~ll fl\1111 tho: ph'''rl~o~rl" (ertlllt .. t. 
J. tlwn\'ln, Ra.ti,•a.;t,!:. 1$~-IM tl')ll4), 

:::. C':luu~. A.: API'll.:~tivn Jc, nl<'th•"lc, ,!.: JJintlon p;&r le• wne• 
.!t" l'urt~nium.) l'uJ.:nrin.:ation d.:' ho1ul~ ni~t'UU.\ m.tnn\ '"rIa ''''e 
t~t~!'t\.:nfl(' .!t I;A ~l.:r R•'III~C .111 1111.l~t'n .It: .:•>rJU\, rJJ•u!.:• d\1111'o 
•milt O:tl\111111"- ,.1 ~ur lJ .;\ltc .aii.IJIIUjU<' .lu 1-laut ,\tlu ;au ~~~. 
'"' mu~~n t.lt- ~•"!mit>,, lN...,• dt Do.:tllrni<:\•S.:i,•tll;t\, L'nt\tNik! 
M••h.anw~o.-.1 \', R.~~~~. ~t.m-.: t \()l.l.l), 

:~. Ch~u\.:n .. \., K.:~··~. J..l •• , Tul'f'in, L., Uel1'1llla, ~1.; RaJil'l:h~mt~al 
'OIJ'dr.ot\o~ll nf 1.: J.tl<l l1t ;...,,,,,~...,.,In rhtl,phalco nt:h •an,rlt~) r~,r 011:<' 
,t~l<"l"lllnJII''"· Roll.!l<..:hlm. i\~.:\>1 (\!!, l,\1-IJ'} ( IW-1), 

~4. lo:u, 1'. L.: ,\n .:vJIU"ll•'ll o.>f 1~ '""l'hi'"'C mrlh<-..1 .n ,, ''"''' for 
<lo~tulj,; .,..Jim~nt•. Joom.l'h~··· !{"'· '!ll, .'.t:0':'-~47oltl'l"~l. 
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0 • 1'\, H~';am. 1\, Cl,'llli..Ti, J .•I.. Rt)'\s tr ol..t ... 

~. xlHntcJt, :i .. l<.:;r-~. l..t •.. ll.:ldiurn ~\ lnltm;U lllk:tr o( \le.31te~;: . 
no:.10 Oul!k•,.. Wat.:r .• '~"""'· C"''f'h~~. R~. 101. 3~~-::1396 
ll'll:f'.'•. ' 

:11. ,-~,,,;,...,~en. ,.\,: 5tJIC •)r' Jl~~ll\libnum !\:t..,«n · '"L', ~1.'. ~ 
~m.J "'!'{.' 1n ~11\l,..Jt,•r ll'l'm ~~"- c.:;.....~h!m. C~MOChira. 

·""'~ ·~· ;ut -:~10 '~oJ'It•. 
:~. ch.u., •. ~ t .. 'l"..:,w.~.. r. v. ~' .. ""· v. ·"·: ':':ll: · ··L·~·c 1lilJQ 111 

IWIIr'Jl "~l<'r .111\ltL• J"< .n nu~:<'JI' ~~...:!irtollolil~>;;>. 0«-:ll. !rM.. ::t, 
.4<)~-JI)X r:~•. 

:~ ~"""'lt.l. :0: •• Shtt>ll!,, W. R .. O.uT~Cr. 1:. 1...: l,.;t~'f't.; rr..,~ 
uf armium ;n ~'tun<'. ~'""'~:> tJQ, ::o~-:.:,: :•lf)Jl. 

:9. K<l(\'-lll, !\: AJrho~•m:,•tllh.mum·:."'. !:!Moluu~·n lllto water~ 
Ill<' ur.utium.~.~um•.!.11( Ji~ulllbnwu Jl n~ture. S.:~e~q 
I:"J, .&.7-.aii 11'-~71). • ~ 

.111 rl.·i~~·r, R. 1.... R~JN, O. C.: R~'l.ouitln~ .t.l;ono~-emitt~ nudd: 
~~e.:~.uu•ms riJr 'Jrlllltum ~r.t~ JJ~utlibrium. C~!lim. c~ 
~hun •. \\1.1 .a:. ~~ 3 - 9~ 1 l'n~ J, 

:t:. 1-~t~l•..:~r. R, 1... lwt~·~ di...:quth!-num o( ul'llt!Jurn. .Uplul-twniJ 
JIUIIuj.'l' o~n.lpl'l'fe~ntilll oulul1~1n• ~ITt\:t~. S.:i~n.:e :V:", 9':'9-981 
11':11\01, 

~:. C\1111,\J'I, J. 8 .. O.mt•nd, J. K.: u-:.'-' :llld t,:.;:;:\K 111 the Cllt\co. 
\olllthlt:'~ ~~~ulfer uf Suulll Teu,, I'!OI:C'cllm~' In l)(•l~"f'C! Ttebo. 
Milk'~ ;u Ol't'un.Jw;lh!r ll~drolu~:y II. lntem~tllllhll Alonlic ~ 
,\~:cn..:y (li\f.t\J, IH-I.tQ t 1974), 

~~. Zulun. J, 0, Harntui!J. D. e., 1\u, T. 1... mdcl'\o W, A.: Llranlum. 
lh~num ~~~:nt~~ i~o1opo..,. '" !InN• un.J ~u1r tc•d•• from lliloO 
<k~p ~~ot~U holes in \Ill! S.altun S..•u ~~rni1AI tlo!lll. ~tb.o¥~Ctn 
('~hf~•min. 0•'<>~:1um. 1:'''111\'l:hlm. Mia !II, 171'~- I 7H 1 IQ!I'T), 

~-'. llen.·t~~. 1\. L., Slmr:""n. H, J., ,\ltll•·~•n, R. j:,: L'l'llnium and 
mllum nlL•lltlh~ in ~1\,un..S,.atcl"' .ml1 tori~~~:' within the Dclltv.·~ 
l~il\lh, S..•utln·~rcm .'lc~~o· ~lc\i.:u. Ch~m. ~,t. ~:. 1!11-196 
l 1 11~!(), 

~~. 1:4ruu~~~~. C .. T\l\llhl.lat, P.: R~'IJ''' cho:mi•U:. 1.1t' ur:llllum Md iron. 
ruJium ,.;~h~nu,tN,. and urnntum i~•lt>f\1'' 111 lilt t.'K,ull\lwlll(on. 
uf th~ L,,.,~\Te !t.t,tll. ~~ .. ~•al' Ccntr:ll, l:tJn.:t. ·-'N''· Cc..ll:hrm. :. 
ol';'t-~:(1 l ,Q~','J, 

Jo, t..111~111ulr, D.: L~mniurn \CIUUL•n·nun~l':ll ~qutli~n" a1 low tem
~r.•lltno, with uprll~!:.tli,,n, 10 ~ill'll!ntmry on: \IC~Ih. (jl!(,~~;hlm. 
Cmm~-..:htm. Mia .a:. ~7-~bll l l'n!ll. 

.)1. AIIIC\, L. t. .. ~~~Ourmh. J.Ji, \\'alla•r, u. ,\,: &•lpiiWI ur ui'Wum 
.UI..S raJ111n1 l'o:-- NtJiil~. 11\U\~'U''it~. an.J phlo~vplt<'. Cia)'' Clay Mia• 
~rul~ ;II, J.l.l-~!11 ll<lii.)J, • 

~II. l..tnl!n!Uif, D .. !\.II!!~: liM. D. c.: Thot ~~"'....:hcnu•ll"!" or t:llll."ium. 
>11\lntium. hltnum MI.! ruc.llurn •ulrh.tt<"- tn fl'lllt .l~l' bnht• from 
II~ 11~11) Du"' D.tatn. T~!~.M. 0..-o.:him, C"'~"''''I\Jtn, AC\a .a•, 
~-1:;\- ;:.t,l: II <l!\!1 J, 

~~~. !Vt~lln~~w;unt, S., OruuM"lh· W, C .• Tutt'k.ian, 1\. K.. 1)('-.'IJ, J, 1'.: 
R~tllum, th~,num 1111J r.!Jio,..;li\t' lt'llll IWI•·~~ Ul ~"1'1.'1Undwotm: 
,\J'I•Ii..:ati,1n ''' the: ln·•lru .letc:mtitMUvn 1.1f ptJ"'I1'11~•n I'Dtt .:oa
•lmu• ~n\1 ~\lllo.l~tk•n r:..:tun.. \\'4IC'r R.:~UIU, Res. IIC. IM,\-It\'7!1 
tl 11ll:j, 


