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LUISA DE CAPITANI·, MARIA FiORENTINI POTENZA· 

FLUORINE GEOCHEMICAL ASSOCIATIONS AND RELATED 
ENVIRONMENTAL IMPLICATIONS IN THERMAL SPRlNGS 

OF BORMIO (ITALY) 

RIASSUNTO. - Il seguente lavoro segnala la presenza del fluoro nelle sorgenti minerali 
calde e fredde di Bonnio. Il fluoro appare associatO agli alogeni G. Br, ai solfati, alle terre 
alcaline Ca, (Mg), Ba, Ra. U, Th, Rn, già studiati precedentemente, sono presenti insieme 
ad altri metalli. La concentrazione media del fluoro supera quella limite raccomand.llta per acque 
potabili. Alcune correlazioni binarie suggeriscono due distinte associazioni geochimiche nelle 
sorgenti: 1) F + alogeni + SO, principalmente nelle sorgent i più calde; 2) U, Th, Ra, Rn 
nella più fredda. La prima associazione deriva probabilmente da rocce triassiche, la seconda da 
conglomerati penn<><arboniferi (Verrucano). 

ABSTIlACT. - The presence of fluorine in the hot and cold mineraI springs of Bormio is 
described. fluorine appears tO be associated with tbe common halogens G, Br, with SO" 
alkaline eanhs 'Ca, (Mg), Ba, Ra. U, Th, Rn, previously investigated, are also present with 
other heavy metals, Fluorine mean mncentration exceeds the recommended control limits of 
drinking water quality standards. Some binary mrrelations suggest two distinct geochemical 
associations in the minerai supply of the springs: 1) F + halogens + SO. mostly in the hotter 
springs; 2) U, Th, RI, Rn mostIy in the mlclest one. The former supply probably comes from 
Triassic rocks whereas the latter is from Perm~rlxmiferous conglomerates (Verrucano), 

Introduction 

The hot and cold minerai springs of Bormio come to the surface near [O the 
Zebrù fault, the boundary line between the crystalline basement and the Mesozoic 
carbonate rocks. Between the above formations lies the chalks formatian (BERBENNI 
& POZZI, 1966). 

DE CAPITANI et aL (1974) pointed aut the presence of Ra in geochemicai 
association with V, T h, Rn and others in the coldest spring, in its supergene and 
bio-system. 

The present paper describes the presence of Buorine in the same minerai springs 
and investigates its geochemicai associatians and seasonai variations in arder ta 
determine the source of the minerai «supply ) . 

Such waters are widely empIoyed for drinking, hydrapinic and thera­
peuticai uses . 

., Istituto di Mineralogia, Petrografia e Geochimica dell 'Università di Milano. 
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. ' ield m easu reruenls and sampling 

In four months of the years 1974-75, which had marked differences in the 
levels of precipitation. the spring of Bormio were analysed either in the field 
or in the laboratory: the sampling mOnlhs were March. lune, August and 
5eptember. 

Temper:uure, pH , F, Cl, 504 and Br were determined in the 6e1d. 5amples 
of vegetation were taken in the sa me occasions. 

Analytical methods 

Fluorides were determined by Orion Fluorine ~nsi ng electrode and checked 
by colorimetric method with 5PADN5 reagent. 

Chlorine. Br. Ca. Ba, 504 and pH were determined by titration and colorimetric 
procedures. contained in c: 5tandard Methods :J, published by the American Public 
H ealth Association and the American Water Works Association, by mea ns of a 
6e1d spectrophotometer; Na and K were determined by Aame photometry. 

T he vegetable matter was analyzed in ash formo 

Results 

Table l gives the physicochemical data and the mean chemical values. 

T AB LE 1 

M~an va/un In ppm oJ ch~mical compon~nts h~twun March. lun~. Augusi 
and S~pumh" samplings in th~ Bormio spn·ngs 

'h ..... l o-o .. •• • " u ~. " 
, .. 

Iprlft'il' 

I.n Il .. UJ>O n .. , 11.23 2 •• ' 171. 4 1.15 '" 10.n 2.01 ~O. 01 

.lInl .... " '-' n.n l.n 251.' , .. m 14.20 2.n .0. Ol 

C ... lodo .. 40.5 , .. 10 . .0 '.21 21'.4 , .. m 12.1' 2.40 .. 0.0) 

ronoSovoU. 40.t o •• 21.0' 1.H 221.0 ... ... n. " 2. '0 0.01 

.u~. Ste l vio n.' .., 7 . 15 1.'0 to., ... n. , .1 0 1.01 ..0.01 

Cl n'illoccl. " o . • 21 . 44 1.06 an.4 o. , ... ".20 2. SS .. 0.01 

Aec1d ~ch .... 11.2 o . • 2 0 . 70 1.01 21].l , .. '" 14.20 2. 41 0.07 

San Culo 11. 1 o. o 20.47 1.13 210.' , .. ... 12.01 1.H Q. 07 

The mean concentration value of Auorine in these waters (F = 23 ppm) 
appears to exceed the control limits of 1.2-13 ppm of Auoride in drink ing water. 
recommended by the Regione Lombardia for the annual average maximum daily 
temperature, which is 170 C in the Bormio district. 
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T.\8U 2 

S~asonal rang~s 01 ch~micol Gnd physicoch~mical lIalll~s 

in th~ Bormio spn"ngs (ppm) 

,." ..... 1 

""<ln9' o. " • , ~. " " 0 

I.n " .. ti"" "lo n ~2.1I/1 S.71 1.07/2 . " no · o~ nO/4S0 l .l f1.1 l'ilI 

U •• lono 2n . UOU . H >I."/U 1.11/1.11 l . • n.n 100/710 7.'/1.1 lI.lll' 

e ... lodo .. Ho/no 1/1.1 '1/00 ' __ .11. 
n ' . I 1/21o.n 1O .1100.n 1.12/2 ." ,.. '00/'10 7.1/1.1 " .1/" . 1 ... lulv.o ,.., 7 .27/7 .0l 1."/' .41 1.01/' u o/no I .• /I.n "/".1 

C .... I~ .. n • . non.i2 11·"01." uo·" 2.nO·1 '"/'"0 1.1/1.1 'Olll 

"'e1~aeh .... '19.02120..21 H.n/U.Ol 1.0! 1 . il1 . 11 HO/SOO 1/1 ." " / 11 

.... c ... lo 21].01/10..21 n.uno. IO UIl · " 2.15/2.lI 690/110 J .J/1.' 10/11 . 1 

The Br mean concentrations prove to be very dose to the dctection threshold 
of the colorimetric method. Neverlhcless ali the values fall dose to the average 
of 0.01 ppm given for rivcr waters (CottRENS. 1956) and appear to be vcry similar 
to thase of domestic w,lter supplies. 

Moreover tbe seasonal analyses show, rdativdy, no appreciable chemical va­
riations for many of the components during periods of thaw or heavy rain ; 
table 2 gives the observed seasona] ranges for severa] metals, anions, pH and 
temperature. 

T ABLE 3 

Fluonne contents 01 /and and 
marin~ organisms in ppm 

Lln9uh anantinl 

Obolu. 

Ootru edulU 

Ifytl1u. -.!.ulU 

Li_I, Planorl>b 

lnel llell x 

• Sphlqn"'" 

n,200 

21 ,100-ll.l00 

lo-no 
10-120 

" 

Bromine contents 01 biosphere 
and petro/eum in ppm 

K"ln. 0<90.10_ 

Loal.orh dl,IUtl 

IpO ..... 

COrfOo\ld .. (.,..ral) 

v ...... 

1,200 

I)-H,OOO 

1.100-2.610 

20-),190 

Lan~ or,o.l_ 

pnrol-.... 

Rophon ..... ti"". 
aolnui .er_~ 

Cure ..... d t rullui 

• Sp~19n ... 

• .. 
'" 

C~ud. ".t~ohwo 1.6 

".phla J.<l 

011 dUtlUed 1.9B 

On the contrary, the SO. anion content seems to be eA'ected by a certain 
seasonal dilution; DE CAPITAN I et al. (1974) obscrvcd that the seasonal Auctuation 
in Rn activity is relatively higher than that of the major components discussed 
here. Besides we have to recall that the coldest spring is the richest one in U, Th, 
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Ra (DE CAPITANI (:1 al., 1974); thereby ali logether U, Th, Ra, parents of Rn. 
must be probably more variable in differem seasons, if compared with thc low 
Auctualion of thc main components. So, in thc minerai springs of Bormio, both thc 
above statements suggesl a more superficial geologie horizon of minerai supply 
of V, Th. Ra than F and others. 

In thc moss (gl.':n. Sphagnum), growing dose 10 the coldest spring, named the 
• Statale Stelvio " the halogen cament values arI.':: F = 280 ppm, Br = 5 ppm. 

A comparison between thc Auorine and bramine contents in living matter 
samples (CoIutENS. 1956) and thar in thc Bormio vegetation (Table 3) show$ an 
appreciahle biological accumularion of these halogens in thc lattee. T hc Auorine 
content in the Sphagnum indicates an appreciable sele(;tive absorption aptitude for 
Auorine. Such an aptitude seems to be lower than in the moss geo. Tillandasia 
usoeoides, which has ~n reported to contai n up to 624 ppm F (FUISCHER, 1959). 
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Fig. l. - The binary corrduions Cl/SO" F ISO" ~ F /CI sl-oow a stronl! coudation among ali the 
com]nred anionJ, aJ well in the cold~r as in the hotter springJ. 

Dilicu Nion 

Some binary corrdations among components and between components and 
temperatu re are shown in figg. l , 2, 3, 4. 

The correlation codli.cients, r, indicate that the Na/ K ratio is independent 
from the temperature, while Ca appears to be slightly dependent. On the other 
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Fig. 2. Tht binary corrdalion. betwecn F, Cl. Ca "od the temperaturt show cl,,~dy that Ihcir 
mong corrdation " lowcrcd by thc pcculiar devi~tion of thc S. Ddn spring. 
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fig. 3. - Thc D/N" aod Na/K rati05 Ue corrdalcd with mc temperature. Thc plot.'l shnw thal 
tht S. Carlo .pring, thOllgh rebtivdy cold, .ppear. In have thc same mineraI comeol nf tbc hotter 
mineraI springs. Thi. bet scemi tn ~ugge>1 thal the alkaly·Ca conlcots are indcpendenl from thc 
temperature nf ilie 'priogi. whilt thty art pn>bably dependent from the bppcd geological fnnnations. 

hand, 8a:+ .seems to be independent from Ca2 >, K+, 50 .. -- contents and from 
the temperature, whilst Cl-, P -, and 504-- together appear to be related to T. 

Leaving aut the q uestion of difIerent solubility products, it is possible to 
distinguish at least two geochemical associations of e1ements in the springs of 
Bormio, corresponding to two different geological sources of their minerai supply: 
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Fig. 4. - The plau show Ihal &. doe$n'l 3ppr:ar lo bo, geochemica ll), auoc:iat~ with Ca and K, 
in mQ(' thermal W3icn .. 

l ) P luorine + halogens + sulphatcs geochemica l association, with NajK = 
::;: 6.49'and Ca/ Na = 9.68, which is characteristic of the hottesl springs; il probably 
originates in the Triassic carbonate rocks and chalks (TONANI, 1957). 

2) U + Th + Ra + Rn gcodk.mical association. with Na/ K = 4.Jl and 
Ca/ Na = 1322, which is prevalent in the coldest spri ng aod coulcl arise from 
the Permo·Carboniferous conglomerates and associated rocks of the Verrucano 
fa fmation. 

CondU8ion 

Thc: hydrogeologic conclusion Wc: can draw is that U, Th, Ra minerai supply 
of the Bormio Springs comes from a more superficial geologie horizon than halogen­
sulphate minerai supply. 

Rn, U, Th, Ra show indced no corrdation with temperature of the springs, 
whereas a clear correlation bctween the components of the Auorine geochemical 
3.Ssociation and the temperature leads us to bclieve that the halogen-sulphate mine­
ralization of the Bormio spring waters takes piace at a much greater depth than 
the U, Th, Ra minerali zation. 
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