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Wa ter in flow to a salt mine usu ally poses a threat to the mine and some times even to its ex is tence. On the other hand the
heal ing prop er ties of salt have been known since An tiq uity and brines ex tracted from the mines have been used in the treat -
ment of var i ous dis eases. The “Wieliczka” Salt Mine in south ern Po land has been con duct ing or ga nized re ha bil i ta tion and
ther a peu tic ac tiv i ties for re spi ra tory tract dis eases for al most 200 years. This pa per pres ents pre lim i nary re sults of a study fo -
cused on pre-se lec tion of out-of-de posit wa ter in flows into the mine work ings which show the low est vari abil ity in yield and in
chem i cal com po si tion, and which can po ten tially be used in the health re sort op er ated by the mine. The re sults in di cate that
brines from the WVII-16 leak are the only ones which can be taken into ac count when con sid er ing the use of Wieliczka brines
for me dic i nal pur poses for baths, rinses, ir ri ga tion, and at lower min er ali sa tion lev els, in liq uid treat ments.
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INTRODUCTION

The heal ing prop er ties of salt have been known since An tiq -
uity. Prom i nent hu man ists and schol ars who have vis ited the
Wieliczka mine in south ern Po land in the six teenth cen tury, in -
clud ing Joachim Vadian, Jobst von Willich and Adam
Schroeter, re late the use of Wieliczka salt for me dic i nal pur -
poses. In his re cord of the visit to the salt mines of Wieliczka
and Bochnia, Joachim Vadian wrote: “This salt has par tic u lar
ap pli ca tion in med i cine. We even find veins which in their black -
ness re call ex tin guished coals. Salt col lected from such a vein
and ground, in the amount of gold equal to the weight of one
denarius, and con sumed in a small amount of wine serves – as
it was claimed – as a lax a tive” (Smaroñ, 1982).

In the nine teenth cen tury, the phy si cian Feliks Boczkowski
ini ti ated med i cal ac tiv i ties at the mine, con sist ing of salt baths,
in which brine ex tracted from the mine was used. The treat ment 
tra di tions of the mine were con tin ued by Pro fes sor Mieczys³aw
Skulimowski, who be came a min ing doc tor at the Wieliczka Salt 
Mine in the 1950s. These tra di tions are con tin ued to day by the
“Wieliczka” Salt Mine Health Re sort, which treats pa tients with
up per re spi ra tory tract con di tions from all over the world. In or -
der to ex pand the cur rent treat ment avail able, it was de cided to
con struct a grad u a tion tower built in the mine, us ing wa ter flow -
ing from the de posit into the mine ex ca va tions.

The brine is wa ter which con tains at least 35 g of dis solved
sol ids per litre (Dowgia³³o et al., 2002), usu ally so dium chlo ride
and of ten other chem i cals such as car bon ates and sulphates
which en dow the brine with unique me dic i nal prop er ties. These
wa ters are used pri mar ily in the form of baths in liq uid treat -
ments, and by in ha la tion.

The anal y ses de scribed be low, con cern ing the pos si bil ity of
us ing the Wieliczka salt mine brine for me dic i nal pur poses are
based on the sta bil ity of the in flow of wa ter from out side the de -
posit with a con stant amount of wa ter and its con stant chem i cal
and iso to pic com po si tion. 

The ob jec tive of the pres ent study is the pre-se lec tion of the
out-of-de posit wa ter in flows into the mine work ings which show
the low est vari abil ity in yield and in chem i cal and iso to pic com -
po si tion, and which can po ten tially be used for me dic i nal pur -
poses in the health re sort op er ated by the mine.

GEOLOGICAL SETTING 
AND HYDROGEOLOGICAL CONDITIONS

The Wieliczka de posit is sit u ated in the west ern part of the
Mio cene salt-bear ing for ma tion of the Carpathian Foredeep
(Garlicki, 1979), and stretches from west to east in a nar row lat i -
tu di nal strip along the north ern most part of the Carpathians
(Fig. 1). The de posit is com posed of two parts, a lower lay ered
bed and an up per blocky one (Fig. 2).

The up per blocky part is char ac ter ized by a mix ture of rocks, 
with salt lumps (green salt) ir reg u larly ar ranged within claystone 
(marly claystone with ha lite crys tals). Among the salt blocks,
two main lithological types can be dis tin guished: lam i nated

* Corresponding author: kajetan.dobyrn@kopalnia.pl

Received: May 24, 2013; accepted: October 22, 2013; first
published online: December, 18, 2013



green salt and rough-crys tal green salt to gether with spo rad i -
cally oc cur ring dolomitic and lineated salt. In this part of the de -
posit, also blocks of flysch rocks up to 1 m across are found
(see Kolasa and Œl¹czka, 1985; d’Obyrn, 2012; Gonera et al.,
2012 and ref er ences therein).

The lower lay ered part con sists of lithologically var ied rock
salt lay ers sep a rated by interlayers of gangue of claystone and
siltstone with anhydrite. The salt for ma tions found here in clude
the old est salts, green lay ered salts, shaft salt and bronze salts
(Gawe³, 1962; Garlicki, 1979). 

The bot tom of the de posit is formed by the Skawina For ma -
tion (Skawina Beds); its south ern bor der is set by the
Carpathian flysch, and the north ern bor der, and in part, the
cover of the de posit is formed by the Machów For ma tion
(Chodenice Beds) over lain by Qua ter nary de pos its.

The aqui fer in the Machów For ma tion com prises sandy for -
ma tions rep re sented by fine-grained weakly com pacted, clayey 
and silty sand stones interbedded with clayey rocks. These
sand stones show strong tec tonic dis tur bance; and may be
rubbly and blocky. Wa ters found in the sands and sand stones
are un der a pres sure of ap prox i mately 1.6 MPa. Hydrogeo -
logical tests in di cated that their hy drau lic con duc tiv i ties are sit u -
ated within a very broad range be tween 5.8 ´ 10–9  m/s and 6.4
´ 10–6 m/s (Brudnik et al., 2010). The sandy de pos its cre ate, in
the Machów For ma tion, dis con tin u ous aqui fer ho ri zons with hy -
drau lic con tacts that are dif fi cult to pre dict. As ob ser va tions
over many years have shown, the great est wa ter-based threat
to the mine is as so ci ated with the re gion of the north ern bound -
ary of the de posit, the Machów For ma tion the aqui fer zone at
the bor der of the de posit is es pe cially dan ger ous (d’Obyrn,
2012). The wa ter threat fur ther in creases be cause of the high
con cen tra tion of ex ca va tion voids in var i ous min ing con di tions

and the re lated pos si bil ity of open ing up and ex pan sion of new
paths for the in flow of out side-de posit wa ter to the mine as a re -
sult of the of the rock mass. 

All the pre vi ously re corded ma jor wa ter in flows into the mine 
oc curred at the north ern bound ary of the de pos its, with the larg -
est one in clud ing:

– a sud den in flux of fresh wa ter in 1868 into the Kloski tra -
verse at the rate of ap prox i mately 360 m3/h;

– out flow from the 6–67 open ing in the Kosocice lon gi tu di -
nal gal lery in 1959, in the amount of ap prox i mately
60 m3/h;

– in flow to the Z-32 leach ing plant in 1966, at the rate of
ap prox i mately 3.6 m3/h;

– in flow into the Layer 2 Cham ber in 1972 in at the rate of
ap prox i mately 9–20 m3/h;

– in flow into the Mina trans verse gal lery in 1992 at the rate
of ap prox i mately 12 m3/h (see: Zuber et al., 2000).

Cur rently, the larg est and most dan ger ous in flows into the
mine are as so ci ated with the north ern limit of the de posit, from
which 85% of the to tal wa ter in flow into the mine orig i nates.
These leaks in clude: 

– WVII-16 in the Layer 2 Cham ber (Fornalska 2) at Level VII;

– WVI-32 un der the Z-32 Cham ber at Level VI;

– WVI-6 from the Z-28 Cham ber at Level VI.
The WVI-32 in flow into the Z-32 Cham ber was the re sult of

wet ex ploi ta tion con ducted there in the 1960s. At that point, a
sul phate de posit was un cov ered in the bot tom part of the cham -
ber, which re sulted in the wa ters from that de posit flow ing into
the cham ber, and clear ing the hy drau lic con tacts with the ad ja -
cent Machów For ma tions. The flow does not vary greatly over
time, and ranges from 2.16–3.95 m3/h, but a steady in crease in
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Fig. 1. Geo log i cal map of the Wieliczka salt de posit (af ter Szybist, 2011*)
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the con tent of NaCl in the in flow was ob served (from 128 g/dm3

in 1983 to 253 g/dm3 in 2012). Also, a sys tem atic study of the
iso to pic com po si tion of the leak, con ducted since 1974, in di -
cates the un sta ble na ture of the flow. Ini tially, the in flow con -
sisted of old wa ter sup plied in the fi nal stage of the last gla ci -
ation, then small con cen tra tions of tri tium ap peared in the in -
flow, which in creased sys tem at i cally, reach ing a value of ap -
prox i mately 30 T.U. and the iso to pic com po si tion showed a
trend to wards youn ger wa ter.

The WVI-6 leak from Z-Cham ber 28 was also caused by wet
ex plo ra tion con ducted there, as re sult of which ad ja cent strata in
the north ern part of the Z-28 Cham ber were leached. The flow
rate through out its ac tiv ity ranged from 0.2 to 1.48 m3/h, and the
iso tope anal y sis car ried out in di cates gla cial wa ter, sup plied
prob a bly at the end of the last gla ci ation. Pe ri od i cally, in creased
sol ids con tent was ob served in the in flow, as so ci ated with pe ri -
odic dis charge of rock ma te rial from the out skirts of the de posit
and pe ri odic silt ing up of the in flow routes, which may re sult in fu -
ture changes in the size of the in flow.

Ob ser va tion over many years and tests con ducted on these
leaks in di cate that only the WVII-16 leak in the Layer 2 Cham ber
has not dis played changes in the pa ram e ters such as yield, NaCl 
con tent, and iso to pic com po si tion, which al lows it to be se lected
as the best one for use as a brine in health re sort treat ment.

GEOLOGICAL STRUCTURE 
AND HYDROGEOLOGICAL CONDITIONS

IN THE LAYER 2 CHAMBER AREA

The Layer 2 Cham ber, which is part of the Layer cham bers
com plex, is lo cated on Level VII of the mine, at a depth of 250 m 
(i.e. 11 m be low sea level), in the west ern part, be tween the
Kinga and Koœciuszko shafts. It was ex ploited be tween 1940
and 1944 with the use of the dry method as the last of the ex ca -
va tions in cluded in the “Layer” field of ex ploi ta tion (re ferred to in
the post-World War II pe riod as the “Ma³gorzata Fornalska”
field). Af ter dry ex ploi ta tion was fin ished, the cham bers were
used as brine res er voirs and linked with a be low-level gal lery to
main tain the same level of the brine. In the res er voir, wa ters
flow ing into the mine work ings from out side the bound aries of
the de posit were col lected un til 1964. The Layer cham bers
were also pe ri od i cally used as sat u ra tion res er voirs, with in -
com pletely sat u rated brine, as a re sult of which the pil lars be -
tween the cham bers were par tially leached. 

From the Layer cham bers, the north ern most bronze salt
com plex lo cated at Level VII was ex ploited – the youn gest part
of the salt suc ces sion of the lay ered de posit. 
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Fig. 2. Geo log i cal cross-sec tion NW–SE in the vi cin ity 
of the Layer 2 Cham ber (af ter Garlicki et al., 1996 and Szybist, 2011*)
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The bronze salts ex ploited in this part of the de posit are
char ac ter ized by the pres ence of lay ers of rock salt sep a rated
by an ingrowth of anhydrite marl gangue of vari able thick ness.

The fol low ing main lithological types of bronze salt are ob -
served in the area:

– “eye let” bronze salt, char ac ter ized by the pres ence in
the rock mass of char ac ter is tic large crys tals of ha lite –
“eye lets”;

– “streaked” bronze salt, char ac ter ized by the pres ence of
a thin claystone laminae in finely crys tal line salt;

– “grey” bronze fine-crys tal salt, char ac ter ized by a high
con tent of terrigenous ma te rial (clay, silt and sand);

– “striped” bronze salt, char ac ter ized by al ter nat ing sev -
eral-centi metre-thick lay ers of white and grey salt, con -
tam i nated with silt.

The bronze salts in this area are ad ja cent to sul phate suc -
ces sions which are in con tact with the Machów For ma tion.

The sul phate suc ces sion, which in ad di tion con tains
claystones, siltstones and sand stones, is lo cally in con tact with
wa ter-bear ing units within the Skawina Beds (bore hole H-8)
and the Machów For ma tion. Hydrogeological stud ies con -
ducted at the north ern bound ary of the de posit, in the vi cin ity of
the Layer 2 Cham ber, con firmed the rel a tively small thick ness
of the wa ter-bear ing for ma tions of the sul phate suc ces sion and
their very low hy drau lic con duc tiv ity (be tween 1.29 ´ 10–8 and
5.88 ´ 10–9 m/sec.). The whole suc ces sion is more rigid than
that con tain ing rock salt, and it has a large num ber of dis con tin -
u ous de for ma tions like cracks and dis lo ca tions, so it can be as -
sumed that the sul phate se ries me di ates only in the wa ter fil tra -
tion from the Machów For ma tion.

The Machów For ma tion in the Layer 2 Cham ber area is
formed as sands with clus ters of con glom er atic and fine
siliciclastic units. These con sti tute a good wa ter col lec tor since
they are strongly folded and cracked. Hydrogeological stud ies
con ducted at the north ern out skirts of the de pos its, long-term
ob ser va tions of leak age from its north ern bor der, and the study
of the iso to pic com po si tion of wa ter from the leaks lead to the
con clu sion that many wa ter sub sys tems ex ist in the Machów
For ma tion. The hy drau lic con nec tions be tween these sys tems
are com pli cated, and they have no di rect con nec tion to the lo cal 
Qua ter nary aqui fers. 

FEATURES OF THE WVII-16 LEAK 
IN THE LAYER 2 CHAMBER

The leak in the Layer 2 Cham ber was dis cov ered in De cem -
ber 1972 in the north side wall, in which cham ber leach ing lead -
ing to en large ment of the orig i nal size, with ex ten sive ex po sure
of gyp sum sand stone of the sul phate was ob served. Brine
flowed through the gap ini tially at the rate of 20 m3/h with a NaCl
con tent of 60 g/dm3. To cap ture the leak age and se cure the
cham ber, a con crete sup port dam was con structed along the
north side wall, leav ing an ac cess gal lery to the in flow point, from
where it was evac u ated and di rected into the mine dewatering
sys tem. The yield of in flow into the Layer 2 Cham ber, which was
ap prox i mately 20 m3/h, grad u ally de creased dur ing 1973–1977
to ap prox i mately 10.5 m3/h. Dur ing 1978–1980 it sta bi lized at a
level of ap prox i mately 11.5 m3/h. In 1982, the in flow rate again
de creased to ap prox i mately 9.5 m3/h, and then in the years be -
tween 1983 and 1991, it ranged from 8.59 to 13.21 m3/h. Since
1992, the in flow rate has re mained be low 10 m3/h and pres ently
amounts to ap prox i mately 9 m3/h (Fig. 3).

The con tent of NaCl in the brine flow ing into the Layer 2
Cham ber has not dis played sig nif i cant changes since the be -

gin ning of the leak. Oc ca sion ally it reached a value be low
60 g/dm3 or above 70 g/dm3, and has re mained within the lim its
of 60–70 g/dm3 (Fig. 4).

CHEMICAL COMPOSITION OF BRINE 
IN THE LAYER 2 CHAMBER

For the pur pose of char ac ter izing the brine chem i cal com -
po si tion and as re gards the con trol ling geo chem i cal fac tors, a
de tailed chem i cal anal y sis (Ta ble 1) of the in flow into Layer 2
Cham ber made in 1973 at the lab o ra tory of the Hydrogeological 
Com pany in Kraków, was com pared with a sim i lar anal y sis
made in 2013 (by the Hydrogeochemical Lab o ra tory of the Fac -
ulty of Ge ol ogy, Geo phys ics and En vi ron men tal Pro tec tion,
AGH Uni ver sity of Sci ence and Tech nol ogy in Kraków).

ISOTOPIC TESTS

Sys tem atic iso to pic tests of the WVII-16 leak have been
con ducted by the Kraków AGH Uni ver sity of Sci ence and Tech -
nol ogy, Fac ulty of Phys ics and Ap plied Com puter Sci ence
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Fig. 3. In flow rates of se lected leaks 
into the Wieliczka Salt Mine

Fig. 4. NaCl con tent in brines form se lected in flows 
in the Wieliczka Salt Mine



since 1974, with be tween one to three mea sure ments be tween
1974 and 1990, and then once a year. Sum ma rized re sults of
these tests are shown in Ta ble 2.

For the WVII-16 leak in the Layer 2 Cham ber, mea sure -
ments of the ra dio ac tive car bon iso tope con tent were also con -
ducted on three oc ca sions (Ta ble 3)

INTERPRETATION

All the wa ters flow ing into the salt mine work ings and con -
tained in the ex ca va tions are char ac ter is tic Cl-Na wa ters. The
con tent of chlo ride ions in the an ion to tal in the great ma jor ity of
leaks amounts to more than 95%, with a sim i lar pro por tion for the 
so dium ions in the cat ion to tal. This is a nat u ral con se quence that 
inflowing wa ters are pass ing through the salt de posit. The wa ter
also in cludes the fol low ing ions: sul phate, car bon ate, cal cium,
and mag ne sium. In the chem i cal com po si tion of the
WVII-16 leak, as re corded in the anal y ses con ducted 
in 1973 and in 2013 (Ta ble 1) small changes in sul -
phate and car bon ate con cen tra tions were ob served,
but the com po si tion is sta ble as far as the chlo ride
and so dium con tents are con cerned. The sta bil ity of
NaCl con tent in brines from in flow WVII-6 was as -
sessed us ing a method sug gested by Bodiš et al.,
(2010). The lower limit of the sta bil ity range is cal cu -
lated as 25th per cen tile mi nus 1.5 times an
interquartile range. The up per limit equals 75th per -
cen tile plus 1.5 times an interquartile range re spec -
tively. Fig ure 5 pres ents the re sults of this anal y sis.
As can be seen, the great ma jor ity of points rep re -
sent ing the NaCl con tent falls into the re quired range.

Un doubt edly, for the brines flow ing into the
WVII-16 leak to be re cog nized as treat ment wa ters,
other tests and anal y ses will have to be con ducted. 

Through out the ob ser va tion, the leak dis played
a steady iso to pic com po si tion. The tri tium con tent
mea sured is within the ac cu racy of mea sure ment
equal to zero, and the val ues of d18O and d2H are
sig nif i cantly lower than typ i cal val ues of con tem po -

rary in fil tra tion in the area of KrakÙw. This means that the wa ter
which in flows into the Layer 2 Cham ber in fil trated in a cli mate
much colder than the cur rent one, prob a bly at the end of the last 
gla cial pe riod, with vir tu ally no tri tium con tent. This in ter pre ta -
tion is con firmed by the anal y ses of 14C in dis solved in or ganic
car bon com pounds.

At the mo ment when the leak was cre ated in 1972, the wa -
ter in de pos its sur round ing this part of the mine was char ac ter -
ized by a neg li gi ble flow or no flow what so ever. Af ter the oc cur -
rence of leaks, dur ing the first phase, in which the leak yield
reached over 480 m3/day, it drained the static re sources of a
small wa ter col lec tor. Prob a bly, fur ther flow was pos si ble
thanks to pref er en tial cir cu la tion zones in the fis sured parts of
the Chodenice Beds. The leak age in flow de creased to ap prox -
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T a  b l e  1

Ba sic phys i cal and chem i cal pa ram e ters of wa ter
from in flow WVII-16

Pa ram e ter Unit 07.02.1973 08.01.2013

TDS [g/dm3] 61.75 73.70

pH –  7.00  7.10

Chlo rides [g/dm3] 34.75 35.50

Sulphates [g/dm3]  2.83  2.81

Bi car bon ates [g/dm3]  0.98  1.28

Ni trates [mg/dm3]  6.00  0.60

So dium [g/dm3] 21.68 22.71

Po tas sium [mg/dm3] 24.08 46.38

Cal cium [mg/dm3] 481.00  642.50 

Mag ne sium [mg/dm3] 291.80  218.00

Am mo nia [mg/dm3]   55.00      6.30

Com par i son of anal y ses per formed in 1973 and 2013

T a  b l e  2

Sta ble iso tope com po si tion and the con cen tra tion 
of tri tium in the sam ples col lected from the WVII-16 leak

in the 1974–2012 pe riod

Pa ram e ter
Range

x s
min. max.

d18O [‰SMOW] –11.10 –10.20 –10.71 0.18

d2H [‰SMOW] –78.50 –72.00 –75.68 1.70

Tri tium T.U.   0.0   5.0   0.3 0.90

 x– arith me tic mean, s – stan dard de vi a tion

T a  b l e  3

Ra dio car bon con tent in the brine from the WVII-16
leak in the Layer 2 Cham ber

Year
d13C 14C

[‰PDB] Pmc

1977 –15.2 2.6 ± 1.0

1979 –14.1 0.9 ± 1.0

1991 –14.5 1.4 ± 1.0

Fig. 5. NaCl con tent in brines flow ing into the Layer 2 Cham ber



i mately 300 m3/day, and af ter a few years sta bi lized at ap prox i -
mately 200 m3/day. Sig nif i cant hy dro static pres sure in the first
pe riod af ter the in cep tion of leak age caused the el e va tion of
small amounts of sol ids (ap prox i mately 1.1 g/dm3), which may
also have helped to un block the wa ter cir cu la tion routes and
fa cil i tate in flow into the mine work ings. Iso to pic anal y sis of
d18O and d2H in di cate gla cial wa ter, while the tri tium con tent,
ini tially at ap prox i mately 1 T.U., was within the mar gin of er ror,
and over the last 30 years, was ab sent. The ini tial pres ence of
tri tium could in di cate a com po nent part of mod ern wa ter, but
its con tent should have in creased over time. The re sults of tri -
tium con tent mea sure ments, which are well be low the mar gin
of er ror, as well as other data con cern ing the leak, ef fec tively
ex clude the par tic i pa tion of mod ern wa ter com po nents in the
for ma tion of the com po si tion of the WVII-16 leak wa ter. Given
the con firmed aqui fer char ac ter of the Chodenice Beds
(Brudnik et al., 2010), in which the flow of wa ter through a layer 
of sand stone only oc curs in priv i leged zones be tween which
there is no or very lim ited hy drau lic con tact, it can be as sumed
by anal ogy, that in the area of the WVII-16 leak sup ply a sim i -
lar hydrogeological con di tion ex ists. How ever, knowl edge of
the na ture of the Chodenice Beds on the out skirts of the Mina
tra verse on Level IV of the mine, and the long-term chem i cal
and iso to pic anal y ses of wa ters flow ing into the ma jor leaks on
lev els IV, VI and VII of the mine in di cate that only the WVII-16
leak has a sta ble char ac ter. This is most likely due to the large
ex tent of aqui fers from which the leak is sup plied and the
much lon ger flow path of wa ter. How ever, de spite forty years
of ob ser va tion and tests of the leak, the sup ply or drain zones
of the other lay ers, from which the wa ter in flows into Level VII
in the cen tral part of the mine, can not be ac cu rately de ter -
mined. The sta bil ity and the size of the in flow may in di cate in -
di rect sup ply from the Bogucice sands, but this hy poth e sis re -
mains to be tested.

CONCLUSIONS

The re sults pre sented above in di cate that wa ters from the
WVII-16 leak are the only ones in terms of vol ume and rel a tive
sta bil ity, of the chem i cal and iso to pic com po si tion, which can be 
taken into ac count when con sid er ing the use of Wieliczka
brines for me dic i nal pur poses. This pre lim i nary con sid er ation
needs to be fur ther sup ported by de tailed physico-chem i cal
anal y ses and the as sess ment of their suit abil ity for spe cific ther -
a peu tic pur poses. The next step should con sist in chan nel ling
the brines in a man ner which will be ab so lutely in de pend ent
from the mine dewatering sys tem and to en sure that the wa ter
in take is tai lored to its needs. 

The “Wieliczka” Salt Mine has been con duct ing or gan ized
re ha bil i ta tion and ther a peu tic ac tiv i ties of re spi ra tory tract dis -
eases for al most 200 years, and this was re flected in 2011 by
the rec og ni tion of this ac tiv ity in the field of un der ground ther -
apy. Ther a peu tic ac tiv i ties car ried out in par al lel with the use of
brines have been grad u ally rel e gated into the back ground since 
the World War II, un til they were com pletely aban doned and sa -
line baths be came a thing of the past. It ap pears im por tant for
the de vel op ment of the mine health re sort that this ac tiv ity is re -
newed, and med i cal (balneological) ac tiv ity is re-es tab lished, to
use the brine for baths, rinses, ir ri ga tion, and at lower lev els of
min er ali sa tion, in liq uid treat ments. 
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