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This paper has grown out of the need to have the fundamental 
chemical properties of the sulfuric water •of the Split Baths systematically 
examined during a year's period and thus to obtain a completer picture 

• of thc hydrology of the water emerging from this spring, which would 
enable us possibly to solve the questions of its origln and of salt content. 

Ou:r vV•ork was mainly carried out during the period of time extending 
from 14th April 1952 to 28th August 1953, but occasional examinations 
occurred also after August 1953. The contents of chlorides and sulfu­
i'eted hydrogen were determined in the course of our invest·gations. 
At the same time temperatures of wate1' were measured at the spring 
and the port alike, and the temperature of the air above the spring was 
also recorded. The chlorinity of the spring water was determined side 
by side with the chlorinity of the sea water in the port. Moreover a few 
informative analyses were made in order to have an idea of the content 
of PO,, total ammonia, iron, and pH of the spring water. Analyses of 
sulfates and total sulfur contained in the water of the spring took also 
place for a period of time, in the summer 1953. 

Methods 

The chlorides w2re determined by means of Mo h r's method, i. e. 
by the titration with Ag NO3 and with K, CrO. as indicato:r, using 
Kn ud .se n's nor mal water. When applying this method, the bromides 
actually present and the iodides pos3ibly present are included, then, in 
the chlorides. 

Sulfureted hydrogen and other reductive matter were determi.ned 
in the following way. Samples of water were taken in oxygen bottles 
(Winkler bottles of known volume, amounting to about 250 ml, with an 
obliquely ground stopper). 
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(a) A quantity af abaut 0,1 gr Cd Cb (a nip of knife) is put inta an 
Erlenmeyer flask. Then the water which is being examined is added, 
follawed by a few draplets af N Na HCO, salutian, whereupan the mixture 
is stirred (nat shaken) and filtrated thraugh a dry filtering paper on 
a quantitative funnel. 

An aliquot part of the filtrate is taken (e. g. 100 ml) to which 10 ml 
of N,100 J2 and 1 ml of concentrated HCl are added and then cavered 
with glass in order to prevent the J, vapours to escape. After 30 minutes 
the remaining J, is titrated with N /100 Na2 S2 Oa with 0,2 % starch solution 
as indicatar. Fram the volume of thiosulfate we find aut the amaunt of 
the consumed J, on reductive matter without H ,S. 

(b) The liquid contained in one sample bottle is poured off into the 
Erlenmeyer flask and a sufficient quantity -of the N,100 J, salutian is 
added to enable the water to retain its dark brown colour derivjng from 
the surplus of J, (usually 40 ml). Then 1 ml of concentrated HCl is added 
to the liquid which is covered with a watch glass and after a quarter of 
an hour the remaining J, is titrated with a N /100 solution of thiosulfate. 

From the valume of thiosulfate we find out the total of the consumed 
J, on total reductive matter. 

The difference between the consumption of J, during the two proce­
dures (b minus a) shows the amount af J, consumed for the destruction of 
H,S. One ml of N,100 N,S,O, solution carresponds to 0,17043 mg H,S. 
The normality of the J 2 solution is determined as follows. A stock of sea 
water of about 2 to 3 litres is taken to which some 5 ml of n /100 J, solution 
is added from time to time, the water being thus light yellowish in colour. 

(A) A quantity of 50 ml of this »stock-water« is titrated with 
thiosulfate with starch solution as indicator. 

(B) 10 ml of our N1100 J, solution is added to the 50 ml of »stock­
water« and this solution is titrated. The difference B-A gives the con­
sumption of thiosulfate pro volume of the J , solut;on and thence the 
normality of our N ·l00 J , solution. 

The normality of thiosulfate was determined by means of the N 10 
K,Cr,O, standard solution. A quantity of 3 ml N /10 solution of potassium 
bichromate, 2 ml KJ 10% solution, 1 ml of concentrated HCl, anq 50 ml 
of distilled water is put into a bottle having a ground stopper. The bottle 
is then stopped, shaken, and left far 30 minutes to wait in order to obtain 
J, . completely free . Thereupon the substance is titrated with our Ni100 
th!osulfate solution. The consumption of thiosulfate gives the required 
normality of thiosulfate solut'on. 
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The amount of sulfates was determined in the following way. 
A quantity of about 50 ml of spring \Vater was exactly weighed. Then 
0,5 ml of concentrated HCl and 150 ml of distilled water were added and 
brought to the boiling point. Al the same time a quantity of 10 ml of 
5 % solution of Ba Cl~ was poured off into 30 ml of distilled water and 
separately brought to the boiling point, then qui clcly added to the former 
liquid and allowed to boil a few minutes. After being removed from the 
fire, the liquid was left to wait until the next day when it was filtrated 
through a Schleicher-Schilll No. 589, blue ribbon (»Blauband«) and 
t he filter and sediment washed with boiling distilled water until the chlo­
r ide reaction disappeared. Thereupon the filtering paper containing 
BaSO, was glowed and weighted until the constant weight. 

In order to obtain the amount of tot:al sulfur some Cd CL solution 
was poured off into the Erlenmeyer flask and weighed. Then a quantity 
of 50 ml of the sulfuric water sample was added and weighted again. To 
this liquid 0,5 ml of concentrated HCl and 9 ml of Br, water were added 
and while left waiting for about 15 minutes, the solution was slightly 
stirr ed. Thereupon a quantity of 150 ml of distilled water was poured ,in 
and boiled as to cause Br, to escape, and finally the precipitation of Ba SO, 
was obta:ined by means of Ba Cb as above. Beside the free sulfates, all 
the organic sulfurous compounds, free sulfur produced by ba cteria, H,S, 
and the products of its partial oxidation, are included in the total sulfur. 

The aver,a1ges of temperature and the averages of sa,Eni t y wern 
obtained by the integration of annual curves by means of a planimeter. 

Some of the computations wer e made by means of a slide-rule. 

In this paper the name for the Split Bath Sulfuric Spring has been 
sometimes shortened e. g. in »Sulfuric spring«, »Split Baths«, or »Thermal 
Baths«. In the same way the water ,of this spring ,js sometimes named as 
»sulfuric water«, »spring water«, or as »water of the Thermal Baths«. 

The author is greaUy indebted to Dr Dinko Mir o š evi ć , director 
of Split Thermal Baths, for encouraging these investigations and his kind 
giving of information and facilities during the work. His thanks 
are also due to Prof. Dr. S. Mi h o 1 i ć (Zagreb) and Prof. A. V u 1 e ti ć 
(Split) who have seen the manuscript and made useful remarks. Useful 
assistance in the preparation of some of the analyses was also rendered 
by abs. teclm. chem. Joško š pa n, students of techn. chem. Nada Ruž i ć, 
Ivo Pa viči ć, Igor A r ma n da, and technical assistant Davor Rat­
k o v i ć , t o whom the author expresses his thanks. 
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Resuits: 

'l'he data resulting from the investigations carried out from April 
1952 to May 1953 are shown in Table I, while the data obtained during 
the Summer 1953 are contained in Table II. 

The chlorinity of the spring water. It is evident from the data shown 
.in Table I that during the year 1952,53 the chlorinity of the spring water 
was ranging from a maximum reaching up to 19,48 pro mille Cl (18. XII.) 
to a minimum amounting to 1,33 pro mille Cl (12. I.) - see picture 1. 
If the period of the profuse freshwater influx into the spring, occuring 
between December 8th 1952 and March 10th 1953, is left aside, the 
chlorinity of the spring water was ,all the time higher than 13,75 pro mille 
CL The chlorinity of the spring water was above 16 pro mille Cl during 
the period e,rtanding from J uly to December 1952, and in April 1933. 
From April 14th 1952, when the investigations were started, to December 
9th 1952 the average contents of chlor ides amounted to 16,24 pro imille, 

Table 1 

Results of observa tions made f rom April 1952 to M ay 1953, rela live to Spl it sulfur ic water 
a nd sea wa ter in the po rt of Sp lit . 

Air 

-------
D ate Temp. 

C" 

19St.. 

14. IV. 16,1 0 
2 I. IV. 20,98 
28, IV. 21 ,06 
12. V. 20,64 
20. V. 17,40 
26. V. 19,60 

2. VI. 22,70 
9. VI. 22,15 

16. VI. 27,14 
23. VI. 27.50 
30. VI. 26,95 
22. VII. 30,00 
5. vm. 

27. VIII. 25,40 
15. IX. 26,00 
30. IX. 23 ,90 
13. X . 14,55 
27. X. 16,20 
12. XI. 12,40 

Sulfuric water of the J!:_l it Baths 
.-

Temp. Consumpt ion H,S 
C0 of J2 n/ 100/1 mg/1 

18,45 
18,65 
19,50 
19,90 
20,40 
20,45 
20,58 
20,78 
20,93 
20,98 
21 ,10 
21 ,50 
21 ,60 
21,60 
22,70 
23 ,75 
21,40 
22,40 
20,90 

--------for for other 
H 2S reductive 

matter 

23 ,78 8,46 
20,12 9,5.() 
51 ,08 13 ,60 

116,05 25 ,95 
195,17 1,98 
134,35 3,95 
171 ,58 6,62 
179,89 8,91 
149,78 14,52 
116,75 6,69 

98 ,35 14,45 
140,32 14,45 
129,91 6,39 
152,68 8,32 
137,54 6,95 
115,80 4,00 
119,71 9,69 
177,31 6,19 
114,22 12,78 

4,05 
3,43 
8,70 

19,78 
33 ,26 
22,88 
29,25 
30,60 
25,52 
19,88 
16,77 
23 ,85 
22,11 
26 ,01 
23,43 
19,74 
20,40 
30,25 
19,51 

CI 
g/kg 

13,75 
14,27 

14,98 

15,20 
I 5,16 
15,21 
15,90 
16,25 
15,85 
16,44 

17,27 
17,32 
16,39 
16,91 
16,38 
16, 59 

Water from the 
-, port of Split ___ _..._ _ ___ 

Q ., T emp . Cl 
mi{! c0 g/kg 

15,34 15,07 
16,42 18,30 
18,00 

17,74 
16,40 20,32 
16,14 20,67 

0,0 20,08 19,42 
19,65 15,07 
22,90 19,24 
24,30 16,25 
22,40 20,63 
26,40 20,32 
24,50 

0,0 23,85 19,88 
22,30 20,94 
21,80 19,73 
19,80 20,51 
18,40 13,32 
14,60 19,64 
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(Table 1 continned) 

Air Sulfuric water of the Split Baths Water from the -- port of Spl1it 
--------Date Temp. Temrp. Consumption HeS CI 02 Temp. CI 

C" C" of Je n/ 100/1 mg/1 
---------

g/kg ml/1 co g/kg 

for for other 
H,S reductive 

matter 

26. XI. 14,20 21,70 161,35 19,05 27,40 14,60 
8. XII. 12,20 21 ,10 65 ,62 17,58 11,18 19,48 0,0 13,40 20,40 

11. XII. 5,49 
16. XII. 14,60 16,80 0,00 0,00 0,00 4,50 
.29. XII. 13,50 14,90 0,00 0,00 0,00 2,20 12,10 15,17 

1953. 
12. I. 8,50 14,30 0,00 0,00 0,00 1,33 4,88 10,80 19,90 
19. I. 8,80 14,60 0,00 0,00 0,00 1,95 5,13 11 ,60 19,55 
26. I. 8,50 15,30 0,00 0,00 0,00 2,72 4,04 11,10 19,01 

2. II. 8,90 16,40 0,00 0,00 0,00 6,30 1,61 10,90 19,47 
9. II. 1.00 16,80 0,00 0,00 0,00 12,23 1,50 10,10 20,20 

16. II. 9,80 16,25 0,00 0,00 0,00 13,59 1,13 11 ,20 19,85 
.23. II. 12,20 16,75 0,00 0,00 0,00 12,88 0,75 10,20 17,53 
10. III. 8,40 19,90 51 ,10 6,17 8,81 14,71 0,00 11 ,40 20,75 
16. III. 9,80 20,45 107,29 1,16 18,28 15,44 0,00 10,80 20,38 

.23. III. 13,00 20,65 89,58 17,52 15,27 15,40 11,95 19,56 

.30. III. 15,10 20,85 128,13 1,07 22,00 15,83 13 ,05 19,42 
5. IV. 15,25 20,60 90,39 3,26 15,48 16,04 0,00 15,25 17,92 

13 . IV. 17,10 21,40 118,53 1,37 21,90 16,17 14,10 15,93 
16. IV. 15,10 20,40 115,40 0,00 19,66 16,44 13,40 18,50 
17. IV. 13,65 20,18 96,28 0,72 16,42 16,82 14,00 19,48 
18. IV. 16,40 20,00 86,44 0,36 14,74 16,08 0,00 14,45 18,86 
19. IV. 17,84 19,95 77,50 0,00 13,21 15,65 15,30 19,65 
.20. IV. 18,00 20,25 94,20 0,00 16,05 16,23 15,30 19,93 
21. IV. 18,70 20,20 94,88 9,47 16,17 16,50 15,60 20,07 
22. IV. 17,75 20,25 102,32 6,68 17,43 16,47 0,00 15,80 17,87 
23. IV. 18,10 20,50 109,56 0,34 18,66 16,52 16,00 14,76 
27. IV. 17,20 20,95 114,39 1,06 19,48 16,27 0,00 
28. IV. 18,60 20,80 130,15 0,15 22,18 16,50 20,40 12,73 
29. IV. 18,50 2Q,90 146,53 7,20 24,97 16,50 18,95 19,63 

4. V. 18,20 21 ,10 125,24 5,38 21 ,34 16,39 17,60 19,28 

but when the salinity of the spring water decreased (from about Decem-
ber 9th 1952 to April 14th 1953), the mean amounted to 9,20 pro mille Cl 
only. The iaverage content of chlorides in the water of this spring 
amounted to 13,80 pro mille Cl during the period extending from April 
14th 1952 to May 4th 1953. But if we take the data from Table 4, covering 
the Winter of 1953/54, when there was no drop of salinity in the spring 
water, and if we put them together with the data covering the remaining 
part of the year (from Table 1), we shall see that the average chlorinity 
of the spring water in its normal saline aspect reached up to 16,26 pro 
mille Cl. 
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The chlorin.ity oj the seci water in the port of Split (in front of the· 
Na val Officers' Club), at the same time, permanently showed higher 
values of chlorides in comparison to those recorded for the water of the 
Thermal Baths (with the exception of 4 out of 46 findings). The maxi­
mum value of chlorides in the port water was found on September 15th. 
1952, being as high as 20,94 pro mille Cl, while the minimum value was 
found on April 20th 1953, amounting to 12,73 pro mille CL For a period 
covering more than a year's time the average amount of chlorides found 
in the water of the port of Split was 18,97 pro mille CL 

During the Winter 1952/53 the fluctuations of chlorinity of the 
spring water were, then, considerably bigger . than those recorded for the 
sea water of the Split port. 

Cl %. 

/
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Fig. I. - Annual fluctuation of chlorinity in the Split area. _ White dots for Split Port 
water, black dots for Split sulfuric water. The short gray !ine connecting some of the, 
black dots shows the chlornity of the sulfuric water cluring the period from Nnvember-

1953 to March 1954. 

The causes of that decrease of chloride concentration in the water 
of the Sulfuric Spring will be dealt with later. The relative stability of 
chloride contents recorded in the course of our investigations for the sul­
furic water during the Spring, Sum.mer, and Autumn 1952, may be 
unbalanced by abundrant rainfalls, as evident from the data covering July· 
1953 (Table 2). But it would not be correct to deduce that big decreases 
of salini.ty, of the extent as found from December 9th 1952 onward, are· 
regular yearly occurrences. On the contrary, such a decrease did not 
occur either in December 1953 or in January and February 1954, as·. 
shown by our observations and measurements covering that period. • 

Temperature. The maximum temperature of the Sulfuric Spring water· 
amounted to 23,75° C (September 30th) and the minimum one was found 
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to be 14,30° C (January 12th). The annual meah arrtounted to 20.00° C. 
(Table 1 and fig. 2). By considering . the data obtained in the Winter 
1953/54 until the 17th of March 1954 when there was no fall of salinity 
and no fall of temper ature of .the spr1ing water, the annual mean tempe­
rature of Spring water changes to 21,06° C. 

The air temperalure above the spring (which is situated in a locality 
shut in on all sides by house_s, but not covered) yielded a maximum of 
30,00° C (July 22nd 1952), which preceded the maximum temperature of 
the spring water for two months. The minimum temperature of the air 
amounted to 1,0° C (February 9th 1953), and appeared about a month 
later than the minimum t emperature of the spring water. 

The measurements of the sea water in the port yielded a maximum 
temperature of 26,40° C (July 22nd 1952) and a minimum temperature 
of 10,10° C (February 9th 1953). The annual mean temperature amounted 
to 11,20 C. 

The maximum temperature of the se,a water in the port of Split 
prreceded the maximum temperature of the water of the Sulfuric Spring 
for more than two months, while the minimum temperature of the sea 
water came for about one month after the minimum temperature of the 
spring water. 

27 

Fig. 2. - Annual osc·iilation of lernr,crature in Lhe Split area. _ White clots far Split Port 
water, black clots l'or Split su! fu ric waler. The short gray !ine connecting some of thc 
black dots shows the temperature of the sulfnric water between January a nd • March 1954, 
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While the maxima and minima o:f temperatures of the water 
in the port and of the air concurred during the Winter 1952/53, the 
maximum temperature of the spring water came after them far more 
than two months and its minimum temperature preceded them far about 
one month. It seems that this early occurence of the minimum tempera­
ture of the Sulfuric Spring water was caused by the influx of larger 
quantites of fresh water of a relatively low temperature during the period 
of particularly abundant rainfalls in the late Autumn 1952, and just a 
few days before the spring water suddenly grew cooler in the first half 
of December 1952. The sudden presence of that freshwater of a low tem­
perature made itself felt in a number of ways: it caused the temperature 
curve to sink rap:dly; the minimum temperature of the spring wate'r to 
appear all of a sudden; the chlorinity of the spring water to grow less 
at once; sulfuretic hydrogen to disappear from the spring water and 
oxygen to appear in it. 

Sulfuretic hydrogen. The amount of H,S in the spring water was 
ranging from a minimum 0,00 mg 1 at the end of 1952 at the beginning 
of 1953 to a maximum 33,26 mg/1 on May 20th 1952. (The maximum 
involved a consumpion ·of iodine amounting to 195,17 ml J, N 100). H,S 
Was present in quantities larger than 10 mg/1, corresponding to 58, 70 
J, Nil00 solution pro litre during the periods of time extending from May 
to December 1952, and from the middle of March to the beginning of May 

• 20 

• 40 

bO 

100 

1~ 1\1. 111. 

1952 
1 v11 

10 

' o'"½ J 2 ! 
4 

5 

1. 111, tV. 
IQ53. 

Fig. 3. - A,nnual fluctualions of H,S content (white dots). of total reductie malter reac:­
ting w ith Je - solution (black dots) , and of Oe (black dots) in the sulfurrc water of Split. 



No. 4. 11 

1953. (Table 1 and fig. 3). The amout of other reductive matter, absor­
bing the iodine solution - expressed as consumption of ml J2 N /100 pro 
litre - ranged from a maximum 29,95 ml to a minimum 0,00 ml. The 
amount of these reductive water shows a close concurrence with the 
occurrence of sulfuretic hydrogen in the spring water, s·o when H,S was 
absent there was no reductive matter either. (Table 1 and fig. 3). We are 
obviously met here by some products of a partial oxidation of sulfuretic 
hydrogen such as thiosulfat~s, sulfites. etc. 

Oxigen. No O, was present in the water of the Sulfuric Spring during 
the Summer and Autumn 1952. Oxygen was found in this water only 
after the disappearance of H,S. 

Oxygen was found on J anuary 12th for the first time since our inve­
stigations were started in a quantity of 4,88 ml 0 ) 1, corresponding to a 
58,4% saturation of water with oxygen. O, in the spring water wa3 
present until February 22nd 1953. During the month of December 1952 
and at the beginning of January 1953, however, the amount of O, was 
not determined. The maximum content of O, - amounting to 5,13 ml 1l 
- was found on January 19th, corresponding to a saturation of 63,90 %. 
The occU:rrence of oxygen in the water of the sulfuric springs goes hand 
in hand with the period of the lowest chlorinity of that water. (Table 1 
and fig. 3) . This was caused, in our opinion, by an abundant influx into 
the system of the spring of surface fresh water of a relatively lower 
temperature and rich in oxygen. 

Sulfates. A number of analyses of sulfates, total sulfur, and chlori­
nity of the spring water were made during the Summer 1953. Comparative 
analyses of sulfates and chlorides contained in the water of the adjoining 
Bay of . Kaštela were .also made (Table 2). 

The amounls of sulfates (SO,) ranged between the minimum 1,4414 
gr/kg and the maximum 2,2932 gr/kg of the spring water and the amounts 
of total sulfur (S calculated as SO,) amounted to 1,4509 (minimum) and 
2,4672 SO, gr/kg (maximum) of that water. These varying amounts of 
sulfates and total sulfur went along with the fluctuation of chloride 
contents, the ratio SO..'Cl being 0,1363 to 0,1443 for the free SO, in the 
spring water averaging with 0,1386 for twelve anaJyses, and 0,1411 to 
0,1528 for the free sulfur averaging with 0,1448, in the same water, 
expressed as sulfate. The ratio SO,.'Cl for sulfates contained in the sea 
water of Kaštela Bay amounted to 0,1387. 
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Table 2 

Conl:ent o·f sulfates and tola l sulfur in the Split su lfuric water a s found in Summer 1953 . 

Date CI g/ kg Frce sulfate Total sulfur 
so, g/k.g so.te, S01 g/kg so. 'ct 

JO. VII. 53 9,99 1,4414 0,1443 1,4509 0,1451 
21. VII. 13,78 I 88 95 0,1372 1,9593 0,1422 
24. VII. 12,67 1,7532 0,1383 1,8 159 o, 1433 
28. VII. 15,40 2,1085 0,1369 2,2246 0,1444 
3 I. VII. 16,06 2,2047 0,1373 2.2928 0,1428 

3. VIII. 16,40 2,2745 0,1386 2,3341 0,1423 
I O. VIII. 15 ,S9 2, 1881 0,1372 2,2584 0,1421 
13 . VIII. 16,53 2,2533 o, \363 2,3323 0,1411 
17. VIII. 16,57 2,2932 0,1384 2,4134 0,1456 
20. VIII. 16,29 2,2882 0,1404 2,3991 0,1472 
24. VIII. 15,59 2, 1510 0,1411 2,3823 0,1528 
27. VIII. 16,56 2,2800 0,1376 2,4672 0,1490 

WaLcr from Kaštela 19,98 2,7728 0,13 87 
Bay S.VII. 19533. 
No te: Ali thcsc rcsults are based on double analyses . 

Other data relative to the water of the Sulfuric Spring. 

The pH was 7,46 (April 28th 1952) and 7,35 (November 12th 1952) . 
Sulfuretic hydrogen was present in both cases. It is instructive to nate 
that the pH of the water of the Adriatic Sea, which is well aerated, 
amounts to 8,20, whereas the pH of the sea water which contains H,S, 
as e. g. the bottom water of the Little Mljet Lake amounts to about 7,50 
(according to the yet unpublished data obtained by the author). 

The amounts of free iron were 64 mg/t on September 15th 1952 and 
4 7 mg,t on March 10th 1953. 
• The amounts of total phosphorus were 35,0 mg,t on Novem:ber 12th 
1952 and 57,0 mg,l on December 29th 1952. Free phospates wer.e investi­
gated only once and the amount ascertained was 1,6 mg/t P- PO1 (No­
vember 12th 1952). 

An analysis was also made to find out the N-NH, content and it 
resulted in 150 mg/t. 

DISCUSSION OF RESULTS 

The following conclusions illustrating the character of the water of 
the Thermal Baths at Split, can, in our opinion, be drawn from our fin­
dings. 

In its normal saline aspect, the water of the Sulfuric Spring is made 
up of two components: 
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a) of sea water, and b) of a mineral water poor with chlorides, belonging 
to the type of water found at the spring of Slana Jaruga (Glavice) in 
the vicinity of Sinj (Mi h o 1 i ć, 1952, a). When the water of the Sulfuric 
Spring grows less salty, a third component joins the other two, i. e. c) sur­
face freshwater. 

The first two components, mingled together, come into contact with 
a deposit of some fossil organic matter such as bitumen, asphalt, lignite. 
The Cretaceous and Eoceene strata along the eastern coast of the Adriatic 
are frequently bituminous, particularly in their lower parts (M i h o 1 i ć, 
1952, b), and layers of asphalt are not uncommon in this region. The 
origin of H,S in the water of the sulfuric spring might be explained by 
the reduclion of sulfates in this water by means of that organic matter 
stored in its land deposits under the sea level, this making the contact 
with sea water possible and causing a wet combustion. (The vein, which 
normally conveys the mineral water (b) comes to the place containing 
sea water where the two waters mingle and proceed to the deposit where 
wet combustion takes place.) 

The mineral water (b) component amounts to 1/9 of the spring 
water at the time of its normal aspect. The mineral water (b) is rich 
with soluble sulfates even before it mingles with the sea water. 'l'hese 
conclusions are drawn from the following facts. 

The total sulfur ratio SO,/Cl - (sulfur expressed as sulfate) of the 
spring water is somewhat higher than the ratio SO,/Cl for the sea water 
of the Bay of Kaštela (Table 2). There are data at our disposal resulting 
from analyses of the SO, content in the waters of both the high and 
inshore Adriatic. The mean obtained from 31 analyses amounted to 
SO, 'Cl - 0,1382. The maximum value of the ratio SO,.'Cl in the Adriatic 
was 0,1398 (Station »Hvar« 1/22). 

(From the pa per in preparation B u 1 j a n M.: »Sulfates in the 
Adriatic«.) 

This surplus of sulfur in the spring water, when compared with sea 
water, m akes it clear that the mineral water contains its own sulfate 
possibly originating from a deposit of gypsum not infrequent in central 
Dalmatia, or from some secondarily formed gypsum resulting from the 
oxidation of pyrite. This idea has already been put forth by V i e rt h a 1 e r, 
but K e r 11 e r (1917) did not attach much likelihood to H. Our investi­
gations, however, have positively demonstrated the occurrence of sulfate 
intake from the mainland by the Sulfuric Spring at Split. The surplus 
value of SO,/ Cl for the sea water ·in the Bay Kaštela, and the difference 
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Table 3 

Reckoning of quantities of sulfates conveyed into Split sulfuric water by the mineral 
water component 

.B 
c.: o 

9. VII. 1953 
I O. VII. 
19. VII. 
21. VII. 
23. VII . 
24. VII. 
26. VII. 
28. VII . 

2 VIII. 
3. VIII . 
7. VIII . 

10. VIII . 

13. VIII. 

17 . VIII. 

20. VIII. 

24. VIII. 

25. VIII. 

27 . VIII . 

28. VIII. 

2 

9,99 

13.78 

12,67 

15,40 

16,40 

15,89 

16,53 

16,57 

16,29 

I 5,59 

16,56 

"' :5 

3 

20,70 

20,83 

20,97 

20,87 

20,81 

20,86 

21,00 

21 ,03 

ln the sulfuric water 

4 

1,386 

1.905 

1,760 

2,130 

2,270 

2,201 

2,290 

2,292 

2,260 

2,160 

2,290 

"' "' 
"' 

5 

1,4579 

1,9593 

1,8159 

2,2246 

2,3341 

2,2584 

2,3323 

2,4134 

2,3991 

2,3823 

2,4672 

6 

0,057 4 

0,0423 

0,1214 

0,1391 

0,2223 

7 

52 

34 

40 

26 

21 

24 

21 

21 

22 

26 

22 

8 

0,138 

0,142 

0,139 

0,364 

0,543 

0,239 

0,201 

0,578 

0,631 

0,855 

0,805 

N ote: Thc dala give!l' in column 3 result from measurcmenls of sea water chlorill'ily at 
the head of .the pier in front of the InsLilulc. The data contained i·n colurnn 4 
were obtained on the basis of the ralio SO1 :Cl = 0,1387 for thc water o[ the 
Kaštela Bay. 

between the amounts of chlorinity found in the water of the Sulfuric 
Spring on the one hand and in the inshore sea water along the Marjan 
Peninsula on the other hand, enabled us to find out in what per cent. 
the mineral water is present in the water Q.f the Split Sulfuric Spring, 
and what is the amount of gypsum conveyed by it (Table 3). So for 
instance, on July 10th, the sulfate from the mineral water (bJ, expressed 
in gypsum CaSO •. 2H2O, amounted to 0,19 g/1 (minimum value found in 
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Summer 1953), and on August 24th the amount of gypsum was 1,20 g/1 
(maximum value found during the period of our investigations). By 
assuming that the temperature of the mineral water, intaken by the Split 
Sulphuric Spring, was about 14° C, it then saturated with nearly 10% , 
respectively 62 % with regard to its content of gypsum. 

It is probable however that a part of the surplus sulfate derives from 
the reductive matter in the place of wet combusion. 

A slow combustion of organic matter either in the total absence of 
free oxygen or in the presence of very scarce quantities of it is performed 
in such a place oi wet combustion. This process is made possible by the 
reduction of oxygen from suifate, as it was found to' occur in the Little 
Mljet Lake and in the Rogoznica Lake (B u 1 ja n, 1952), where that 
oxidoreductive process results in the oxidation of organic matter and in 
the formation of H,S. This phenomenon occurs in the sea under definite 
hydrographic circumstances only, i. e. when the water is insufficiently 
aerated, as for instance in the already mentioned Dalmatian marine lakes, 
in the fjords of Norway, (K. M. Str om, 1936), in the Black Sea, etc. 

The third component, common freshwater (c), which was present in 
the sulturic spring in the late Autumn 1952 (Fig. 4) is not a frequent 
appearance. It occurs in the year of exceptionally abundant precipitations 
only, when larger quantities of freshwater suddenly appear, pushing 
aside the blend of waters which normally compose the wa'ter of the spring 
[sea water (a) and mineral water (b) J from the place of wet combustion 
and from the spring, and reducing the Cl content of the spring water to 
1 /12 of the normal amount occurring in it (January 12th). The fresh­
water (c), which is of surface origin and of a lower temperature, contains 
a quantity of O,. This is the way in which the water of the Sulfuric Spring 
changes its hydrologic aspect, its salinity growing less and its H,S and 
other reductive matter completely disappearing, while 02 becomes present 
(fig. 4). 

The two normal components of the Spring water (a and b) convey 
only small quantities of oxygen, so a low redox potential is maintained 
in the region of the organic matter deposit (the place of wet combustion) 
and a slow oxidation of that organic matter is performed in that midst, 
rich in chlorides and sulfates, by means of oxygen from the sulfates 
through the medium of anaerobic bacteria. This circumstance may help 
us to explain, partially at least, the higher temperature of the spring 
water in its normal aspect in comparison with the temperature of the 
sea water in the port of Split. 
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But when there is a violent influx of freshwater (rainwater) rich in 
oxygen into the Sulfuric Spring, the place of wet combustion is then 
aerated, the formation of H 2S being thus discontinued owing to new 
conditions, unfavourable for the activity of anaerobic bacteria, and the 
formerly present H,S is_ then oxidized. In such an aerated midst, exhausted 
of chlorides and sulfates, the destruction of fossil organic matter is les~ 
possible, if there is any at all. 

The exceptional freshwater aspect of the sulfuric spring at Split, 
which occurred during our survey in 1952 53, lasted for three winter 
months. As already stated, the aspPct of this kind is not a frequent occur-

t°C 

ofltft'. ,f,V 

<952. 
lVl 4.VII. tYlll tll, UI. f.l. Ul ,t.111 . 4.IV. 

1953. 
t.V. 

9D 

&O 

7D 

60 

50 

40 

" 

F ig. 4. - Diagram representing the interconnection of fluctnations of rainfalls in the Split 
2. rea ancl of observecl hyclrographic fac '.ors of Split sulfuric waler. Ra,infalls (mm of rain 
cluring JO successive clays) are shown by vertical columns in the lower part of the cliagram . 
White columns for Split , ancl black columns for Klis (a locality some 15 Km l'arlher 

inlancl from Split) , 
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rence in this Sulfuric Spring. This is also evident from the fact that such 
an occurrence was not yet registered. But the personnel employed with the 
estabilishment remember a few cases when - at short intervals only -
the smell of H,S was missing from the water of the Thermal Baths. There 
is another, likewise infrequent appearance, manifesting itself in the com-­
plete drying up of the Sulfuric Spring for a while (V i e rt h a 1 e r, 1867). 
This occurred in December (12th to 24th) 1907 also (G 1 a se r, 1909), 
and, according to information from Dr. Mir o ševi ć, in 1948 again. 

Judging from the foregoing facts we should say that abundant rain­
falls are chiefly responsible for the stuctural change of the. water of the 
Split Sulfuric Spring causing its transit from a form rich with Cl and. 
H,S to a form exhibiting a low salinity and absence of H,S. The intercon­
nection and interrelation of varios factors is evident from the comparative 

• graph No. 4. The factor responsible for all these changes, i. e. abundant 
rainfalls, is the first to reach its maximum. The maxima of temperature 
and salinity drop follow, appearing simultaneously. The last to appear 
in the succession of time is the maximum degree of aeration of the water 
of the Sulfuric Spring. 

lf the amount of precipitations in the surroundings of Split, or at 
Split itself, is of such an extent that, e. g. at Klis, or at Split itself, there 
is an excessive deposition of moisture from the atmosphere during two 
consecutive ten days' periods, - let us give an approximate figure, as for· 
instance more than 100 mm, or more than 80 mm of rainfall, - which 
were preceded by other rainy decades, the above changes are hound to 
occur. (The amounts of precipitations recorded at Split and the close by 
Klis have more or less a parallel course, with the only difference that the 
deposition of moisture occurring at Klis regularly exceeds Split record 
for a couple of milimeters). 

Possible further observations may yield perhaps more precise infor­
mation on the conditions under which the salinity values are caused to 
grow smaller in the Split Sulfuric Spring. 

There are, then, several signs by which we can recognise the actual 
condition of the spring, i. e. whether it has its normal saline aspect or not. 
The data, obt·ained during the period of our investigations 1952/53, show 
that the normal aspect of the water of the Sulfuric Spring is characte­
rized by the folowing properties: 

Chlorinity exceeding 10 to 14 pro mille, 
Temperature higher than 17 to 19° C, 
H,S permanently present, 
O, permanently absent. 
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All these factors are likely interconnected. The following facts 
resulted from our sporadic observations made during the winter of 
1953/54: 

Table 4 

Results of sporadic observa tions made in winte r 1953/ 54. relative to Split sulfuric waler 
and Split Port sea water. 

W ater of th e Sulfuric Spring Sea Wcae r in the Port 
t"C CI "ioo H,S t°C Cl %o 

21. X I. 1953 16,63 present 
21. X II. 195 3 18,61 

3. I. 1954 15 ,30 
6. I. 17,64 

12. I. 20,45 16,31 11,40 20,99 
29. I. 21 ,20 15,80 

8. II. ,, 20,20 17,19 10,80 20,73 
16. II. 19,20 15,76 10,90 20,11 

5. III. 20,75 16,73 11,70 16,72 
17. lII. 20,30 16,06 12,20 18,61 
30. II I. 19,80 10,04 14,10 18,65 

We find, then, that recorded values of chlorinity never dropped 
below 15 pro mille during the winter of 1953„54 and that the t emperature 
of the Sulfuric Spring kept up above the 19° C level. As for H,S, it was 
permanently present in the spring water. 

The water of the spring did not prove to contain iodine in quantities 
quoted in the earlier literatur e (V i e rt h a 1 e r, op. cit. ). The method 
applied by us was not a sensitive one, but it yielded amounts of iodine 
not surpassing 5 mg J /1, whereas a value of about 700 mg/1 was given 
in the paper mentioned above. Our datum is in full agreement with the 
result of analyses made by G 1 a s e r (1909.) which did not yield even 
the least trac2s of iodine content in the water of Split Baths Sulfuric 
Spring. 

The presence of iodine in the water of the Sulfuric Spring was not 
mentioned by S. Mi h o 1 i ć (1952 a) either. 

K e r n e r (1917) who found that the temperaiture of the spring 
water was 25,5n C, had calculated on the basis of that temperature level 
that the water of he Sulfuric Spring was coming from a depth of about 
300 metres, or even more if there is an afflux of surface water of a lower 
temperature in the upper layers. Our recordings, covering the period from 
April to December 1952, yielded an average temperature of the spring 
water of 21,73° C, and a maximum temperature od 23,231) C. These values 
were, then, lower than those given by the said author. If our temperature 
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data are taken to calculate the depth from which the water of the Sul­
furic Spring arises, we would arrive at a relative depth of about 230 to 
240 metres. In our opinion, however, we must not neglect the heat pro-

, duced by the oxidation of fossil reductive matter constituting the basis 
of the formation of H,S, and, having this in mind, we should rather avoid 
the application of the geothermic scale method for the purpose of the 
depth calculation in this case. 

With regard to sea water as a component of the water of the Sulfuric 
S pring it was stated by V i e rt h a 1 e r (1867) and K e r n e r (1917) that 
it does penetrate into the spring. In our opinion, however, sea water con­
stitutes the dominant part of the spring water, and is not a simple 
addition to, or a kind of pollution of the water of the Split Baths Sulfuric 
Spring. Sea water is its essential constituent part, representing as much 
as 9/10 of t he spring water at the time of its normal aspect. 

The occurrence of chlorides in the spring water, in our opinion, is 
d irectly associat ed with the sea. Owing to high values of chlorides found 
in the water of the Sulfuric Spring, there is· no place for the probability 
of their being of an indirect marine origin, i. e. of their occurirng as a con­
l2equence of chlorides ext racted from sedimentary rocks. The circum­
st ance that the concentration of chlorides in the water of the Sulfuric 
-Spr ing has never exceeded the maximum concentration of Cl in the 
water of the Split port suggests that the process of washing of some 
hypothetical salt layer is not rensponsible for the occurrence of chlorides 
in the spring water. Another argument is the ratio SO,/Cl in the Sulfuric 
Spring which value is very close to that for the sea water. 

The idea that a part of the spring water must derive directly from 
t he sea is the more acce'ptable as we are faced here with a spring coming 
out at some ten metres from the original waterfront (the present quay 
is a result of filling up ) in a place belonging to the Karst region well 
known for its :porous structure. 

Given a direct presence of sea water in the water of the Sulfuric 
Spring, . it is not surprizing that, beside some orgail'isms specially 
a dapted to the conditions prevailing in the spring, some purely marine 
species of chlorophycea, diatomea, and cyanophycea were found by 
Z. K 1 a s (op. cit.) Some expressly marine organisms from the forami­
fera and nematoda groups were found in the spring water by F. Pa x 
'(1940) also. 

According to S. Mi h o 1 i ć and L. T r a une r (1952) the Split Sul­
f uric Spring is one of the strongest of its kind in Europe, with an extra­
ordinary concentration of Na Cl. 
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(1) A particular effect of this kind of springs consists in their 
distox,icating property in cases of poisoning with heavy metals, e. g . 
consequences of Hg and Bi cures of syphilis, various professional diseases 
occurring among printers, miners in mercury mines etc. 

(2) Baths of this kind are recommended in cases of chronic rheu­
matic troubles and skin diseases. 

Now when the occurrence of intervals, however short, of lower 
salinity of the water of the Split Sulfuric Spring and of absence of H,S. 
from it has been demonstrated, the practical question arises what are the 
therapeutic qualities of this spring during those shortlived changes of 
its hydrologic aspect. 
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SUMMARY 

The results are given of intensive investigations of the sulfuric water 
·of the Split Baths in the course of 1952/53. 

Annual curves cover the fluctuations of temperature, chlorinity, H,S 
content, and other reductive matter, as well as of oxygen found in the 
spring water. Comparative data are given on the amount of chlorides 
and on the temperature of the sea water in the port of Split which 
resulted from parallel examinations of condit;ons prevaling in the sea 
water. 

The results of analyses covering the SO. and total sulfur contents in 
the water of the Sulfuric Spring, and some other analyses are also 
published. 

It is evident from the data that the spring water is subject to marked 
fluctuations of all the investigated factors owing to superabundant precipi­
tations occurring in some years. It results from the paper that the water 
of the Sulfuric Spring is normally composed of (a) sea water, which is 
deducted from the S0,/Cl ratio of both the spring wiater and sea water, 
and from biological indications; (b) a sort of mineral water, containing, 
among others, a large amount of sulfates, which is deducted from the 
fact that the content of total sulfur is higher in the spring water than in 
the sea water. A third component (c), i. e. rain water, joins the other two 
under the influence of heavy rainfalls which occur periodically. 

The opinion is given in the attempt to explain the cause of both the 
normal occurence of H,S in the wat~r of the Sulfuric Spring and its 
disappearance far a short interval of time, noticed in some years. 
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HIDROLOŠKA SVOJSTVA I PORIJEKLO VODE 
SPLITKOG SUMPORNOG KUPALišNOG VRELA 

Miljenko B u 1 j a n 
l ns l illt t za oceanogrcifiju i ribarstvo, Split 

Kratak sadržaj 
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Iznose se rezultati intenzivnog istraživanja vode vrel,a u toku 
1952.53 g . 

Donose se godišnje krivulje kolebanja temperature, kloriniteta, sadr­
žaja H,S i drugih redukcionih tvari, te kisika u vodi vrela. Za usporedbu 
su doneseni i podaci određivanja klorida i mjerenj,a temperatura vode 
splitske luke, vršenih usporedno sa onima vode vrela Splitskih toplica. 

Doneseni su rezultati analiza SO, i ukupnog sumpora vode Splitskjh 
toplica, kao i još neke druge analize. 

Iz podatak,a proizlazi, da vrelo nekih godina podliježe veoma snažnim 
kolebanjima svih istraživanih faktora pod uplivom izvanredno jakih obo­
rina. Iz svih rezultata je izvedeno, da se voda vrela Splitskih toplica 
sastoji normalno iz komponenata: a) morske vode, na što je zaključeno 
iz omjera SO, Cl vode vrela i morske vode, te iz bioloških indicija; 
b) jedne mineralne vode, koja uz ostalo sadrži i dosta sulfata, što je izve­
deno na temelju većeg sadržaja ukupnog sumpora u vodi Splitskih toplica 
nego li u vodi Jadrana. Nekih godina pod uplivom oborina njima se pri­
družuje i treća komponenta c) slatk,a voda kišnica. 

Dano je mišljenje o uzroku normalne pojave H,S u vodi vrela Split­
skih toplica i o uzroku nestanka istog, koje se događa nekih godina na 
kraće vrijeme. 



Tiskanje završeno 31. VIII . 1955. 

Tisak: Novinsko-izdavačko poduzeće „Slobodna Dalmacija" - :Split 


