ENVIRONMENT STUDY IN ORDER TO USE POTENTIAL THERAPEUTIC FACTORS EXISTING IN THE CAVITY OF ONE SALT MINE FOR THE ACHIEVEMENT OF SOME PERSPECTIVES OF  SPELEOTHERAPY DEVELOPMENT IN ROMANIA.
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Health and environment problems, of allergic people and of persistence of some inflammatory broncho-pulmonary chronic diseases present a special interest in world. Both OMS and international scientific community, in previous years (1998, 2000, 2003) remarked a substantial increase of allergic people. According to the report signed by Prof. Dr.Richard Beasley (Geneva) at worldwide level are about 300 millions patients with bronchial asthma (BA). Same, the Balkan Congress of Allergology and Clinic Immunology (Bucharest, 25 May 2000) remarked a substantial increase of allergic people. 

Practicing in Europe of some new directions in bronchial asthma (BA) present interest such as using of some salt mines and caves with therapeutic properties– speleotherapy. This therapy method is preponderant practiced in Central and East Europe, but also in West Europe (Beamon S, Falkenbach A, Fainburg G, Linde K, 2003). At the present moment are about 53 underground cavities in salt mines and caves used for speleotherapy, out of which: 17– in Germany, 4– in Hungary, 3– in Czechia, 5– in Slovakia, 4– in Austria, 3-in Ukraina and 1-2 in other countries. In the salt mines with the temperature 9-24° C operate 15, in karstic caves with 9-18°C -34, and in the thermal with 27-38°C– 4 such speleotherapeutic centers (Tab.1).

Table 1.  UNDERGROUND CAVITIES FROM EUROPE USED FOR SPELEOTHERAPY

	No.
	SALT MINES
	CARST CAVES
	THERMAL CAVES & MINES

	1.
	Solbad Saltseiman, Germany, 1955
	Klutert hohle, Ennepetal, Westfalia, Germany, 1950 (1946*)
	Monsumano Terme, Grotta Guisti, Italia, 1971 (1942*).

	2.
	Wieliczka, Sanatorium “Kinga”, Krakowia, Polska, 1958 (1955*)
	Friedenshohle / bakebarlang, Iosvafo/ Nordungarn, Miskoltz, Hungary, 1965 (1959*)
	Bad Gastein – Bockstein, Termal Gallery Mine (Rn 222) Salzburg,  Osterreich,1965 (1952*)

	3.
	Solotvino (Slatina) Salt Mine nr.8. Regional Alergologyc Hospital, Transcarpation Reg., Ukraine,1968
	Tapolca Seehohle (Tavarsbarlang), Hungarn, 1966
	Cave of the Wind, Province of the Lucca (Southeran Carfagna na (Toskany, Italy, 1990 (1989*)

	4.
	Slănic Praid, Harghita, România, 1972 (1955*)
	Gombasecka Jaskyna, “Slovenski Kras”, Slovakia, 1971 (1965*)
	Free Enterprise Health Mi ne (Rn 222), USA, 1975

	5.
	SlănicPrahova,România,1972(1971*)
	Abaliget Hohle, Pecs, Hungarn, 1971
	

	6.
	Solotvino (Slatina) Salt Mine nr.9. Ukrainean Alergologyc Hosp.  1976
	Magura Cave, Vidinski Okrug, Bulgaria, 1977 (1970*)
	

	7
	Berezniki, Perm reg., Russia (K,Na), 1977 (1975*)
	Sloupskovska Jeskyna, Czechoslovakia, 1977
	

	8.
	Târgu Ocna, Staţiunea balneoclimatică Slănic Moldova, Bacău, România, 1978 (1974*)
	Bystrianska Jaskyna Banska Bystrica  (Pediatr. & Adolesc. Clin. F.D. Roo sevelt Hospital and SVESAN/Speleo Co.LTD, Slovakia, 1977 (1975*)
	

	9
	Nahicevan Salt Mine. Phisiotherapeutic Hospital, Azerbaidjan, 1984 (1980*)
	Oberyeiring Heilstollen, Astmayentrum, Osterreich, 1978 (1973*)
	

	10.
	Chon-Tuz Salt Cave in high altitude (Chol-Pan, Kocikorsk District). Republic of Kyrgystan, 1987 (1980*)
	Tetri-Mgvime u. Novz Aphon, Tskhaltubo, Institute of Healt-Resort Treatment and Phzsiotherapz, Tbilisi, Georgian, 1978 (1973*)
	

	11.
	Bishkek Salt Cave in high altitude, Republic of Kyrgystan, 1987 (1980*)
	Cave Cisarska, Ostrov u Macochz (The Children Sanatorium), Cyech Republic, 1980 (1979*)
	

	12.
	Avan Salt Mine, Speleotherapeutic Hospital, Erevan, Armeny, 1988
	Zlate Hory (Yuckmantel), Layenska, Tschechische Republic, 1982
	

	13.
	Soligorsk Salt Mines, Republican Speleotherapeutic Hospital, Minsk, Belarus, 1990
	Silbergwerkstollen, Neubulach (Nords chwarywald), Luftkurort, Schwarzwald Anzeigen, Deutschland, 1990 (1978*)
	

	14.
	Salt Caves, Dead Sea Reg. in Israel Montain of Sedom, 1993 (1991*)
	Eisensteinstolen in Bad Grund (Harz), Deutschland, 1990 (1987*)
	

	15.
	Salzbergwerk Berchtesgaden,   Deutschland, 1997
	Hajnoczy Barlang, Hungary, 1988
	

	
	.
	Bad Bleiberg, Friedrichstollen, Osterreich, 1990 (1978*)
	

	
	
	Schwabische Alb, Aalen, Deutscer Spelaotherapie Verband, 1990
	

	
	
	Szemio-Hegy Barlang in Buda Moun tains (Szemiohegyer Aragonthohle), Budapest, Hungary, 1990
	

	
	
	Mladec Jaskina Czech Republic 1990
	

	
	
	Fairy Caves, (Schaubergwerk, Schmiede feld, Thuringer  Schiefer gebirge;  Saal felder Feengrotten und Heilstollen, 1990 (1987*)
	

	
	
	Bodenmais, Bayrischer Wald, Deutschland, 1990
	

	
	
	Kurzentrum Pottenstein, Frankische Schweiz, Luftkurort, Deutschland, 

1990(Verkehrsburo/ Kurrverwaltung)
	

	
	
	Munsterial, Sudschwarzwald, Deutschland, 1990
	

	
	
	Sezana Cave, Slovenia, 1991
	

	
	
	Demanovska Jaskyna,  Slobody, Slovakia, 1997
	

	
	
	Jasovska Jaskyna, Slovakia, 1997
	

	
	
	Tiefer Stollen, Fairstenzeche, Deutschland, 1998
	

	
	
	Barbara Stollen, Deutschland, 1999
	

	
	
	Kiliansstollen, Deutschland, 2000
	

	
	
	Schindler Stollen, Deutschland, 2000
	

	
	
	Hellagiack Stollen Deutschland 2000
	

	
	
	Rudolf Stollen, Deutschland, 2000
	

	
	
	Besuchererbergwerk Prettau, Italy, 2000 (1995*)
	

	
	
	Freengrotten Deutschland, 2001(1998*)
	


*- publications till the operation of speleotherapy center

It was experimental stated that the salt effect on bronchial system is of stimulation of secretion, elimination of viscous secretion, inflammation inhibition, decreasing of the irritation with produce the cough, cleaning of the mucous membrane cillium (Eberhard J.Wormer, 1999). After speleotherapy treatment an increasing of T lymphocytes number and of their functional activity, normalizing of lymphocytes B number, level increasing IgA, decreasing IgM (Simionca Iu and others 1998-2002) were remarked. It was stated that at patients with BA, in speleotherapy result appear rarely modifications of concentration by CIC, complement and Ig (Simionca Iu and others, 1990-1998; Mohapl J, Bohac S, Weigl E, 1991).

In the last decade, through increased therapeutic efficiency of microclimatic factors from salt mines and caves, ST is used on higher scale for prophylaxis, therapy and preponderant recovery of the patients with bronchial asthma, chronic bronchitis, but also sinusitis, allergic dermatitis, psoriasis. The ST efficiency is certain at re-convalescences with burns. Experimental, ST is proved utile also in wounds therapy, including of infected and inflamed ones (Gorbenko V.P, Simionka Iu.M and others, 1985-1998; Simionka Iu.M and others, 1985-1993).

As a result of some complex scientific researches, achieved in some speleotherapeutic centers from Europe, it was established that the speleotherapy in some salt mines comprises mucolitic, anti-microbial, anti-inflammatory effect of purifying for respiratory ways and tegument, of activation the mechanisms that assure anti-infectious resistance and also  (in the last 3-5 years) the hipo-sensitizer and immuno-modulator effect. Obviously that benefic effect is not the same in different salt mines and caves. This depends on the old and gravity of disease, of speleotherapeutic effect and mechanism of reminded curative factors that at its turn depends on different geo-physics, microclimatic and sanitary parameters of underground environment, of specific methodology for speleotherapeutic treatment of some diseases.

RESULTS OF ANALYSIS OF UNDERGROUND FACTORS FROM SALT MINE IN ABSENCE OF THE PATIENTS AND TOURISTS AND IN THEIR PRESENCE IN ORDER TO DETERMINE THE INTER-SYSTEM ACTIVITIES OF UNDERGROUND ENVIRONMENT COMPONENTS WHICH FORM SPELEOTHERAPEUTIC CURATIVE FACTORS.

The salt mines from Romania is found between the hills with relative low altitudes, of 500-700 m, with a continental climate moderate of hill, with a relaxant bio-climate, sedative-indifferent, of take care. Aero-ionization with a tendency to negative ions predominance. Concentration of aerosol particles is high, with a percent of particles below 3 μm. 

In medicine the salt mines Slănic Prahova and Târgu Ocna are used. In the salt mines Cacica, Praid and Turda the “tourism” is practiced. At the present, in Romania new researching and development of range is put into evidence (VIASAN,2004).

SLĂNIC PRAHOVA RESORT, SLĂNIC SALT MINE, MINE “UNIREA”

Slănic is situated in central-north part of Prahova county, nearby some big urban centers: at 40 km North of Ploiesti, 100 km of Bucharest, was documentary attested in year 1532 and 1685. The opening works of “Unirea” mine began in February 1938 and the operation between  1943-1970. “Unirea” salt mine presents an underground complex of galleries and rooms from rock salt (NaCl) – 14 rooms wit trapezoidal profile, 10 m opening at ceil and 32 m at base, height 54 m, with walls slope of 60 degrees. Difference of level between the surface and mine area is of 208 m. After 1970 the mine becomes touristic objective with adequate arrangements for recreation and treatment of respiratory diseases. The access in “Unirea” mine is achieved with elevator inside the well corresponding arranged for persons transport.

The environment investigations from “Unirea” mine were achieved by specialists of the National Institute of Rehabilitation, Physical Medicine and Balneoclimatology (INRMFB), in more locations. 

Aero-ionization measurements were achieved after classic method, with aid of register Ebert type, based on the principle of discharging the condenser as consequence of the transport of one air volume with specific flow. The sensible element is a bifilar electrometer, Leybold type, without auxiliary field, connected with a suction device. Aerosol concentration and salt particles measurements were achieved by suction method of one air volume with adjustable pump and forced sedimentation of aerosol particles with subsequent numbering of these by microscopy with aid of ocular micrometer.

Chemical composition investigations of rock salt from “Unirea” mine were achieved by Slănic salt mine personnel through specific physical-chemical and chemical methods. The investigations of pollutant gases – through air volume suction method with adjustable pump and subsequent determination by analyze of specific colorimetric tubes (REI and SENSIDIN).

The samples for microbiologic investigations were collected at the levels 1,5 m, 70 cm and 20 cm height from “saline soil”. At the collecting of air samples, Krotov apparatus was used with suction properties of the volume established by air through forced sedimentation of aerosol method with particles of 1-10 and more μm. As culture mediums for air sampling were used as follows: Simple agar-agar (G), Agar-agar-Blood 5% (GS), Sabourand Agar-agar (Gsab), Agar-agar with 6,5 % NaCl and yolk egg, Agar-agar-methylene blue (GEAM). At same levels from “saline soil”, from a surface of 100 cm2 on salt walls from the above mentioned locations, samples were collected in simple bullion and glucose for determination of microorganisms concentrations and microbiologic purity of saline surfaces. 

Radiation investigations were achieved by researchers of Engineering Institute and Nuclear Physics “Horia Hulubei” (IFIN-HH), by analyze the beta-gamma flow dose measured with detectors with thermo-luminescence (TLD), the results that were read with high resolution gamma spectrometry with portable detector. 

On investigations period in “Unirea” Mine, the collective was accompanied and helped by specialized personnel of Slănic Salt Mine and geology engineers – representatives of SNS “SALROM” S.A.

RESULTS OF INVESTIGATIONS

The obtained results prove the fact that the majority of evaluated micro-climatic parameters are characteristics of salt mines from Romania. So, the temperature is relative stable in the above mentioned locations between 11,6 – 12,8°C , relative humidity – about 50 – 52 % and atmospheric pressure is different with 18 mmHg in comparison with that from outside. The speed of air currents is extremely low, in some locations – un-dosage. As consequence in “Unirea” Mine a relative cold microclimate prevails. The aeroions concentration is presenting in table  2 . 

Tab. 2.  The aeroions concentration in Salt Mine  “Unirea” 
	Aeroions, polarity
	Concentration of aeroions on  outside 
	Concentration of aeroions in different salt mine locations 

	
	
	Elevator area, entry in salt mine 
	“Old well” area of aeration from mine
	“Sanatorium” area in salt mine

	n- / cm³
	367
	266
	286
	184

	n+ / cm³
	245
	204
	143
	122

	The polarity coefficient (n+/n-)
	0,67
	0,77
	0,50
	0,66

	Total aeroions / cm³
	612
	477
	409
	306


Both concentration of negative ions and those positive is relatively low in comparison with the bibliographic data from other salt mines from country, single-polarity coefficient (K) being considerable low. 

Flows of beta-gamma radiations dose in “Unirea” Salt Mine are lower than these measured without this.

By high resolution gamma spectrometry, radionucleids of telluric origin, as K40 and from natural series Pb214 were put into evidence in quantities below the detection limit, and radionucleid of artificial origin - Cs137, also in quantities below the detection limit. Cs137 presence may be explained by contamination with dust outside the salt mine, a part brought in precinct during the visit. The results is presenting in figure 1, 2, 3. 
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Fig3 The beta — gamma dose debit / jOy/h (TLD) in “Senstoriun” area in salt mine
TLD- wete located at 1 m and 2 m above the saltfloor



                  

Investigations indicate a relative low beta – gamma dose debit  on  mine in comparison with outside (0,21 uGy/h).

According to the data from Quality Department of Slănic Prahova, the salt composition preponderant from sodium chloride is remarked (%):  NaCl- 97,12–97,32;  MgCL2- 0,04;  CaSO4– 1,57–1,64; insoluble substance- 1,03–1,16; humidity – 0,08. 

In the air of “Unirea” mine by forced sedimentation method of aerosol phases with particles size of 1-10 μm a very low concentrations of microorganisms is present, with variations of total number of germens between 160 and 560/m3 – in elevator area, “old well” of aeration and in space destined to so-called “sanatorium” for the patients with BA. 

It is remarked also the minor concentrations or in some cases lack of microorganisms conditioned-pathogen (Staphylococcus, Streptococcus, Enterobacteriaceae) and fungus. A higger number of germens in the air from “Genese Hall” is stated and also significant bigger - in the area of sanitary group (600 and 900 germens/m3 respectively).

The fact that the total concentrations of microorganisms is different and depend on locations (the smallest being in “old well” aeration area) and the level in comparison with “saline soil” (“floor’) of the investigated air samples (the biggest concentration being at level of 20 cm from “soil) present also interest. Microorganisme concentration in underground environment from “Unirea” Mine in lack and in presence of tourists / patients with BAare presented in the tables 3.

Table 3.  Total concentration of micro-organisms/m3 air in “Unirea” Mine, Slanic Prahova Salt Mine.

	Conditions of experiment

	Concentrations of micro-organisms outside, in salt mine court 
	Locations in mines and micro-organisms concentration / m3 air 
	

	
	
	Elevator area, entry in mine, 15 tourists at distance of 5-20 m
	“Old well” area of aerati on from mi ne, 58 touris ts/patients at 20 m distance
	“Sanatorium” area in mi ne (without patients presence or tourists)
	“Genese Hall” (11 tou rists at distance 5-10 m) 
	Sanitary group (5 tourists at distan ce of 5-10 m)

	In air :  were collected at 1,5 m from “saline soil” :
	960
	240
	160
	240
	600
	900

	Staphylococcus sp.- β-hemolyticus 
	4
	8
	2
	3
	2
	2

	    Streptococcus sp.  - α-hemolyticus 
	0
	2
	0
	0
	1
	2

	Staphylococcus sp. – lecytinaza (+)
	2
	4
	0
	0
	2
	2

	Enterobacteriaceae
	6
	2
	1
	0
	1
	14

	Fungi
	0
	0
	0
	0
	0
	2

	were collected at 0,7m from “salt soil”: 
	1000
	240
	160
	400
	-
	-

	Staphylococcus sp.- β-hemolyticus
	4
	10
	4
	4
	-
	-

	Streptococcus sp.  - α-hemolyticus
	0
	2
	0
	0
	-
	-

	Staphylococcus sp. – lecytinaza (+)
	3
	5
	1
	2
	-
	-

	Enterobacteriaceae
	5
	6
	2
	2
	-
	-

	Fungi
	0
	0
	1
	0
	-
	-

	were collected at 0,2 m from “salt soil”: 
	1680
	400
	240
	560
	-
	-

	Staphylococcus sp.- β-hemolyticus
	5
	9
	5
	4
	-
	-

	Streptococcus sp.  - α-hemolyticus
	1
	2
	0
	0
	-
	-

	Staphylococcus sp. – lecytinaza (+)
	3
	5
	3
	3
	-
	-

	Enterobacteriaceae
	9
	11
	1
	5
	-
	-

	Fungi
	0
	2
	0
	0
	-
	-

	On salt stratum (ml lichide  culture medium / 100 cm²) :  were col lected at 1,5 m from “salt soil” :
	2340
	150
	320
	30
	1600*

	Staphylococcus sp.- β-hemolyticus
	24
	5
	10
	0
	30

	Streptococcus sp.  - α-hemolyticus
	12
	2
	3
	0
	7

	Staphylococcus sp. – lecytinaza (+)
	13
	4
	4
	0
	3

	Enterobacteriaceae
	127
	5
	2
	1
	29

	Fungi
	0
	1
	0
	0
	7

	were collected at 0,7m from “salt soil” : 
	2500
	180
	200
	220
	-

	Staphylococcus sp.- β-hemolyticus
	29
	5
	9
	0
	-

	Streptococcus sp.  - α-hemolyticus
	15
	3
	3
	0
	-

	Staphylococcus sp. – lecytinaza (+)
	12
	3
	5
	2
	-

	Enterobacteriaceae
	249
	10
	5
	3
	-

	Fungi
	0
	1
	1
	0
	-

	were collected at 0,2 m from “salt soil”: 
	4670
	300
	380
	400
	-

	Staphylococcus sp.- β-hemolyticus
	33
	11
	10
	1
	-

	Streptococcus sp.  - α-hemolyticus
	11
	4
	3
	0
	-

	Staphylococcus sp. – lecytinaza (+)
	21
	7
	8
	2
	-

	Enterobacteriaceae
	292
	20
	15
	10
	-

	Fungi
	14
	2
	1
	0
	-


*Humidity flaw on salt stratum (6 m²) In “Old Well” area

Also on saline walls from “Unirea” Mine a minor concentration of micro-organisms in the areas used by tourists and patients is stated, although must be remarked that this and spreading of germens pathogen-conditioned is more significant (Staphylococcus sp., Streptococcus Sp, Enterobacteriaceae) fact that is own to pollution from surface and possible development of some halophytes germens shapes.

Between the identified microorganisms the saprophytes are encountered: Escherichia Coli, Citrobacter sp., Enterobacter aerogenes, Flavobacterium sp, sporophyle bacteria, Staphylococcus sp (saprophyiticus, epidermidis) and Micrococcus sp. Representative Saprophytes of Fungiceae were also put into evidence. 

As a conclusion, the underground saline aerosol from “Unirea” Mine is a natural aseptic environment, total number of germens being lower as proposed norms for surgery rooms and is framing in the category of salt mines microbiologic values from Europe and from country, used in medical purposes.

Consequently, in the achieved study result and also of bibliographic data analyze the followings components of underground saline environment from “Unirea”Mine possible forming of speleotherapeutic factor are put into evidence:

1. Lack of vegetal allergens and of irritation inahaling noxa agents

2. Extremely low concentration of micro-organisms in saline underground environment, rarity of germens conditioned-pathogen and lack of those pathogen – presence of aseptic environment analogue to surgery room.

3. Constant temperature of air (11,6-12,8°C)

4. Relative humidity of air 50 %

5. Speed of air current is decreased: from 0,1 m/s – at un-dosage, resulting a  comfortable climate

6. Low radioactivity

7. Partial pressure of O2 is with 18 mmHg more than at surface

8. Concentration of natural aerosols with a significant percent of particles with size < 3 μm.

9. The salt mine operates as a FARADAY cavity where atmospheric changes can not penetrate →favorable effect to broncho-obstructive syndrome

The studies and tests of underground environment factors, achieved in “Unirea Salt Mine and analyze of microclimatic studies achieved by IMFBRM researchers and those of the other institutes from country allow to put into evidence the presence of some therapeutic properties, that may be used for patients recovery with different pathologies and especially with bronchitis asthma and chronic bronchitis and also for possible achievement of correction effect of immunologic modifications at patients with bronchitis asthma – a new perspective of development of speleotherapy  in Romania. Data analysis, also, allow elaboration of a complex investigations, necessary for studies of saline underground environment, in order to evaluate the speleotherapy mechanism and subsequent medical using of this.
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