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Abstract. Aim of the study – to examine and estimate microclimate indices, landscape and  

recreational potential of Zheleznovodsk sanatoriums’ territory. The study materials included 

route and climatic observation data, climate reference materials, guiding documents, building 

codes, international technical standards, state reports and scientific articles. The conducted anal-

ysis has shown that microclimate indices were within the normal values and have a favorable 

effect on a human body due to a high level of light negative air ions, territory luminance, low 

ion unipolarity coefficient, humidity and carbon dioxide content. Abundant flora on the territo-

ries of sanatoriums and the town provides a high level of bioclimatic, landscape and recreational 

potential for health physical culture. 
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Introduction. Zheleznovodsk is one of  

resort towns of federal importance located in 

Caucasian Mineral Waters (CMW). This region 

is widely known for sanatorium-resort treat-

ment and attracts tourists with its unique 

recreational resources [1-2]. One of the main 

therapeutic resources of CMW sanatoriums is 

favorable climate, which has been studied by 

ecologists for a long time [3]. On this territory, 

the favorable climate is created due to its geo-

graphical position – it provides sufficient solar 

radiation, which creates favorable air tempera-

ture due to the location of the Zheleznaya 

Mountain within the town, which is a natural 

monument of Stavropol Krai. It is covered with 

broad-leaved forest [4], which ensures high ox-

ygen saturation of the neighboring areas [5]. 

Moreover, the mountain has a large number of 

mineral water springs. All this attracts a lot of 

tourists for sanatorium-resort treatment and 

health improvement. One of the most promising 

types of health improvement is terrain cure 

therapy or healthy walking.  

The study of the climatic potential of sana-

torium territories is relevant in relation with the 

decree of the Government of the Russian  

Federation dated 27.05.2024 No 681 “On the 

preparation and issuance of special medical  

assessment”. 

Aim of the study – to examine microcli-

mate characteristics, landscape and recreational 

potential of the Zheleznovodsk sanatoriums’ 

territories. 

Methods and organization. The study  

and measurement of Zheleznovodsk sanatori-

ums’ territories (Zheleznovodsk Clinic, N.K. 

Krupskaya Children Sanatorium, 30th Victory 

Anniversary Sanatorium, Salyut Sanatorium, 

Ernst Thälmann Sanatorium), which are located 

in different parts of the town (on the southern 

and south-eastern slopes of the Zheleznaya 

Mountain, close to the resort park and resort 

lake), was carried out under the agreements on 

preparation of special medical assessments. 

The study materials included results of 

route and climatic observation, climate  

reference materials, guiding documents,  

SNIPs (building codes), GOSTs (international  

technical standards), state reports, scientific 

articles. 

The route and climatic observation was 

carried out on July 16 and August 9, 2024.  

It included measurement of positive and nega-

tive light air ion concentration (with the 

mobility of К>0.5 cm2/V·s), quantities of  

aerosol particles of different size gradations (8 

gradations in the range from 0.2 to 10 µm) in 

the surface atmosphere (at the respiratory level  
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of 1.5 m), air temperature and humidity, wind 

speed and direction, cloud amount and shape, 

ambient dose equivalent rate (ADER) of 

gamma radiation. We also estimated the condi-

tion of orography, flora and natural panoramas 

in accordance with the recommendations. 

Following devices were used in the study: 

MAC-01 light-sized air ion counter with com-

puter software (State Register of measuring 

instruments No 20429-11), Meteoscope-M with 

computer software, RadiaSkan-801 radiation 

dosimeter with computer software (State  

Register of measuring instruments No 69478-

17), SAChM 4801-01 aerosol analyzer, a mo-

bile version (State Register of measuring 

instruments No 676936-19-19), and DT-1309 

light meter (6015 80 990 0, EAEU CN of FEA).  

Results and discussion. Microclimate  

indices were measured in several locations in 

the territory of each sanatorium. The average 

value of indices for each sanatorium are  

presented in table 1. 

Table 1 

Microbioclimate indices of the Zheleznovodsk sanatoriums’ territories 

№ 

Microbioclimate indices 

Т, °С RH, % 
AP, 

hPA 
О2, % 

СО2, ppm 

(number of 

units/million) 

∑ 

[(N-)+(N+)] 

/IUC,  

background 

O/T, klx 

30th Victory  

Anniversary  

Sanatorium 

31.50 29.88 715.50 20.68 380.00 1575/0.94 25.05/6.67 

Salyut  34.06 24.44 712.60 20.63 388.86 1430/1.1 24.72/6.37 

Zheleznovodsk 

Clinic 
33.50 23.50 709.00 20.70 373.00 1220/0.9 25.00/6.02 

N.K. Krupskaya 

Children  

Sanatorium 

34.88 21.82 706.04 20.64 364.14 1446/1.28 24.54/6.37 

Ernst Thälmann 

Sanatorium 
31.88 34.50 706.56 20.90 358.53 1342.5/0.63 18.47/9.44 

Note: Т, °С – air temperature; RH, % – relative humidity; AP, hPa – air pressure; О2, % – relative 

oxygen content in the surface atmosphere; СО2, ppm, number of units/million – relative carbon 

dioxide content in the surface atmosphere; ∑[(-) + (+)] / IUC (ion unipolarity coefficient) –  

air ionization background, ion/cm3; О/T – luminance (klx), in the open (О), and under the tree 

crown (T) 
 

We have registered favorable values of  

microclimatic indices, except for high air tem-

perature (31.50-34.88), because the research 

takes place during the hottest months (July, Au-

gust). The average temperature during these 

months in Zheleznovodsk is 21.0 and 20.6 °C 

respectively [6]. The lowest temperature was 

registered in the 30th Victory Anniversary San-

atorium’s territory because of its location on the 

shores of the resort lake. Due to the low relative 

humidity, no negative effects of high tempera-

ture [7-8] were observed.  

Carbon dioxide content values were also 

within (358.53-388.86) the norm (up to 450), 

the oxygen content in the surface atmosphere 

reaches 20.9%, which ensures a low level of  

atmospheric pollution of sanatorium territories 

by exhaust gases. 

High level of air ionization (1342.5-1575) 

in the surface atmosphere due to the high level 

of landscaping of sanatorium territories and  

substances emitted by them, low ion unipolarity 

coefficient (0.63-1.28) reflect high health  

properties of the air in these territories. Light 

negative air ions provide an effective preven-

tion and treatment of diseases of different 

organs and systems, such as endocrine system 

[9], skin (dermatitis) [10] et al. 

The same plants (fig. 1) as on the 

Zheleznaya Mountain itself were found in the 
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territories of the sanatoriums, i.e oak, maple 

tree, common linden, blue spruce, European 

spruce and other ornamental shrubs. Aside from 

light negative air ions, they also emit  

phytoncides, which provide reduction of toxic 

gases in the atmosphere [11] and have  

antibacterial properties [12]. Trees and  

shrubs fulfil a landscape-forming function and  

provide aesthetic pleasure and relaxation while 

being outdoors in nature. 

The total level of aerosol particles in the 

size range of 0.2 to 10 μm reached the highest 

values (76803 particles/l) in the 30th Victory 

Anniversary Sanatorium’s territory (fig. 2). 

Such aerosol content corresponds to particu-

larly favorable conditions. 

Such high aerosol content may be associ-

ated with the sanatorium’s location at an 

altitude of 507-516 meters above sea level close 

to the resort lake, which makes it difficult to 

ventilate the territory and ensures the accumu-

lation of aerosol particles, including those 

emitted by plants (pollen). At this time sun 

flower and hazel, weeds such as elderberry, 

saltbush, wormwood and common ragweed are 

actively flowering [13]. For people with allergy 

it is recommended to limit their time outdoors 

and pay special attention to their well-being.
 

 
Fig. 1. Landscaping of the 30th Victory Anniversary Sanatorium’s territory 

 

 
Fig. 2. Aerosol pollution in the territories of Zheleznovodsk sanatoriums 
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The biologically significant aerosol level 

for a human body in the range of 0.5 to 1 μm 

was within the normal values (up to 3000 parti-

cles/l) in almost all the sanatoriums. The 30th 

Victory Anniversary Sanatorium was an excep-

tion, where the average pollution level in the 

range of 0.5 to 1 μm was slightly higher than 

the standard – 3009 particles/l (fig. 3). The low-

est aerosol content in such range was registered 

in the Ernst Thälmann Sanatorium due to its  

location at an altitude of 629-656 m above the 

sea level. 

The radiation and ecology study of the  

territories has revealed that the ambient dose 

equivalent rate of gamma radiation was normal 

(up to 0.5 µSv/h) in all territories (0.11-0.19 

µSv/h), which reflects absence of radiation  

pollution in Zheleznovodsk (fig. 4).
 

 
Fig 3. Surface atmosphere pollution by aerosol particles in the size range from 0.5 to 1 μm  

in the territories of Zheleznovodsk sanatoriums 

Note: 1 – 30th Victory Anniversary Sanatorium; 2 – Salyut; 3 – Zheleznovodsk Clinic; 4 – N.K. 

Krupskaya Children Sanatorium; 5 – Ernst Thälmann Sanatorium 
 

  
Fig. 4. Radiation pollution level in Zheleznovodsk 

Note: ADER – ambient dose equivalent rate; 1 – 30th Victory Anniversary Sanatorium; 2 – Salyut; 

3 – Zheleznovodsk Clinic; 4 – N.K. Krupskaya Children Sanatorium; 5 – Ernst Thälmann Sanato-
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Conclusion. The microclimate characteris-

tics in the territories of the Zheleznovodsk 

sanatoriums are within the normal values, they 

provide favorable conditions [14] for climate 

therapy, such as sun therapy, air therapy, health 

physical culture, i.e. terrain cure therapy. For 

people with allergy it is recommended to take 

into account the blooming calendar when  

planning climate therapy. The saturation of the 

surface atmosphere with oxygen, high land-

scaping level in the territory make it possible to 

carry out health activities, such as terrain cure 

therapy and health tourism. Patients undergoing 

sanatorium-resort treatment are recommended 

to walk on the territories of sanatoriums and  

terrain cure paths located in the park. Such  

activity provides a reduction of the nervous sys-

tem excitability and improve metabolism. To 

preserve the therapeutic properties of the cli-

mate and the high landscape and recreational 

potential of the territories, it is necessary to con-

duct periodic environmental monitoring. 
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