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MEDICAL AND CLIMATIC STUDIES OF LIVING CONDITIONS

AND THEIR IMPACT ON HUMAN HEALTH
e-mail: iloks2504 @gmail.com

In recent years, living conditions of people and potential of their health are increasingly dependent on changes in climatic
factors. Therefore, studies in the field of medical and climatic research are becoming more relevant. This paper presents the results
of medical and climatic study of living conditions in the territorial boundaries of Poltava for the period of 20062019, which were
carried out on the basis of bioclimatic characteristics by determining the people's thermal sensitivity degree of the environment.
To concretize the obtained results, we carried out a sociological survey of a control group of Poltava residents on the thermal
sensitivity of the environment in different seasons of the year. A comparative evaluation of the obtained calculation data with the
survey data was performed, which allowed us to carry out a deeper analysis of the causal relationships between the thermal
sensitivity of the human body and climatic indices and to draw appropriate conclusions.
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MEJNKO-KJIMATHYHI JOCJIKEHHSI YMOB MPOKUBAHHS
TA iX BILUIMBY HA CTAH 310POB’SI JIIOJEN

B ocranHi pokr yMOBU NPOXXMBaHHS JIIOZCH, MOTEHIIaN iX 310poB’s Bce OUTbIe 3ajearh BiJ 3MIHM KIIIMaTHYHHX
(axropiB, ToMy poOoTH B cdepi MeIUKO-KIIMAaTHYHUX MOCTIJDKCHb CTAlOTh BCE OLIbIIE aKTyaJbHUMHU. Y JaHidl poOori
IPEACTABNICH] Pe3yIbTaTH MEIUKO-KIIMAaTHYHOrO NOCITIIKCHHS YMOB IPOXHBAHHS JIIOAEH B TEPUTOPIalbHUX MeXax MicTa
[onTaBu 3a mepion 20062019 poku, siki Oy MpoBeeHI HA OCHOBI O1OKJIIMATHMYHUX XapaKTEPHCTHK IUIIXOM BH3HAYCHHS
CTYIEeHsI TEIUIOBIAUYTTS JIFOAbMH HABKOJNHIIHBOTO CEpemoBHINA. JUIsi KOHKPETH3alil OTPHMaHHUX PEe3YIbTaTiB OyI0 MPOBEICHO
COLIOJIOTiYHE ONMHWTYBAHHS KOHTPOJBHOI IPYNH MeMIKaHUiB Micta [lonTaBM LIONO TEIJIOBOTO CHPHUHHATTS OTOYYHOUOIO
CepeoBHILIA Y Pi3Hi ce30HH PoKy. Byio 3ailicHeHO MOPiBHSNBHY OLIIHKY OfeP)KaHNUX PO3PAXYHKOBHX JAaHUX 3 JAHMMH OMUTYBaHH,
IO JIO3BOMIO OiNbII MITHOOKO MPOaHasi3yBaTH MPUYMHHO-HACIIKOBI 3B’SI3KM MK TEIUIOBIAYYTTSAM OpraHi3My JIIOAMHH Ta
KJIIMATUYHUMH MOKa3HUKaMHU i c)OPMYITIOBATH BiANOBIIHI BUCHOBKH.

Kumro4oBi cj10Ba: MeuKo-KIiMaTHuHI OCHIIDKeHHSI, 010KJIiMAaToIOrisl, 30pOB’ s JIFoAeH, TeIUIOBUI KOM(OPT.

This work is a fragment of the research project “Comprehensive assessment of the air pollution state in Poltava by
modern research methods”, state registration No. 0116U006931.

Medical and climatic methods of studying the state of human health are among the most well-
known, widely used to determine the status of a territory both in terms of its recreational value and comfort
of living, the degree of performance efficiency and projected health potential. Given the process of rapid
climate change, the bioclimatic resources of a given area are important parameters to consider. Therefore,
studies aimed at determining the positive and negative effects of various climatic factors on the human
body, allow us to establish the medical and climatic potential of a particular area in order to efficiently use
its landscape and climatic conditions in health care and recreation.

Modern medical and climatic (bioclimatic) researches has several directions. Studies using
bioclimatic indices, which characterize the features of the thermal structure of the environment in physical
terms and are indirect indices of the thermal state and one of the criteria for assessing the potential of human
health, are widely developed [2, 4, 9, 10, 12, 13].

Another area is the study of climate changes impact on human mental health. In particular, the
report of the American Psychological Association “ZIK” and the environmental group ecoAmerica entitled
“Mental health and our changing climate: impacts, implications, and guidance” are well known. This report
emphasizes that people living in certain regions may become more sensitive to post-traumatic stress
disorder, anxiety, depression, suicide, and other mental health problems as a result of climate change [5].

Another well-known area is the study of methods for assessing the bioclimatic living conditions of
people, which is based on an integrated approach and, accordingly, can be applied to any study area. These
studies are based on the characteristics of climatic comfort, such as comfort, discomfort and sub-comfort
conditions. These characteristics are directly combined with the mechanisms of adaptation of the human
body and the psychophysiological state [1, 7].
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Research is actively developing to study the impact of meteorological factors on the human body
by determining equivalent-effective temperatures, using methods to assess hot and stuffy weather,
assessing severe weather, as well as determining comfort and discomfort indices separately for healthy and
sick people [6, 11].

Thus, today, the study of changes in environmental factors that affect human health, and the study
of causal relationships between them and the biological functions of the human body, including the
mechanisms of thermoregulation, is becoming increasingly important. The climatic parameters of the
environment are among the most variable, which requires constant observations, analysis and updating of
approaches in this scientific field.

The purpose of the study was to carry out an assessment based on bioclimatic characteristics by
determining the degree of thermal sensitivity of the environment in people living within the territorial
boundaries of Poltava.

Materials and methods. This study was carried out on the basis of empirical analysis, namely
indicative assessment using well-known bioclimatic (biometeorological) indices, most of which are
complex ones and take into account two or more climatic factors [10, 13]. The basic approach in our study
was to assess the thermal state of the human body and the degree of its discomfort, based on the concept
of effective temperature (ET). The concept of ET was introduced by Houghton, F.C. and Yaglou, C.P.
(1923) as thermal sensitivity index of the organism, taking into account the influence of temperature,
humidity and wind speed, determined by A. Missenard's formula [10, 13]:

ET=37- 37t 029xtx(1-—) (D)

068-00014xf+ — + 100
1.76+1.4xv"

where ET is the equivalent-effective Missenard's temperature (EET), t — air temperature, °C; f — relative
humidity, %; v — wind velocity, m/sec.

However, today it is increasingly important to take into account such a climatic factor as the
intensity of solar radiation. Therefore, in this work we used an approach to estimate the radiation-
equivalent-effective temperature (REET), which takes into account the impact on human thermal
sensitivity of four meteorological elements: temperature and humidity, wind velocity and solar radiation
(by Ye.G. Golovina and V.I. Rusanov, 1993) [13].

However, due to the complexity of obtaining data on the solar radiation absorbed by the surface of the
human body (kW/m?), the REET value was determined by the approximate ratio of I.V. Butieva [4, 13]:
REET=NEET+6.2°C, (2)
where NEET is the normal equivalent-effective temperature, which is body's thermal sensitivity index,
considering the influence of wind for a clothed person, and was defined as [4, 13]:
NEET=0.8 EET+7°C, (3)

To perform a bioclimatic assessment, we formed a database of climatic indices, which were
observed in the period from 01.01.2006 to 31.12.2019 in Poltava. The following mean monthly values were
selected for calculations: air temperature (in degrees Celsius) at a height of 2 meters above the ground;
relative humidity at a height of 2 meters above the ground; wind velocity at a height of 10-12 meters above
the Earth's surface, averaged over a 10-minute period (in meters per second). A sample of air temperature
values during the observation time (14%) was formed separately for the summer period. One of the most
detailed Internet sites http://rp5.ua was chosen as the source of the initial information database.

Additionally, this study used the method of a sociological survey of respondents' sample to
determine a person's subjective perception of the thermal conditions of the environment under various
weather conditions. The sample of respondents consisted of 14 people of different sexes and different age
categories: adolescents under 18 years; boys and girls from 18 to 29 years old; women and men aged 30—
45 and 46-60, as well as the elderly people over the age of 60. The survey was performed monthly within
November 2017 — September 2018.

Results of the study and their discussion. At present, existing medical and climatic studies, in
particular on bioclimatology, are still far from generalizing the relationship between changes in the
response of the human body and the action of the adaptation mechanism in adapting to different climatic
conditions. The definition and analysis of existing bioclimatic characteristics allow us to identify only the
climatic conditions that are optimal for human habitation within a particular area in a given period of time,
but they do not make it possible to take into account the sharp daily changes in climatic conditions, and as
a result do not fully reflect the impact of these characteristics on the formation of human health potential.
Therefore, the most pressing issues are the establishment of causal links between natural factors, including
climate, and mechanisms of thermoregulation, ensuring the thermal stability of the human body, its
resistance and, accordingly, the risk of developing various pathologies.
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The medical and climatic study, the results of which are presented in this paper, was performed on
the basis of the above dependencies (1)—(3). As a result, the REET value for each month of the year within
the 14-year period from 2006 to 2019 was determined and, accordingly, the level of thermal comfort of
human perception of environmental conditions in Poltava was established (the results are presented in
table 1).

Table 1
Estimated REET values for the period 2006-2019

REET | January | February | March September | October | November | December
2006 2.6 20.2 6.7 4.7
2007 3.6 -0.4 9.7 19.7 3.6 2.3
2008 -1.2 2.3 9.4 18.8 8.1 1.5
2009 -1.0 2.2 5.8 . 21.4 8.3 -1.4

2018 -0.4 -1 1.1
2019 -0.6 4.0 9.0

In the process of this study and adaptation of existing approaches to the climatic specifics of
Poltava, adjustments were made to the well-known V.I. Rusanov's method, namely the classification of
thermal comfort levels, determined by the REET index. The adjusted version of the classification used in
these studies is shown in table 2.

Table 2
Classification for determining the thermal comfort level of human perception of the city's climatic
conditions by the REET index

Color Standard REET interval Comfort level
=+32...+37 Hot (intense heat load)
=+27...+432 Heat (moderate heat load)
=+21...+27 Comfort
=+17...+21 Moderately cool
=+12...+17 Cool
=+7...+12 Very cool

=+2...+7 Moderately cold
=3...12 Cold
=-8...-3 Very cold

To further concretize the results, a sociological survey of a control group of 14 Poltava residents
on the thermal perception of the environment in different seasons of the year and evaluation of the
relationship of the obtained calculation data with the survey data were performed.

After the calculation phase of the research and the sociological survey, a comparative evaluation
of their results was carried out, which allowed to perform a deeper analysis of the causal relationships
between the thermal sensitivity of the human body and climatic indices. Using the mean values of the
sample of standard intervals of REET indices corresponding to the comfort levels according to the legend,
the arithmetic mean values between the answers of all respondents for each day of the experimental study
were calculated. In parallel, we calculated the radiation-equivalent-effective temperatures indices for the
days of the sociological study. Thus, we were able to compare the calculated results of the study with the
subjective thermal feelings of the respondents. Table 3 was formed for visual analysis. It showed the study
results together with recorded weather conditions and mean indices of daily temperature, humidity and
wind speed on the survey days, and in the summer (June 3, 2018 — August 21, 2018) in terms of
temperature, humidity and wind velocity indices as of 14%,
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Table 3
Comparative analysis of the results of the sociological survey
and the calculated REET values in the days of the sociological survey
Date Subjective Estimated Description Temperature, Humidity, Wind velocity,
thermal sensitivity REET of weather conditions °’C % m/sec
1 2 3 4 5 6 7
Clear, without
16.11.2017 22.91 7.6 precipitation 2.3 84 2.3
Clear, without
17.11.2017 25.09 11.0 precipitation 2.1 82 1
20.11.2017 8.58 8.5 Overcast, rainy 2.8 97 1.8
Overcast, without
22.11.2017 8.17 precipitation -0.4 86 3.9
02.12.2017 17.46 9.5 Overcast, rainy 6.8 95 3.8
Clear, without
11.12.2017 21.00 precipitation 1.1 84 5.3
22.12.2017 16.21 Clear, snowy -2.3 92 2.3
30.12.2017 20.33 Overcast, rainy 15 97 2.3
Clear, without
10.01.2018 17.33 precipitation -2 87 2
17.01.2018 11.00 -1.6 Overcast, snowy -3.5 93 3.8
23.01.2018 Clear, snowy -5.6 86 6.4
12.02.2018 10.00 -2.8 Clear, snowy -4 83 51
Clear, without
22.02.2018 16.86 -0.9 precipitation -6.5 81 2.4
Clear, without
24.02.2018 precipitation -10.5 77 4.1
Clear, without
06.03.2018 14.00 -1.7 precipitation -7 79 2.6
Clear, without
13.03.2018 21.92 -I precipitation -0.5 84 3.6
Clear, without
26.03.2018 22.29 7.3 precipitation 0.5 68 2.1
27.03.2018 17.64 65 |  Overcast, rainy 1.2 91 21
Overcast, without
14.05.2018 23.64 18.94 precipitation 13.9 82 2.3
Overcast, without
23.05.2018 26.64 23.54 precipitation 17.3 74 1.3
Overcast, without
03.06.2018 21.14 21.99 precipitation 16.8 61 2
Clear, without
18.06.2018 precipitation 21.2 26 2
Overcast, without
27.06.2018 precipitation 28.8 43 6
Clear, without
12.07.2018 precipitation 27.8 46 2
Overcast, without
23.07.2018 precipitation 27.8 47 2
Overcast, without
12.08.2018 precipitation 28.4 26 3
Overcast, without
17.08.2018 precipitation 30.4 35 3
Clear, without
21.08.2018 precipitation 30.0 23 2
09.09.2018 19.71 19.70 Overcast, rainy 16.4 67 43
23.09.2018 19.70 Overcast, rainy 14.3 68 3.3
Overcast, without
05.10.2018 11.71 precipitation 7.7 64 3.8
Clear, without
15.10.2018 20.00 23.71 precipitation 15.7 63 0.6
25.10.2018 15.36 8.71 Overcast, rainy 45 88 2.8
Clear, without
07.11.2018 16.50 precipitation 2.9 87 0.5
17.11.2018 14.00 Overcast, snowy -0.1 58 3.3
Clear, without
19.11.2018 14.00 precipitation -2 65 2.5
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The analysis of the sociological survey results shows the most acute reaction of people to changes
in climatic characteristics of the environment in the summer period. They manifested primarily not in
changes in the absolute average daily climatic indices, but in increasing the daily amplitude of their
fluctuations. That is, sharp daily fluctuations in all the major climate parameters cause the most noticeable
uncomfortable perception of the environment by people. Taking this into account, we performed REET
calculations for the summer months based not on the average daily indices values, but on their fixed values
at 14%, which is shown in the resulting table 3.

Comparison of the results of the study for the summer period (from 18.06.2018 to 21.08.2018)
revealed almost complete convergence between the calculated and experimental results, which proves the
feasibility of calculating REET for the summer months not by the average daily values of indicators, but
by the values at 14%.

The results of the study make it possible to highlight the following most important points:

complete convergence or proximity of the calculated results and subjective feelings of the
respondents was observed in 16 days of observations from their total number of 36 days (20.11.2017,
23.05.2018, 03.06.2018, 27.06.2018, 18.06.2018, 12.07.2018, 23.07.2018, 12.08.2018, 17.08.2018,
21.08.2018, 09.09.2018, 23.09.2018, 15.10.2018, 25.10.2018, 07.11.2018, 22.11.2018), when the
temperature factor was accompanied by only one of the concomitant “synergetic” factors (high humidity
or increased wind velocity), which are moderate. Thus, the synergistic effect of the negative effect of low
or high air temperature was not actively expressed;

on the contrary, for 13 days of the study (16.11.2017, 17.11.2017, 02.12.2017, 11.12.2017,
30.12.2017, 10.01.2018, 22.02.2018, 06.03.2018, 13.03.2018, 26.03.2018, 27.03.2018, 23.09.2018,
05.10.2018), there was a cardinal discrepancy between the calculated results of the study and the subjective
thermal sensations of the respondents, one of the reasons for which may be the accompanying negative
impact of the temperature factor by the action of both synergistic factors at the same time (high humidity
and increased wind velocity). It should be noted that all these days belong to the cold or transitional spring-
autumn period, in which thermoregulation mechanisms of the human body has the greatest burden, and
therefore becomes the most sensitive to the impact of any negative external factors; the greatest deviations
from the “comfortable” state according to a person's subjective perception of the environment occur mainly
due to the impact of such climatic factors: high humidity in the transitional and winter periods; increased
wind velocity and low humidity in the warm period.

These results make it possible to express the following: changes in air temperature are not always
the main factor in a person's thermal perception of the environment. Deviation from comfortable conditions
occurs in most cases when a person is exposed to concomitant factors (high humidity and increased air
mobility), which create a synergistic effect with the temperature factor. The effect of the importance of the
action of concomitant synergistic factors on human heat perception increases significantly in the cold and
transitional spring-autumn periods of the year, which in recent years are most subject to changes in terms
of climatic and seasonal instability.

Accordingly, this effect of enhancing the action of concomitant climatic factors-synergetics and
increasing climatic instability, especially in periods with average daily air temperatures below +10°C,
create conditions for a significant burden on the thermoregulatory system of the human body, which leads
to the manifestations of painful conditions of the body and, as a consequence, to the risk of pathology and
reduced resistance to infectious diseases. That is why such periods of the year are already today and will
be in the future the periods of increased risk of pathologies that directly depend on the resistance of the
human body to external factors.

In the discussion of existing scientific research in the medical and climatic (bioclimatic) direction,
it was taken into account that these studies have a pronounced territorial and temporal specificity. This
gave grounds to perform a comparative analysis, firstly, only of the results of research for regions with
similar or analogical climatic characteristics (mostly regions of Ukraine), and secondly, the analysis of the
results obtained in the last decade.

Studies performed to assess the level of sensitivity of the population to the new climatic conditions
of the Kyiv region, found trends in the distribution of comfortable and uncomfortable periods based on
EETs calculations [3, 14]. The research of [7] focuses on the prospects of using empirical indices for
bioclimatic assessments, on the basis of which it is possible to identify areas with the most
comfortable/luncomfortable conditions for humans. The results of the assessment of the bioclimate of
Ukraine, published in [13], indicate a sufficient objectivity of application of the REET index for any region
of Ukraine.
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Thus, the results and conclusions of the above studies are fully correlated with the chosen
approaches in this work, and directly with the conclusions about the greatest impact of sharp daily
fluctuations of all major climate parameters on the uncomfortable perception of the environment, which is
widely studied in Medical Climatology and Disaster Medicine [9]. In addition, the results of this study are
unique to the Poltava region and are a continuation of well-known research in Ukraine, focusing on the
medical and climatic aspects of this scientific field.

The results of this study emphasize the relevance and practical significance of medical and climatic
assessments, which not only allow to determine the level of adaptability of the human body to climate
changes in certain areas, but also to assess the risk of disease and timely predict the occurrence of those
pathologies that directly depend on the action of external factors, in particular climatic, or are actively
spread at certain times of the year (especially infectious diseases).

In addition, the results of this study can be used in the activities of sanitary, epidemiological and
environmental services at the stage of developing a plan for adaptation to climate changes in urban
settlements.
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