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Theme 1.
Research methods used in hygiene
All methods used in hygiene are divided into two large groups:
I. Methods that research objects of the environment. 
1.1. Organoleptical methods are based on using only psycho-physiological system of the organism. It consists of organs of senses, conductors and sections of the CNS. Organoleptical methods are used for studying smell, taste, color, etc of the drinking water, air food stuffs etc. These methods are very sensitive. For example: smell of methylmerkaptan becomes perceptible in air at 0.000002 mg/m3 concentration, sweet taste of saccharin in amount of 0.05 mg/kg becomes perceptible.
1.2. Physical methods are used to determine physical parameters of the external and industrial environment. Physical methods determine physical processes with the help of physical devices and apparatus. These methods are objective, since use sensitive and precise devices and apparatus. Due to physical methods one can study microclimatic conditions (temperature, humidity and velocity of the air movement); electric condition of the air; all forms of radiant energy; mechanical (noise, vibration) and electromagnetic oscillations. They are used for studying all objects of environment (e.g. water, air, clothes, food stuffs, soil and lighting).
1.3 Chemical methods are used for determination the chemical composition and chemical conversations of substances. They are used to find out the chemical substances in water, air, soil, foodstuffs. These methods are divided into qualitative and quantitative ones. Sometimes it is enough to do only a qualitative analysis of any substance of the object of the environment. For example: it is enough to do only a qualitative analysis of the lead presence in foodstuffs and admit that this product isn't fit to eat. A quantitative chemical analysis allows to research quantity of any substance of the object of the environment. For example: to research quantity of iron in water.
1.4 Physicochemical methods are used to determine physical and chemical properties of object under study. They are: viscosity, surface tension, boiling point and melting point, etc. Physicochemical methods are used for quantitative analysis of chemical composition and chemical concentrations of objects under study.

They are methods: colorimetric one (it's based on quantities’ determination of a coloring degree); nephelometric one (it studies the degree of opacity in the solution under study); potentiometric one (it determines the concentration of hydrogen ions); luminescent one (it's based on the property of some objects to shine); chromatographic, polarimetric, polarographic and other methods.
1.5 Biochemical methods are used for studying chemical structure of substances that form plants' and animals' organisms. They are widely used to determine biological fitness of food stuffs and dishes. For example: to determine enzymes in milk, meat; vitamins in dishes and so on.
1.6 Microscopic methods are used to define morphological peculiarities of objects. For example: to determine the form, the size and the structure of dust. Beside ordinary microscopes, ultra microscopes electronic microscopes are used. They have magnification of 20-30 thousand times.
1.7
Microbiological methods. They are subdivided into:
1.7.1
Bacteriological methods. They are used:
a) to find out the presence of bacteria in the objects of the environment;
b) to determine their quantity and nature (in water, soil, air, food stuffs);
1.7.1. Mycological methods help to find out the presence of funguses in the given object (food stuffs, building materials and so on);
1.7.2. Serological methods complete bacteriological ones. They are used to identify an antigen by its reaction on an immune serum. They are used in reaction of agglutination, precipitation, fixation of the complement;
1.7.3. Helminthological methods are used to find out the presence of helminthes, its eggs, larvae in water, soil, foodstuffs (e.g. meat, vegetables), sewage and so on.

II. Methods that research reactions of the organism.
2.1 Physiological methods. They are used to describe how the main processes and functions in the organism depend upon external conditions. They study reactions of the organism under the influence of environmental factors (reactions of cardio-vascular system, respiratory organs, metabolism, etc.) 
2.2. Psychological methods are based on studying high psychical functions of the human (memory, attention, perception, thinking ability). It's registered changes of the above-mentioned functions under the influence of various environmental factors (noise, the microclimate, etc). 
2.3. Biochemical methods. These are methods used for studying biochemical indexes of human organism (for example: biochemical analyses of blood and urine). 
2.4. Toxicological methods. They are often used in scientific departments, sanitary-epidemiologic stations that have toxicological laboratories. These methods are used for:

- determination the degree of harmfulness or safety of some chemical substances; 
- estimation allowable limiting concentration of toxic substances in the environment.

There are separate methods in hygiene. They can't be classified among above-mentioned two groups of methods. 
1. Epidemiological methods. They are used to study the rules of spreading infections and not infectious diseases; 
2. The sanitary and statistical method helps to study mass phenomena and their common sings. For example: demographical indexes (the birthrate, mortality, lifetime, morbidity), physical development and so on. This method is widely used in scientific researches and in health protection practice;
3. The method of mathematic statistics. It completes the epidemiological and sanitary-statistical ones. This method uses mathematics, cybernetics, computers, automatic control systems.
The fundamental method of hygiene is the method of sanitary inspection and description of the object of sanitary supervision (hospitals, schools, plants, dwellings and so on.) Inspection and description of the object of supervision is done according to the scheme. This method is used to study the ecology of industrial environment, the ecology of children's and medical establishments, etc. By virtue of the type of the object, aims and task this method includes:
1. The visual inspection of the object's territory, the building and organoleptical analysis of water, air, foodstuffs;
2. The instrumental research and analyses of physical parameters of the object (the air temperature and humidity, noise, lighting and so on);
3. The chemical research and analysis of the objects of the sanitary inspection (the content of chemical substances in the air, water, soil, foodstuffs etc.);
4. The microbiological research and analyses. It's taken smears from the equipment, dishes and so on.
Samples of water, foodstuffs, air, soil are taken to analyze the presence of microbes, toxins, helminthes and so on. When it is necessary, physiological reactions of the organism during the process of studying, the process of working are analyzed.
All research methods are used in hygiene within the scope of the following experimental approaches:
1.
An experimental that simulates natural conditions. Ifs used to study and predict the processes of the environment. For example: a process of self-cleaning of water, the lifetime of bacteria and viruses in water;
2. A laboratory experiment. Objects of this experiment are only various animals of the different ages, sex. The influence of environmental factors is analyzed. Very often this influence is harmful and dangerous and as a result its hygienic rate setting is done;
3. A chamber experiment. It's conducted on humans. Ifs used to study harmless and safe factors of the environment (the microclimate, lighting, etc.);
4. An experiment on location. It studies the influence of environmental factors on human health in real living conditions.
For example: it's analyzed the disease occurrence at the territory near industrial enterprises that discharge harmful gases into the atmosphere.
Theme 2.

Solar radiation. Ultraviolet radiation and it’s usage in medicine
1. Solar radiation, its physical characteristics and spectral distribution. 
Solar radiation is the most important biotropic factor of the environment. Every function of the organism depends on solar radiation. Solar radiation acts on the state of people health during the whole life from the birth till the end of genetic code. Under certain circumstances solar radiation can cause not only biogenic, but also non-biogenic (negative) effects on the organism. 
The solar radiation consists of three wave fields. The long-waved field has rays from 760 nm and more. It is called infra-red rays. The middle-waved field has rays from 400 nm to 760 nm. It is called visible rays (visible light). The short - waved field has rays from 200 nm to 400 nm. It is called ultra-violet rays. These three components differ in quantity on the ground level. Infra-red rays consist 59%, visible rays – 40%, ultra-violet only 1%. The quantity of solar radiation changes during every 24 hours and during a year. Minimum quantity of solar radiation is in the morning before sunrise, maximum quantity is at noon. There is no solar radiation at night. In the northern hemisphere maximum solar radiation is registered in July, minimum in January. In general, the quantity of solar radiation is not constant. Its changes depend upon the sun activity. There exist periods of the active sun, which repeat in every 2, 6, 11, 26 and 100 years. During this while the quantity of the sun energy increases. The most powerful stream of solar radiation occurs in the period of forming concurrence of the cycles of sun activity. Usually the sun has no sun-spots. But they can appear in the number of 3, 4, 5. And as a result of their appearance the solar radiation and the sun activity increase sharply and geomagnetic storms break out. The geomagnetic storms influence the course of physiological processes and the course of diseases such as cardiovascular diseases, grippe, dysentery, etc. While the sun activity is rising the number of apoplectic strokes, infarctions, leucosis, transport accidents and suicides increase. It is firstly in the period of the sun activity. In the period of high solar activity stability of the organism decreases and homeostatic stability decreases, but aggressiveness and penetrating ability of viruses and microbes increases as a result morbidity of population increases too.
Characteristic of definite parts of solar radiation:

Visible light of solar radiation is an important element of vital environment. It produces a double effect. First, visible light provides necessary visual capacity. Only visible light can stimulate visual perception. It is nothing but visible light, which allows the man to orient in the surrounding. Visible light is the only working factor regulating biorhythms - important indices of the homeostasis (pulse, daily diuresis, variation of body temperature, daily activity and others). Visible radiation is a tonic factor providing a certain level of vital capacity. It makes all functions in human body more active. Visible radiation is a factor regulating organism resistibility that depends upon selective influence of separate parts of visible radiation. The visible spectrum of solar radiation has 7 different colors: red, orange, yellow, green, light- blue, blue and violet. Different colors have various significance.  Red color exerts CNS, stimulates muscular strength. Green color, light-blue color and green-blue color are neutral. Dark blue, violet colors depress CNS. This is an importance in solving psychophysiological problems, for example: selecting various colors for painting walls. Besides, different colors of visible light are widely used for treatment of many diseases in the form of lateral physiotherapy. It is the glasses with different color filters. They are used in mental hospitals for treatment any diseases. Visible light requires strict normalization in dwellings, medical establishments and industrial enterprises. 
Infra-red radiation makes up a heat effect of solar radiation, creates warm comfortable conditions for people. It provides a possibility of maintaining heat homeostasis as well. It possesses photochemical properties and stimulates chemical processes. It improves metabolism and increases physiological activity of the organism. In large doses infra-red radiation produce several negative effect as well. It causes overheating and burns. It can cause occupational  illnesses: thermal cataract,  sunstroke, heatstroke, and others. 

Ultra-violet rays are biologically active rays. They cause the strongest reactions in the organism. They exert powerful common and local effects. The following areas of ultra-violet radiation are distinguished: 1. Area A has rays with wave-length from 320 to 400 nm. It increases quantity of melanin, causes erythema and pigmentation of skin. 2. Area B has rays with wave-length from 280 to 320 nm. This area has antirachitic effect. Vitamin D3 is formed from 7- dehydrocholesterin in skin fat. Vitamin D3 is regulator of phosphorus-calcium metabolism. 3. Area C has rays with wave-length from 200 to 280 nm. Area C exerts bactericidal action. It kills bacteria and viruses during a few minutes. Ultra-violet radiation in common has photochemical effect due to which a lot of pharmacological substances are formed in skin: histamine, acetylcholin. They stimulate many functions of the organism. These rays stimulate simpatico-adrenal and hypophiso-adrenal systems. They stimulate total metabolism. These rays increase immunobiological reactivity of the organism, promoting natural and artificial immunogenesis. They have specific antirachitic effect preventing development of rachitis, improving phosphorus and calcium metabolism. The quantity of solar radiation depends upon many factors and conditions. .When there is a considerable deficiency or lack of ultra-violet radiation, specific pathology is developing. This pathology is called solar (or light) starvation or ultra-violet deficiency. Light starvation induces in lowering of physiological tone, decrease the capacity for work, disturbance of sleep and appetite, increase of morbidity of man; it accompanied general weakness. Besides, it is observed slowing down of growth and physical development of children. The most serious effect of solar radiation deficiency is rachitis and caries of teeth. There are groups of people, who suffer from deficiency of solar radiation. These groups of people are called groups of risk. There are the following groups of risk: miners, people, working in the industrial shops without windows, inhabitants of northern regions, builders and workers of the underground (metro), workers of cinemas, circuses and theatres, all children.

There are many various artificial sources of ultra-violet rays, which are used for prophylaxis of ultra-violet starvation, namely different kinds of lamps. The first kind  is a direct mercury – quartz lamp-4, a direct mercury – quartz lamp – 7 and an argon – quartz lamp – 7 (AQ-7). These lamps radiate an integral flux (areas A,B,C) of ultra-violet radiation. The second type is an erythemic lamp – 15 and erythemic lamp – 30. These lamps radiate long-waved ultra-violet rays.

Doses of irradiation are calculated according to the following. The man has usually 10-12 % of open surface of his body or 2500 cm² (a face, a neck, hands). For prophylaxis of rachitis the man needs 500 IU (international units) of vitamin D3. Biochemical calculation shows that it is necessary to irradiate this surface (2500 cm²) in 1/10 dose of an erythemic dose. The erythemic dose is the amount of ultra-violet rays that causes the development of skin erythema. Ultra -violet irradiation can be used for prophylaxis of solar starvation and for improvement of the organism.

Indication for exposing to ultra-violet irradiation is prophylaxis of the solar starvation, especially prophylaxis of rachitis as a serious consequence of ultra-violet insufficiency, first of all for healthy children and children, who suffer from chronic diseases; then for people of the groups of risk. Ultra-violet irradiation also is used for hardening of the organism. Its aim is to raise general resistance of the organism and immunobiological resistance, especially in the period of natural ultra-violet deficiency. Ultra-violet radiation is the better mean for prophylaxis of rachitis than taking doses of vitamin D3. Advantages of ultra-violet irradiation are follows: vitamin D3 is formed naturally by the organism and it is formed in the organism by means of mobilization of one’s own mechanisms. Vitamin D3 is a medicine and it has indications, contraindications and collateral effects. Ultra-violet irradiation besides formation of vitamin, causes general positive effects, namely: increase steady sides of vessels, total metabolism is improving, immunoresistance is increasing, improvement of muscular power and physical development. But one should remember that the overdose of ultra-violet irradiation is dangerous, because the toxic substance toxirol is formed in skin fat. 

Contraindications for exposing to ultra-violet irradiation are acute exhaustion of the organism, acute forms of diseases, especially, acute forms of kidneys diseases (for example, nephroso-nephritis), decompensated heart diseases, hemorrhagic diathesis, fever, exophthalmic goiter, acute form of tuberculosis and when residual tuberculin sharply increased. 
There are practical scheme of ultra-violet irradiation for children. For prophylaxis of rachitis on the first, second and third days the time of exposing to ultra-violet irradiation must be 30 sec; on the fourth and fifth days – 75 sec; on the sixth, seventh days – 85 sec; on the eighth, ninth and tenth days – 2 min. For hardening of the organism on the 1, 2, 3 days the time of exposing to ultra-violet irradiation must be 30 sec; on the 4-th day – 1 min; on the 5-th day – 75 sec; on the 6-th day – 2 min; on the 7-th day – 2 min 30 sec, on the 8-th, 9-th and 10-th days – 3 min 30 sec. 

Scheme of ultra-violet irradiation of children for prophylaxis of rachitic

	Days of irradiation
	Duration of  the procedure

	The first, second and third
	30 sec

	The fourth and fifth
	75 sec

	The sixth and seventh
	85 sec

	The eighth, ninth and tenth
	2 min


Scheme of ultra-violet irradiation of the children for hardening of the organism

	Days of irradiation
	Surface of irradiation
	Duration of the procedure

	The first, second and third
	Forepart  and back trunk
	30 sec

	The fourth
	
	60 sec

	The fifth
	
	75 sec

	The sixth
	
	2 min

	The seventh
	
	2 min 30 sec

	The eighth, ninth and tenth
	
	3 min 30 sec


Rules of ultra-violet irradiation are protection of eyes with dark blue glasses and a regular medical control of the general state of irradiated people. Symptoms of overdose of ultra-violet irradiation are erythema of skin, peeling of skin, insomnia, irritability.

Practical schemes of ultra-violet irradiation for adults. There are two methods of irradiation of adults. The first method is the exposing ultra-violet irradiation in a photarium of the chamber type for one person. This method is used for irradiate the miners and other people of risk groups. A miner comes into the chamber, throws the counter into the hole. The leaves are opening and the miner is exposed to ultra-violet irradiation automatically for 30 sec. Only after this he can get his clothes. The second method is the exposure to ultra-violet irradiation in photarium of the labyrinth type. This is a hall equipped with the ultra-violet lamps. The length of the way in the labyrinth is 100 steps. The rate of movement of a miner is 1 step per sec. Having walked this route in the labyrinth, the miner gets the necessary ultra-violet dose. 

Diseases connected with large doses of solar radiation and their prophylaxis. Ultra-violet rays in large doses have a pathogenic effect on the skin, eyes and immunity. Pathogenic action of ultra-violet rays on skin can be acute and chronic. The acute action of solar radiation appears in the form of erythema and edema of skin; blisters are also possible, i.e. solar impact. It can be, for example, if a man lies on the beach the very first days. Solar impact occurs in 8-12 hours after irradiation in the form of aseptic inflammation. Grown up people experience lowering of tone and capacity for work. They suffer from sleepiness and appetite disturbances. Chronic effects of solar radiation are typical for fishermen, farmers and other people who are exposed to influence of direct solar rays for a long time. Chronic effect manifests itself in the following forms: dryness and pigmentation of skin, thickening and early aging, appearance of wrinkles and skin warts. They are located on neck, face, ears and hands. The most dangerous manifestation of chronic solar irradiation is carcinoma of the skin. Carcinoma of the skin appears when the dose of irradiation is 70 times as much as the prophylactic dose. Its localization is ears and lower lip. As a rule, it is most dangerous to people with white complexion and fair hair, i.e. the third part of humanity. Short-waved ultra-violet rays (with wave-length less than 280 nm) play the main role in developing carcinoma of the skin. These rays are trapped by ozone layer of atmosphere in common conditions of life. The wide use of freon (gas – cylinders, deodorants, some types of refrigerators) leads to the formation of ozone holes in the ozone layer. Short-waved ultra-violet rays are completely absorbed by oxygen and ozone of the upper atmosphere. Atmospheric pollution by factory waste helps the ozone layer destruction resulting in appearance of “ozone holes”. The shortest and the most harmful UV waves reach the earth surface through these “ozone holes”.

New Zealand is the first country that was affected by this phenomenon. The overdoses of ultra-violet irradiation are known to be cancerogenesis, so it enhances carcinogenic effect of other factors and substances. Simultaneous effects of chemical substances and ultra-violet rays are very unfavorable.  Ultra-violet rays have unfavorable effect on eyes, when eyes are not protected. In this case photoophthalmia develops. Symptoms of photoophthalmia are sharp pains in the eyes, epiphora. Blindness is developing when the case is serious. This disease is most typical for mountaineers. In case of chronic effect on unprotected eyes conjunctivitis, flat-cell cancer and cataract of crystalline lens are due to develop. Solar radiation in large doses has immunodepressive effect. As a result morbidity of a person increases. Overdose of ultra-violet irradiation activates virus of AIDS and turns a latent form of disease into active form. The activated effect has ultra-violet rays with wave-length 280 – 315 nm. These rays are present in natural spectrum of solar radiation.  

The solar ultraviolet radiation wave length less then 290 nm is completely absorbed by oxygen and ozone of the upper atmosphere. Atmospheric pollution by factory waste helps the ozone layer destruction resulting in appearance of “ozone holes”. The shortest and the most harmful UV waves reach the earth surface through these “ozone holes”.

Artificial UVR sources:

· direct mercury-quartz lamps (MQL), mercury-arc lamps (MAL) generate UVR wave lengths of 240 – 380 nm;

· erythemal lamps (LE-15, LЕ-30, LЕ-30) – wave lengths of 285-380 nm;

· bactericidal lamps (LB-30) – wave lengths of 240-380 nm.

The solar and artificial UVR band consists of three regions:

region А – long-wave ultraviolet radiation: ( = 315-400 nm;

region В – middle-wave ultraviolet radiation: ( = 280-315 nm;

region С – short-wave ultraviolet radiation: ( = 10-280 nm.
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 Spectral distribution and the main characteristics of the ultraviolet radiation 
Biological effects of the ultraviolet radiation may be biogenic (general-stimulatory, vitamin D formation, chromogenic) and non-biogenic (bactericidal, carcinogenic, etc.).

1. General-stimulatory (erythemal) effect of the ultraviolet radiation is typical for the wave length of 250-320 nm, reaching the maximum at 250 and 297 nm (double peak) and the minimum at 280 nm. This effect results in the photolysis of skin proteins (the UV rays may penetrate the skin as deep as 3-4 mm). The following toxic products of photolysis are generated during this process: histamine, choline, adenosine, pyrimidine etc. These substances are absorbed by blood, they can stimulate metabolism, reticuloendothelial system (RES), marrow, rise the levels of haemoglobin, erythrocytes and leucocytes, increase enzyme activity and liver function, stimulate the activity of the nervous system etc.

The UVR general-stimulatory effect is emphasized by its erythemal effect, which consists in reflex dilation of capillary vessels, particularly when exposed to the intensive infrared radiation. The erythemal effect may result in the skin burn if exposed to the extensive radiation. 

2. Vitamin D forming (аntirachitic) effect of the UVR is typical for the 315-207 nm wave length (region B), reaching the maximum at 280-297 nm. This effect consists in the decomposition of calciferols: ergosterin (7,8-dehydrochplecterol) of the skin fat (in sebaceous glands) turns into the vitamines D2 (ergocholecalciferol), D3 (cholecalciferol), and the provitamin 2,2-dehydroergosterin – into the vitamin D4 under the UVR influence due to the decomposition of the benzene ring.

3. Chromogenic (tanning) effect of the UVR is typical for regions A, B with wave lenght of 280-340 nm, reaching the maximum at 320-330 nm and 240-260 nm. Transformation of tyrosine (amino acid), dioxyphenilalanine and the products of adrenaline decay helps to generate the black pigment melanin under the influence of the UVR and the enzyme tyrosinase. This pigment protects the skin and the whole body from the ultraviolet, optical and infrared radiation surplus.

4. Bactericidal (non-biogenic) effect of the UVR is typical for regions C and B with wave lenght from 300 to 180 nm, reaching maximum at 254 nm (according to some other sources – 253.7-267.5 nm). First, the irritation of bacteria under the influence of the UVR activates their metabolism, then a dose increase provokes the bacteriostatic effect and further - photodecomposition, protein denaturation and microorganisms death. 

5. Photo-ophthalmic effect of the UVR (the inflammation of the eye mucous membrane) may be observed high in the mountains (“snow disease” among the alpinists), and also among the electric welders and physiotherapists that don’t follow the security rules during the work with the artificial UVR sources.

6. Cancerogenic effect of the UVR is more evident in hot tropical climate conditions and during an exposure to high levels and long-term action of the UVR technical sources (electric welding etc.).

Measuring methods of the ultraviolet radiation intensity

1. An integral (total) flow of the solar radiation is measured by pyranometer (e.g. Yanishevskiy’s pyranometer). The measure units are 
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2. Biological method – an erythemal dose determination using the Gorbachov’s biodosimeter. A minimal erythemal dose (MED) or biodose is the shortest exposure time to the UV irradiation (minutes), which causes the barely perceptible reddening (erythema) on non-tanned skin 15-20 hours after the exposure (for children - 1-3 hours).

M.F.Gorbachev's biodosimeter represents a plate with 6-th apertures (1,5х1,0 cm) which are closed by a mobile plate. For determination of an erythema dose a biodosimeter is fixed on not sunburn part of a body (an internal part of a forearm). It is expedient to mark on a skin (by a ball pen) a locating and number of windows. A researched site of a skin arranges on a distance of 0,5 m from artificial source of UV radiation (after warming up of a lamp during 10-15 minutes) and than open each window for 1 minute. Thus, the window 1 is shined during  6 minutes, 2 - 5 minutes, 3 - 4 minutes, 4 - 3 minutes, 5 - 2 minutes, 6 - 1 minutes. Depending on power of a source both other conditions the radiation time and distance from a source can be others.

The control of occurrence of an erythema spend in 18-20 hours after an irradiation. An erythema dose determines in minutes under number of a window where the erythema will be the least.

A physiological dose is 1/2 - 1/4, and a preventive dose is 1/8 of erythemal dose. 

A preventive dose for the exposure distance, required for the patient can be calculated using the following formula: 
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where В is a distance from the lamp to the patient in meters;

С – a standard distance for the determination of a preventive dose in meters (0.5 m);
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А – an erythemal dose at a standard exposure distance in minutes.

Gorbachov’s biodosimeter

Theme 3.

Natural and artificial illumination
1. Methods of determination of the natural lighting indices in different premises

Descriptive data:

1. External factors that influence natural lighting in different premises: 

- the territory latitude and its climate (number of sunny and cloudy days);

- season of the year and time of the day, when the premises are being used, existence of objects producing shadow (buildings, trees, hills, mountains).

2.
Internal factors:

- name and function of premises;

- window orientation, floor;

- type of natural lighting, (light aperture location), (one-side, two-side, upper and combined);

- number of windows, their construction (one-framed, two-framed, combined);

- clarity and quality of glass, existence of objects producing shade (flowers and curtains);

- the window-sill height, distance from the window top edge to the ceiling;

- brightness (reflection ability) of the ceiling, walls, equipment and furniture

According to the hygienic norms the duration of insolation in residential areas, classrooms and other premises of similar functions must be not less than 3 hours.

The assessment of natural lighting in different premises using the geometric method:

1. The lighting coefficient determination (the ratio of the glazed part area to the floor area, expressed in common fraction);

- the total area of the glazed window part is to be measured (S1), m2;

- the area of the floor is to be measured (S2), m2;

- the lighting coefficient is to be measured (LC=S1:S2=1:n) (n is calculated as S2 divided on S1 and approximated to the integer).

The received result is assessed according to the hygienic norms.

2. Determination of the angle of incidence ( (the ABC angle at the furthest workplace from the window is formed by the horizontal line (or plane) AB from the workplace to the lower window edge (window-sill) and the line (plane) AC from the workplace to the upper window edge) (fig.).
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Diagram for determination of the angle of incidence and the angle of aperture

The angle of opening  (aperture angle) calculation:

tg (=BC/AB (see table of tangents), ( - the angle of incidence;

tg (=BD/AB (see table of tangents), ( - the angle of shading;

((((((((, (( is the angle of aperture.

Conventional marks:

BC- the height from the upper window edge to the work plane level, m;

AB- the distance from the window to the furthest work place, m;

BD- the distance from the projection of the shadowing object’s top onto the window glass to the level of the worktop, m. 

As this angle together with the window glass line form the right triangle, it must be determined by tangent – the ratio of the window height above the workplace level (BC) (opposite cathetus of the triangle) to the distance from the window to the workplace (AB) (adjacent cathetus of the triangle).
 3. The angle of opening  (  determination (CAD angle, under which the part of the sky can be seen from the working place). This angle can be determined as the difference between the angle of incidence ( and angle of shading ( (DAB angle at the workplace between the horizon and the plane connecting the workplace and the shading object’s top (buildings, trees, mountains) (see the diagram).To determine the angle of shading you must find the point D, where the line (plane) connecting the workplace and the top of the shading object comes through the window, divide the BD cathetus by AB (find the tangent of the shading angle), and find the value of the angle of shading ( from the table. The determination of depth coefficient in different premises - the ratio of the distance from the window to the opposite wall (EF, m) to the upper window edge height above the floor (CE, m). According to the hygienic norms this coefficient must not be higher than 2 for residential areas, classrooms and other similar premises.

The natural lighting norms for different premises

	The type of premises
	The daylight factor (DF)
	The lighting coefficient (LC)
	The angle of incidence (()
	The angle of opening (()
	The depth coefficient of premises

	
	not less than
	
	not less than
	not less than
	not less than

	1.Classrooms
	1.25-1.5%
	1:4 – 1:5
	27(
	5(
	2

	2.Residential
	1.0%
	1:5 – 1:6
	27(
	5(
	2

	3. Wards
	0.5%
	1: – 1:8
	27(
	5(
	2

	4. Surgeries
	2.0%
	1:2 – 1:3
	27(
	5(
	2


The lighting engineering method of natural lighting assessment in different premises consists in determination of daylight factor (DF) (another name – coefficient of natural illumination CNI). The daylight factor is defined as the ratio of the actual illumination at a point in a room (lux) and the illumination available from an identical unobstructed sky: 
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The indoor and outdoor lighting is measured by luxmeter.
Training instruction

for lighting determination using the luxmeter

The U-116 (Ю-116) or U-117 (Ю-117) luxmeter consists of selenium photo-cell with changing light filters and the galvanometer with the scale. When the light strikes the photo-cell surface, it produces the electric current, the strength of which is measured by the galvanometer. The galvanometer indicates the value of the researched light in luxes.
The front panel of the luxmeter also contains the switching buttons, and the scheme, that explains the effect of each button when using different light filters. There are two different scales at the device’s panel: the 0 – 100 scale, and the 0-30 scale. Each of them has the starting point of its measuring range marked: on the 0-100 scale that is 20, and on the 0-30 scale – 5. Also there is the screw-adjusted regulator for setting the device to zero.
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 Luxmeter U-116 (Ю-166)

(1 – measuring device (galvanometer); 2 – light receiver (selenium photo-cell); 3 – changing light filters)

The selenium photo-cell connected to the device with the plug is hidden in the plastic case. The spherical light filter, made of white light dispersing plastic and the opaque ring, is used with the photo-cell for more exact measuring. This filter is used simultaneously with one of the three changing filters. These changing filters have different attenuations (10, 100 and 1 000), and they extend the measuring range.

The process of the measuring consists of the following:

1) The device is set to 0;

2) By trying the different combinations of the pressed buttons and changing filters, the appropriate scale for the present light is found. When the button, next to which the ranges, divisible by 3 are written, the 0-30 scale is used. When the button with the ranges, divisible by 10 is pressed – the 0-100 scale is used;

3) The measuring result in scale marks is then multiplied by the attenuation value of the filter used.

The U-116 or U-117 luxmeter is graded for measuring the light, produced by the incandescent lamps. The correcting coefficients are used for the other types of light. For the natural light its value is 0.8, for the fluorescent daylight lamps – 0.9, and for the white lamps – 1.1.

The general assessment of the natural lighting in different premises is made by comparing the results of all measurements with the hygienic norms. The accuracy of visual work is the base for these norms. It includes the sizes of the visual objects, their contrast against the background etc.

2. Artificial illumination

The sources of artificial illumination may be electric and non-electric. Non-electric sources are kerosene, carbide lamps, candles and gas lamps. Their use nowadays is mostly limited to the field conditions and emergency situations. The electric sources of artificial illumination may be arc lamps (in searchlights, floodlights, spotlights etc), incandescent (filament, bulb) lamps, gas-discharge lamps and luminescent (fluorescent) lamps.

There are 3 systems of artificial illumination of premises::

General system – from one or several sources. All working places are equally illuminated.

Local system – one working place is illuminated.

Combined system – combination of general and local systems.

The lighting fixtures (also used for the aesthetic purpose), are used for protection from the dazzling effect of artificial light sources.
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Types of lighting fixtures

1 - direct light type, 2 - directed-diffused light type; 3, 4 - evenly-diffused light type; 5 - reflected-diffused light type)

The lighting fixtures are divided onto 5 types according to light flow formation:

- direct light type, directing the whole light flow into one hemisphere (the table lamp with the opaque lamp-shade, spotlights, floodlights, and other fixtures used in photo and movie shooting);

- evenly-diffusing the light (dim or light-white sphere);

- reflected light (when the lamp with the opaque lamp-shade directs the light flow towards the upper hemisphere);

- directed-diffused light type, when the main light flow is directed towards the lower hemisphere through the aperture in the lamp-shade and the other part is diffused to the upper hemisphere through the lamp-shade made of plastic, dim or light-white glass;

- reflected-diffused light type, when the main light flow is directed towards the upper hemisphere and is reflected from the ceiling but a part of it is diffused to the lower hemisphere through the lamp-shade with dim or light-white glass.

The height of the lamps above the floor and the working place, and the location of general light lamps in the horizontal plane of premises is of the great importance for creating the sufficient and even illumination, and for the protection from dazzling. When the illumination is general or combined, the lamps of general light are located evenly in the horizontal plane of the ceiling (when it is necessity to create sufficient illuminance in every point of premises), or they are locally concentrated (to create the high illuminance in certain parts of the room).
Comparative characteristics of sources of artificial illumination

Fluorescent lamps

There are several types of fluorescent lamps: lamps of daylight, white light, cold-white light and warm-white light. In comparison with filaments lamps, fluorescent lamps have several advantages:

1. They are less bright

2. They are dispersed, not giving sharp shadows

3. Supply a more correct colour-giving, especially when the correct spectrum of lamps has been chosen.

The spectrum of radiation of the daylight lamp is close to the spectrum of natural lighting of premises with northern orientation. The eyes get tired the least with this kind of illumination even when looking at objects (details) of small sizes. The lamp of daylight is necessary for correct colour differentiation. 

In comparison with lamps of daylight, the spectrum of white light lamps is rich in yellow rays. 

The emission of fluorescent lamps is 3-4 times more than filament lamps, therefore it is more economical.

If illumination is less than 75-150 lux with fluorescent lamps, then the “twilling effect” can be observed, that is, illumination is considered insufficient even for looking at big objects (details).

The disadvantage of luminescent lamps is the stroboscopic effect - the flickering of moving objects Fluorescent lamps, in bad conditions, can emit pulsating light and create noise.

Filament lamps

Their disadvantage is insufficient emission of light. The spectrum of its radiation differs from the spectrum of white light by a lesser content of blue and violet radiation and more red and yellow. Thus, in a psycho-physiological  aspect the radiation is pleasant and warm. 

In relation to vision the light of filament lamps are less efficient than daylight only when looking at very little objects (details). It is not suitable in cases when colour differentiation is necessary. Moreover it is known the dazzling (blinding) effect of direct rays from such lamps.

The scheme of the artificial illumination assessment in different premises

Descriptive data:

- name and function of premises;

- system of illumination (local, general and combined);

- number of lights, their types (incandescent, luminescent and other lamps);

their capacity, Wt;

- type of lighting fixture, light flow direction and formation (direct, evenly-diffused, directed-diffused, reflected, diffused-reflected);

height of the lamps above the floor and the work plane;

-
illuminated area;

-
reflection ability (brightness) of ceiling, walls, windows, floor, furniture and other surfaces.

Illumination determination using the ‘Watt’ calculation method:

- the area of the premises is determined, S, m2;

- the total capacity of all the lamps, Wt, is determined;

- the specific capacity, Wt/ m2, is calculated;

- the illuminance at the specific capacity of 10 Wt/m2 can be found from the table of minimum horizontal illuminance values;

For the incandescent lamps the illuminance is calculated according to the following formula: 
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where, P – is a specific capacity, Wt/m2;

    Etab - illuminance at 10 Wt/m2, (from table); 

    K – which equals to 1.3, is the reserve coefficient for residential and public premises.
For the luminescent lamps with 10 Wt/m2 specific capacity the minimum horizontal illumination is 100 luxes. The minimum horizontal illumination for other specific capacities is calculated proportionally.

The above mentioned method is not fully precise as it doesn’t take the illumination in each point, lamp location and some other factors into the account, but is often used for the classes, wards and other areas illumination assessment.

The (Etab) minimum horizontal illuminance values at the specific capacity (P) of 10 Wt/m2
	The electric lamp capacity, Wt
	The direct light
	Half-reflected light

	
	Voltage, V

	
	100…127
	220
	100…127
	220

	40
	26
	23
	16.5
	19.5

	60
	29
	25
	25
	21

	100
	35
	27
	30
	23

	150
	39.5
	31
	34
	26.5

	200
	41.5
	34
	35.5
	29.5

	300
	44
	37
	38
	32

	500
	48
	41
	41
	35


Standards of the general artificial illumination
	Premises
	The minimal illumination, lux

	
	Luminescent lamps
	Incandescent lamps

	Rooms and kitchens of dwelling houses
	75
	30

	Classrooms
	300
	150

	Rooms of technical drawing 
	500
	300

	School workshops
	300
	150

	Public reading halls
	300
	150


Instrumental method

The determination of horizontal illumination at the workplace is done with the help of luxmeter. The correction coefficient 0.9 is used for the luminescent lamps of day illumination (LD); 1.1 - for the white lamps; 1.2 - for the mercury-discharge lamps, because the device has initially been intended for measuring of the illumination, produced by incandescent lamps. The measurements are taken only in November-December after eight at night.
The illumination evenness is determined by the “Envelope method,” which means that illuminance is measured at 5 different points of the premises and evaluated by calculation of illuminance variety coefficient (minimum illuminance divided by the maximum illuminance at two different points, which are 0.75 m from each other, when the evenness is determined at the workplace, or 5 m from each other, if the evenness is determined in the whole room). 

Theme 4.

Main factors of microclimate: measurements and hygienic assessment
The air is a vital component of our everyday life. Microclimate is a thermal status of the limited space. It is a combined action of air temperature, radiation heat, air humidity, air movement velocity, and atmospheric pressure, which are important elements characterized physical state of the atmosphere. Physical factors of the atmosphere act on the organism first of all. Chemical and bacteriological composition act later on. Physical factors influence the main constant of the organism, i.e. thermal balance of the organism. Reaction of the organism on the effect of physical factors is the most important, earliest and basic. Effect of physical factors on the organism can be general and separate. 
Air temperature is the leading factor among physical elements of atmosphere. The rest factors influence the organism through the temperature. Solar radiation converts into thermal one and warms the ground. Air gets warm from the soil. Air temperature oscillates within wide limits. The temperature oscillations depend upon: intensity of solar radiation, local relief, altitude over the sea level, distance from seas and oceans, geographical latitude, vegetative cover of the area, atmospheric transparency. Minimum air temperature is registered before the sunrise. Maximum air temperature is registered at 1-2 p.m. Daily variations of air temperature are called daily amplitude. Annual amplitude is characterized by maximum air temperature in July, minimum one in December and January. 

Humidity of air plays an important role too. Humidity is the content of water steams in the air. Humidity can be absolute, relative and maximum. Absolute humidity is the quantity of water steams in grammes per cubic meter of air at given temperature. Maximum humidity is the quantity of water steams in grammes per cubic meter that can saturate air at given temperature. Relative humidity shows a percentage of air saturation with water steams at the moment of taking measurement. Sources of air humidity are surfaces of reservoirs (seas, oceans, rivers and lakes). Maximum humidity is registered in the period from November to March, minimum one from May to August (in temperate zone). Absolute humidity of air decreases from the equator to the poles whereas relative humidity increases. Minimum humidity is registered in the desert (it amounts 5-10 per sent). The most important index is relative humidity and deficiency of saturation. The most favorable relative humidity amounts to 50-60% at the normal temperature. The increase of humidity at any temperature has unfavorable action on the organism. High humidity at a high temperature causes overheating of an organism, at a low temperature – its cooling. Humidity of the air in closed room depends upon outside humidity, sources of water steams in room, amount of people, ventilation, and so on.

Air movement is displacement of air vertically and horizontally. It is a complex natural phenomenon, which depends upon many factors. Velocity of air movement is determined by the number of meters per second. Air movement has a cooling effect, if the air temperature is lower than the body temperature. The air movement has neutral effect, if the air temperature equals the body temperature, and a heating effect, if the air temperature is higher than the temperature of the body surface. During the hot period of time, at a high temperature the wind has a favorable effect on the organism. It increases heat transfer due to convection and evaporation. Thus, the air movement prevents a human organism from overheating. When air temperature is low, a wind can overcool the organism and cause catarrhal diseases.

Air movement has its own significance. A strong wind worsens the neuro-psychic condition of a human organism. A man feels worse. When velocity of air movement amounts to more than 20 m/sec, it makes rhythms of breathing worse, hampers human movements and his work. The most favorable velocity of the air movement in external atmosphere is about 4 m/sec.

Training instruction

1. Studying the temperature conditions of the indoor air
The temperature is measured in 6 or more points to fully characterize the temperature conditions of premises. Thermometers (mercurial, alcohol, electric or psychrometer’s dry thermometer) are placed onto support racks at three points 0.2 meter high above the floor, at three points 1.5 meters high (points t2, t4, t6 and t1, t3, t5 respectively) and at 20 cm from the wall along the diagonal section of the laboratory according to the diagram: 
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а) plan of premises;                                b) vertical section of premises.

The thermometer data are fixed after 10 minutes of the exposition at the point of measurement.

The air temperature parameters in premises are calculated using following formulas:

а) the average temperature in the premises:

taver.= 
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b) the vertical variation of the air temperature:

(tvert.. = 
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c) the horizontal variation of the air temperature:

(thor..= 
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Diagrams and calculations are written down into the protocol, the hygienic assessment is made. It is necessary to consider the following data: the optimal air temperature must be from +18 to +21 оС in residential and class-room premises, wards for somatic patients, the vertical temperature variation must be no more than 1.5-2.0 оС, horizontal - no more than 2.0-3.0 оС. The daily temperature variations are determined using the thermogram, prepared in laboratory using the thermograph. The daily temperature variation must be no more than 6 оС.

The allowable and optimal standards of the temperature, presented in the table  are the hygienic assessment criteria for residential and public premises.

The temperature standards for residential, public and administrative premises
	Season 


	Temperature 

	
	Optimal 
	Allowable

	Warm
	20-22 оС

23-25 оС
	No more than 3 оС higher than the estimated outdoor air temperature*

	Cold and transitional
	20-22 оС
	18 – 22 оС**


Comment:

 * the allowable temperature is no more than 28оС for public and administrative premises, which are permanently inhabited, for regions with the estimated outdoor air temperature of 25 оС and above – no more than 33 оС.

** the allowable temperature is 14 оС for public and administrative premises where the inhabitants are wearing their street clothes.

The standards were established for people that are continuously staying in the premises for 2 hours or more.

The radiant temperature and the wall temperature determination
The spherical thermometers are used for the radiant temperature determination in premises, wall thermometers – for the wall temperature determination.
The spherical thermometer consists of the thermometer located inside the hollow sphere 10-15 cm in diameter and covered with porous polyurethane foam layer. This material has similar coefficients of the infrared radiation adsorption as the human skin.

The radiant temperature is determined at 0.2 and 1.5 meters above the floor.
The device has the considerable inertia (up to 15 min.), that is why the thermometer data must be taken no earlier than after that time.

The spherical thermometer data at the height of 0.2 and 1.5 m must not vary by more that 3оС in comfortable microclimate conditions.


 Thermometers for the radiant temperature determination
a – the section of the spherical black thermometer (1 – 15 cm diameter sphere covered with dull black paint; 2 – thermometer with the reservoir at the center of the sphere)
b – Wall thermometer with the flat turbinal reservoir (1 – thermometer; 2 – base cover (foam-rubber); 3 –sticky tape).
The values of the radiant temperature below are recommended for different premises ). 
Special thermometers with the flat turbinal reservoir are used for the wall temperature determination. These thermometers are attached to the wall with special putty (wax with colophony addition) or alabaster. The wall temperature is also determined at 0.2 and 1.5 meters above the floor. In some cases it is necessary to determine the temperature of coldest parts of the wall. The high levels of infrared irradiation in especially hot manufacture areas are measured using actinometers (solar radiation instrument) and are expressed in mcal/(сm2×min).
Standard values of radiant temperature for different premises
	Type of premises
	Radiant temperature, оС

	Residential premises
	20

	Classrooms, laboratories
	18

	Lecture-rooms. halls
	16-17

	Gymnasiums
	12

	Bathrooms, swimming pools
	21-22

	Hospital wards
	20-22

	Doctors’ consulting rooms
	22-24

	Operating room
	25-30


2. Determination of the air humidity using the Assmann aspiration psychrometer 

The absolute and relative air humidity is determined using the August stationary psychrometer.
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The devices for the air humidity determination 

(a -  August psychrometer; b – Assmann psychrometer; c – hygrometer) 

The psychrometer operation is based on the fact that the rate of the water evaporation from the surface of dampened psychrometer’s reservoir is proportional to the air dryness. The drier the air – the lower is the wet thermometer’s result in comparison to the dry thermometer due to the latent evaporation.

The reservoir of the psychrometer is filled with water. One of the device’s thermometers is wrapped with the fabric. The fabric is put down into the water so that the reservoir is located about 3 cm above the water surface. After this the psychrometer is hanged onto the support at the determination point. The wet and dry thermometer data are taken 8-10 minutes later.

The significant disadvantage of August psychrometer is its dependence on the air velocity. The air velocity influences the evaporation intensity and the device’s wet thermometer cooling.

This disadvantage has been eliminated in Assmann psychrometer due to the usage of the ventilator. The ventilator produces the constant air movement at the 4 m/sec speed near thermometers’ reservoirs. As a result data does not depend on the air velocity either inside or outside of the premises. Furthermore, thermometers’ reservoirs of this psychrometer are protected with reflecting cylinders around psychrometer’s reservoirs from the radiant heat.

The cambric of Assmann aspiration psychrometer’ wet thermometer is dampened using the pipette, the spring of the aspiration devise is set or the psychrometer with electrical ventilator is plugged in. After these procedures the psychrometer is hung up onto the support at the determination point. The data of wet and dry thermometers are taken 8-10 minutes later.

The absolute air humidity is calculated using the Sprung formula:
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where: А – absolute air humidity in Hg mm;

            t – maximum pressure of water vapour at the wet thermometer temperature (see the table of saturated water vapours);
           0.5 – constant psychometric coefficient;

            t1 – temperature of the dry thermometer;

            t2– temperature of the wet thermometer;

            В – barometric pressure at the determination moment in Hg mm.

Relative humidity is determined using the following formula:
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where: Р –the value of relative humidity to be found, %;

           А – absolute humidity, Hg mm;

           F – maximum humidity at the dry thermometer temperature, Hg mm.

Relative humidity is determined using the psychrometric tables for aspiration psychrometers. The value of the relative humidity is found at the intersection point of the dry and wet thermometer data. 

Hair or membrane hygrometers are used for the determination of the relative humidity of the air. These devices measure the relative humidity directly. The hygrometer operation is based on the facts, that the degreased hair lengthens, and the membrane/diaphragm weakens when it’s damp, and vice-versa when they are dry
3. Determination and hygienic estimation of the direction 

and velocity of air movement 

3.1. Studying of a direction of air movement 
As a direction of a wind understand the side of horizon, wherefrom the wind blows. It designates with points - 4 primary (N, S, E, W) and 4 intermediate (N-E, N-W, S-E, S-W).

Annual repeatability of winds in this or that district may be represent in a graphic kind of "wind rose".

Wind rose
For plotting of "wind rose" it is necessary on the schedule of points to mark the frequency of winds of each direction in percentage and connect the received points with a broken line. A calm designate around with radius accordingly percentage of calm days.

"Wind rose" is used in meteorology, aero-and hydronavigation, and also in hygiene. In the latter case - for rational planning, allocation of objects at precautionary sanitary inspection behind building up of the occupied places, the industrial enterprises, improving objects, zones of rest. The direction of air movement is defined with using of a pendant (by the ships), weathercocks of a various design and a fabric cone (in air stations). In premises where air movement is very light, it is possible to research a direction of air movement by means of fumigator (a smoke which synthesized by these or those means) or looking after a deflection of a candle flame. Determination of velocity of air movement by means of anemometers Velocity of atmospheric air movement and also movements of air in ventilating apertures may be defined by means of anemometers: cap anemometer (at speeds from 1 up to 50 m/s) and wing anemometer (0,5-10 m/s). Work of vertically installed cap anemometer does not depend from a direction of a wind; and it is necessary to focus wing anemometer precisely an axis on a direction of a wind.
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For definition of velocity of air movement first of  all it is necessary to write down initial parameters of dials of the counter (thousand, hundreds, tens and units), having switched-off it from turbine; to expose anemometer in a place of research (for example, in aperture of the open window, a ventilating aperture, on a court yard). In 1-2 minutes of single rotation include simultaneously a tachometer and a stop watch. Through 10 minutes switch-off the counter, remove new parameters of dials and count speed of rotation of turbine (amount of divisions of a scale for a second - A):

А = 
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Where: N1 – reading of the device before measurement; 

            N2 - reading of the device after measurement;

             t - time of measurement in seconds.

On value "A" (turns/second) on the graph (everyone anemometer has a individual graph according to factory number of the device which is put to anemometer), find velocity of air movement in m/s. For this purpose under the graph of anemometer on a vertical axis find a mark corresponding speed of rotation in turns/second, lift a perpendicular to a slanting line of the graph, and from here to the left on a horizontal axis find value of velocity of air movement in m/s.
Force of a wind is determined on a 12-mark scale: from a calm - 0 points (speed of movement of air of 0-0,5 m/s) to hurricane - 12 points (speed of movement of air of 30 and more m/s).
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Anemometers 

(а - wing anemometer; b - cap anemometer)

3.2. Determination of velocity of air movement in premises by means of catathermometer
In practice catathermometer is destined to define of  very weak movement of air within the limits of from 0,1 up to 1,5 m/s. The device represents the alcohol thermometer with the cylindrical or spherical tank. The scale of cylindrical catathermometer is destined to define of  very weak movement of air within the limits of from 0,1 up to 1,5 m/s. The cylindrical catathermometer is graduated within the limits of from 35 up to 38оС, spherical - from 33 up to 40оС. The principle of work of catathermometer: preliminary heated device loses heat not only under action of temperature of air and radiating temperature, but also under action of movement of air, is proportional to its speed. Catathermometer is intended for definition of cooling ability of air on the basis of which speed of movement of air may be calculated. Knowing this size of cooling of catathermometer and temperature of air, under empirical formulas and tables it is possible to determine velocity of air movement.
Course of work: spherical catathermometer put into a vessel with hot water with a temperature 65-70°C  until the painted alcohol will rise up on 1/2-1/3 volume of the upper tank. After that dry wipe catathermometer and suspend it on a support in the center of a premise (or in other place where it is necessary to define velocity of air movement). At definition in the open atmosphere catathermometer must be protected from influence of radiant energy of the Sun. Further by means of a stop watch define time (in seconds), for which column has lowered from Т1 to Т2. Intervals of cooling of catathermometer can be taken from 40 °C up to 33 °C,   i.e. such interval  that the particle from division of the 
	sum
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	made 36,5


Size of cooling of cylindrical catathermometer and spherical with an interval 38-35о  find under the formula:

Н = 
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where: Н - cooling ability of air in mcal/sm2× c;

F - the factor of catathermometer - the constant put on the back side of a scale which shows quantity of heat lost with 1см2 of a the tank surface of the device during its cooling from 38°С up to 35°С and is equaled more than 600 mcal/sm2× c);

a - time in seconds during which catathermometer is cooled from 38°С up to 35°С.

Catathermometers

a – cylindrical; b – spherical

For definition of velocity of air movement  less than 1 m/s  there is apply the formula 
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And for definition of velocity  more than 1 m/s - the there is the formula: 


[image: image26.wmf]2

0,47

0,13

Q

H

V

÷

÷

÷

ø

ö

ç

ç

ç

è

æ

-

=

,

Where: 

V - velocity of air movement  (m/s);

H - cooling ability of air;

Q - (36,5 - tair ) a difference between an average body temperature 36,5°С and an ambient temperature;

0,20 and 0,40 - empirical factors;

0,13 and 0,47 - empirical factors.
Norms of velocity of air movement  in inhabited, public and is administrative-household premises (according to Building Norms and Rules 2.04.05-86)
	The period of year
	Velocity of air movement, m/с

	
	Optimum
	Admissible

	Warm
	0,2-0,3
	0,5

	Cold and transitive
	0,2
	0,2


The note: norms are established for people who are in premises more than 2 hours continuously
The wind strength (represented in marks or by description) and the atmospheric air movement speed (in m/sec.) are assessed according to the next table.

Estimation of speed and strength of wind by Bofort’s scale

	points
	Speed of wind, m/с
	Description of wind
	Visual estimation

	0
	0...0,5
	Calm
	The smoke rises vertically, the foliage is immovable

	1
	0,6...1,7
	Quiet
	Movements of a windvane are imperceptible; the direction is defined on a smoke

	2
	1,8...3,3
	Light
	Whiffs of a wind are felt by a face; the foliage moves

	3
	3,4...5,2
	Weak
	The foliage and thin branches move

	4
	5,3...7,4
	Moderate
	Thin branches move; the dust rises

	5
	7,5...9,8
	Fresh
	Thin trunks of trees shake

	6
	9,9...12,4
	Heavy
	Thick trunks of trees shake

	7
	12,5...15,2
	High
	Trunks of trees shake, big branches bend, against a wind resistance is felt

	8
	15,3...18,2
	Very heavy
	The wind breaks thin branches, complicates movement

	9
	18,3...21,5
	Storm
	The wind puts big destructions

	10
	21,6...25,1
	Strong storm
	The wind puts big destructions

	11
	25,2...29,0
	Very strong storm
	The wind puts greater destructions

	12
	29 and more
	Hurricane
	The wind puts greatest destructions


Theme 5.

Hygienic assessment of microclimate complex effects on the human heat exchange
Mechanisms of thermoregulation. There are two mechanisms of thermoregulation: chemical thermoregulation and physical thermoregulation. Chemical thermoregulation is heat production, physical thermoregulation is heat transfer. The main condition of heat balance is the balance between heat production and heat transfer. A certain dominance of heat transfer over heat production is tolerated. There are three ways of heat transfer from the skin. The first way is heat conductivity. It amounts to 30% of total heat transfer. Heat transfer happens due to the contact of human body with clothes, footwear, air, and a place, where one sits. Heat emanation is the second way of heat transfer. It amounts to 45%. This way of heat transfer consists in radiating heat rays from the body surface into surrounding space. The bigger the difference between the body temperature and the temperature of surrounding objects is the more intensive the process of heat emanation. The third way is heat evaporation. It amounts to 25% and means perspiration from the body surface. One liter of perspiration results in 500-600 kcal of heat loss.

Zones of temperature influence on the human organism.

1. The lowest zone of higher circulation. Temperature limits are 0-15ºC. Under this temperature chemical thermoregulation strengthens, but the mechanism of the physical thermoregulation weakens. Under this temperature a man feels cold or very cold.

2. The second zone is comfort zone. Temperature limits are from 15ºC to 25ºC. Temperature difference between the body surface and the surrounding environment is not big. No tension of thermoregulation mechanisms of the organism is observed. All hygienic norms are within this temperature zone, namely hygienic standard of air temperature in dwellings is 18 – 20ºC, in hospital wards 20 – 22ºC, in operating room air temperature should be 22 – 24ºC, in gym-halls it is  15 – 16ºC. 

3. Next zone is the zone of lower circulation, where temperature limits are 25 – 35ºC. Heat production decreases sharply. In this zone a man feels hot or very hot. 

4. The fourth zone is called the upper zone of higher circulation. The temperature limits are 35 – 45ºC. Under this temperature disturbance of thermoregulation is manifested. The organism does not function as a biological substance. The conditions for overheating of the organism are created. Under this temperature air humidity is the main factor of thermoregulation. Heat evaporation becomes the only mechanism of heat transfer.    

Under high temperature the following phenomena take place: disturbance of heat balance, acceleration of pulse rate, decrease of alimentary canal functions, deterioration of mental and physical efficiency, decrease of attention and precision of coordination of movement; quick tiredness, and deterioration of compensatory mechanisms appear.

Pathological influence of high air temperature manifests itself as follows: overheating of the organism. It happens at a long heat accumulation in the organism due to intensive heat production, surplus of extermal heat or the combination of the first two; heat stroke occurs as the final stage of overheating or as a result of a quick temperature rise; sunstroke appears, when sun rays affect the bare head; also convulsive disease can happen. Convulsive disease occurs under the condition of exposure to high temperature and low humidity during a long time. 

Heat lesions mostly happen at the industrial enterprises. Besides, heat lesions may come in the form of erythema, edema of skin, blisters (i.e. solar burn) if man lies on the beach the very fist day or during a work under direct sun rays in field conditions.  

Low air temperature provokes local and general reactions of the organism. Local reaction is frostbite. The most frequent cases of frostbites are those of feet (90% of all cases); hands are frostbitten in 5% of cases, other parts of the body are frostbitten in 5%. General reactions of the organism on a low temperature influence are overcooling and freezing. Acute respiratory disease, rhinitis, tonsillitis, influenza, radiculitis, myositis and so on may be as result of organism overcooling. Freezing develops in two phases. The first phase is mobilization. Intensive heat production takes place it this phase. Heat production occurs due to muscular tremor. Heat production in the organism increases in 2-3 times in normal cases. In cases of intensive muscle tremor heat production increases in 5-6 times. Besides, heat  production increases due to intensive liver work. The second phase is oppression phase. This is a very dangerous phase. It is characterized by body temperature decrease. The second phase has the following stages: adynamic stage, stuporous stage and terminal stage. At adynamic stage the body temperature decreases down to 32ºC, pulse rate is 50-60 beats per minute. Stuporous stage is characterized by the body temperature decreases down to 30ºC, pulse rate is 37-50 beats per minute, the voice is low, facial mimic is absent. The body temperature at terminal stage decreases down to 26-28ºC. The body temperature of 28-29ºC is considered to be a critical point. Decrease of temperature down to 28-29ºC is used in surgery; it is called hypothermal narcosis. 

Hygienic rate setting of air temperature is conducted taking into consideration the following factors: use of premises, climatic zone, and seasons of the year. Surface skin temperature guides the setting of temperature norms. At 28-28.9ºC of skin temperature a man feels cold, at 29-31.9ºC a man feels cool, at 32-33.2ºC -comfortable, at 33.3-34.3ºC - warm, at 34.4-34.5ºC a man feels hot. Air- conditioning is a form of optimum microclimate modeling. The negative side of air-conditioning is creating a monotonous microclimate. Such microclimate does not produce any training or hardening effect.

Methods of equivalent-effective and resultant temperatures determination

The equivalent-effective temperature (ЕЕТ) is a contingent-numeral determination of human subjective heat feeling (“comfortable”, “warm”, “cold” ect.) under different ratios of temperature, humidity, air movement, and the resultant temperature (RТ) – also the radiant temperature. These standard units of ЕЕТ and РТ correspond to temperature of still (0 m/s) 100 % water saturated air. The feeling of the heat or cold results from the different variations of these EET and RT standard units. 

ЕЕТ and РТ were elaborated in special box conditions with different ratio of microclimate characteristics and drawn up in tables and nomograms. 

At first, temperature, humidity, air movement are measured for EET determination in the certain room. The value of EET is determined in accordance to these data and an appropriate conclusion is drawn. Usage of this table is simple: ЕЕТ is determined at the intersection of air temperature value, air movement and humidity. 

The equivalent-effective temperature is determined at the intersection of dry-bulb (at the left) and wet-bulb (at the right) thermometers of the psychrometer and the air movement (m/min on the curved lines) on nomogram.
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Fig. 1. Nomogram of the effective temperature determination

The following actions should be performed to find out the resultant temperature from the nomogram. First, the point, where the air movement corresponds to the air temperature (by dry thermometer) is found. Then, a line starting from that point to the radiant temperature value is drawn, and from the point, where this line and the temperature scale to the right intersect, another line is drawn – to the value of the absolute air humidity (right scale). The resulting temperature value will be at the intersection of the last line and the nomogram curves.
[image: image28.png]! e s sy

8.8 49
L e

Lo

4

35
35

I
o g 45“757‘275}7;5‘ 7





air movement, m/s                            Fig.a – during light work
[image: image29.png]Air temperature

Resultant temperature

%

Average radiant temperature

Absolute ait hnidity, m He




air movement, m/s                                  Fig.b – during hard work
 Nomogram of the resultant temperature determination

Theme 6.

Sanitary and chemical analysis of the indoor air and its hygienic assessment
Gaseous composition of the air of closed premises is determined by the composition of the atmospheric air and also by the polluting chemical substances. In the medical establishments, the main polluting substances are the products of metabolism which are contained in the air exhaled by the people, disinfectants, medicines, and the also the substances produced in the process of cooking.

Products of metabolism of man are one of the main reasons of air pollution within the premises. At present they are known to be more than 70 substances-H2S, indole, volatile fatty acids, ammonia, etc. Among them there are poisonous combinations called anthropotoxins.

To evaluate the level of air pollution by the products of human's vital functions, it is determine by the content of C02, ammonia, ammonic compounds and also oxidation of air. The content of C02 in the air within the premises increases parallels with accumulation of gaseous and vapor like products of human's metabolism - ammonia, H2S, volatile fatty acids, indole and others.

Concentration of C02 serves as the indirect index of air pollution in the dwellings, public blinding and hospitals and this shows cleanliness and effectiveness of ventilation. So, the content of C02 in percent per 1 m3 of the air: for the clean air—0.05%,

    for satisfactory clean air - 0.1%, 

    for slightly polluted air - 0.15%,

    for highly polluted air > 0.15% ,

CО2 is a gas without color and taste and it doesn't irritate mucous membranes and even if it's content in the air is high it is not detected by the human. C02 is 1.5 times heavier than air and therefore may get accumulated in the lower parts of the closed spaces. These properties of C02 can cause poisoning. Outside the populated areas, C02 content in air is 0.03-0.04%, in the industrial centers it's content increases to 0.06% and near the enterprises of ferrous metallurgy to 1%.

The increase of C02 concentration in the inhaled air can lead to development of acidosis, tissue anoxia, oppression of cellular metabolism, dilation of peripheral vessels, tachycardia, tachypnea. The physiological reaction (insignificant dilation of peripheral vessels) begins when the concentration of C02 is 0.1%. At 0.5% C02 the physiological reaction gets intensified (changes in the electroencephalogram are detected), increases the depth of respiration, but physical and intellectual working ability does not get affected. At 0.1% concentration of C02 working ability does not decrease but initial acidosis is detected. At 1-2% concentration o C02 working ability is reduced, and signs of intoxication appear. If concentration is more than 2-3%, phenomena of intoxication are more pronounced. At free choice of gaseous surrounding people start avoiding C02 only at 3% concentration. At 10-12% concentration cases of serious poisoning by C02 is known to occur in the closed premises (pits, mines, submarines), and also in the closed spaces, where intensive decomposition of organic substances (deep wells, canalized wells, fermentation tubs in brewing factories, etc). By virtue of the given data it is considered that at industries having sources of CO2 i.e. in the spaceships, in submarines, the cone, of C02 should not go over 0.5-l% limit. In the bomber and gas shelters, and also under other critical conditions the allowed cone, of C02 amounts to 2%. Decrease cone, of oxygen in the air in closed premises, surpluses of C02, anthropotoxins, increase of temp, and humidity of air have an unfavorable effect on people. Under these conditions the human feels bad, they complain about stiffness, headache, sweating, sleepiness, difficulty in breathing, a heavy head and lowering of physical and intellectual working abilities. The effective prophylactic measure is ventilation i.e. changing of polluted air of the closed premises with the clean air.

Investigations have shown that if C02 concentration in the air amounts less than 0.07% then ventilation of premises is good, to 0.15% is allowed only during short stay of people (for example in the cinema).
Ventilation is a system of intake and exhaust that creates a flow of air.

Air exchange is the system of intake and exhaust that occurs with effective air circulation.

Ventilation may be deficient in: confined spac​es; facilities failing to provide adequate maintenance of ventilation equipment; facilities operated to maximize energy conservation; windowless areas; and areas with high occupant densities. Any ventilation deficiency must be verified by measurement.

There are two basic types of ventilation systems: natural ventilation or airing and artificial ventila​tion. Combination of both is called mixed ventila​tion.

Artificial ventilation can be general or local, plenty, exhaust or balanced. Combination of general and local ventilation is called combined ventila​tion. They used plenty ventilation for prevention of indoor pollution in the operating room, aseptic boxes, etc.

Industrial ventilation generally involves the use of supply and exhaust ventilation to control emis​sions, exposures, and chemical hazards in the work​ing place. Traditionally, nonindustrial ventilation systems commonly known as HVAC systems were built to control temperature, humidity, and odors. Inadequate or improper ventilation is the cause of about half of all indoor air quality (IAQ) problems in nonindustrial places. Indoor pollutants include but are not limited to particulates, pollen, microbial agents, and organic toxins. People exposed to these agents may develop signs and symptoms related to "humidifier fever", "humidifier lung", or "air conditioner lung". In some cases, indoor air quality con​taminants cause clinically identifiable conditions such as asthma, reversible airway disease, and hypersensitivity pneumonitis.

Volatile organic and reactive chemicals often contribute to indoor air contamination. The facility's ventilation system may transport reactive chem​icals from a source area to other parts of the building. Tobacco smoke contains a number of organic and reactive chemicals and is often carried this way. In some instances the contaminant source may be the outside air. Outside air for ventilation or make up air for exhaust systems may bring contaminants indoor.
General exhaust ventilation (dilution ventilation) is appropriate when:

1. Emission sources contain materials of relative​ly low hazard. (The degree of hazard is related to toxicity, dose rate, and individual susceptibility).

2. Emission sources are primarily vapors or gas​es, or small, respirable-size aerosols (those not likely to settle).

3. Emissions occur uniformly.

4. Emissions are widely dispersed.

5. Moderate climatic conditions prevail.

6. Heat is to be removed from the space by flush​ing it with outside air.

7. Concentrations of vapors are to be reduced in an enclosure.

8. Portable or mobile emission sources are to be controlled.

Local exhaust ventilation is appropriate when:

1. Emission sources contain materials of relative​ly high hazard.

2. Emitted materials are primarily larger-diame​ter particulates (likely to settle).

3. Emissions vary over time.

4. Emission sources consist of point sources.

5. Employees work in the immediate vicinity of the emission source.

6. The plant is located in a severe climate.

7. Minimizing air turnover is necessary.

Exhaust ventilation systems require the replacement of exhausted air. Replacement air is often called make-up air. Replacement air can be supplied naturally by atmospheric pressure through open doors, windows, wall louvers, and adjacent spaces (acceptable), as well as through cracks in walls and windows, beneath doors, and through roof vents (unacceptable). Make-up air can also be provided through dedicated replacement air systems. Generally, exhaust systems are interlocked with a dedicated make-up air system. Other reasons for designing and providing dedicated make-up air systems are that they:

· avoid high-velocity drafts through cracks in walls, under doors, and through windows;

· avoid differential pressures on doors, exits, and windows;

· provide an opportunity to temper the replace​ment air.

If make-up air is not provided, a slight negative pressure will be created in the room and air flow through the exhaust system will be reduced.

HVAC includes cooling, humidifying or dehumidifying, or otherwise conditioning air for comfort and health. HVAC also is used for odor control and the maintenance of acceptable concentrations of carbon dioxide. Improved human productivity, lower absenteeism, better health, and reduced house​keeping and maintenance almost always make air-conditioning cost effective.
Mechanical air-handling systems can range from simple to complex. All distribute air in a manner designed to meet ventilation, temperature, humidity, and air-quality requirements established by the user. Individual units may be installed in the space they serve, or central units can serve multiple areas.

HVAC engineers refer to the areas served by an air handling system as zones. The smaller the zone, the greater the likelihood that good control will be achieved; however, equipment and maintenance costs are directly related to the number of zones. Some systems are designed to provide individual control of rooms in a multiple-zone system.

Considerations in designing an air-handling system include volume flow rate, temperature, humidity, and air quality. Although not generally recom​mended, recirculation is an alternative to air exchanging.

For ventilation assessment direct and indirect criteria are used.

Direct criteria are ventilation volume, ratio of ventilation (air replacement frequency) and air cube. 
Volume of ventilation is quantity of air (in m3) which gets into the premises during 1 hour. The necessary volume of ventilation for one person is calculated depending the allowed concentration of C02 in the air. The concentration of C02 in the premise should not go over 0.07%  or 0.1% in l m3 of air. An adult respires (breaths) 18 times in 1 minute while doing simple work, the volume of each respiratory movement is 0.5 L and consequently during one hour he exhales 540 L of air (18∙ 0.5∙60 =540 L). As the exhaled air contains 4% of C02, the total quantity of exhaled C02 in one hour is 21.6 L.
If the content of C02 in the outside air is 0.04 % then l m3 of the atmospheric air entering the premises can be diluted to normal. So C02, exhaled by one person in one hour, can be diluted to the allowed limits is 21.6/ 0.6=36 m3 of the outside air. Normal concentration of C02 is  0.7%-21.6/ 0.3 = 72 m3 of the outside air for 1 person in one hour. The above mentioned volumes of ventilation are considered to be the minimal and optimum conditions in closed premises. It can be guaranteed only if the volume of ventilation is 80-120 m3/hour. In dwellings and public buildings volume of ventilation depends on the number of people with in the premises.

Necessary volume of ventilation can be calculated by the formula:
L =
. k ·n  .
 p - p1
where

L -volume of ventilation in m3, 

k - quantity of C02 exhaled by the one person in one hour (21.6 L)

p - maximum allowed concentration of C02 in premises (0.7  L/ m3 or 1 L/m3)
p1 - concentration of C02 in the atmospheric air (0.4 L/ m3)

n - number of people in premises.

When dividing the derived volume of ventilation by the volume of the given premises we can calculate the necessary ratio of ventilation in one hour  for these premises. Ratio of ventilation  is the number that shows how many times the air is exchanged in one hour in the premises.
It can be calculated by formula:

X=
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where
L - volume of ventilation in m3, 

V - volume of the premises, 

X - ratio of ventilation.
Usually necessary ratio of ventilation  is 1-3 for resident houses, 3-5 — for workshops of enterprises.

Minimal room volume per man is called air cube. It depends on the room type. Thus bedroom air cube can be 25 m3. Air cube can be evaluated on a room area basis. There is 13.5 m2 per man as a standard room area in Ukraine. Height of resident premises should be no less than 2.7 m, in hot climate — more than 3 m.

As physiological cube it is used 37.6 m3.
The indirect criteria of ventilation effectiveness are pollution indicators. There are carbon dioxide concentration, dust and germ pollution rate, subjec​tive odormetric scales, etc. 
Indirect Criteria of Ventilation Effectiveness

	Criteria
	MAC

	Carbon dioxide
	0.1%

	
	0.07% in the hospitals, OPDs,

	
	kindergartens, etc.

	Dust pollution
	0.15 mg/m3

	Germ pollution
	2,500 microbes per m3

	
	16 Str. haemolitycus per m3

	
	(Summer)

	
	4,000 microbes/m3

	
	36 Str./m3

	
	(Winter)


Methods and devices of the air sampling for chemical analysis

There are two groups of methods – laboratory and express. These methods were elaborated and are widely used in the sanitary inspection units for determination of the air pollution in the atmosphere, indoor and in factory working areas. 

The aspiration method of the air sampling is one of the laboratory methods. Using this method of sampling the required air volume is passed though selected absorbing solutions in absorbing devices of different constructions by an aqueous aspirator, a vacuum cleaner or the electrical aspirator. The investigated air is delivered into the absorbing solution though the long tube of this device, then it is passed by short tube of the aspirator. Crystal absorbing reagents located in tubes – allonges of special forms are widely used for this purpose.

The air volume passed though the absorbing solution or the allonge is determined using a gas meter, an aqueous rheometer or a ball rotameter measuring the air aspiration speed in l/min. The gas meter or rheometer is concatenated between the absorbing device and the aspirator. The required air volume is determined for the particular chemical research (analyses). 

The air sampling for laboratory analyses may be selected in tubes of definite capacities by blowing the investigated indoor air through them, or by pouring the water out from the tube inside the investigated room. Gas pipettes, flasks and other devices are used. 

The universal gas-analyzer UG-2, the gas-analyzer GMK-3 and other devices may be used for the express methods.
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Universal gas-analyzer UG-2 with the coloristical scale
The gas-analyzer is built using the linear-colorimetric principle: concentration of a chemical pollutant in the air is determined by the coloring of the indicating reagent in a glass pipe after blowing the certain volume of the investigated air though this. The indicating tube with the reagent is put on to the colorimetric scale. The different scale is provided with the device for each air pollutant. Concentration of the searched substance is pointed on this ruler in mg/m3.

14 chemical pollutants, usually met at manufacture may be determined using this device: ammonia, acetone, acetylene, benzene, benzole, xylol, carbon oxide, nitric oxides, sulfurous anhydride, hydrogen sulfide, toluol, oil hydrocarbons, chlorine, ethylic ether. 

The indicating tubes with crystal reagents are prepared for the analyses and are added to the device.

Order of testing. Using rod with the required air volume for certain analysis the air is blown from the air inlet siphon (rubber camera stretched by the spring) at the place of investigation (on the department, on the working place, at the pollution outburst spots). The certain indicating tube is connected to the rubber tube of the device and the required air volume is blown though the rubber tube after releasing the rod from holding clamp. The indicating tube is put onto the colorimetric ruler. The investigated pollutant concentration is determined by the changing of the length of the reagent portion, that changes its color (becomes darkened).
Training instruction
Calculation of small concentrations of CO2 by Vinokurov's method

This method is based on the absorption of CO2 by Na2C03 solution as a result of which titer of the latter is lowered, lowering: of titer of Na2C03 can be calculated by titrating with 1/500 N solution of hydrogen chloride.
Reaction :

1)  Na2C03 + H20 + C02 = 2NaHC03
2) Na2C03 + HCL = 2NaCL + H2C03
3) H2C03 = H20 + C02
Equipments and chemicals:
1) The flask with stopper (cork) and two glass tubes closed with clamps.
2) Burette (20 ml) for titration.

3)1/500 N of Na2CO3 in solution

4) 1/500 N of HCL in solution
5) 1 % alcoholic solution of phenolphthalein.
Pouring out method is used in this case. The flask filled up with water to the brim, there should not be gas bubble in the vessel, then at the point of investigation the vessel is overturned, the stopper is taken out, the water is emptied. The air under study replaces the water in the flask. Then the flask is closed with the stopper and taken to the laboratory for the test. This flask has two holes. Hollow glass tubes are inserted into them one of which are long and almost reach the bottom, the shorter reaches only up to the lower edge of the stopper. Clamps are fixed on the external ends of the glass tubes. First of all the volume of the flask is measured. The collections of the air to be tested from a. given spot are done by using the pouring out method. Then by opening the clamps on the longer tube 10 ml of Na2C03 solution and two drops of phenolphthalein are poured in the flask. Then the glass tube is closed again. For the better contact of the air with the absorbing solution we shake the contents of the flask after every 10 min. In one hour, titration of the contents of the flask is done with 1/500N HCL till absolute discoloring results are noted. For calculation of the first titer of Na2C03 solution is poured into the flask be the longer tube and titrated with l/5OON HCl under the control of phenolphthalein till discoloring.

Сalculation of concentration of C02 in the air is done by the formula:
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 where,

X – conc. of C02 in the air in ml or %
VI - the primary titer of Na2C03,
V2 - the secondary titer of Na2C03,

Vo- volume of the flask in ml, 

044 - quantity of C02 in mg, corresponding to 1 ml of 1/500 N HCl

0,508 - volume of 1 mg C02 in ml,

1000 - for calculating in liter,

10 - volume of the displaced air from the flask as a result of the first addition of 10 ml.

Main chemical pollutants of the indoor air
The main sources of indoor air pollution : air exhaled by people and pets being in these premises, excretion from their skin and scalp surfaces, various household processes (cooking, washing), dust particles of different origin. Due to substances emanated from building structures, furniture, polymeric coating, clothing, shoes, detergents and other household sources, living spaces can become contaminated carbon monoxide and dioxide, formaldehyde, benzene, toluene, styrene, acetone, mercury, dichloroethane, phenol, and radon other harmful compounds.

They account for more than 70-80% of all contaminants (other 20-30% - due to external sources of air pollution from industrial emissions and road transport exhaust).

More than 100 chemical compounds can be simultaneously present in the indoor air, offices. Their levels often exceeding maximum allowed concentration (MAC) a few times (including aerosols of lead, cadmium, mercury, copper, zinc, phenol, formaldehyde).
Carbon monoxide, gas without color and smell, is formed after the reduction of carbon dioxide when CO2 comes in contact with incandescent coke or coal, and also it is formed when there is incomplete burning of organic substances: for example in foundry, smith and thermal factory, in boilers, in gas which comes out from automobiles. Concentration of CO in atmospheric air depends mainly on the intensity of atmospheric movement and can size up to 120-200 mg/m3, but also in current times, automobile gases released are found everywhere because a large quantity of carbon monoxide (10-20 mg/m3) is found in air in lower floors of houses, gardens and squares which are located in direct contact with the highways. CO does not accumulate in atmospheric envelope of the Earth. It is supposed that carbon monoxide in highest parts of troposphere combines with hydroxyl radicals, and forms acid and hydrogen.

Pathogenesis of carbon monoxide poisoning is complex. The main reason of CO poisoning is its ability to combine with hemoglobin, thus forming carboxyhemoglobin, CO has got higher affinity for hemoglobin than oxygen (up to 250 times higher). After which hemoglobin loses its ability to combine with oxygen and to transport oxygen to the tissues. In organism occurs hypoxemia and in hard cases of poisoning - unoxemia.  Except this, in the presence of carboxyhemoglobin uncombined oxygen of blood its affinity for hemoglobin grows up and that is why creates difficulty in the disassociation of combined oxygen from oxyhemoglobin and its influx to the tissues. Anoxia (destruction of tissue respiration) occurs because of the oppression of the ferment cytochromoxidase. Because of hypoxemia and hypoxia firstly metabolism is affected. In blood increases rapidly concentration of sugar and because of which hyperglycemia occurs. Accumulates lactic acid that is alkalinity of blood lessens. Protein metabolism is also affected: increases excretion of ammonia, uric acid and phosphorous.

Acidosis occurs because of the destruction of metabolism.

Some symptoms of intoxication already occur at 3-4% concentration of carboxyhemoglobin in blood. Tendency of the occurrence of polyglobia is noticed. Symptoms like headache, giddiness, and weakness in the limbs, tachycardia and trouble in sleeping occur. In this case children are more susceptible to carbon monoxide as their body need highest degree of gas exchange. At the concentration of carboxyhemoglobin 40-60 %, usually this is negative effect on sense, occurs tonic and clonic tremor, which occurs after muscular discoordination, meekness at it lower limbs, psychological disorder. In medium and low seniority cases if the victim is taken away from the poisoned area containing CO, the symptoms of poisoning vanish after 24-48 hours. The argument given by different authors about the effect of low doses of carbon monoxide on organism is not always the same. Some authors refuse the argument of chronic intoxication by saying that some dose of CO only gives rise to small concentration of carboxyhemoglobin and some say the CO being a poison can accumulate and can make pathologic disorder directly on the nerve cells.

CO maximum allowed concentration is 5 mg/m3, average day concentration is 3 mg/m'. Allowed limit of CO in the working premises is 20 mg/m3.

Phenol is toxic substance, what causes a disturbance of the nervous system. Dust, fumes and phenol solution irritate the mucous membranes of the eyes, respiratory system and skin.

Phenol is very rapidly absorbed after penetrating in the body, even through intact skin and after a few minutes begins to act on the brain tissue. First, there is a short-term stimulation and then paralysis of the respiratory center. Even when low doses of phenol exposed, such symptoms as sneezing, coughing, headache, dizziness, paleness, nausea, fatigue observed. Severe cases of poisoning are characterized by unconsciousness, cyanosis, shortness of breath, numbness of the cornea, rather, scarcely perceptible pulse, cold sweat, sometimes convulsions. Phenol is often the cause of cancer. According to “State Sanitary rules of atmospheric air protection for settlements (from chemical and biological pollution)” № 201-97  phenol MAC is 0.01 mg/m3, average daily concentration is 0.003 mg/m3, it belongs to II class of danger).

Formaldehyde (from Lat. Formica – “ant”) - a colorless gas with a pungent odor, soluble in water, alcohols and polar solvents. It has irritating and toxic effect.

The main sources of formaldehyde in dwellings are production of wood chipboard and foam plastic insulation, installed in wall cavities. Products made of wood chipboard are widely used in residential indoor flooring, shelves, cabinets and furniture. Carpets, curtains and furniture upholstery can also be a source of formaldehyde. Typically, these products release formaldehyde as a gas, while they are still new, and in time its release decreases.

Toxicity has a negative impact on the genetic material, reproductive organs, respiratory system, eyes, skin. Has a strong effect on the central nervous system.

Formaldehyde has a negative effect on the respiratory system, causing paresis of the respiratory tract (respiratory arrest), the skin (pronounced dermatitis, eczema, ulcers), nervous system (encephalopathy). Formalin has allergenic, mutagenic and carcinogenic effects with prolonged exposure. In case of constant exposure high concentrations of this substance may cause internal organs’ mutations. It affects the kidneys and liver, as well as the central nervous system, causing headaches, fatigue and depression. Potentially, it can cause asthma and asthma attacks. Formaldehyde accumulates in the body and is difficult to be displayed.

Symptoms of poisoning: pallor, fatigue, unconsciousness, depression, difficulty breathing, headache, cramps often at night. In acute inhalation poisoning: conjunctivitis, acute bronchitis, pulmonary edema up to. Gradually increasing signs of central nervous system (dizziness, anxiety, staggering gait, convulsions).

According to SSR № 201-97  formaldehyde MAC is 0.035 mg/m3, average daily concentration is 0.003 mg/m3, it belongs to II class of danger).

Theme 7.

Hygienic assessment of housing conditions

The modern person lives not only in the natural, but also in the artificial surrounding, created by human. This surrounding is clothes (an underclothing surrounding) and dwelling that influences human health. The dwelling is a regular and stable factor of influence on human health. Purposes of the modern dwelling are to protect the human body from unfavorable action of the environmental conditions (snow, rain, heat, noise, and others) and to support a normal level of functioning of all physiological processes in the human organism.

A person spends 60% of his time in the dwelling. World Health Organization considers the safety of the health to be impossible without creating optimum dwelling conditions. The dwelling that does not correspond to hygienic requirements can cause disturbance of homeostasis, which can become a risk factor for many diseases. Sometimes negative living conditions can become a direct etiological factor of origin of diseases. According to WHO data hygienic inadequate dwelling increases morbidity in 1.5 – 2 times. Bad sanitary conditions of the dwelling cause the spread of infectious diseases and in first place – the air-borne infections (whooping cough, grippe, measles, etc.) It becomes particularly true, given the dwelling is lit and aerated insufficiently. The dwelling, which does not meet hygienic demands (especially concerning natural illumination, ventilation, and density), provokes development of such serious disease as tuberculosis. Density of people in dwelling, low insolation, bad airing encourage the spread of intestinal infections. In apartments with bad microclimate catarrhal diseases, quinsy, rheumatism, etc usually rise. In such cases the low-temperature factor plays the main role in the origin and aggravation of such diseases. The resistance of the organism decreases in the dwelling unfavorable for life.  Morbidity of children decreases in overcrowding populated dwellings. 

The influence of dwelling conditions on children morbidity

	Age of children
	Morbidity per 100 000 children

	
	Area of dwelling

	
	5 m2 per child
	6m2 per child

	2 years
	725.5
	678.4

	5 years
	2078.8
	1715.8


Bad living conditions play an important role in the development of mental diseases. People have bad appetite, bad sleep and bad mood. The influence of bad living conditions on the psychics shows itself in the following ways: people feel irritable in the dwellings unfavorable for life, people are nervous. The neurosis often happens because there is no opportunity for solitude. The chance to be left alone never occurs. In the overcrowded populated dwellings the psychological microclimate is very unfavorable. Conflicts among the members of the family, conflicts between parents and children happen more often than in comfortable living conditions. Even slightest negative problems of one member of the family involve, as a rule, the whole family. In crowded flats a person has no possibility to rest.

World Health Organization experts took into consideration the significance of optimum living conditions and formed the main requirements to the dwelling. The dwelling has to create optimum living conditions for every member of the family in such a way that everybody could have a possibility to fulfil his bio-social functions. In dwelling there must be physiological and hygienic comfort that guarantees rest and recovery of physical and mental ability. The dwelling has to provide the prevention of acute diseases and traumatism. Traumas become possible in uncomfortable living conditions and they can cause psychological traumas as well. It has to provide prevention of premature ageing and premature death coming. 

Hygienic requirements to the modern dwelling: 

1. The dwelling must be spacious. 

2. It must be dry. 

3. The dwelling must have a favorable microclimate (warm in winter and cool in summer), definite temperature and guarantee prevention of temperature homeostasis disturbance.

4. It must have good insolation (that is direct fall of sun rays) and good illumination. 

5. The dwelling must have clean air without any harmful chemical substances, microorganisms, which is similar to the structure of natural air. 

6. It must provide an acoustic comfort, necessary for rest and have a minimum sound conductivity. 

Microclimate is the most important and crucial parameter of the dwelling. It causes building dwelling to protect the organism from unfavorable temperature influence of natural surrounding.  Microclimate of close rooms is regarded as a thermal condition of surrounding that provides a thermal condition of the organism and depends on the temperature in the room, humidity and velocity of air movement and the temperature of surrounding surfaces. The microclimate has to be favorable for health and keep temperature homeostasis. If values of microclimatic parameters are in the comfort zone, it   means, that the microclimate meets to hygienic demands. Comfort zone is the set of temperature parameters with no tension of thermoregulation mechanisms. There are some parameters of microclimate for the dwelling. Air temperature must be 16 – 25ºC (for basic rooms). In the kitchen air temperature should be 16ºC, in the toilet 16ºC, in the bath-room 25ºC (table). The temperature in the dwelling must be even, its difference in vertical and horizontal lines must not exceed 2 – 3ºC. Only in this case the heat comfort happens. Low temperature near the floor can cause overcooling of feet. Daily difference of the temperature in the dwelling with central heating should not exceed 5ºC. If the temperature of the dwelling is more than 28ºC it may cause tension of thermoregulation and may be an etiological factor of salt exhaustion of body. 

Hygienic norms of air temperature in dwelling

	Premises
	Air temperature, oC

	Living room (in flat and hostel)
	18-20

	Kitchen
	16

	Bath-room and shower-room
	25

	Cloak-room
	16-18

	Toilet with bath-room
	25

	Wash-room
	18

	Hall, corridor
	16

	Premises for rest and study in hostel
	18

	Isolation ward in hostel
	20

	Administrative room in hostel
	18


Relative humidity for cold and warm periods should be 30 – 60%, air speed from 0.2 till 0.5 m/s. Air speed higher 0.5 m/s feels like a draught. 

The rooms must be well illuminated with a natural and artificial light. Light coefficient in the dwelling must equal for the living room 1/6-1/8, in the corridor 1/8, in the bath-room 1/12, coefficient of natural light must equal 0.5% and 0.3% accordingly. The norm of artificial lighting for the living room is not less than 50 lx and not less than 10 lx for corridors, toilets and bath-room. 

The air surrounding in the dwelling corresponds to some extent to the structure of atmospheric air and is completed with products of chemical decomposition of polymeric building materials, products of fuel burning, products of human and animal vital activity.

There are some indices for characteristic of air in the dwelling. Ventilation volume. Ventilation volume is the air volume that should be brought into the room per hour and be taken away from the room to keep the hygienic rate of carbon dioxide. Minimum ventilation volume must be 30 m³/h per person. The quantity of carbon dioxide in the dwelling should not exceed 0.1%. Ratio of air exchange. It is the figure that shows how many times the air in the room should be changed per hour to keep the hygienic rate of carbon dioxide. 

Appearance of smell is the objective sign of air pollution by antropotoxins, which have bad effect upon the organism. The quantity of carbon dioxide characterizes the quality and efficiency of ventilation. If the quantity of carbon dioxide equals 0.07% - ventilation is good; if carbon dioxide is 0.1% - ventilation is satisfactory; if carbon dioxide = 0.15%, ventilation is permissible; if it is more than 0.15 – 0.2%, efficiency of ventilation is inadmissible. Quantity of carbon dioxide is used for estimation of air cleanliness. There are 4 categories of air cleanliness in the dwelling. The first category: the air is clean if quantity of carbon dioxide is 0.05– 0.07%. If carbon dioxide equals 0.1%, the air is satisfactory. If carbon dioxide equals 0.15%, the air is not especially polluted, and if carbon dioxide is more than 0.15% , the air is especially polluted.

For comfort conditions in dwelling vibration, which is created by different sources in towns, should not exceed the certain levels.
Hygienic norms of vibration in dwelling

	Normalized parameters(dB)
	An average geometrical frequencies in active lines (Hz)

	
	2
	4
	8
	16
	31.5
	63

	Vibrospeed 
	79
	73
	67
	67
	67
	67

	Vibroacceleration
	25
	25
	25
	31
	37
	47

	Vibrodisplacement
	133
	121
	109
	103
	91
	91


Indoor air microbial pollution characterizes the risk of disease spreading upon people and animals. The infectious air-borne diseases are:

· viral infections: influenza, mumps, rubella, measles, acute respiratory viral infections ARVI (caused by Adenoviridae, Coronaviridae, EBV, HSV, Parmixoviridae, Rhino-synthicial virus, polio and other Enteroviridae etc.), smallpox, Bolivian hemorrhagic fever etc.);
· chlamidial infections, ornithosis;

· bacterial infections: anthrax, tuberculosis, pertussis, diphtheria, plaque, legionellosis, epidemic meningitis, scarlet fever, tularemia, etc. 

The quantity of microorganisms in the dwellings is normalized by the general quantity of microbes and hemolytic streptococci. In summer air is considered to be clean if general number of microorganisms does not exceed 2500/m³, whereas the number of hemolytic streptococci is not more than 16. For winter regimen air is clean if 1 m³ of the air includes 4500 microbes and 36 hemolytic streptococci. 
Test questions
1. What research method in hygiene is not used for investigation of environmental factors?
A.
Biochemical

B.
Microbiological


C.
Organoleptical
D. Clinical 

E. Physicochemical

2. What research method in hygiene isn’t used for microbiological investigation of environment?

A.
Mycological

B.
Serological 

C.
Bacteriological

D.
Biological 

E.
Helminthological

3. What device may be used for determination of erythemic dose of ultraviolet radiation?

A.
Psychrometer
B. 
Photocalorimeter
C.
Biodosimeter 
D. UV-meter

E. Luxmeter

4. Name the boundary of area A of ultraviolet radiation?

A.
320-400 nm 

D. 100-200 nm 

B.
280-320 nm

E. 200-280 nm
C.
10-100 nm

5. Name the boundary of area B of ultraviolet radiation?

A.
 200-280 nm

D. 280-320 nm 

B.
100-200 nm

E. 320-400 nm
C.
10-100 nm

6. Name the boundary of area C of ultraviolet radiation?

A.
 10-100 nm

D. 200-280 nm 

B.
100-200 nm

E. 320-400 nm 
C.
200-280 nm 

7. Name physiological dose of UV-radiation if erythemic dose is 4 min?

A.
8 min


D. 2 min 

B. 
1 min


E. 16 min
C.

4 min

8. Sources of UV radiation are used for children irradiation with purposes of improvement their health and diseases prophylaxis. What artificial sources of UV radiation do not use for this purposes?

A. Bactericidial lamps

B. Direct mercury quarts lamp 
C. Erythemic lamps – 15 
D. Erythemic lamps – 30

E. Argon – quarts lamp

9. What parameter of natural light is measured by geometrical method?
A.
 Light current

B.
Light coefficient 

C.
Sunniness 
D. Coefficient of natural lightning

E. Light energy

10. What from the listed parameters of natural illumination is measured by technical method?

A.
Coefficient of embedding

B.
Angle of incidence
C.
Angle of opening
D. Light coefficient

E. Coefficient of natural lighting

11. Point on the unfavorable property of the luminescent lamps?

A.
 Low brilliance

B.
Stroboscope effect 

C.
 Spectrum as a natural light
D. Low light return

E. Diffuse light

12. What should be minimal value of an angle of opening on a working place in the class-room?

A.
5 °C



D. 17 °C

B.
15 °C



E. 27 °C

C.
10 °C

13. What should be minimal value of an incidence angle of light beams on a working place in the class-room?

A.
20 °C



D. 25 °C

B.
17 °C



E. 15 °C

C.
27 °C 
14. Point on the minimum level of artificial lighting with using of the luminescent lamps in class room?
A.
150 lux



D. 400 lux

B.
300 lux  



E. 100 lux

C.
200 lux

15. There are two windows in the room. The height of window is 2 m, width is 1,5 m. Area of flour is 36 m2. What light coefficient is in this room?

A. 1/5



D. 1/4

B. 1/3



E. 1/7

C. 1/6
16. In the class-room of secondary school level of natural light is 100 lx. At the same time level of natural light outside is 20000 lx. What coefficient of natural lighting is?

A. 10 %



D. 5 %

B. 1 %



E. 0.5 %

C. 2 %

17. A student must estimate microclimatic parameters in a classroom. What index from lover listed should not be determined, because it does not belong to the factors of the microclimate?

A.
 Relative air humidity
B.
 Radiation temperature of surfaces

C.
Atmospheric pressure

D.
Content of dust 
E.
 Velocity of air movement

18. What from the listed parameters is normalized at a hygienic estimation of a microclimate in premises?
A.
Absolute humidity of air
B.
Relative humidity of air 
C.
Minimal humidity of air

D.
Deficit of humidity 

E.
Physiological deficiency of saturation

19. What maximal horizontal difference of tempe​rature is supposed in rooms?

A.
2-3 oC 



D. 0.2-0.5oC

B.
0.5-0.8 oC


E. 4-4.5 oC

C.
1-1.5 oC

20. What maximal vertical difference of tempe​rature is supposed for estimation of microclimate?
A.
0.2-0.5oC



D. 0.5-0.8 oC

B.
2-3 oC 



E. 1.5-2 oC 

C.
4-4.5 oC

21. What maximal difference of temperature is supposed in rooms within 24 hours?

A.
5-6 oC 



D. 2-3 oC

B.
0.5-0.8 oC


E. 0.2-0.5oC

C.
1-1.5 oC

22. For study the effect of microclimate on human organism in hospital ward it is necessary to organize a systematic observance over air temperature during several days. Choose an apparatus, which allows to do it the most exactly:

A.
Alcohol thermometer

B.
Thermograph

C.
Mercury thermometer
D. Catathermometer
E. August psychrometer

23. What device can not be used for measurement of relative humidity of air?
A.
Piranometer
B.
Psychrometer of August
C.
Assmann aspirative psychrometer 
D. Film hygrometer
E. Hygrograph
24. For study the microclimate effect  on human organism it is necessary to organize a systematic observance of relative humidity during several days. Choose an apparatus, which allows to do it the most exactly:

A.
Anemometer

B.
Catathermometer
C.
Thermograph
D. Hygrograph
E. August psychrometer

25. What from the listed parameters of microclimate is measured by catathermometer?

A. Relative humidity 

B. Air temperature

C. Daily difference of temperature

D. Velocity of air movement

E. Atmospheric pressure 

26. During the sanitary inspection of hospital determination of air movement was done. What device is used for measurement of air velocity movement outdoors?
A. Dynamometer

B. Anemometer

C. Catathermometer 

D. Hydrometer
E. Spirometer
27. What optimum air temperature should be in cloak-room?
A.
16-18 °C 



D. 22-24°C

B.18-20°C



E. 25°C

C. 20-22°C

28. What optimum air temperature should be in living room in winter?
A.
24°C 



D. 18°C

B. 20°C



E. 26°C

C. 22°C
29. What optimum air temperature should be in kitchen of hostel?
A.
18 °C 



D. 25°C

B. 22°C



E. 26°C

C. 24°C

30. What optimum air temperature should be in bath room?
A.
27 °C



D. 25°C

B.
22°C



E. 18°C

C. 20°C

31. Name minimum allowable relative humidity of air in rooms in cold and transitional seasons of year?
A.
Not less 50% 


D. Not less 45% 
B.
Not less 30%


E. Not less 20%

C.
Not less 70%

32. Name maximum allowable relative humidity of air in rooms in warm season of year?
A.
Not more 50%


D. Not more 45%

B.
Not more 60%


E. Not more 35%

C.
Not more 50%

33. Name maximum allowable relative humidity of air in rooms in cold season of year?
A.
Not more 35%


D. Not more 60%

B. 
Not more 80%


E. Not more 45%

C.
Not more 50%

34. Name allowable velocity of air movement in inhabited premises in a cold season?

A.
Not more 0.3 m/c 


D. Not more 1 m/c

B.
Not more 0.5 m/c


E. Not more 2 m/c

C.
Not more 0.7 m/c

35. Name allowable velocity of air movement in inhabited premises in a warm season?

A.
Not more 2 m/c 


D. Not more 1 m/c

B.
Not more 0.7 m/c


E. Not more 0.5 m/c

C.
Not more 0.3 m/c

36. The hygienic estimation of work’s conditions of a classroom shows: air temperature is +20oC in warm period, relative humidity is 60%, velocity of air movement is 0.05 m/s. What should be done to normalize a microclimate?

A. Decrease the velocity of air movement
B. Decrease the air temperature

C. Increase the relative humidity

D. Increase the velocity of air movement 
E. Decrease the relative humidity
37. It is known, that in city N the predominated wind is east one. Where chemical factory must be placed as regards the living zone of city?
A.
In west direction

B.
In north direction

C.
In south direction

D.
In south-east direction 

E.
 In east direction
38. Name the maximum permissible concentration of C02 in living room ?
A.
0.1%

B.
0.15%

C.
0.2%

D.
0.3%

E.
0.5%

39. Name the optimum concentration of C02 in living room ?
A.
0.3 %


D. 0.07%

B.
0.1 %


E. 0.5 %

C.
0.05 %

40. What method had to be used for determination of C02 content in atmospheric air?
A.
Titration

B.
Nephelometry 

C.
Oxidation

D.
Sedimentation

E.
Visual colorimetry  

41. What reagents are used for determination of C02 in air?
A.
NaHC03 and phenolphthalein 

B.
H2S04 and Tilman's reagent

C.
NaHC03 and methyl orange 

D.
 BaCl2 and methyl orange

E.
Na2S04 and phenolphthalein 
42. What index from the listed parameters does not belong to criteria of ventilation effectiveness?

A. CO2 concentration 

B. Dust content
C. Number of microbes
D. Velocity of air movement

E. Ratio of ventilation 

43. What method had to be used for determination of C0 content in atmospheric air?

A.
Nephelometry

B.
Titration

C.
Oxidation

D.
Sedimentation

E.
Visual colorimetry  

44. What is a maximum permissible concentration limit of CO in atmospheric air? 

A. 5.0 mg\m3 


D. 20.0 mg\m3 

B. 3.0 mg\m3 


E. 30.0 mg\m3
C. 10.0 mg\m3 

45. Name the average daily permissible concentration of C0 in atmospheric air?
A.
10.0 mg/m3 


D. 5.0 mg/m3
B.
0.5 mg/m3


E. 1.0 mg/m3
C.
0.1 mg/m3
46. What system of human body undergoes action of noise first of all?

A.
Eyes
B.
CNS 
C.
Cardio vascular system

D.
Alimentary cannel
E. Organ of hear
47. What permissible level of noise is established in inhabited premises at the day time?

A.
70 decibel


D. 65 decibel

B.
60 decibel


E. 45 decibel

C.
20 decibel

48. What decease isn’t typical for vibration illness? 

A.
Vegetative polyneuritis
B.
Angiospastic syndrome
C.
Neurocirculatory dystonia

D.
Rheumatic polyarthritis
E.
Vegetative myositis
49. What is sanitary-indicative microorganism for estimation of air clearness in inhabited premises?

A.
Clostridia perfringens
B.
Streptococcus haemolyticus 
C.
Escherichia coli
D.
|Staphylococcus aureus
E.
Proteus vulgaris
50. What number of microbes is permissible for summer time?

A.
1500
B.
2000
C.
2500
D.
3000
E.
4500
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