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1.1 ANALYSIS OF ABIOTIC FACTORS OF WATER
ECOSYSTEMS

Objective: to study the reasons for the appearance of water
contaminants, methods of control of their content in the water,
and to assess the suitability of a source for household water
supply on the basis of water quality data.

GENERAL INFORMATION

Hydrosphere is an intermittent water shell of the Earth, located between
the atmosphere and the earth crust. It is a combination of the oceans, seas,
and terrestrial water bodies (rivers, lakes, reservoirs, wetlands, groundwater),
including the accumulations of water in the solid phase (snow cover, ice).
The World Ocean occupies 71% of the Earth surface, its average depth
is 3704 m, the highest depth is 11034 m, the mass ol the water reaches
1.5-10'8 tonne. Hydrosphere serves as a natural accumulator of the majority of
contaminants released into the atmosphere or the lithosphere. It is associated
with a great solvent ability of water, with water cycle in nature and with
the fact that reservoirs are the final destination on the way of movement of
various wastewater.

The presence of contaminants in an aqueous environment has an effect
on vital functions of certain living organisms and on the functioning of the
entire water system.

Natural water is inhomogeneous medium. It contains substances in the
solid, gaseous and true dissolved state, a lot of microorganisms which are in
equilibrium with the surrounding medium.

The impact of contaminants on natural water reservoirs is different.
Thermal pollution causes the intensification of life processes of the water
organisms that disturbs the equilibrium of the ecosystem. Mineral salts
are dangerous to the unicellular organisms that exchange with the external
environment by osmosis. Suspended substances reduce the transparency of
the water, reduce the photosynthesis of aquatic plants and aeration of the
water environment, promote siltation of the bottom in areas with a low flow
rate, and have an adverse effect on the life processes of the water organisms
that function as a biofilters. Various contaminants can be adsorbed on the
suspended particles. Settling on the bottom, such suspended particles can
become a source of secondary pollution of water.

Heavy metals water pollution has not only environmental damage, but
also cause a significant economic damage. The sources of water pollution
by heavy metals are the galvanizing plants, mining industries, iron and
nonferrous-metals industries. When the water is polluted by the oil products
the film is formed on the surface of the water that prevents the gas exchange
of water with the atmosphere. Many other contaminants are accumulated
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in such film and in the emulsion of heavy fractions. Besides oil products
themselves are accumulated in the water organisms. The main sources
of water contamination by oil products are water transport and surface
runoff from urban areas. Water pollution by biogenic elements leads to
eutrophication of water reservoirsﬂ.

Organic dye substances, phenols, surfactants, dioxins, pesticides,
etc. create the danger of origination of toxicological situation in the
water reservoir. Especially toxic and resistant in the environment are
dioxins. Dioxins means two groups of chlorinated organic compounds
which belongs to dibenzodioxins and dibenzofurans. One of them — 2,3,7,8-
tetrachlorodibenzodioxin (2,3,7,8-TCDD) is a very toxic compound. The toxic
effect of various dioxins manifested the same, but differ in intensity. Dioxins
accumulate in the environment, and their concentration increases.

The study of water contamination has its own specifics. As in the case of
the definition of atmospheric contaminations the small amounts of substances
of non-permanent composition in the presence of other pollutants must to
be determined. The difference is that the uncontaminated water constantly
contain organic and inorganic substances of complicated structure in itself,
moreover, in the water chemical and photochemical processes occur, which
lead to changes in the composition of chemical substances. Biological objects
of animal and vegetable origin are taking a great interest in the chemical
transformations. Hence the oxygen content is one of the most important
indicators of the state of the water system.

Particular importance for the correct evaluation of water contamination,
including sampling of substances has a substance distribution which depends
on many local conditions: the speed and nature of the water movement,
precipitations, physical and chemical properties of pollutants and their stability
in water, etc. A dynamic equilibrium between these factors usually takes
place. If conditionally to cut the water mass by the vertical plane, we can
distinguish locations with different reactivity: surface film, the the main water
mass and bottom sediment.

Bottom sediment and surface film are zones of concentration of
pollutants. The water-insoluble compounds are settled at the bottom and the
precipitate is a good adsorbent for many substances.

Non-degradable pollutants can enter the water. Such pollutants are able
to react with other chemical compounds to form stable final products, which
are accumulated in biological objects (plankton, fish and so on) and through
the food chain get into the human body.

When choosing the sampling point of water all the circumstances that
may affect the composition of the taken sample must be taken into account.

'Eutrophication of water reservoirs is the excessive enrichment of water environment by nutrients
(biogenic elements and organic substances), which promote the increased development of vegetable and animal
organisms.
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There are two main kinds of samples: point sample and average sample.
Point sample is obtained by selecting the required volume of water at a
time. Average sample is prepared by mixing equal volumes of samples taken
at regular intervals. Average sample is the more accurate the smaller the
intervals between single constituents of its samples. Depending on the purpose
of studies sampling can be one-off and regular (serial). One-off sampling is
used when:

1) the measured parameters are subject to great changes in time or (and)
in depth and area of water;

2) the laws of changing of determined parameters are known;

3) the most general ideas of the quality of the water in the water reservoir
is only required;

4) the periodic determination of possible changes in the composition of
the water in the earlier well-studied water reservoirs is required.

Regular (serial) sampling is a sampling, in which each sample is taken
at a certain time and (or) spatial relationship with others. It provides the most
certain and reliable information on waters quality.

When monitoring the waters quality of surface water reservoirs, the
sampling point is selected in accordance with the analysis objectives and
on the basis of the study of the terrain. In order to exclude the influence of
random factors of a local nature, the tributaries of the river and the sources of
contamination of the basin of the water reservoir which are located above the
sampling point should be especially carefully examined. With the exception of
observations for special purposes, water samples for chemical analysis should
not be taken in the following points:

1) subjected to the direct influence of tributary waters;

2) nearby the discharge of waste waters or if the banks are polluted with
wastes;

3) in areas of weak water exchange.

In surface water bodies, where the purpose of the investigation is not a
surface or bottom layer, the sample is taken at a depth of 20-30 cm from the
surface and at such a distance from the bottom as the sampling equipment
allows. Samples are taken either mixed in length, or at a number of points in
the cross section.

A water sample for analysis is sampled in clean utensil, which is pre-
rinsed 2-3 times with the investigated water. From open water reservoirs, the
samples are taken in the fairway of the river from a depth of 50 cm. The bottle
with the weight is lowered to the depth, after that the cork is opened by the
holder attached to it. It is better to use for this purpose special instruments
called bathometers, which allow to use the utensil of different shapes and
capacities. The bathometer consists of a clamp, that tightly wrap the utensil,
and a device for opening the cork at the required depth.



When long-term standing of the sample takes place the considerable
changes in the composition of water may occurs. Therefore, if it is not possible
to start the water analysis immediately after the sampling or in 12 hours
after the sampling, the water sample is preserved to stabilize the chemical
composition. There is no universal conserving agent.

To determine the water quality four groups of indicators are used:
group 1 — indicators characterizing the organoleptic properties of water;
group 2 — indicators characterizing the chemical composition of water;
group 3 — indicators characterizing the epidemiological safety of water;
group 4 — indicators characterizing the radiological properties of water.

In this laboratory work, it is proposed to consider the determination of
indicators characterizing the organoleptic properties, the chemical composition
of water and the epidemiological safety of water.

1.1.1 DETERMINATION OF INDICATORS
CHARACTERIZING THE ORGANOLEPTIC
PROPERTIES OF WATER

Organoleptic properties are normalized according to the intensity of their
perception by man. These properties are temperature, transparency, turbidity,
chromaticity, odor, taste and aftertaste, impurities (film, aquatic organisms).

WORK PROGRESS
Determination of water temperature

Equipment, mercury  thermometer for measuring water
materials: temperature with a centigrade scale and a
division price of 0.1 °C; water samples.

The water temperature is the most important characteristic, which
largely determines the speed, and sometimes the direction of changes in its
quality. The physical, chemical, biological and biochemical processes in the
water reservoir depend on the temperature of the water.

The summer temperature of the water as a result of the discharge of
sewage should not increase by more than 3 °C compared to the average
monthly temperature for the last 10 years.

Measurement of water temperature is performed during or immediately
after sampling. To this end, a combined mercury thermometer with a division
price of 0.1 °C is usually used.
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Determination of water transparency

Equipment, a glass cylinder with an internal diameter of 2.5

materials: cm, a height of 50 cm and a flat bottom; font (the
height of the letters is 2 mm, and the thickness of
the letter lines is 0.5 mm); ruler; water samples.

Transparency (or light transmission) of water is caused by its own color
and turbidity, i.e. the content in it of various colored and suspended organic
and mineral substances.

The degree of transparency of water is expressed by the height of
the column of liquid in cm, through which a special font is clearly visible.
Depending on the degree of transparency, water is divided into: transparent;
slightly turbid; turbid; strongly turbid.

Transparency of at least 30 cm should have water supplied to drinking
water without clarification. River waters, except for mountain waters, can
have a transparency of 25 cm. Reducing the transparency of natural waters
indicates their contamination.

The test water is poured into a cylinder, under the bottom of which a
font is placed. Water is poured until it will be possible to clearly read the
embedded font through a layer of water from above. The height of the column
of water in the cylinder is measured with a ruler. The determination is made
with good daylight scattered light at a distance of 1 m from the light-bearing
wall. The measurements are repeated several times (at least 3—-4), and the
average of the single measurements is taken as the final result.

Determination of sediment in the water

Equipment, a glass cylinder; water samples.
materials:

The water, stirred in the bottle, is poured into the cylinder by a layer
of approximately 30 cm and left alone for 1 hour if water is taken from an
open reservoir, or for 1 day il water is taken from underground sources. The
sediment is evaluated quantitatively (no, insignificant, noticeable, large) and
qualitatively (sandy, clayey, silty, crystalline, flaky). The color of the sediment
also should be noted. A large sediment indicates the contamination of water.
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Determination of the water chromaticity

Equipment, photocolorimeter; cylinder per 100 ml; volumetric
reagents, flasks per 1 liter; distilled water; standard solution
materials: No. I (0.0875 g of potassium dichromate, 2 g of

cobalt sulfate and | ml of sulfuric acid with a
density of 1.84 g/ml is dissolved in distilled water
and the volume is adjusted to 1 L. The solution
corresponds to a color of 500 deg); solution No. 2
(I ml of conc. HySOy is adjusted to 1 liter with
distilled water); water samples.

Chromaticity — a natural property of water, due to the presence of humic
substances, which give it a color from yellowish to brown. Humic substances
are formed by the destruction of organic compounds in the soil, washed out
of it and enter open water reservoir. Therefore, color is inherent in the water
of open water bodies and sharply increases during the flood period. The color
of the water is determined in degrees. Water, having a chromaticity of 20
degrees, is considered colorless. Water that does not undergo discoloration
before feeding to the consumer must have a chromaticity not more than 20
degrees. When a chromaticity is greater than 35 degrees water consumption
is limited.

The chromaticity is determined by visual photocolorimetric methods. For
visual identification, 100 ml of filtered investigated water are poured into the
colorimetric cylinder. The color of the control solution should coincides with
the color of the investigated water in the colorimetric cylinder.

A more accurate determination of chromaticity is made on a
photoelectric colorimeter. For this, a graduated graph is constructed on
a chromium-cobalt color scale. Solutions with different chromaticity are
determined photometrically in a cuvette for 5 e¢m in the blue part of the
spectrum with respect to filtered distilled water. To prepare a color scale,
solutions No. 1 and No. 2 are prepared and mixed in cylinders in the following

ratios (Table [I1.1.1)).

Table 1.1.1 — Chrome-cobalt color scale
Solution No. 1, ml 0 1 12 /3 /4 |5 |6 |8 [10/12]16
Solution No. 2, ml 100199198 197196195194 192190 | 88 | 84
Degrees of 0O |5 |10]15]20/25]30|40 506070
chromaticity, deg
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Determination of the odor of water

Equipment, water bath; thermometer [or measuring water
materials: temperature; conical flasks; test tubes; water
samples.

The odor of water is caused by volatile smelling substances entering it:

- as a result of the processes of vital activity of aquatic organisms;

- at the biochemical decomposition of organic substances;

- at the chemical interaction of components contained in the water

reservoir;

- with wastewater from chemical, metallurgical, oil refining, machine

building, etc.;

- when treating drinking water.

The type, intensity and stability of the odor can be different and depend
on the composition of the substances causing it, the temperature, the active
reaction of the medium (pH), the degree of contamination, etc. Pure natural
waters have no odors.

There are the following main types of odor (Table [I.1.2).

Table 1.1.2 — Types of odor

Classification of odors | Abbreviation | Examples or possible sources
Fragrant or spicy A Camphor, clove, lavender
Cucumber Ae Fresh cucumber
Balsamic (floral) B
Sweetish Bs
Chemical C Industrial wastewater or chemical
treatment
Chloric Co Free chlorine
Hydrocarbonic Ch Sewage of oil refineries
Medicinal (drug) Cm Phenol, iodoform
Sulphury Cs Sulphureted hydrogen
Dungy Dp Animal husbandry wastewater
Putrefactive Dz Stagnant wastewater

The odor is estimated in points. The water, which odor does not exceed
2 points, is considered to be odorless water. The presence of an odor in water
significantly impairs the organoleptic properties, making it unfit for drinking.
To determine the intensity of odor, the scoring system proposed in Table 3 is
usually used.

The odor is determined soon after sampling. Samples are not filtered or
preserved.

The method is based on the determination of the type and intensity of
odor at temperatures of 20 and 60 °C.
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The odor must be determined in a room that is isolated from the
penetration of foreign odors. Be sure to specily the temperature of the ambient
air. To exclude subjective error, cooperation of several persons is advisable.

A sample of water is added to the conical flask at 20 °C and immediately
closed with a stopper. 100-250 ml of the sample is used for each determination.
The content is shaken several times. The flask is then opened and the nature
of the odor and its intensity are determined immediately organoleptically.

Another flask is also fills up with test sample at the volume of 100-
250 ml. The neck of the flask is covered with glass. The flask is heated
in a water bath to 60 °C, the contents are stirred gently by shaking, the
flask is opened and the organoleptic character and intensity of the odor are
immediately determined organoleptically.

Determination of tastes and aftertaste of water

Equipment, thermometer [or measuring water temperature;
materials: conical flasks; test tubes; water samples.

Tastes and aftertastes are determined in points. Water, which aftertastes
do not exceed 2 points, is called water without any aftertastes.

The determination is made with deliberately safe water at 20 °C. Water is
collected in the mouth in small portions, without swallowing. The presence of
taste (salty, bitter, sour, sweet) or aftertaste (alkaline, ferruginous, metallic,
astringent, etc.) and their intensity are noted in points on a scale similar to
the determination of the intensity of odor (see Table [I.1.3).

When the intensity of tastes and aftertastes is above 2 points the water
consumption is limited of the reason that strong tastes and aftertastes can
be indicators of water pollution by contaminated wastewater or indicate the
presence of biologically active substances released by blue-green algae.

1.1.2 DETERMINATION OF INDICATORS
CHARACTERIZING THE CHEMICAL
COMPOSITION OF WATER

The natural composition of water is characterized by the following
indicators: dry residue, total hardness, pH, total alkalinity, cation and anion
content: Ca®*, Na*, Mg*", HCO3~, Ci~, SO; . The indicator of the presence
of chemicals entering the water source with wastewater is the content in
water: Al, Be, Mn, Cu, polyphosphates Pb, Zn, Ag, V, radium-226, strontium-
90, As, etc. Iron is contained in pure natural waters, but it also enters water
reservoirs with wastewater.
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Table 1.1.3 — Intensity of odor of water

Odor intensity, | Characteristic Manifestation of odor

score

0 Odorless No tangible smell

1 Very weak odor Odor that is not noticed by the

consumer, but determined by
the consumer in the studies

2 Weak odor Odor that is detected by the
consumer

3 Notable odor Odor that is easily detectable
(water unpleasant for drinking)

4 Distinct odor Odor that attracts attention,

forcing to refrain from drinking
and making water unsuitable for
drinking

5 Very strong odor Odor is so strong that it makes
the water completely unusable

Determination of the composition and properties of water by the
hydrogen index (pH)

Equipment, laboratory ionometer, or pH meter; mercury

materials: thermometer with centigrade scale; glass beakers
with a capacity of 50 ml; paper f[ilters; water
samples.

The hydrogen index, or the active reaction of the medium (pH),
characterizes the activity or concentration of hydrogen ions in solutions and
is a negative decimal logarithm of hydrogen ion concentration:

pH = —1g|H"]

According to the classical theory of electrolytic dissociation, the
multiplication of the concentration of hydrogen and hydroxyl ions at a certain
temperature is a constant value — the dissociation constant:

|H*| x |OH | = Ky,

(at temperature of 20°C K, is equal to 10-14).
The neutrality of water and aqueous solutions is characterized by the
equality of the concentrations of hydrogen and hydroxyl ions,

- at |[HT| > 1077, |OH~| < 1077 solutions have an acidic reaction;
- |H*| = |OH~| = 1077 at — neutral reaction;
- at |[HT| <1077, |OH~| > 107" — an alkaline reaction.
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Accordingly, in acid solutions pH < 7, in neutral solutions pH = 7, in
alkaline solutions pH > 7.

The hydrogen index plays an important role in determining the quality
of water. In river freshwaters, its value usually ranges from 6.5 to 8.5; in
atmospheric precipitation — from 4.6 to 6.1; in wading waters — from 5.5 to
6.0; in the ocean water —from 7.9 to 8.3; in mine and ore waters sometimes
reaches 1.0; and in the water of soda lakes and thermal springs — 10.0. The
concentration of hydrogen ions is subject to seasonal fluctuations — in winter
the hydrogen index for most river waters is 6.8-7.4, in summer — 7.4-8.2.

The concentration of hydrogen ions is of great importance for
the chemical and biological processes occurring in natural waters. The
development and life activity of aquatic plants, the stability of various forms
of migration of elements, the degree of water aggressiveness with respect
to metals and concrete, etc. depend on the hydrogen index. Its magnitude
is affected by: an increased concentration in water of humic acids (for
example, in waters of a marsh nature susceptible to the hydrolysis of salts
), «Flowering» of water bodies, pollution by their effluents from industrial
enterprises and other factors.

The constancy of the pH, on which the wvarious biological and
physicochemical processes in the water depends, is maintained in natural
waters by a hydrocarbonate bulffer system consisting of water-soluble carbonic
acid HoCOg3, hydrocarbonate HCO; and carbonate CO§_ ions.

To determine the pH of water, special reagents, so called indicators,
are used, as well as instruments — pH-meters with glass electrodes. Using a
universal indicator paper, the pH-value can be determined to within 0.2-0.3
pH units. The pH of color solutions and suspensions cannot be measured by
the indicator method.

Electrometric (potentiometric) method for determining the pH of water
is highly accurate (up to 0.02) and allows to carry out the study in virtually
any water, regardless of its color, turbidity, salt composition.

The method is based on measuring the potential difference that occurs
at the boundaries between the outer surface of the glass membrane of the
electrode and the solution under investigation, on the one hand, and the
inner surface of the membrane and the standard solution, on the other. The
internal standard solution of the glass electrode has a constant concentration
of hydrogen ions, so the potential on the inner surface of the membrane does
not change. The measured potential difference is determined by the potential
arising at the boundary of the outer surface of the electrode and the solution
under study. Limits of the linear dependence of the electrode potential on pH
are due to the properties of the glass electrode. The glass electrode is used to
measure pH from 1 to 12.7.
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To measure pH, potentiometers (pH meters) of various grades can be
used. The glass electrodes of these instruments are calibrated against buffer
solutions.

The compounds of iron, hydrogen sulfide, arsenic, free chlorine,
suspended matter and colloids do not influence the measurement of hydrogen
ion concentration in natural waters. The pH value depends on the water
temperature.

WORK PROGRESS

Determination of the composition and properties of water in terms of
total, carbonate and hydrocarbonate alkalinity

Equipment, conical flask with a capacity of 250 ml (2 pcs.);

materials: pipette with a capacity of 100 ml; dropper (2 pcs.);
100 ml burette; water samples; HCI, 0.1N. solution;
methyl orange, 0.03% solution; phenolphthalein,
0.1% solution.

The alkalinity of water is caused by the presence of hydroxyl ions OH ™,
and also the anions HCOjy, CO%’, HS™, HSiO;, SiO??’, HPOZ’ and others,
representing salts of a weak acid and a strong base.

Alkalinity of most natural waters depends mainly on the content of
salts of carbonic acid (hydrocarbonates and carbonates). Therefore, only
hydrocarbonate and carbonate alkalinity are usually distinguished. Some
methods of treating water at a pH above 8.4 lead to the appearance of hydrated
alkalinity:.

WORK PROGRESS

Determination of total alkalinity is performed by titration and is based
on the reaction of formation of neutral salts with titration of water with
hydrochloric acid. The general alkalinity of water is caused by the presence of
OH~, HCOO~, CO%™ ions.

Firstly, 100 ml of the test water should be pipetted and put into a 250 ml
conical flask. Then 2-3 drops of phenolphthalein solution should be added. Ii
a pink color appears, test water is titrated with O,IN solution of hydrochloric
acid before discoloration. Then 2-3 drops of a solution of methyl orange are
added to the same sample and a titration of 0.1N solution of hydrochloric acid
is continued till the transition of color from yellow to pink. The volume of 0.1N
solution of hydrochloric acid consumed for titration with phenolphthalein is
recorded, and the total volume of 0.1N solution of hydrochloric acid consumed
for all titration is also recorded.
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The total alkalinity A, (mg-eqv/dm?3) of water is calculated according
to the formula:

Vi - N -1000

%

where V) is the total volume of hydrochloric acid solution consumed for
titration of the volume of test water, ml; V5 is the volume of test water, ml; N
is the normality of the hydrochloric acid solution.

For each sample, total alkalinity is determined 2 times.

Atotal =

Determination of the composition and properties of water by chloride
content

Equipment, conical flasks (250 ml); pipettes (10 ml); cylinders

materials: dimensional (100 ml); burettes [or titration;
distilled water; 0,01N solution of AgNOs (dissolve
1.6987 g of AgNQOs; in 1 liter of distilled water);
0.0IN NaCl solution (prepared from f[ixanal); 5%
solution of KoCrQy4; water samples.

High solubility of chlorides explains their wide distribution in all natural
waters. In flowing reservoirs the chloride content is usually small (20-30
mg/dm?®). Uncontaminated groundwater in places with non-saline soil usually
contains up to 30-50 mg/dm? of chloride. In waters filtered through salted
soil, in 1 dm3, hundreds and even thousands of milligrams of chlorides can
be contained. Water containing chlorides at a concentration of more than
350 mg/dm3 has a salty flavor, and at a chloride concentration of 500-1000
mg/dm?® adversely affects gastric secretion. Increased chloride content is an
indicator of pollution of underground and surface water sources and sewage.
The determination of chlorides is carried out by the method of Mohr.

The principle of the Mohr method is based on the precipitation of
chlorides with silver nitrate AgNO;s in the presence of potassium chromate
KyoCrOy. In the presence of chlorides in the solution, AgNO; binds to them,
and then forms an orange-red silver chromate:

NaCl + AgNO; — AgCl | +NaNQOs.

WORK PROGRESS

Firstly, the titer of AgNOs is set. For this, 10 ml of NaCl solution and
90 ml of distilled water are introduced into a conical flask with a capacity
of 250 ml, 5 drops of KoCrO, are added. The content of the flask is titrated
with AgNOs solution before the transition of the lemon-yellow color of the
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turbid solution into the orange-red solution, which does not disappear for
15-20 seconds.

The correction factor for the titer of AgNOs is calculated from the results
of three titrations:

30
P +P2+P3’

where Pj, P», P3 — the volume of AgNOs used for each of the three titrations,
ml.

K:

With a chloride content of less than 250 mg/dm?, 100 ml of filtered test
water are taken. With a higher content of chlorides, 10-50 ml of filtered test
water are taken. The test water is poured into two conical flasks, brought
to 100 ml with distilled water, 5 drops of K9CrO4 solution are added. The
solution in one flask is titrated with AgNOs, and the second flask is used for
monitoring.

The content of chlorides in water is calculated according to the formula:

P-K-0.355-1000
X = :
V
where X is a chloride content, ml/dm3; P is the amount of AgNO; solution
spent on titration, ml; K is the correction factor to the titer; 0.355 — equivalent
amount of chlorine corresponding to 1 ml of 0.01N solution of AgNOs, mg; V
is the volume of the test sample, ml (dm?).
For each sample, chlorides are measured 2 times.

Determination of the composition and properties of the water in terms
of total hardness

Equipment, burette (1 pc.); pipettes: 15 ml (1 pc.), 100 ml (1

materials: pc.); conical flask 250 ml (1 pc.); dropper (I pc.);
measuring cylinder 100 ml (1 pc.); Trilon B solution
~ 0.05N;, MgSO, solution 0.05N; ammonia buffer
solution (NHOH + NH,C!); indicator chromogen
black; water samples.

Water hardness is its natural property, caused by the presence of calcium
ions Ca®* and magnesium Mg?* in its composition.

There are general, carbonate and non-carbonate hardness of water.

The total hardness (H;yzq;) is the sum of the carbonate and non-carbonate
hardness of water.

Carbonate hardness (H,,,) is the hardness of water , caused by the
presence of hydrocarbonates and carbonates of calcium (Ca(HCOs)y, CaCOs)
and magnesium (Mg(HCQOs)9, g3) in its composition.
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Often carbonate hardness is called femporary, because slightly soluble
calcium carbonate CaCO; and magnesium hydroxide Mg(OH )y (the latter is
formed when alkalizing water containing magnesium carbonate) are easily
eliminated from the water during boiling.

Non-carbonate hardness (H,oncary) is characterized by the presence of
chlorides, sulphates, and other non-carbonate salts of calcium and magnesium
(CaCly, MgCly, CaSOy, CaSiOs, MgSO,, MgSiOs, etc.) in water.

Non-carbonate hardness is sometimes called constant, because highly
soluble non-carbonate salts of calcium and magnesium, that determine non-
carbonate hardness, are not removed from the water even during boiling.

Knowing the total and carbonate hardness, non-carbonate hardness is
calculated by the formula:

Hnoncarb = Htotal - Hcarb-

Water with a total hardness of up to 3.5 mg-eqv/dm? is called soft; from
3.5 to 7 mg-eqv/dm® — medium hardness, 7 to 10 mg-eqv/dm?® — hard, more
than 10 mg-eqv/dm? — very hard.

Water with a hardness of more than 10 mg-eqv/dm?® often has an
unpleasant taste. A sharp transition when used from soft to hard water, and
sometimes vice versa, can cause dyspepsia to people.

The condition of patients with kidney stone disease worsens when using
very hard water. Hard water contributes to the appearance of dermatitis.
With increased intake of calcium in the body with drinking water on the
background of iodine deficiency, there is often a goiter disease. For drinking
purposes, medium hardness water is preferred, for household and industrial
purposes soft water is preferred.

On this basis, the total hardness for water not subjected to special
treatment is set at 7 mg-eqv/dm?.

Trilonometric method is used to determine the total hardness. The main
working solution is trilon B — disodium ethylenediaminetetraacetic acid:

COONaCHg\ /CHQ—COONa
/NCHQCHQN\
COONa—CHpy CHy; —COONa

The determination of the total content of calcium and magnesium ions is based
on the ability of frilon B to form strong complex compounds with these ions
in an alkaline medium, replacing free hydrogen ions by the cations Ca?* and
Mg?*.

Ca’** + NagHoR — NasCaR + 2HT,

where R is the ethylenediaminetetraacetic acid radical. As an indicator,
chromogen black is used, which gives a wine-red compound with Mg?*,
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with the disappearance of Mg?t it acquires a blue color. The reaction
proceeds at pH~10, which is achieved by adding an ammonia buffer solution
(NHOH+NH,C!) to the sample. First of all, calcium ions are bound, followed
by magnesium.

Copper ions (> 0.002 mg/dm?3), manganese (> 0.05 mg/dm?), iron
(> 1.0 mg/dm3), aluminum (> 2.0 mg/dm3) interfere with the determination.

WORK PROGRESS

1. Determination of the normality of Trilon B is carried out according
to the standard 0.05 N solution of MgSOy. 15 ml of a 0.05 N MgSO;, solution
are pipetted into the conical flask, 85 ml of distilled water (up to 100 ml
with a measuring cylinder) are added, 5 ml of ammonia buffer solution and 5
drops of black chromogen indicator are added, followed by slow titration with
vigorous shaking with a solution of ¢rilon B (~0.05 N).

The sample is titrated until the appearance of a blue color from one
adhered drop of trilon B, which indicates the disappearance of Mg?* ions.

The further addition of ¢rilon B does not change the blue color of
the solution, so the gradual change in color from the wine red through the
transitional colors (violet, dirty blue) to blue should be carefully monitored.

Titration is carried out twice. The correction factor to the normality of
Trilon B is calculated by the formula:

_ nu(MgSO0y)
nm(TrilonB)

2. Determination of the total hardness of the sample.

100 ml of test water are measured into the conical flask, 5 ml of ammonia
buffer solution and indicator (in the same amount as in the determination of
the correction factor) are added, followed by slow titration with intensive
stirring with a solution of trilon B till the transitional stain. The definition is
repeated and the average result is taken.

The calculation of the total hardness (Hje;) mg-eqv/dm? is carried out
according to the formula:

n-N-K-V;-1000
.m
Vs

where n is the amount of Trilon B consumed for titration, ml; N is the
normality of Trilon B; K is the correction coefficient to the normality of
Trilon B; Vi —the volume of a solution of Trilon B for titration of a water
sample, ml; V5 is the volume of the sample, ml.

Turbid waters should be pre-filtered, acidic waters should be neutralized
with alkali.

Htotal = [
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1.1.3 DETERMINATION OF INDICATORS
CHARACTERIZING THE EPIDEMIOLOGICAL
SAFETY OF WATER

The indicators characterizing the epidemiological safety of water are
divided into two subgroups:

1 subgroup — sanitary and microbiological indicators;

2 subgroup — sanitary and chemical indicators.

The first subgroup includes: microbial number, coli-index, coli-titer,
presence of pathogenic bacteria and viruses.

The microbial number is the total number of colonies growing for 24
hours at a temperature of 37°C when 1 cm?® of water is tested, 1.15% meat-
peptone agar.

The coli-index shows the number of colon bacillus (Escherichia coli) in
1 ml of water.

Coli-titer is the least amount of water in which at least one E. coli is
found. Long-term experience has shown that water is epidemologically safe if
its coli-index is not higher than 3.

Sanitary-microbiological indicators are the main indicators of the
epidemiological safety of water. Sanitary and chemical indicators refer to
indirect indicators. These indicators characterize the presence of organic
substances or products of their decomposition (permanganate and bichromate
oxidizability, biochemical oxygen consumption, the presence of nitrogen-
containing substances in water). To determine them, various chemical
methods are used.

Permanganate and bichromate oxidizability indicate the amount
of oxygen in the oxidants (acid solutions of permanganate or potassium
dichromate) spent on the oxidation of dissolved organic matter.

Biochemical oxygen demand (BOD) is the amount of dissolved oxygen
consumed to oxidize organic matter under the action of microorganisms over
a certain period of time.

The presence of nitrogen-containing substances in water: in natural
waters of the land, nitrogen compounds are found in both mineral and organic
forms. The mineral forms include ammonium ions NH4+, nitrites NO, , nitrates
NOj . Organic forms are represented by low molecular weight compounds
(amino acids, amines, urea, etc.). The concentration of nitrogen in the surface
waters of the earth varies from hundreds of micrograms to up to milligram
units per dms3.

Salts of ammonium, nitrous and nitric acid, chlorides can be in the water
of reservoirs as products of decomposition of organic residues, feces and urine.
Infectious agents can enter the reservoir with them, therefore these substances
are indirect indicators of the epidemiological danger of water. The presence of
pollution, its prescription or the permanence of the inflow of contaminants into
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the reservoir are judged from the amount of nitrogen-containing compounds
and their ratio.

Thus, the presence in water only of ammonium salts with the appropriate
bacteriological data is an indicator of fresh organic contamination of the water
source; presence ol nitrogenous and nitric acid salts in water in the absence
or traces of ammonium salts is an indicator of the seli-purification of water
that is coming to an end; the presence in the water of the entire triad of
nitrogen-containing substances is an indicator of the constant contamination
of the reservoir by organic substances.

But it is necessary to take into account the possibility of the natural
content of these compounds in the water or their entry with plant residues.
In this case, dynamic observations of the composition of water are of great
importance. The degree of organic contamination of water can be judged from
the water oxidation value. High oxidability or sharp fluctuations of it (outside
the season) may indicate a constant supply of organic anthropogenic pollution
in the reservoir.

Formalization of research results

The data of all the studies carried out to determine the quality indicators
of the test water samples are tabulated in Table [1.1.4]

THE TASK

Determine the quality of the test water samples by the indicators of
groups A and B. Evaluate the suitability of sources for domestic and drinking
water supply, using the data of the conducted studies of water samples (Table
[1.1.4). Indicate the causes of the appearance in the water of pollutants and
methods of monitoring their content in water.

CONTROL QUESTIONS

1) How is the hydrosphere contaminated?

2) What are the features of studying the abiotic factors of aquatic
ecosystems?

3) How is water sampling carried out? List the types of water samples.

4) What are the groups of water quality indicators? What are the
characteristics and properties of water?

5) What are the organoleptic properties of water and the features of their
determination?

6) What are the chemical characteristics of water quality and the specifics
of their determination?
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7) Name the indicators that characterize the epidemiological safety of
water, and the specilics of their definition.

REFERENCES
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Universitetskaye, 1999. — 120 pages.

2) Strokach P.P., Kulskij L.A. Practicum on the technology of natural
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3) Fedorova A.l., Nikolskaya A.N. Practicum on ecology and
environmental protection: Tutorial for the students of HEIs. —
Moscow: Humanitarian publishing center VLADOS, 2001.— 288
pages.
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Table 1.1.4 — Characteristics of abiotic factors in the aquatic

environment

No.
in
order

Abiotic factor

Sample
No. 1

Sample
No. 2

Sample
No. 3

Sample
No. 4

Sample
No. 5

1

2

3

4

5

6

1

Temperature,
°C

2

Transparency,
cm

Sediment:
-quantity
assessment
-quality
assessment

Chromaticity,
degrees

Odor, point

Intensity of
odor, point

Taste

Intensity of
taste, point

O 00 [N O O

Aftertaste

Intensity of
aftertaste, point

11

pH of water,
mg-eqv/dm?

12

Total alkalinity,
mg-eqv/dm?

13

Chlorides,
mg/dm3

14

Total hardness,
mg-eqv/dm?
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1.2 INFLUENCE OF NATURAL AND
ANTHROPOGENOUS ENVIRONMENTAL FACTORS
ON THE STABILITY OF BIOTA

Objective: to establish the threshold of damage to living cells
from extreme temperatures, to study the action of heavy metal
salts on animal and vegetable proteins, to reveal the difference
in their stability.

GENERAL INFORMATION

Life on Earth was formed under the influence of environmental
conditions. The latter is a union of energy, material bodies, phenomena that
are in interaction (direct and indirect). This concept is very extensive: from
the cosmic impacts of the universe on the solar system, the influence of
the sun, as the main source of energy, on terrestrial processes to the direct
effects of the environment (including man) on a single individual, population,
community. The concept of environmental conditions includes components
that do not affect or have little effect on the vital activity of organisms
(inert gases of the atmosphere, abiogenic elements of the earth’s crust)
and those that significantly affect the vital activity of the biota. They are
called environmental factors (light, temperature, water, air movement and
its composition, soil properties, salinity, radioactivity, etc.). Environmental
factors act together, although in some cases one factor prevails over others
and is the determining factor in the responses of living organisms (for
example, the temperature in the Arctic and subarctic zones or deserts).

All environmental factors are perceived by different kinds of organisms in
different ways. However, all actions pass through cells and their components,
intercellular and tissue interactions are expressed in certain reactions of
changes in metabolism, functions and, ultimately, morphological changes
in organisms and their communities. A large role in the perception of
environmental factors is played by cell membranes, cytoplasm and various
organelles.

The actions of stressiul environmental factors are expressed in the
alteration or disruption of the structures of cells, tissues and physiological
functions of the whole organism, populations, communities. These changes are
determined by the strength and nature of the action of the factor itseli, and
the stability of the organism. In this laboratory work, it is proposed to conduct
studies on the effect of environmental factors on the cell and organism: abiotic
(high temperatures) and anthropogenic (heavy metal salts). The influence of
factors is expressed in the change in the permeability of the integumentary
leaf tissues (with acid penetration, at high temperatures), changes in the cell
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components (plasmolysis, chlorophyll destruction, pheophytinizationﬂ, protein
coagulation), and in disturbance of the vital functions of individual plant
organs (leaves, shoots).

When using salts of heavy metals, are used their concentrations, which
can be rarely found in nature, however, in laboratory experiments, an increase
in concentration several times (up to 10) is generally accepted, otherwise the
effect turns out to be fuzzy.

1.2.1 DETERMINING RESISTANCE OF PLANTS TO
HIGH TEMPERATURES

Equipment, water bath; thermometer; tweezers; Petri dishes (5
reagents, pcs.); A glass with water; Thin wire; Glass pencil;
materials: 0.2 N hydrochloric acid HCI solution; Fresh leaves

of woody plants.

Temperature is one of the main environmental factors on Earth. It varies
in a wide range depending on natural zones and specific conditions (volcanic
activity, hot springs, heat release by power plants, etc.). Different types of
plants differ in this factor. Thus, Cy4 plam‘sﬂ withstand higher temperatures
than Cs plants’] Within the latter group there are also great differences.

The work is carried out with a group of woody or indoor plants of
various species found in planting plantings of a given locality or premises.
This makes it possible to build a number of plant species in terms of the
degree of resistance to high temperatures, to identify the most stable ones,
which is very important for creating planting greenery zones of enterprises,
street planting in areas with hot summers or planting greenery. In this regard,
students are given the task to bring 5-6 iresh leaves from various tree
species or houseplants, wrapping the ends of petioles in wet cotton wool,
foil, and placing all the leaves in cellophane (houseplants are used as a last
resort). The principle of the method was proposed by F.F. Maikov and is
based on establishing the threshold of damage to living cells from extreme
temperatures. If the leaves are exposed to heat and then immersed in a weak
solution of hydrochloric acid, the damaged and dead cells will become ripe due

! Pheophytinization — Change of color from green to brown. Feofitin — the oxidized form of chlorophyll, it is
formed by the action of acids (for example, acid rains). In this case, in the chlorophyll molecule, magnesium is
replaced by hydrogen, which leads to a change in color and loss of optical properties.

2C4 plants — Plant organisms in which products of carbon dioxide COs fixation are four-carbon organic acids
and amino acids. These are mainly tropical plants: corn, sorghum, sugar cane, etc., and a number of cereal
plants of temperate latitudes. Such plants are characterized by a very high intensity of photosynthesis, they are
resistant to high temperatures (optimum temperature is +35 — 445 °C, maximum is +45 — +60 °C), water is
used efficiently, stressful situations (drought, salinization) are well tolerated, are characterized by an increased
intensity of all physiological processes, which determines their very high biological and economic productivity.

3C3 plants — Most of the plants of the Earth, carrying out C3 — the way of fixing COy in the process of
photosynthesis, resulting in the formation of three-carbon compounds (glucose, etc.). These are mainly plants
of temperate latitudes, the optimum temperature of which is +20 — 425 °C, and the maximum is +35 — +45 °C
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to the Iree penetration of the acid in them, which will cause the chlorophyll
to turn into pheophytin (brown color), while the intact cells will remain
green. In plants that have acidic cell sap, pheophytinization can occur without
treatment with hydrochloric acid, because In violation of the semipermeability
of tonoplast organic acids penetrate from the cell sap into the cytoplasm and
displace magnesium from the chlorophyll molecule.

[t is better to do this work during the first half of the vegetation, when
there is no natural destruction of chlorophyll in tree species. In the period
of forced rest (February-April), the leaves can be obtained by warming the
branches in warm water and further opening the leaves in water at room
temperature. A set of leaves of different types of indoor plants can also be
used.

WORK PROGRESS

Before the session, the water bath is heated to 40 °C. At the beginning of
the lesson, a bundle of leaves from the investigated plants is dipped into it (5-6
leaves of each object under study), having fastened the petioles with a wire.
The leaves are left in the water for 30 minutes, maintaining the temperature
at 40 °C. Then the first test is taken: one sheet of each plant species is torn
off and put in a petri dish with cold water. After cooling, the leaves are taken
with tweezers, transferred to a plate with hydrochloric acid HC![ and left for
30 minutes.

Simultaneously, the temperature in the water bath is raised to 50 °C and
after 10 minutes one more sheet is extracted from it, repeating the operation
and transferring the leaves cooled in water to a new Petri dish with HCI.

Thus the temperature is gradually brought to 80 °C, taking samples
every 10 minutes, with an increase in temperature by 10 °C. 20 minutes after
placing the leaves in the HC/ immersion, the degree of damage is determined
by the number of brown spots.

Formalization of research results

The results of the studies on different wood or houseplants are to be
recorded in Table [1.2.1], marking the lack of brown streak with the «-» sign,
weak brown streak with «+», brown streak on more than 50% of the leaf area

with «++» and with «+++» solid brown streak.
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Table 1.2.1 — Effect of temperature on plant resistance

: The degree of leal damage
No. | Name of the object 10°C 150 °C 160 °C 170 °C | 80 °C
1

3

TASK

Make a scale of the heat resistance of wood or house plants by its
decrease. Make appropriate conclusions about the resistance of different plant
species to high temperatures as one of the abiotic environmental factors.

1.2.2 INFLUENCE OF THE SALTS OF HEAVY
METALS ON COAGULATION OF VEGETABLE
AND ANIMAL PROTEINS

Equipment, Test tubes (16 pcs.); Bottles that contained
reagents, penicillin (8 pcs.), a glass (1 pc.); Pipette 1 ml
materials: (I pc.); Pharmacy pipette (2 pcs.); Glass; [ilter

paper; 5% solution of CuSO, 5% solution of
Pb(NOs)o distilled water; Animal protein (chicken
egg); Vegetable protein (cereal pea).

This laboratory work clearly shows the action of salts of biogenic and
non-biogenic heavy metals on animal and plant proteins, reveals a difference
in the reaction of both. Proteins with heavy metals form complexes insoluble
in water, i.e. are coagulated|

In order to o conduct research, solutions of animal and vegetable proteins
are prepared:

- animal protein solution: the protein of the chicken egg is separated
into a measuring cup, stirred with a glass rod in distilled water at a
ratio 1:10, then filtered;

- vegetable protein solution: ripe grain peas milled into flour in a coffee
grinder, diluted in a ratio of 10 g of pea flour in 50 ml of a 10%
solution of NaCl or KCI, then filtered.

The bottles that contained penicillin a series of solutions of copper sulfate

CuSO, and lead Pb(NOs)y from the initial 5% solutions are prepared: 2.5%;
1.25%, 0.62%.

“Coagulation — the process of coarsening of colloidal and some coarser dispersed systems, caused by a
violation of their steady state. In the process of coagulation colloid particles stick together, increase to such a
size that they lose their colloidal properties and drop out as a precipitate or turn into gelatinous gels.
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Table 1.2.2 — The nature of protein coagulation

Salt The concentration of the salt solution
5% | 25% | 1.25% | 0.62%
a) Effect of salts on animal protein
CuSO,4
Pb(NOs)s
b) Effect of salts on vegetable protein
CLLSO4
Pb(NO3)s

1 ml of animal protein is added with pipette in 8 tubes, and in the
other 8 — 1 ml of vegetable protein (all tubes are labeled with the appropriate
number).

In each tube add 2 drops of one of these solutions of the test salts:
CuSO4 — 5%; 2.5%; 1.25%; 0.62% and Pb(NO3)s — 5%; 2.5%; 1.25%; 0.62%.
The character of the coagulation is considered on a dark background (a piece
of black paper, a board, etc.).

Formalization of research results

The carried out researches make out in the form of the table [1.2.2|

TASK

Determine the concentration of the salt solution at which the protein
coagulates (with different salts and with different types of proteins). In the
conclusion, reflect the answers to the following questions:

1) With which of the types of proteins (animal or vegetable) is most
active:

a) CuSOy;

6) Pb(NOs)o?

2) Which salt (lead or copper) is most active with:

a) animal protein;

6) vegetable protein? Why?

TEST QUESTIONS

1) What is meant by the terms «environments and «environmental
conditions»?

2) How do living organisms prove themselves under the influence of
environmental factors?

3) Characterize C3- and Cy-plants.
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4) Why are thermo-resistant species of plant organisms detected?
5) Give an explanation of the concept «coagulation».

REFERENCES

1) Fedorova A.l, Nikolskaya A.N. Practicum on ecology and
environmental protection: Tutorial for the students of HEIs. —
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1.3 BIOINDICATION OF POLLUTION OF
ENVIRONMENTAL SYSTEMS

Objective: to get acquainted with the method lichenoindication
pollution, to assess the combined effect of industrial emissions
in the study area by the presence, abundance and diversity of
species of lichen.

GENERAL INFORMATION

Bioindication is a method applied for detecting and assessing the effects
of abiotic and biotic factors on living organisms using biological systems.

Living organisms to some extent react to changes in the environment. In
some cases, this can not be detected by physical or chemical methods because
the permitting capabilities of instruments or chemical analyzes are limited. By
these methods, for example, the effect of biological accumulation of individual
toxic substances in plant and animal organisms can be detected. Sensitive
organisms-bioindicators react not only to small doses of the environmental
factor, but also provide an adequate response to the effect of a complex of
factors, revealing Synergismﬂ, emergencdﬂ, inhibitionﬂ.

There are two main methods of bioindication: passive and active. Using
a passive method, visible or unnoticeable lesions and abnormalities that are
signs of adverse effects are examined. Active monitoring is used to detect the
response of the organisms most sensitive to this factor (biotesting). It can be
one factor (sulfur dioxide), or a multicomponent mixture (vehicle exhaust).

Bioindication can be carried out at the level of macromolecules, cells,
organisms, populations, communities and ecosystems.

There is a specific bioindication (response to only one factor) and
nonspecific (the same reaction to many factors). Sensitive bioindicators can be
separate processes in the cell and the body, as well as morphological changes.

In order of increasing tolerance| to pollution, the plant organisms are
ranged as follows: fungi, lichens, conifers, herbaceous plants, deciduous trees.
Among the crops, salad, alfalfa, cereals, crucifers are the most sensitive, and
corn, grapes, rosaceous, plantain are referred to insensitive species. These
grades are not the same for all types of pollutants in the environment. Their
impact is different and the identification of specific bioindicators on different

!Synergism — joint action or summation of the components of the whole.

2Emergence — the system has a whole has new special properties that are not inherent in its parts (the whole
is greater than the sum of its parts). For example, hydrogen and oxygen, joining in a certain ratio, form water,
a liquid that is not similar to the properties of the source gases, thus, the parts are integrated, causing the
appearance of unique properties. The principle of emergence is taken into account in carrying out environmental
expertise and environmental prediction.

3Inhibition — deceleration of life processes (growth, metabolism).

4 Tolerance — resistance of the organism to the action of the ecological factor.
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factors gives the method itsell a new scientific aspect that makes it possible
to make it more accurate and informative.

Lichen indication of air pollution

Basic informative bioindicators of the state of the air environment
and its changes are lower plants: mosses and lichens, which accumulate in
their thallium many contaminants (sulfur, fluorine, radioactive substances,
heavy metals). Lichens are very undemanding to environmental factors, they
settle on bare rocks, poor soil, tree trunks, dead wood, but for their normal
functioning they need clean air. They are particularly sensitive to sulphurous
gas. The slightest pollution of the atmosphere, which does not affect most
plants, causes a massive loss of sensitive lichen species. They disappear as
soon as the concentration of sulfur dioxide reaches 35 billion™! (its average
content in the atmosphere of large cities is over 100 billion~!). It is therefore
not surprising that most lichens have already disappeared from the central
zones of the cities. They are also selectively acted by substances that increase
the acidity of the environment (Os, Os, He, HCI, No). Heavy metals (Pb, Zn,
Cu), that are being accumulated in the thallium in significant quantities, and
natural and artificial radioactive isotopes are relatively harmless for lichens.
Lichens are used for bioina’icationﬁ of changes in anthropogenic pollution of
the environment in space and biomonitoring®| of changes in anthropogenic
pollution of the environment in time. With the help of lichens, it is possible
to evaluate the complex effect of industrial emissions in the area under
investigation.

The research area of biomonitoring of the state of the air environment
with the help of lichens is called lichen indentation.

Lichens are a symbiosis of algae and fungus. They are sensitive to
environmental pollution for the following reasons:

1) Lichens have not impermeable cuticle, so that the exchange of gases
occurs freely through their entire surface.

2) Most toxic gases are concentrated in rainwater, and lichens absorb
water by all the thallus, unlike flowering plants that absorb water
mainly by roots.

3) Most flowering plants in our latitude are active only in the summer,
when the level of pollution with sulfur dioxide is much lower (due to
the reduction of coal combustion in the furnaces —the main source
of sulfur dioxide gas), while lichens have the ability to grow at
temperatures below 0°C.

®Bioindication — the use of particularly sensitive organisms to detect contaminants or other agents in the
environment.

®Biomonitoring — tracking the quality of all environmental components and the state of biological objects.
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In contrast to flowering plants, lichens are able to get rid of toxic
parts of their thallus every year. In cities with a polluted atmosphere, they
are rare, the main enemy of lichens in cities is sulfur dioxide. It is known
that the higher the level of pollution of the natural environment with sulfur
dioxide, the more sulfur accumulates in the thallus of lichens, and the living
thallus accumulates sulfur from the medium more intensively than the dead
one. Especially suitable are lichens as bioindicators of small environmental
pollution. The most sensitive symbiont in the thallus of lichens is algae.

In the world there are about 26 thousand species of lichens. They differ
in the zones of growth (tundra, forest zone, etc.), types of substrata (stones,
rocks, trunks and branches of trees, soil). In lichens growing on trees, the
species composition differs depending on the active reaction of the medium
(pH) of the cortex. Lichens disappear, first of all, from trees that have
acid bark (birch, conifers), then from trees with neutral bark (oak, maple)
and, most recently, from trees that have a slightly alkaline bark ( chinese
elm, Siberian pea shrub). In lichen types of forests, dominate bushy lichens
(Cladonia, Cetraria), like a long beards hangs from the branches of trees
Usnea, which is the most sensitive spice and grows only in forests with clean
atmosphere.

Among the life forms of lichens are distinguished:

1) Crustaceous (thallus looks like crusts) — for example, Bacidia fiscia.

2) Phylliform (thallus looks like plates)—for example, Parmelia,
Hypogynium.

3) Dumetose (thallus looks like bushes or hanging «beards», sometimes
up to 1-2 m long) — for example, Usnea, Bryoria, Cladonia, Cetraria.

The most susceptible to air pollution are crutaceous and dumetose
lichens (they disappear completely), least — phylliform.

Lichens (especially Bryoria, Parmelia, Usnea) are the food for a number
of animals (roe deer, deer), and Cladonia is the main food for the reindeers.
The destruction and disappearance of lichen cover due to pollution of the
territory under the influence of industry and transport violates the main food
chains and leads to the disappearance of a number of animals (especially
deers).

WORK PROGRESS
Equipment, Herbarium of lichens species diversity;, Ruler (100

materials: cm).

In this laboratory work, it is proposed to carry out bioindication of the
territory with the help of lichens in order to collect information on atmospheric
air pollution with sulfur dioxide.
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2-3 km long transect is conveniently placed perpendicular to the busy
road adjacent to woodland consisting of a small variety of wood species (e.g.
pine with an admixture of birch and oak forests with an admixture of maple).

Transect is divided into sections:

1) by the road;

2) in 100 m;

3) in 300 m;

4) in 500 m;

5) in 1000 m,;

6) in 2000-3000 m away from the road.

Each section is divided into squares of a certain size 20x20 m, 50x50 m
or 100x100 m (depending on the plants space).

On each square the following parameters are taken into account:

1) Total number of lichen species;

2) Degree of coverage by thallus of lichens of each tree;
3) Frequency (occurrence) of each species;

4) Abundance of each species.

Mapping lichens on small squares gives an opportunity to assess the
air condition and indicate the location of emission sources. In this case both
the quantitative indicators (the percentage of covering by thallus of each
species or selected species of the trunk surface, the size of the thalli, the
proportion of damaged thalli, etc.) and the qualitative criteria (presence or
absence of certain species of lichens, changes in their composition, etc.). To
assess the degree of coverage, unincorporated, stand-alone trees are selected
at which, at an altitude of 30-150 cm, the lichens over the most overgrown
part of the cortex are taken into account. Comparable results can be obtained
if the different types of threes are examined, and then the average degree of
coverage for each square under survey is calculated.

The frequency of occurrence of lichens and the degree of coverage or
substrate can be estimated as follows (Table [1.3.1)).

Table 1.3.1 — Grading frequency and degree of coverage

Estimation | Frequency of occurrence Degree of coverage
1 Very rare Very low
2 Rare Low
3 Moderate Medium
1 Frequent Large
5 Very frequent Very large (occurs on most trees)

Lichen indication can be carried out by active monitoring. Its essence
lies in the fact that the effect of pollutants is determined by the nature of the
reaction of transplanted from the «clean» habitats of lichen thallules. For this
purpose, it is best to use wooden planks with round grooves in which lichens
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are fixed with a steel rod. After this, the finished structure is exposed in the
surveyed area with the observance of as many identical conditions as possible
(exposure, altitude, etc.). If necessary, fragments of lichen can be assessed
both for external lesions (discoloration of leafes, discoloration of blades, etc.)
and physiological and biochemical indicators.

Formalization of research results

The results of observations and research are recorded in Table [1.3.2]

Table 1.3.2 — Assessment of air pollution by the lichen indication
The area | Presence (+) or absence (-) of lichens

Description ,1;]12' t?fee covered
of the site covered by thallus
of the with llchens at Dumetose | Crustaceous| Phylliform
square ) altitude
surveyed lichens 30-150
vey thallus

cm, %

TASK

Using the method of lichen identification, assess the state of atmospheric
air in the area under study. After dividing the surveyed transect into squares,
analyze the territory, taking into account the following parameters: 1) the
total number of lichen species; 2) the degree of coverage of the lichen thalli
of each tree; 3) the frequency (occurrence) of each species; 4) the abundance
of each species.

Draw a conclusion about the general pollution of atmospheric air and its
contamination with sulfur dioxide, using tables and [1.3.4]

Lichen indication does not provide accurate quantitative information on
the level of air pollution. It should be borne in mind that a number of species
die already at low pollutant concentrations, often not reaching the established
sanitary standards. The disappearance of lichens is a signal of the imminent
danger to the environment.
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Table 1.3.3 — Lichenoindication of the air polution

Zone Pollution Presence (+) or absence (-) of lichens
Dumetose | Crustaceous | Phylliform
1 No + + +
2 | Fair - + -
3 | Medium - - +
4 | Heavy (lichen desert) - - -

TEST QUESTIONS

1) What is bioindication and lichen indication?

2) Name the life forms of lichens.

3) How is active monitoring carried out in lichen indication?
4) How is air contamination determined by lichen indication?

REFERENCES

1) Bioindication of terrestrial ecosystem pollutions / Edited by R.
Shubert. — Moscow, 1998.

2) Denisova S.I. Field practice in ecology: Tutorial — Minsk:
Universitetskaye, 1999. — 120 pages.

3) Odum Y. Bases of Ecology. — Moskow: Higher School, 1975.

4) Fedorova A.l.,, Nikolskaya A.N. Practicum on ecology and
environmental protection: Tutorial for the students of HEIs. —
Moscow: Humanitarian publishing center VLADOS, 2001.— 288
pages.

5) Yalovaya N.P., Strokach P.P. Ecology and hydrochemistry. Glossary —
guide: reference guide. — Brest: BrSTU, 2002. — 244 pages.
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Table 1.3.4 — Influence of environmental pollution on the
occurrence of lichens

Air pollution
Pollution Assessment of the occurrence of by. sglfur Pollution
zone lichens dioxide, assessment
mg/m3
1 There are no lichens on trees More than Hea\{y
and stores 0.3-0.5 pollution
2 There are no lichens on trunks | About 0.3 Quite hgavy
of trees and on the stones. On pollution
the northern side of the trees
and in the shady places there
is a greenish plaque of the
Pleurokokus algae
3 On the trunks and at the From002.05 to Medium
base of the trees appear gray- '
green hard crustaceous lichens
Lecanora, Physcia
4 Development of crustaceous | Under 0.05 Fair
lichens — Lecanora and others,
algae Pleurokokus, phylliform
lichens appear (Parmelia)
5 Dumetose lichens appear | Low content The air is
(Evernia, Usnea) very clean
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1.4 QUALITATIVE RECOGNITION OF MINERAL
FERTILIZERS AS POSSIBLE POLLUTANTS OF
SOILS AND AGRICULTURAL PRODUCTS

Objective: learning to conduct qualitative recognition of
mineral fertilizers as possible pollutants of the pedospher
and agricultural products.

GENERAL INFORMATION

Incorrect and excessive application of mineral fertilizers, methods of
their storage lead to pollution of soils and agricultural products. Water-
soluble forms of nitrogen fertilizers flow into ponds, rivers, streams, reach
groundwater, causing an increased content of nitrates in them, which alfects
adversely human health.

Often fertilizers are introduced into the soil unrefined, which is the cause
of soil contamination with radioactive (for example, potassium isotopes when
using potassium fertilizers), as well as toxic substances. Different forms of
superphosphates, having an acidic reaction, promote acidification of the soil,
which is undesirable for areas where soil pH is lowered. Excess amount of
phosphorus fertilizers washed into standing and slowly flowing water, causes
the development of a large number of algae and other vegetation, which
worsens the oxygen regime of water bodies and promotes their overgrowing.

In some cases, flertilizers are transported without proper packaging,
stored without shelter in the outskirts of the fields, where they are caked,
polluted and become very similar in appearance. In connection with this, a
modern ecologist should be able to recognize flertilizers in appearance and
simple qualitative reactions.

Most common fertilizers

Nitrogen fertilizers

The most commonly used is ammonium nitrate NH;NOs; and urea
NHyCONHs. Ammonium sulfate NH,SO, is also used. In the protected soil,
calcium nitrate Ca(NQOs)e and potassium nitrate KNOs are used.

Phosphate fertilizers

The most common is simple granular superphosphate Ca(HoPOy)s and
double granular superphosphate Cas(HoPOy)s. Phosphorite flour Cas(POy)o
is also used.

! Pedosphere — an independent terrestrial shell —a soil cover, or according to V.I. Vernadsky, the crust of
weathering is part of the biosphere. Border formation between the aerobiosphere, terbiosphere and lithobiosphere
is formed by and depends on the state of the environment of all three sub-shells, therefore it proves to be the
most vulnerable in violation of any of them.
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Potash fertilizers

[t is mainly used potassium chloride KCI, potassium nitrate KNOs or
potassium sulfate KoSOy. Less frequently are used sylvinite KCI - NaCl and
Kalimag KQSO4 . 2Mg$04

Calcareous [ertilizers

These include calcareous materials containing not less than 50% of
CaCOs. These are lime flour from tufa, dolomite flour, chalk, lake lime,
etc. Their action is to neutralize soil acidity, improve the conditions for the
life of microorganisms and physical properties of the soil.

WORK PROGRESS

Equipment, Test tubes (12 pcs.); Racks for test tubes;
reagents, Small mortars with pestles; Droppers or individual
materials: pipettes for each reagent; Muffle tongs; Tweezers

(long),; Electric stove; A gas burner or an alcohol
lamp; Pieces of charcoal; Indicator paper; distilled
water; 8—10% alkaline KOH or NaOH; 5% solution
of barium chloride; Concentrated hydrochloric acid;
2% hydrochloric acid; Acetic acid (ice, diluted
10 times); 1-2% solution of silver nitrate; lodine
solution in potassium iodide (20 g KI is dissolved
in 20 ml of distilled water, 6.35 g of crystalline
iodine is added. The solution is transferred to a 50
ml volumetric flask, brought to the mark); Several
types of the most common [ertilizers (without
signatures).

Work begins with defining the external signs of fertilizers: consistency,
color, odor. Then, solubility is clarified and appropriate qualitative reactions
are carried out with each fertilizer to be determined.

External signs

Consistency. Fertilizer can be crystalline (fine and coarse), amorphous,
and also in the form of granules. Crystalline fertilizers include all nitrogen
(except calcium cyanamide) and all potassium based, the amorphous ones
comprise all phosphoric and calcareous. Phosphorus fertilizers are often
granulated (superphosphates).

The color of the fertilizer is determined by a thorough examination.
The characteristic may vary slightly due to transporting, dust contamination,
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and also depending on the production technology. Purified fertilizers have a
characteristic color.

Smell. Almost all fertilizers have a smell, but often not persistent, only
cyanamide of calcium smells of kerosene.

Hydro solubility

1-2 grams of fertilizer are placed in a test tube, 15-20 ml of distilled
water is added and the tube is shaken well. There are possible the following
grades:

a) completely soluble;

b) markedly soluble (more than half of the fertilizer is dissolved);
c) slightly soluble (up to the half of the fertilizer is dissolved);
d) insoluble.

IT as a result of shaking an abundant turbidity was formed in the tube,
the fertilizer is slightly soluble.

All nitrogen fertilizers as well as the potassium ones, are completely
soluble and noticeably soluble. The insoluble or slightly soluble ones incluse
all phosphoric and calcareous fertilizers.

I the fertilizer has dissolved completely, the solution is poured into
test tubes and the presence of a particular cation or anion is detected in
it, a number of additional indices are determined, and then the name of the
fertilizer is determined according to the scheme.

Reaction with alkali

Several drops of 8—10% alkali solution (KOH or NaOH) are poured into
the fertilizer solution. In the presence of ammonia, when agitated, its secretion
is felt due to a specific odor:

NH;NO3 + NaOH = NaNOs; + NH,OH

NH,OH — NH;3 1 +H50.

Reaction with barium chloride

Several drops of 5% solution of barium chloride BaCly are added to the
test tube with the fertilizer solution. If a SO}~ ion is present in the fertilizer,
a curdled white precipitate of BaSO,, which is insoluble in acetic acid, is
formed. Making sure that the precipitate is insoluble is possible by adding
acid.
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K2SO4 4+ BaCly = BaSO, | +2KCI.

Reaction with silver nitrate

To the aqueous solution of the fertilizer 2-3 drops of 1-2% solution of
AgNQOs; are added and the contents of the tube are shaken. The reaction serves
to detect chlorine (white smoky precipitate of AgCl, insoluble in acetic acid).

KCl + AgNOs = AgCl | +KNOs.

Phosphorus fertilizers form with AgNO; a yellowish precipitate, soluble
in acetic acid.

NHH,PO, + AgNOg = AgH2PO4 L +NHyNOs.

The reaction with AgNO; is also used for the analysis of calcareous
fertilizers. So, with quicklime and slaked lime, silver nitrate gives a brown
precipitate of silver oxide, which is soluble in acetic acid.

Ca0 + 2AgNO;3 = Ca(NOs)9 + Ago0 |;

Ca(OH)s + 24gN O3 = Ca(NO3)s + Ags0 | +HsO.

A test on the hot caracol

A nut-sized carbon pieces are heated on an electric plate, then they are
taken with forceps or tweezers and made red-hot in the flame of the alcohol
lamp. A pinch of fertilizer, previously rubbed in a mortar and placed in a
narrow spoon from the foil is put on the coal. The rapidity of combustion, the
appearance of smoke, the color of the flame, the smell are observed. Ammonia
fertilizers are recognized by the smell of ammonia, nitrate compounds give a
flash, the potash ones crackle.

[T fertilizer breaks out, this is saltpetre. The following nitrates are
distinguished by the color of the flame:

- sodium — burns with yellow-orange flame;

- potassum — with the purple one;

- ammonium — gives a colorless flame, and sometimes melts, boils with

the release of ammonia.

Nitrogen fertilizers containing amide (NH;) and ammonium (NHy)
groups burn on the incandescent coal with white smoke and an odor of
ammonia. Crystalline potassium fertilizers on the hot coal do not break out,
but only crackle slightly and «jump». It should be noted that if the coal is
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badly red-hot (not red-hot), and the crystals are large, they can lie on the
corner without any changes.
Phosphoric, calcareous fertilizers, gypsum do not change on hot coal.

Reaction with acid

A little dry fertilizer is placed in a test tube or porcelain cup and a
2-10% solution of hydrochloric acid or acetic acid drips onto the fertilizer.
[f the fertilizer effervesces from the evolved carbon dioxide, then it is a
carbonate or contains a significant admixture of carbonate. Such fertilizers
include calcareous materials, ash, etc.

CaCOs3 + 2HC! = CaCly + HyO 4 COs 1;

KoCO3 + 2HCI = 2KCl + HO + COs 1.

Reaction of aqueous extract

5 g of fertilizer is placed in a conical flask, 50 ml of distilled water are
added and shaken well. The solution is filtered through a paper filter. A test
strip of paper is placed in a test tube with the obtained aqueous extract from
the fertilizer (the pH of the extract can also be determined on a laboratory
ionometer or pH meter). Superphosphate has acid reaction due to gypsum.
Other fertilizers have an alkaline reaction (calcium cyanide, thomas slag,
calcareous fertilizers), others have neutral reaction.

Determination of magnesium in fertilizers

This determination is carried out with a solution of iodine in potassium
iodide K/. Magnesium ions with a hydroxyl ion of water form a slightly
soluble magnesium hydroxide:

Mg*t + 20H = Mg(OH),.

Magnesium hydroxide with iodine gives a reddish brown color. So
potassium and calcareous fertilizers that contain magnesium are determined.

Determination of potassium fertilizers containing magnesium

1-2 drops of iodine and 1-2 drops of alkaline KOH or NaOH are placed
in a porcelain cup (a pale yellow color appears), 1-2 drops of the fertilizer
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solution are poured. If the fertilizer contains magnesium, the color becomes
reddish brown.

Determination of calcareous fertilizers containing magnesium

In a test tube with 2-3 g of fertilizer 2-3 ml of acetic acid are added,
the tube is shaken and let stand. The analysis is then carried out in the
same manner as described above. Magnesium containing limestone stains
the solution in a reddish-brown color, and not containing magnesium gives a
yellow color of the solution.

Formalization of research results

The results obtained are recorded in the Table [.4.1

Table 1.4.1 — Observations record
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TASK

Using the following definition scheme, determine the name of the
proposed fertilizer. Make the appropriate conclusions.

The scheme for determining fertilizers by qualitative reactions

1. The fertilizer is soluble in water
Fertilizer is soluble in water slightly or almost insoluble
2. Flashes on carbon

Does not flash on carbon
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3. Does not smell ammonia on coal or alkali. Burns yellow-orange flame;
Colorless, transparent crystals with a grayish or yellowish hue, bitter-salty
taste: sodium saltpeter NaNQOs.

Burns with a violet flame, white crystals with a yellowish-gray tinge:
potassium saltpeter KNOs.

Produces the smell of ammonia not only on coal, but also with alkali.
With BaCly, there is no precipitate, but it can give a turbidity. White or
yellowish granules of 1-3 mm in size or flat scales: ammonium saltpeter
NHNO:s.

4. On the coal gives the smell of ammonia, but with alkali does not.
White granules from 1 to 5 mm in size or fine crystalline powder: urea
NHsCON Hs.

Gives the smell of ammonia on coal and with alkali. On the coal melts

with the emission of white smoke 5
[t does not smell ammonia on coal or with lye. The grains (crystals) do
not burn, but only crackle or bounce 6

5. With AgNQO; gives a plentiful precipitating precipitate, white,
insoluble in acetic acid; with BaCly gives a slight turbidity. A fine crystalline
product or granules of white or yellowish color: ammonium chloride NH,CI.

With AgNOs gives a slight turbidity, while with BaCly abundant white
precipitate, insoluble in acids is formed. Crystalline substance of white, gray
or other color, except yellow: ammonium sulfate (NH4)9oSO,. Crystalline salt
of yellow color: ammonium-sodium sulphate (NHy)9SO4 + NagSOs;.

With AgNO; gives a yellow turbidity soluble in acetic acid. Granulated
product or powder of light gray or gray color, with the addition of copper —
blue, the reaction of the aqueous extract is acidic: ammophos NHyHoPOj.
Granules of dark gray or light gray color, the reaction of the extract is neutral:
diammophos (N Hy)oPOy.

6. With BaCls forms a white precipitate, insoluble in acetic acid, with
AgNOj; forms weak turbidity and does not give sediment. A fine-grained white
powder, sometimes with a yellowish tint, with iodine gives a light yellow color:
potassium sulphate KsSO;.

Forms an abundant precipitate both with BaCly, and with AgNOs;. Large
crystals of a pinkish-brown color or a crystalline powder of gray color, a
solution of bitter-salty taste: kalinite KC! - MgSO, - 3H,0; light gray small
crystals, irregularly shaped gray granules or strongly dusting powder with
a greyish and pink tint, with iodine gives a reddish-brown color: potassium
magnesia (schoenite) — KoSOy - MgSOy - 6H0 or sulfate of potash-magnesia
(sulpomag) — K9SOy - 2MgSOy.

With AgNOs gives an abundant curdled precipitate insoluble in acetic
acid, with BaCly gives a slight turbidity. A fine-grained substance of white
color with a grayish tinge and an admixture of pink crystals: potassium
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chloride grade «K» KCI «K»; natural coarse crystals of milk-white to reddish-
brown color: potassium chloride grade «F» — KCI «F»:
- natural crystals from red to brown color — KC/ coarse of potash ores;
- a line-grained powder of brown color —KC! from nepheline raw
materials;
- a fine crystalline product, natural crystals from milk to reddish brown
or pressed irregularly shaped granules from white to reddish-brown —
KCI of sylvinite;
- small pink crystals mixed with large blue or gray crystalline powder
with the inclusion of pink crystals: potassium salt — KCl+KCl-NaCl.

7. With acetic acid gives a strong effervescence 8
With acetic acid does not give effervescence or boils barely noticeably
9

8. Powder of white, gray or brown color — lime fertilizer:

- in reactions with iodine of the acetic acid fertilizer solution, a light

yellow color appears: chalk, chalky powder — CaCOs;

- Coloration with iodine — red-brown: dolomite powder — CaCO3;-MgCOs.

A fine dusty powder of black and blue color. Often has the smell of
kerosene. Red litmus paper, put in an aqueous solution of fertilizer, turns
blue: calcium cyanamide — CaCNs.

Dark gray heavy powder. The aqueous solution has an alkaline medium.
When reacting with an acid, hydrogen sulphide is released: Thomas slug —
4CaO0 - PQO5.

9. The aqueous solution of the fertilizer gives yellowing or sediment with

AgNOg 10
There is no yellowing of the solution or precipitate with AgNOs
11

10. Powder or granules from light to dark gray. The blue litmus paper
turns red when it comes in contact with an aqueous solution of fertilizer:
simple or double superphosphate — Ca(HyPOy)o+2CaS0y, Ca(HyPOy), - HyO.

Granules or powder of light or dark gray color, the reaction of the
aqueous solution is neutral or slightly acidic, with the addition of 2-3
drops of the Nessler reagent, an intense brown color appears: ammoniated
superphosphate.

Granules of blue or light blue color: boric superphosphate.

Thin, dusty, grayish powder, the reaction of the aqueous solution is
neutral: basic superphosphate CaHPOy.

Thin, dusty, grayish powder, the reaction is neutral, with AgNOs clear
yellowing of the fertilizer residue: defluorinated phosphate.

11. Dark, heavy powder, medium neutral reaction: phosphate slag.

Thin, strongly dusting powder of dark gray with a brown tinge: ground
rock phosphate — Ca3(POy)s.
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Characteristic features of some fertilizers

(Are used to verify the correctness of the determination according to the
above scheme)

Superphosphates have a characteristic smell, greyish color and acid
reaction.

Potassium salt differs from other fertilizers on rose-red crystals.
Sometimes there may be impurities of blue crystals. White crystals indicate
the presence of sodium salts in the impurity.

Typical reactions for some fertilizers

For sodium and potassium saltpeters the only reaction that distinguishes
them among themselves and from all other fertilizers is the flash and color of
the flame on the hot carbon.

Ammonium sulfate can be differed from similar ammonium nitrate
through a reaction with chloride barium. Ammonium sulfate can be easily
differed from potassium sulfate by reaction with alkali.

Distinctive reactions for some nitrogen fertilizers:

for ammonium sulfate (NH,)oSO4 — reaction with BaClo;

for ammonium chloride NH,Cl — reaction with AgNOs; — formation of a
white floc;

reaction on hot carbon: sodium saltpeter NaNQOs— yellow flash,
potassium saltpeter KNOs — the violet one, ammonium saltpeter NH,NO3 —
the white one.

The difference between ammonium saltpeter and urea: the first smokes
and flashes on the hot carbon, and the second one melts and does not break
out. Urea is soaped between fingers, the crystals are smaller.

The Nessler reagent is used for ammonium, and diphenylamine (for
NOj ion) is applied to the nifrates: the walls of a white porcelain cup are
wetted with the fertilizer solution, the solution is poured from the cup, and
1-2 drops of diphenylamine are dropped onto the wetted surface. The blue
staining indicates the presence of the NO; ion.

TEST QUESTIONS

1) How the pedosphere and agricultural products are polluted with
fertilizers?

2) Give examples of the most common fertilizers (nitrogen, phosphorus,
potassium and lime).

3) Give the most characteristic features and reactions for some fertilizers.
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1.5 SYNTHETIC WASHING AGENTS
1.56.1 GENERAL INFORMATION

Many of the substances with which we deal in our everyday life are
potentially environmentally hazardous. When appearing in the environment,
namely, getting through sewage into natural waters, they can lead to serious
consequences. Therefore, it is important to know their chemical composition,
mechanism of action, possible toxic properties. Various washing agents are
an example of substances ecological hazard of which we do not know well
enough.

Washing agents are substances or mixtures of substances that show
detergent effect in solutions and are used to remove impurities from the
surface of solids. The most important detergents are intended for use in
aquatic media. They include various types of commercial (toilet, laundry
soap) and technical soap, multicomponent compositions of synthetic washing
agents (SWA) for household and industrial purposes, as well as some natural
products, for example, saponins.

The basis of synthetic washing agents or detergents is formed by
micelle-forming surface-active substances (SAS). In addition, they contain
various auxiliaries and additives that enhance the detergency of the SAS
or impart specific properties to the composition. These include complexing
agents, alkaline electrolytes, chemical and optical bleachers, antiresorbents
that prevent the repeated adherence of dirt to the fiber, enzymes, fragrances.
The composition of some synthetic detergents produced in Belarus is shown in
Table.[1.5.1] Let us consider in more detail the constituent parts of detergents
in terms of their possible impact on the environment.

Surface-active substances

The main purpose of surface-active substances (SAS) is to reduce the
surface tension of water. SAS molecules consist of two parts —a nonpolar
hydrocarbon chain that is Iyophobic with respect to water (hydrophobic) and
a polar lyophilic (hydrophilic) group at its end. An example of such substances
is the sodium salt of stearic acid or potassium stearate, which is the basis of
conventional soap:

CHj3 — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHy — COO~Na*
nonpolar part polar part
Depending on the structure of the surfactant molecule and its
dissociation, the International Organization for Standardization (ISO)
recommends to divide SAS into four main classes: anionic, dissociating
in water with the formation of a long-chain anion, which determines surface
activity; cationic, dissociating in water with the formation of a long-chain
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cation, determining surface activity; non-ionic, nondissociating in aqueous
solutions; amphoteric, containing a hydrophilic radical and a hydrophobic part
capable of being a cation or anion, depending on the pH of the solution.

Anionic SAS are usually added to the powder detergents. Non-ionic SAS
are used in liquid detergents, as well as in shampoos, dishwashing detergents,
etc. The advantage of non-ionic SAS is their ability to effectively remove fat
and other contaminants at low temperatures. They also produce less foam and
stabilize the foam poorly, which allows them to be used in washing machines.
The molecules of non-ionic SAS are composed of a non-polar hydrocarbon
chain and the polar part —a polyethylene glycol chain:

CH3 - CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHp — CHy — CHy -~ O — CHy — CHy - O — CHy — CHy — OH
nonpolar part polar part

The solubility of non-ionic SAS is caused by the formation of hydrogen
bonds between oxygen atoms (which are in the polyethylene glycol chain) and
water molecules.

And now let’s look at how the process of removing dirt from the surface
of fabric fibers under the influence of SAS proceeds. Dirt on the fibers of
the fabric are droplets of fat or oil with solid particles incorporated in them.
Oil (that is, a substance molecules of which are formed mainly by covalent
nonpolar bonds) does not very well wet the fiber, whose molecules are mostly
polar. The addition of water to this system changes little in the overall system
of interactions, since the difference in the values of the surface tension of
water and oil is high.

If the water contains SAS, for example, salts of fatty acids that form
soap, the nature of the interaction of substances varies significantly. SAS
molecules are adsorbed on both the fiber surface and the oil surface. Moreover,
the nonpolar part of the molecule (the hydrocarbon chain) penetrates deep
into the particle of the oil, the polar part (COO—) is oriented in the opposite
direction of the dirt particle and solvated by the water molecules. As a result,
a larger particle is formed, inside of which there is a hydrophobic particle of
mud, and the outer layer consists of water molecules, which allows to wash
such a particle with excess water. Thus, the fiber surface is cleaned of dirt.

The world production of SAS is about 2-3 kg per capita per year.
Approximately 50% of manufactured SAS is used for household chemicals,
the rest is used in industry and agriculture.

The maximum allowable concentration of SAS in drinking water is 0.2
mg/l, and in fishery waters this value is 0.1. Mg/l. A bitter and noticeable
soap-kerosene taste of water appears with a SAS content of 0.4 — 3.0 mg/I.
The SAS content in the Mukhavets River on the section from Kobrin to Brest
is 0.1-0.7 of the maximum permissible concentration.

Among the wastewater treatment methods in sedimentation tanks, the
SAS transfer into foam, adsorption with active carbon, use of ion exchange
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resins, neutralization with cationic substances are distinguished. These
methods are expensive and ineffective, so it is preferable to treat wastewater
from SAS in sedimentation tanks (aerotanks) and in natural conditions (in
reservoirs) by biological oxidation under the action of heterotrophic bacteria
(the predominant genus is Pseudomonas) that are part of the activated
mud. In terms of biological stability, SAS is divided into Aard (hardly
decomposable) and soft (easily degradable). The degree of biooxidation of soft
SAS depends on the structure of the hydrophobic part of the molecule: with
its branching, the biooxidation deteriorates sharply. The main products of
SAS biodegradation are carbon dioxide and water.
Composition of some synthetic detergents is presented in table [1.5.1]

Complexing agents

The main complexing agents used in the production of detergents are
alkali metal phosphates and the sodium salt of ethylenediaminetetraacetic
acid. Their main function is to create complexes with multiply charged metal
ions, especially with Ca®* and Mg?* ions to soften the water.

1. Phosphates of alkali metals. In addition to the main function, these
compounds disperse the dirt and stabilize the resulting dispersion. Also, the
creation of an alkaline buffer solution by phosphates facilitates the work of
anionic SAS. Of phosphates, sodium orthophosphate (NasPO;,) is most widely
used in detergents, sodium tripolyphosphate (NasP;0;¢) is most often used
in powder formulations, and potassium tripolyphosphate (K5P;0;p) is used
mainly in liquid compositions. The phosphate content can reach up to 50%
of the detergent mass. Since phosphorus belongs to nutrient elements, when
phosphates enter natural waters, they cause an increased growth of blue-green
algae, which leads to a «flowering» of water.

2. Ethylenediaminetetraacetic acid and its sodium salts (EDTA,
Trilon B). EDTA is used as a substitute for phosphates in the formulations of
modern detergents. In addition, large amounts of these compounds are used
in water purification, cellulose and paper industry and other industries.

The molecule of dibasic EDTA sodium has the following chemical
structure:

NaOOCHgC\ /CHngOONa
/NCHQCHQN\
HOOC—H;,C CH,;—COOH
With all multiply charged metal ions and under various conditions,
EDTA forms strong complex compounds in a ratio of 1:1.

Until recently, environmental hazards of EDTA were not given special
attention. This led to uncontrolled discharges of this compound into the
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Table 1.5.1 — Composition of some synthetic detergents (in wt.%)

Liquid
Components Powdered SWA S%VA
No.1 | No.2 | No.3 | No.4 | No.5 | No.6 | No.7 | No.8
SAS (total) 18 15 15 20 15 18 35 24
alkylbenzene 18 |8 (8 |- |8 |4 |15 812
sulfonates
alkyl sulfates — — - - - 12 - gp to
alkylsulfonates — — - - - - - 1111; to
non-ionic SAS _juptolgfuptors o gg  (Up O
3 5 3
soap — 4 4 15 4 2 - -
Complexing agents
Na
tripolyphosphate 40 40 35 35 40 40 - -
K tripolyphosphate | — — — - - - 3.5 |35
Alkaline
electrolytes
NCZQSiOg 4 8 - -
NCZQCOg - 10 20 10 - -
Chemical bleachers
Na peroxoborate — — 15 - - 8 - -
Optical bleachers |03 |02 |02 (02 |03 |03 (02 0.1
Antiresorbent
carboxymethyl o9 110 12 09 |10 |10 |- |-
cellulose
Enzyme
protease — 2.0 — - 2.0 - - -
Stabilizers — — 0.3 - - - - -
Perfumes 0.2 0.2 - - 0.2 0.2 0.1 0.1

NaySO, and water

others — up to 100% (water up to 10%)

sewage. Recent studies have shown that in the presence of EDTA metal ions —
trace elements, necessary for the normal life of living organisms, are bound
together in strong complexes and can not be assimilated. The presence of
EDTA in water at a concentration of more than 0.1 mmol/l suppresses the

ability of cells to multiply and leads to their partial death.
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Bleachers

An important component of synthetic detergents are chemical bleachers.
The most commonly used is sodium peroxoborate NafH;BO4, which releases
oxygen during decomposition, which in turn oxidizes organic impurities on the
fibers of the fabric. Sodium peroxoborate has toxic properties. Upon ingestion
in the digestive tract, it is easily absorbed by the walls of the intestine,
resulting in physiological disorders of the blood circulation, renal function,
and central nervous system disorder.

Optical bleachers, which are part of detergents, have the ability to
absorb the UV component of sunlight (A=300-400 nm) and to convert the
resulting energy into visible light, mainly in the blue or violet part of the
spectrum (A=400-500uMm). The bleaching action of these substances is based
on the compensation of the lack of blue rays in the light reflected by the
material. The basis of most optical brighteners are pyrazole compounds.
Small concentrations of pyrazole derivatives can cause harmfiul effects on
the circulatory system, and their large concentrations cause seizures and
respiratory tract paralysis.

WORK PROGRESS
Technique of laboratory works

To perform laboratory experiments it is necessary to be able to properly
handle chemical utensils made from special types of glass. It withstands the
effects of chemical reagents and temperature fluctuations. A set of utensils
depends on the nature of the work performed in the laboratory. In this work,
chemical utensils of general purpose (test tubes, funnels) and measuring
utensils are used to measure the volumes of solutions (pipettes, cylinders,
burettes).

1. Measuring cylinders serve to measure the volume of fluid with little
accuracy. They are thick-walled graduated glass cylinders with a wide support
for their stability. Measuring cylinders come in different capacities — from 10
ml to 2 liters. The volume for the calibration of cylinders is usually indicated
in milliliters.

Usage. 1t is necessary to fill the cylinder with liquid to a volume slightly
less than required. Then add the liquid dropwise to bring the volume to the
required level.

In the case of a transparent liquid, the level should be measured on the
lower edge of the meniscus, looking at the cylinder from the side at the level
of the meniscus.

2. Pipettes are designed for accurate selection of small volumes of liquid.
In practice, pipettes of two types are often used: with the extension (Mohr
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pipette) and tubular calibrated ones. Pipettes are of different capacities, usually
from 1 to 25 ml.

Usage. To fill the pipette, lower it with the bottom end into the solution
and gently suck it with a rubber pear slightly above the mark level. It is
necessary to ensure that the lower end of the pipette is always in solution.
After that, the upper end of the pipette is quickly covered with the index
finger, and the excess fluid is released with a slight easing of the pressure of
the finger. When the lower level of the solution reaches the mark, close the
top hole tightly with your finger. Place a glass under the pipette and release
the solution into it, removing the finger and touching the bottom end of the
pipette of the glass wall. At the same time, there must be a drop of liquid in
the drawn-out end that does not flow out when the upper hole is open.

3. Burettes. Burettes serve to measure the exact volumes of liquids.
Ordinary burettes are long narrow glass tubes, graduated to tenths ol a
milliliter. The lower part of the tube passes into a narrower tube, which
ends with a drawn end. There are taps for draining the liquid. Instead of a
tap, a metal clamp or ball can be used, inserted into the rubber tube and
passing the liquid when pressed with a hand. The capacity of burettes is from
1 to 100 ml.

Usage. Strengthen the burette vertically in the arm of the stand and use
a funnel to pour the required solution. In this case, the funnel needs to be
lifted slightly by hand, so that there is a small gap between it and the burette
for air escape. After that, put a glass under the burette and fill the bottom
part with liquid, for which the tap or clamp needs to be fully opened. Once
the liquid has filled the bottom, turn off the tap or close the clamp. Top up
with a solution above the zero mark and gently release excess liquid to the
initial mark. Ensure that there is no air in the bottom tube with the drawn-out
end.

1.5.2 SAFETY PRECAUTIONS

Performing laboratory works, the student should be able to properly
handle glass chemical utensils, take special precautions when working with
toxic and corrosive substances, know the measures of the first pre-medical
care.

1. Working with glassware. The main traumatic factor when working
with glass chemical glassware are sharp glass fragments that can cause cuts
of the body of the worker. For this reason, special care should be taken when
using such utensils. If glassware is broken during operation, then the following
measures must be taken.

First aid. In the case of glass cuts in the hands or other parts of the
body, small fragments should be removed from the wound, then the wound
should be washd with a 2% potassium permanganate solution or ethyl alcohol,

52



greased with iodine tincture and bandaged. Glass fragments caught in the eyes
can only be removed by a medical professional.

When cleaning the workplace, splinters of broken chemical glassware
should be collected with a brush and scoop to prevent cuts of hands.

2. Working with electric heaters. When using electric heaters,
extreme care must be taken. Before working with them, you should read
the instructions for their operation. When working with a water bath, you
need to make sure that there is always water in it. Do not touch the heating
elements of the electric hot plate to avoid thermal burns.

First aid. For burns of mild severity, a bandage moistened with a 2%
solution of potassium permanganate should be applied to the affected area.
For burns of moderate severity, a sterile bandage is applied to the affected
area. The victim should be urgently delivered to a medical institution.

3. Toxic properties of compounds used in laboratory work and
emergency measures in case of injury through them.

Nitric acid (HNOs) is a danger (causes severe chemical burns) both
with external effects and when ingested.

First aid. 11 acid gets on the skin, immediately wash the affected area
with plenty of water, the washing time should be 10-15 minutes. Alkaline
solutions can not be used for washing, because when they interact with water
they release a large amount of heat, which can increase the severity of injury.
In case of eye damage, a lot of washing with water should be done within
10=-15 minutes. If acid gets into the interior, drink plenty, induce vomiting
without mechanical means. Seek medical help from a medical facility.

THE TASK
A qualitative reaction to the presence of nonionic SAS

This reaction is the basis [or the quantitative determination of non-
ionic SAS in wastewater and natural waters in accordance with ISO 7875-2.
The sensitivity of the reaction is 0.05 mg/l.

The qualitative determination of nonionic surfactants is based on their
reaction with the Dragendorf reagent, which is a mixture of potassium
tetraiodobismuthate (K[Bil4]), barium chloride (BaCls), and acetic acid.

In a test tube, add 2-3 ml of the test water. Add 4-5 drops of Dragendori
reagent. Thoroughly mix the contents with a glass rod. What changes occur
with the solution? Describe them in the workbook.

The quantitative analysis of non-ionic surfactants is carried out
by separating and dissolving the resulting precipitate, followed by the
determination of the concentration of bismuth ions equivalent to SAS
concentration therein.
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A qualitative reaction to the presence of phosphates

This reaction is the basis for the quantitative determination of non-
ionic SAS in wastewater and natural waters in accordance with ISO 6878-1.

The qualitative determination of phosphates is based on their reaction
with ammonium 24-oxoheptamolybdate (VI) to form the ammonium salt of
phosphomolybdic acid:

12(NH4)6M07024 + 7Na3POy + 7T2HNO3 =

= 7T(NHy)3[PMo01904] + 21NaNO3 + 51NHNO3 + 36H50.

Since in detergents phosphorus is contained in the form of sodium
and potassium tripolyphosphates (NasP;0;¢ and K5P;0)0), they must first be
converted to phosphates by heating with nitric acid:

H+

P;O% + 2Hy0 — 3P0~ +4H™.

Most manufacturers recommend the use of powdered detergents in the
form of a solution with a mass fraction of 1%, liquid detergents —in the form
of a solution with a mass fraction of 0.5%. For analysis, a more concentrated
solution of the test detergent (2%) should be prepared. To do this, proceed as
follows:

1. Measure 49 ml of water using a graduated cylinder of 50 ml.

2. With a technochemical weigher, weigh 1 gram of powder detergent
(washing powder) in a quartz cup (Caution!).

3. Carefully transfer the weighed quantity of the substance into a beaker.
The remaining particles in the cup are washed with water from the cylinder
and also transferred to a glass.

4. Pour into the glass the remaining water from the cylinder in small
portions with constant stirring with a glass rod. (Do not stir the solution too
hard to avoid foaming). In case of poor dissolution of the detergent, the glass
with the solution should be placed on the electric hot plate.

In the first tube, add 10 drops of the prepared solution, 10 drops of a
6M solution of nitric acid and 10 drops of a 0.5M solution of ammonium
24-oxoheptamolybdate (VI). In the second (control) tube, add 10 drops of
distilled water, 10 drops of a 6M solution of nitric acid and 10 drops of a
0.5M solution of ammonium 24-oxoheptamolybdate (VI). Place both tubes in
a water bath for 5 minutes. What changes have occurred with the contents of
the test tubes? What does this show? Describe these changes in workbooks.
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Quantitative determination of EDTA in detergents

The basis of the determination is the reaction of EDTA (H4EDTA) or
its sodium salt (NagHoEDTA) with multiply charged metal ions, in this case
calcium ions (Ca®*):

Ca*" + HyEDTA?> = CaEDTA*> +2H™.

The quantitative determination of EDTA content in detergents is carried
out by titrimetry. Titrimetry is an analytical method based on measuring
the amount of reagent spent on the reaction with the substance to be
determined. The reagent is generally used in the form of a solution with
a known concentration. Solution of 0.5N calcium chloride (CaCly) serves as
a reagent in this work. The reagent solution from the burette is added to the
test solution of the detergent until an equivalence point is reached, i.e., a state
where EDTA and CaCly are in a strictly stoichiometric ratio. An equivalence
point is fixed according to the changed color of the indicator.

The basis of calculations in titrimetric analysis is the formula:

Chy- Vi =Cp, - Vs,

where CH, and CHs are equivalent concentrations of reactants, V; and V5 are
their volumes.

1. Pour the calcium chloride (CaCls) solution into the burette with the
exact equivalent concentration (0.5N). Set the lower edge of the meniscus to
the zero mark.

2. Using a pipette, measure 25 ml of a 1% solution of detergent and pour
it into a 50 ml conical flask. Add 5 drops of ammonium buffer and 2-3 micro
spatulas of the indicator — sour chrome dark blue. The mixture will turn blue.

3. Pour the calcium chloride solution from the burette into a conical
flask in small portions (0.1-0.2 ml) with constant stirring. At the end of the
titration alkaline solution is added dropwise. The equivalence point (end of
titration) comes at a time when, after adding one drop of calcium chloride
solution, the contents of the conical flask change its color from blue to wine-
red.

4. Determine the volume of the calcium chloride solution, which went to
titration, according to the scale of the burette; the result of the measurement
should be entered in the final table [[.5.2]

5. Repeat the titration 2 more times. Add the calcium chloride solution
in the burette to the zero mark each time before starting the titration. Based
on the results of titrimetric analysis, fill out the summary table [[.5.2]
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Table 1.5.2 — Summary table for the experiment

56

Determi- | V(CaCly), | V(CaCly) | Cy (CaCly), | V (EDTA), | Cy

nation ml average, |eq/l ml (EDTA)

number ml

titration 1 0.5 25

titration 2 0.5 25

titration 3 0.5 25
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2.1 AHAJIN3 ABUOTHYECKHX ®AKTOPOB BOJHbIX
IKOCHUCTEM

Ilenbp pa®GoOTBI: U3yYWUTb NPUUYUHBI MOSIBJIEHUS B BOJE 3arpsi3-
HSIOIIMX BELLECTB, METOAbl KOHTPOJIS COAEPKAHUSA UX B BOIE U
OLIEHUTb MPUTOJHOCTb UCTOUYHUKA [JI XO3HUCTBEHHO-IIUTHEBOTO
BOJOCHAOXKEeHHUSI Ha OCHOBE JAHHBIX O Ka4eCTBe BOJHI.

OBILIMWE CBEJAEHHUA

ludpocgepa — npepuiBUCTast BopHasgs 000J04Ka 3eMJIM, PACIOJOXKEHHas
MeX1y aTMOC(epod U 3eMHOU KOpPOW U MpeAcTaBJsdouas coO0H COBOKYITHOCTD
OKeaHOB, MOpeH W BOAHBIX 0OBEKTOB CYIIH (peKH, 03epa, BOLOXpaHHU/IHIIA, 6O-
JIOTa, TIOI3eMHbBIE BOMBI), BKJIOUAs CKOIJIEHUS BOABI B TBEPHOH (asze (CHeXKHBIHU
MIOKPOB, JenHUKH). MupoBoii okeaH 3aHuMaeT 71% mMOBepXHOCTH 3eMJIH, €ro
cpenHsis raay6uHa 3704 m, HaubGosbimas — 11034 m, macca Boabl 1,5 - 1018
['nppocdepa CAyKUT eCTeCTBEHHBIM aKKYMYJIATOPOM OOJBLIMHCTBA 3arpsi3HS-
IOIIUX BELIeCTB, MOCTYMNAOUIMX B aTMocdepy Uau JuTochepy. DTO CBSI3aHO C
OOJIBLLION PaACTBOPSIOLIEH CHOCOOHOCTBIO BOABI, C KPYrOBOPOTOM BOAbl B MpPHU-
poze, a TakxKe C TeM, YTO BOJOEMbl SIBJASIOTCS KOHEUHBIM MYHKTOM Ha MyTH
JIBUKEHUS Pa3JIMYHBIX CTOUYHBIX BO[L.

[TprucyTcTBHe 3arpsi3HAOIIMX BellleCTB B BOAHOH Cpelle OKa3blBAaeT BJIMS-
HUe Ha XU3HENEeSATeJbHOCTb OTAENbHBIX XKHUBBIX OPraHU3MOB U Ha (DYHKIIMOHU-
pOBaHHE BCEH BOJHOM CUCTEMBI.

[IpuponHas Boga siBJseTCS HEOOHOPOAHOW cpefod. B Hel mpuCyTCTBY-
IOT BellecTBa B TBEPAOM, ra3o00pa3HOM M UCTHHHO PACTBOPEHHOM COCTOSIHHH,
MHOKEeCTBO MHUKPOOPTaHHW3MOB, HaXONALIMXCS B PABHOBECHU C OKpPYXKawLled
Cpenou.

BosnelicTBue 3arpsisHUTesield Ha MPUPOAHBIE BOAOEMBI PA3JHUYHO. TemnJio-
BO€ 3arpsi3HeHHe BbI3bIBaeT MHTEHCHU(PUKALHUIO MPOLECCOB XKHU3HEAEATEJbHOCTH
BOJHBIX OPraHW3MOB, UYTO HapylllaeT pPaBHOBeCHEe 3KOCHCTeMbl. MuHepaJsbHble
COJIM OMAacHbl A/ ONHOKJETOYHBIX OPraHW3MOB, OOMEHHBAIOLIMXCS C BHeIl-
Hel cpelodl OCMOTHYECKMM MyTeM. B3BellleHHble BellecTBA yMEHBIIAIOT IPO-
3pa4yHOCTb BOJbl, CHHUXKAIOT (DOTOCHHTE3 BONHBIX PACTeHUH W a’palui0 BOMI-
HOW cpefbl, CIOCOOCTBYIOT 3aWJIEHHIO NHA B 30HAX C MaJiod CKOPOCTbIO Teue-
HUsl, OKa3blBAIOT HeOJIArONPUATHOE BO3[EUCTBHE HAa KHU3HENEATEJbHOCTb BOM-
HBbIX OPraHu3MOB-OMO(HUABTPOB. Ha B3BelIeHHBIX YaCTULAX MOTYT COPOUPO-
BaThCs pa3J/iMuHble 3aTPsI3HSAIONIME BellleCTBa, OCelas Ha AHO, OHU MOTYT CTaTh
UCTOUHUKOM BTOPUYHOTO 3arpsi3HEHUS BOJBI.

3arpsisHeHUe BOJ TSKeJbIMU MeTaJjJaMH He TOJbKO OKa3blBaeT 3KOJOTH-
YeCKUH Bpel, HO U HAHOCUT 3HAUUTEJbHBIA 3KOHOMHYecKUH yulep6. Kcrou-
HUKAMH 3arpsi3HEHHS] BOABl TSXKEJBIMU MeTaJsJaMH CJyXKaT TajbBaHHYECKHe
uexa, npeianpusiTusi ropHOoAOOBIBAIOLIEN MPOMBIIIJEHHOCTH, YePHOH U 11BETHOU
MeTtannypruu. [lpyu sarpsisHeHUH BOAbl HePTENMPOAYKTAMH Ha MOBEPXHOCTHU 00-
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pasyeTcs MJeHKa, NpensTCTBYyolLas ra3oo00MeHy Boabl ¢ aTMocdepoil. B Hel, a
TaKXkKe B 3MYJbCHU TAKeJbIX (PPAKLUN HAKAMJIUBAIOTCA APYTUe 3arPSA3HUTEJIH,
KpOMe TOro, caMu He(TEenpOAYKTbl aKKYMYJHUPYIOTCS B BOAHBIX OpPraHHU3Max.
OCHOBHBIMH HUCTOUHHWKAMU 3arpsi3HEHHUsI BOJA He(TENPOAYKTAMU SIBJASIOTCS BOJI-
HbI TPAHCMOPT W MOBEPXHOCTHBIM CTOK C TOPOACKUX TEPPUTOPHI. 3arpsisHeHHe
BOIHOH Cpelbl OMOTe€HHBIMH 3JIEMEHTaMH BeleT K 38mpoduposaruro 8odoe-
modll

Opranuueckue BelllecTBa-kKpacutesid, ¢eHossl, [TAB, nuokcunsl, mectu-
UMIBl U AP. CO3[AIT OMACHOCTb BOSHUKHOBEHUS TOKCHKOJOTMYECKOW CUTYaLlUH
B BopoeMe. Ocob6eHHO TOKCHUYHBIMU M YCTOUUHMBBIMU B OKDYy2Kalollled cpefe sB-
JISIOTCS UOKCHHBI. DTO JBe TPYIIbl XJOPCOAEPXKALIUX OPraHUYECKHUX COeMHe-
HUH, OTHOCAIIUXCS K NUOEeH30MHOKCHHAM U aubeH3odypaHam. OnuH U3 HUX —
2,3,7,8-terpaxaopaubensonuokcun (2,3,7,8-TX 1) sBaseTcs O4yeHb TOKCHY-
HbIM coelliHeHUeM. TokcHyeckoe NeUCTBUe Pa3JIMUHbIX NUOKCHHOB MPOSIBJISET-
Ccsl OJMHAKOBO, HO OTJIMYAETCs [0 MHTEHCUBHOCTHU. JIMOKCHHBI HaKalJHBAIOTCS
B OKDY2KaWIled cpeae, U KOHUEHTPALUs UX PaCTeT.

M3yuenue 3arpsisHeHHsI BOJbl UMeeT CBOM 0COOeHHOCTU. Kak W mpu ompe-
NeJIeHUU aTMOC(epHbIX 3arpsi3HeHUH MPUXOAUTCS ONpenesisiTh MaJible KoJuye-
CTBa BELLECTB HEMOCTOSHHOIO COCTaBa B MPUCYTCTBUU APYTUX 3arps3HUTEJsEH.
Otauurie B TOM, UTO B He3arpsi3HEHHOU BOJie MOCTOSIHHO COepKaTcsi OpraHu-
YyeCcKHe U HeOopraHUuecKue BelleCTBa CJO0KHOTO CTPOEHHS, KpOMe TOro, B BOIE
NPOTEKAIT XUMUYEeCKHe U (DOTOXMMHUUECKHE MPOLeCChl, TPUBOASALINAE K U3MEHE-
HHI0O COCTaBa XMMHUUECKMUX BelleCTB. B XUMHUeCKUX MpeBpalleHUsiX O6O0JibllIoe
y4acTue NPUHUMAIOT OUOJIOTHYECKHEe OOBEKThl KHMBOTHOTO U PACTHUTEJBHOTO
npoucxoxaeHusi. [loaTomy comepkaHue KHCJA0OpOAA SIBJASETCS OAHUM M3 Bax-
HeUIIUX MoKa3aTeJsJel COCTOSIHUSI BOJHOU CUCTEMBI.

Ocoboe 3HaueHHe [Jis MPaBUJIBHOH OLIEHKM 3arpsi3HeHUst BOAbl, U B TOM
yucJse AJs otbopa npod, UMeeT pacrnpeneseHue BellecTB, KOTOPOe 3aBUCHUT OT
MHOTHX JIOKAJIbHBIX YCJOBUH: CKOPOCTH M XapakTepa ABUKEHHUS BOIbI, OCAIKOB,
(PU3UKO-XUMHUUECKUX CBOUCTB 3arpsA3HAOLINX BELIeCTB, UX YCTOMYHUBOCTH B BO-
ne v T.0. OO6bIYHO yCTaHABJHMBaeTCs AUHAMHUYECKOe PAaBHOBECHE MeXIy HUMH.
Ecau yc/0BHO pacceub BOAHYIO MAacCy BEPTUKAJbHOH MJOCKOCTBIO, MOXKHO BbI-
JEeJATh MeCTa Pas3JUUYHON PeaKUMOHHOU CIIOCOOHOCTH: MOBEPXHOCTHYIO IJEHKY,
OCHOBHYIO BOJHYIO MacCy W JOHHBIH OCajoK.

JIOHHBIH 0CafloK U MOBEPXHOCTHASA TJeHKa SBJSIOTCA 30HAMU KOHIEHTPH-
pOBaHUS 3arpsi3HAOIIMX BellecTB. Ha NHO ocenamT HepacTBOPUMBIE B BOJIE
COeIMHEHHUS, a OCAJIOK SIBJSETCH XOPOLIMM COPOEHTOM [JIi MHOTHX BeEIeCTB.

B Bomy MoryT momnazaTh HepasJjaraemble 3arpsi3Hsiollive BellecTBa. Ho
OHU CNOCOOHBI pearupoBaTh C APYTUMU XUMHUUECKUMH COeIUHEHUsMH, 00pasys
YCTOHUMBBIE KOHEUHble MPOAYKTHI, KOTOpPble HAKAIMJUBAKOTCH B OHMOJOrMYECKHUX

19empogpuposanue 600oemos — upeamepHoe oboraiieHHe BOLHOH Cpefbl MUTaTeJbHbLIMH BellecTBaMH (6HO-
F€HHbIMU 3J€MEHTaMU U OpraHn4eCKUuMHU BeLLLeCTBaMI/I), CHOCO6CTByIO]_L[I/IMI/I YCUJIEHHOMY Pa3BUTHUIO PACTUTEJIbHBIX
¥ XKUBOTHBIX OPraHU3MOB.
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oObekTax (MJIaHKTOHe, pri6ax U T. A.) ¥ Yepe3 MHIIEBYI IeNb MONagalT B
OpPraHMU3M 4YeJI0BEeKa.

[Ipu BrIGOpe MecTa oTGOpa MpoObl BOABI YUUTHLIBAIOTCS BCE OOCTOSITEJb-
CTBa, KOTOpble MOTYT OKa3aTb BJHSIHHE Ha COCTaB B3SITOU MPOOHI.

Pasnuuaiot nBe ocHOBHBIE MPOOBL: pa3osyro U cpedrioro. Pazosyro npoby
noJy4aroT nyteM oTbopa TpedyeMoro o6bema Boabl 3a onuH pa3. Cpedrnas npo-
6a moJydaeTcs CMellleHHeM PaBHbIX 00beMOB MpoO, 0TOOPAaHHBIX Uepe3 paBHble
npoMeXyTku BpeMeHH. CpenHsisg mpoba TeM TOuHee, YeM MeHblle HHTepPBaJbl
MeXJy OTAEJbHO B3ITBIMH COCTABJSIOLIHMMU ee MpoOaMH.

B 3aBHUCHMOCTH OT LN UCCAEN0BAHUN O0TOOP MPOO MOXKET ObITh pA308bIM
u peeyraproim (cepuiinoim). Pasosoiti ombop npob WCNoab3yeTcs, KOraa:

1) usmepsieMble mapaMeTpbl MOABePKeHbl OOJBIIUM H3MEHEHHUSIM BO BpeMe-
HU UJM (M) 0 TJIyOWHEe U aKBAaTOPHH BOJOEMA;

2) “3BeCTHBbl 3aKOHOMEPHOCTH U3MEeHEHHH OMpefiesisieMbIX MapaMeTPOB;

3) TpebytoTcs JMULIb camble oOlIMe MPeNCTaBJeHHSI 0 KaueCTBe BOIbl B BO-
LIO€eMe;

4) TpebyeTcsl IepUOIUUECKOe OTpe/ie/ieHre BO3MOXKHBIX U3MEHEeHHH cocTa-
Ba BOJ B paHee XOPOLIO U3yYEHHBIX BOJOEMAX.

Peeyrsaproiii (cepuiinoiti) ombop npob — takod oT6op Mpod, MpU KOTO-
poM Kaxknast mpoba oTéupaeTcs B ONpelneeHHOH BpeMeHHOU U (KJIK) MTPOCTpaH-
CTBEHHOH B3auMOCBA3U ¢ ApyruMu. OH naet HauboJsiee ONpeleseHHYI W Ha-
NEeXKHYI0 HH(OPMALMIO O KauyeCTBe BOL.

[Ipu KoHTpoJie KauecTBa BOJ IMOBEPXHOCTHBIX BOJOEMOB MeCTO OTOOpa
npoObl BEIOUPAIOT B COOTBETCTBUHU C LIeNSIMH aHA/M3a U Ha OCHOBAHHUH UCCJIeN0-
BAHUSI MECTHOCTH. UTOObBI UCKJ/IOUNTD BJAUSIHUE ClyYaWHBIX (DaKTOPOB MECTHOIO
XxapakTepa, 0COOeHHO BHHMAaTeJ/JbHO Hano 00C/eN0BaTh NMPUTOKH PEKH U UCTOY-
HUKH 3arpsi3HeHUs1 O0acceliHa BOLOeMa, HAXOASIIUECS BBILLIE MeCTa B3SITUS IPO-
Obl. 32 UCKJ/IOUEeHHUEeM HaOJIOfeHWH B clellMa/bHBIX LlessX, He cjenyeT OpaThb
npoObl BOABI HA XMMHUYECKHU aHaJ/N3 B CJAEAYIOLIMX MYyHKTAX:

1) monBepKeHHBIX HEMOCPENCTBEHHOMY BJIHSIHUIO BOJ TPHUTOKOB;

2) BOJIM3Y BBIBOJA CTOYHBIX BOJ HJIH ecyd Gepera 3arps3HsIOTCS 0TOpoca-
MU;

3) B yyacTKax cjaboro BogooOMeHa.

B noBepxHOCTHBIX BOIOEMAX, B TeX C/Aydyasix, KOrjaa LeJb UCCAeJOBAHUS He
SIBJISIETCS TIOBEPXHOCTHBIM WJIM MPUAOHHBIM CJOH, Tpo0y OTOUPAIOT Ha TayOuHe
20-30 cM OT MOBEPXHOCTH U Ha TaKOM PACCTOSIHMM OT [HA, Kakoe NO0MyCKaeT
anmnaparypa anas otéopa npoOel. [IpoObl 0TOHpaIOT WK CMellaHHble MO AJHUHE,
UJU B psile TOYEK B MOMEPEUHOM CEeUeHHUH.

[IpoOy Boabl Ha aHanW3 OTOUPAIOT B YUCTYIO MOCYAY, MPedBapUTebHO
2-3 pasa crnoJiocHyB ee uccjenyeMoil Bomod. C OTKPBITBIX BOAOEMOB MPOOBI
otoupaioT B (apBatepe pekd C TayOuHB 50 cM. ByThiJb ¢ Ipy30M OMyCKaloOT
Ha ryOuHY, MocJe 4ero npoOKYy OTKPBIBAIOT C MOMOIILbI MPUKPENJEHHOro K
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Hel nepxatess. Jlydile n/s 3TOW LeJM UCNOJb30BaTh ClellMa/ibHble MPUOO-
pbl — 6amomempot, KOTOPble MO3BOJSIOT NPUMEHSTb MOCYLy pas3HOH (opMbl U
eMKOCTU. bamomemp COCTOUT U3 3aXKMMa, IJIOTHO OOXBATBIBAIOLLErO MOCYAY U
NpUCNOCOO/eHNS A/ OTKPBIBAHUS MTPOOKU Ha HYXKHOW IyOuHe.

[Ipy niutenbHOM CTOSIHUM MPOOBI MOTYT MPOU3OHUTHU CYLIECTBEHHBbIE U3-
MeHeHHUs] B COCTaBe BOJbl, [TO3TOMY, €CJM HeJsb35l HayaTb aHaJ/JU3 BOABI CpPasy
nocJe orbopa uau yepes 12 yacos nocse oT60opa, ee KOHCEPBUPYIOT AJs1 CTAOU-
JIU3aUMHA XMMHUECKOr0 COCTaBa. YHUBEPCAJNbHOTO KOHCEPBUPYIOLLETO CPeaCTBa
He CYLLeCTBYeT.

[lns onpenesieHrst KauecTBa BOAbl BbiAessieTcss 4 TPyIbl oKasaTesel:

epynna | — nokasartesad, XapaKTepHU3yIOlllMe OpraHoJeNTHYeCKHe CBOM-
CTBa BOJbI;

epynna 2 — noKasartesu, XapakTepusylolllhe XUMUYECKUH COCTaB BOJBI;

epynna 3 — MoKasaTesM, XapaKTepU3ylollye 3MUAeMHOJOrHyecKyo 6es-
OMaCHOCTb BOJIbI;

epynna 4 — nokasates, XapakTepHU3yHOLHMe paguoJorHyeckre CBOHCTBA
BOJIb.

B naHHo# sabopaTopHOU paboTe npeaJsaraeTcs pacCMOTPETh ONpeaeseHUe
nokasaTeJsied, XapaKTepU3YIOLIUX OpraHoJIeNTHUYeCKHe CBOMCTBA, XUMHUYECKHUH
COCTaB BOJbl U 3MUIEMHOJOTHUECKYI0 6€30MaCHOCTb BOBI.

2.1.1 OIIPEJEJEHHE IOKA3ATEJIEH,
XAPAKTEPHU3YIOHINUX
OPTAHOJIEITUYECKHUE CBOVCTBA BOJbI

OpraHoJ/ienTUUecKHe CBOWCTBA HOPMHUPYIOTCS 10 MHTEHCUBHOCTH KX BOC-
MPUSITHS YeJIOBEKOM. DTO — TeMIlepaTypa, NPo3padyHOCTb, MyTHOCTb, LIBETHOCTb,
3amax, BKyC U MPUBKYC, NpUMecH (IJIeHKa, BOIHbIE OPraHU3MBI).

X0 PABOTbI

Onpenesnenne TeMmneparypbl BOIbl

Obopydosanue, pmymHolli mepmomemp 0L USMEPEHUL memnepamy-
mamepuansl: poL 8006l O cmoepadycHoll ulKaaiol u yeHol Oene-
Hus 0,1 °C; npobwst 8000L.

Temnepamypa 800v. ABJASIETCS BaKHEWIIEH XapaKTePUCTUKOH, B 3HAYU-
TeJIbHOW Mepe OlpeleJssiiolled CKOPOCTb, a MHOTA W HalpaBJeHHe U3MEHEeHUU
ee kKadectBa. OT TemmepaTypbl BOAbI 3aBUCSIT MPOTEKAIOIIHe B BojoeMe (PU3U-
yeckre, XMMHAUYeCcKUe, OMoJoruyeckie U OUOXHMHUUECKHeE TPOLECCHI.
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JleTHsis TemnepaTypa BOAbI B pe3ysbTaTe CIyCcKa CTOUHBIX BOJ He NOJKHA
noBhbIlIaThCs OoJiee, yeM Ha 3 °C 1Mo CpaBHEHUIO CO CpelHEMeCsSUHOH TemIepa-
Typo# 3a nocgenHue 10 jet.

M3mepeHre TemmnepaTypbl BOAbl MPOU3BOAAT BO BPEMSI UJM Cpa3y MocCJje
ot6opa npoObl. /s 3TOro 0OBIYHO MUCMOJNb3YIOT KOMOMHUDPOBAHHbIE PTYTHbIE
TepMoMeTphl ¢ 1ieHou aenenus 0,1 °C.

Onpenesnennie NPpo3pavyHOCTH BOJbI

Obopydosanue, cmekAAHHOLL YUAUHOP C BHYMPEHHUM Ouamempom

mamepuansl: 2,5 cm, soicomoti 50 cm u naockum OHOM; wpugdm
(s8vicoma b6yke cocmasasem 2 Mm, @ MOAUUUHA AU-
Huil 6yke — 0,5 mm); sunetixa; npobs. 800bL.

[Ipospaurnocmo (nnu ceemonponyckauiue) Boibl 00yCJIOBJIeHa ee [[BETOM
U MyTHOCTBIO, T.€. COAePKAHUEM B HEH Pa3JIMUHbIX OKPALIeHHbIX U B3BEIlIeHHbIX
OpPraHUYeCKHUX U MUHEepPaJbHbIX BELIECTB.

Cmenenv npo3paurocmu 600bL BbIPaXKaeTCsl BBICOTOH CToJOA KUAKOCTU
B CM, 4yepe3 KOTOPbIH OTUETJIMBO BHOEH crheuuabHbid wpudT. Bony B 3aBHU-
CUMOCTH OT CTeleHHU MPO3PAYHOCTHU MOAPA3NAENAIOT HA: MPO3PAUHYIO; CAeeKa
MYMHYIO; MYMHYIO; CULbHO MYMHYHO.

[Ipospaunoctbio He MeHee 30 c¢M HOJKHBI 00/1afaTh BOAbI, MOJABaeMble
IJ151 TIATbEBOr0 BONOCHaOXKeHUs 6e3 ocBeT/eHUsl. PeuHble BOAbl, KpOMe TOPHBIX,
MOTYT UMETb MPO3PaYHOCTb 25 CM. YMeHbllleHHe TTPO3PAaYHOCTH TPHUPOAHBIX BOJ
CBUIETENbCTBYET 00 UX 3arpsi3HEHUHU.

Hccnenyemyto BoAy HaJMBAaKOT B LUUJAUHAP, MOA AHO KOTOPOrO MOAKJA-
AobiBaloT wWpudT. Bony HamuMBalwT n0 Tex Mop, MOKa CBepXy yepe3 CJOW BOMIbI
MOXKHO OyneT OTYETJHBO MPOYECTb MOAJOXKEHHBIH WpUPT. BeicoTy cTosba Bo-
Ibl B LIUJIUHADPE U3MEPSIOT JUHEHKOoH. OnpesnesneHre MPoU3BOAST MPHU XOPOILIEM
IHEBHOM PacCesiHHOM OCBELIEeHHWH Ha PACCTOSSHUM 1 M OT CBeTOHecylllel CTeHBbI.
M3MepeHuss MOBTOPSIIOT HECKOJIbKO pa3 (He MeHee 3—-4), M 3a OKOHUATeJbHbBIH
pe3y/ibTaT MPUHHUMAIOT CPelHee 3HAaUeHWe eIUHUYHBIX H3MepeHHUH.

OnpeneneHue ocagka B Boae

Ob6opydosanue, cmeKriamHblLl YUAUHOP; npobbl 800bL.
mamepuanol:

Ba6osTanHyo B OyThlIJIKE BOAY HAJMUBAIOT B LUJAUHIP cjaoeM nprumepHo 30
CM W OCTaBJISIIOT B Mokoe Ha | uac, ecau Boma oTobpaHa M3 OTKPHITOTO BOMO-
eMa, UM Ha | CyTKH, ecJd Boa B3sTa W3 TON3EMHBIX HCTOYHHKOB. Ocamok
OLIEHUBAIOT KoAUUecmBeHHO (Hem, He3HauumervHblil, 3amemmbll, 60AbULOL)
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U KauecmseHnHo (necuamolil, eAurucmolil, UAUCMbLL, KPUCMAALUYECKUL, XA0-
noesudroili). OTMeUaloT TakXKe 1BeT ocaaka. bosbIioli ocamoK CBUAETENbCTBY-
eT 0 3arpsi3HeHHUU BOJBI.

OnpenesieHre BETHOCTU BOMBI

Obopydosanue, Gomokroropumemp,;, uusundp Ha 100 ma; mepHole

peaxkmusbl, Koabol. Ha 1 a; OuCmuAssupo8anHas 800Q; CMAH-

mamepuansl: dapmmnuoiti pacmeop Nel (0,0875 e buxpomama ka-
aus, 2 e cyrogpama kobaroma u 1 ma ceprotl Kuc-
aomol ¢ naomuocmoro 1,84 e/ma pacmsopsirom 8 Ou-
cmuaauposarHotl 8ode u 0osodam obvem 0o 1 a.
Pacmeop coomsemcmsyem uysemrocmu 500 epad.;
pacmeop Ne2 (1 ma kouy. HoSO, dosodsm ducmun-
AUPOBAHHOLL 800011 00 1 4); npobel 800bL.

[{semrocmo — NpUPOAHOE CBOUCTBO BOAbI, 00YCJOBJIEHHOE HAJHUYUEM TY-
MHHOBBIX BEII[eCTB, KOTOPbIe TIPUAAIOT €l OKPACKy OT »KeJTOBATOTO 10 KOPHUUHE-
BOTO 1[BeTa. | yMHUHOBbIE BelllecTBa 00Pa3yOTCs NMPU pa3pylLIeHUH OpraHu4ecKUux
COeJMHEHUH B MOYBe, BLIMBIBAIOTCS U3 Hee U MOCTYIMAIOT B OTKPBITbIE BOLOEMBI.
[ToaToMy 1BEeTHOCTb CBOHCTBEHHa BOJE OTKPBITBIX BOJOEMOB M PE3KO YBEJHU-
YyuBaeTcsl B MaBONKOBbIM nepuoi. LIBeTHOCTb BOAbI onpefessieTcss B Tpagycax.
Bona, umeronias uBetHoctb 20 rpan., cuutaetrcs OecuBeTHOH. Bopa, He mop-
Bepraroulascsi nepej nogadeil norpeburtesio o6ecuBeUWBAHUIO, NOJMKHA UMETb
uBetHocTh He Bbillie 20 rpan. [Ipu nBetHOCTH BHILIEe 3D rpaa. BogonorpebaeHue
OrpaHUUUBAIOT.

L{BeTHOCTD oOmnpepne/sieTCs BU3yaJbHBIMA (DOTOKOJOPUMETPUUECKUMH Me-
Togamu. 1/ BU3yaJibHOTO OMpefiesIeHUs1 B KOJOPUMETPUUECKUH LUJAUHADP HAJU-
BatoT 100 M npounbTPOBaHHOH HCCJAenyeMON BOABI U, TPOCMATPHUBAsT OKPACKY
KOHTPOJIBHBIX PAaCTBOPOB CBEPXY BHU3, HAXOAAT UMUJIUHAP, OKPACKa KUIAKOCTH
B KOTOPOM COBIIaJlaeT C OKPACKOH BOABI B LIMJIMHIPE C UCCJEeNyeMOH BOIOH.

Bonee TouHOe ompeneseHWe 1BeTHOCTH MPOMU3BOAUTCA Ha (OTO3JEK-
TpokosiopuMeTpe. [/ 3TOro CTPOSIT rpagyHUpOBaHHBIM rpaduK MO XPOMOBO-
K0Oa/bTOBOM 1IKaJe [IBETHOCTU. PacTBOpBI ¢ pa3MYHOU 1IBETHOCTHIO (POTOMET-
pUPYIOT B KIOBETE Ha O CM B CHHeH 4aCTH CMEKTPa OTHOCUTEJbHO MPOMUIBTPO-
BAHHOM NUCTUJJINPOBAHHOU BOMBI.

751 npUroToBJeHHs LIKaJbl 1IBETHOCTH MPUTOTaBJIUBAIOT pacTBopbl Nel

1 Ne2 ¥ CMelIMBAaWOT UX B LMJIHMHAPAX B CJAEIYHIOMIMX COOTHOIIEHHSX (Tall.
2.1.1)).
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Tabauna 2.1.1 — XpomoBo-Ko6anbTOBas 1LIKaJja 1IBETHOCTH
PactBop Nel, mu 0 1 12 |3 |4 5 |6 |8 |[10]|12]16
PactBop Ne2, mu 100 {9998 197 196 |95|94 {9290 | 88 | 84
['pajycel 11BETHOCTH, 0 5 |10 15]20|25{30|40|50|60|70

rpan.

Ol'lpelleJIeHI/Ie 3aliaxa BOJbIl

Obopydosanue, so0sHas bans; mepmomemp OAs USMEPEHUS memne-
mamepuanol: pamypol 800bl; KOAbbL KOHUYeCKue;, npobupKu; npo-
6oL 8000bL.

3anax 800b. BHI3LIBAIOT JIETydHe INaXHyLIWe BelleCTB4, IIOCTYyIlalollHe B
Hee:

B pe3yJbTaTe NPOLECCOB XKHU3HeAeATeJbHOCTH BOAHBIX OPraHU3MOB;

- IIpU OMOXMMHUYECKOM Pa3J/oKEeHHUH OPraHU4eCKHUX BelleCTB;

- IPU XUMHUYECKOM B3aUMOLEHUCTBUMU KOMIIOHEHTOB, COLEPXKALIMUXCS B BO-
LOoeMe;

- CO CTOYHBIMU BOJAMHU MPENNPUATHUU XUMHUUYECKOH, MeTaJlJypruiecKoH,
He(TenepepabdaTbIBAOLIEH, MALIUHOCTPOUTEBHON U 1P.;

- nipu 06paboTKe MUTbEBOH BOJBI.

Bupi, MHTEHCHBHOCTb W YCTOHUMBOCTb 3amaxa MOTYT ObITb Pa3/JUUHbl U
3aBUCAT OT cOCTaBa 00YyC/aBJAMBAIOUIMX €r0 BellleCTB, TeMIepaTypbl, aKTHBHON
peakuuu cpensl (pH), cTenenu 3arpsisHeHHOCTH U Ap. YHCTble MPUPOIHBIE BOMBI
3aMaxoB He HMeIOT.

Beinessiior cienyiomine ocHOBHBIE BUIbI 3amnaxa (taba. [2.1.2).

3amax olLeHuBaeTcsd B Oajsax. Bomo#, He MMelolled 3amnaxa, CUUTaeTcCs
Takasi BOJa, 3amax KOTOpPOH He mpeBbillaeT 2 GannoB. Hanuuue 3anaxa B Bo-
Ie B 3HAUWUTEJbHOH Mepe YXYALIAaeT OpPraHoJeNnTUYecKdue CBOWCTBA, neJsasi ee
HEMpPUTONHOH AJ51 MUThS.

OnpeneseHue 3amnaxa Mpou3BOASAT BcKope mocje otdopa mpodsl. [Ipobel
He (OUABbTPYIOT U He KOHCEPBHUPYIOT.

MeTon 0CHOBAH Ha OmnpefeseHUH BUa U HHTEHCUBHOCTH 3amaxa Mpu TeM-
nepatypax 20 u 60 °C.

OnpeneneHre 3anaxa He0OXOIHMMO MPOU3BOAUTH B MOMELIEHUH, U30JUPO-
BAHHOM OT MPOHUKHOBEHHUS NMOCTOPOHHUX 3amaxoB. O6s3aTe/bHO cyleayeT YKa-
3bIBaTh TeMIIepaTypy OKpyxKarollero Bosayxa. Iljas uckaoueHus: cyObeKTHBHON
OIUOKHK 1eseco000Pa3HO COTPYAHUUECTBO HECKONbKUX JIKLI.

B konuueckyto kosnby npu 20 °C npuauBarmT uUccaenyeMyro npoby BOIbI
M cpasy 3aKphlBalOT ee mpoOKou. [ss ompenesneHus: ucnosnbsyoT 100-250 ma
npo6sl. Coaep:KMMOe HEeCKOJIbKO pa3 BCTPAXUBAIOT. 3aTeM KOOy OTKPBIBAIOT U
HeMe/lJIeHHO OpPTraHoJIeITUUECKH ONpeaesssioT XapakTep 3amnaxa U ero HHTeHCUB-
HOCTb.
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Tab6auna 2.1.2 — Bunel 3anaxa

Knaccudukanus sanaxon Cokpatienue | [Ipumepbl UM BO3MOKHbBIE
MCTOUHUKH
ApomaTHBIH WM NIPSIHBIN A Kamdapa, reosnrka, JaBaH-
na
OrypeuHbi Ae CBexxui orypeil
Banb3amuyecknit (LBETOUYHBIN) B
CaankoBaThiid Bs
XUMHUECKHH C [TpombilIeHHBIE  CTOYHBIE
BOABI WJIM XUMHYecKasi 00-
paboTKa
XJIOpHBIH Co CBOOOIHBIH XJ0P
Yry1eBoaopOHBIN Ch CTOKM  He(TeOUHCTUTEJb-
HBIX 3aBOJIOB
JlekapcTBeHHbIH Cm deHoJ, Honodopm
CepHUCTBIH Cs CepoBonopo,
HaBosHbli Dp CTouHble BOJABI KHBOTHO-
BOJICTBA
[HUJIOCTHBIH Dz 3acTosiBlIHECS CTOUYHBIE BO-
higS

B npyryio konby Takxke MpUIMBAIOT Uccaenyemyto npody o6bvemom 100-
250 MJ ¥ TOPJIBIIKO 3aKpbIBAIOT cTek/JoM. Kosby momorpeBalT Ha BOASHOH
6ane 1o 60 °C, mepeMelIUBaAIOT COAEPKUMOE OCTOPOXKHBIM BCTPSIXUBAHHEM, OT-
KPBIBAIOT KOJOYy M HEMeNJIEHHO OpPraHoJ/eNTHYeCKH YCTaHaBJIUBAIOT XapaKkTep U
MHTEHCUBHOCTb 3amaxa.

OnpeneneHI/Ie BKYCOB U IIPUBKYCOB BOJbI

Obopydosanue, mepmomemp OAs UBMEPEHUS memnepamypol 800bL;
mamepuansl: KoAbbL KOHuueckue;, npobupki; npobol 800bL.

Bkychl U npuBKychl onpenessitotcs B 6ajsax. Bompod 6e3 NMpUBKYCOB Ha-
3bIBaeTCsl Takas BOJA, MPUBKYChl KOTOPOH He MpeBblllaloT 2 6aJJoB.

OnpeneneHue Benetcs ¢ 3aBefomo 6e3onacHoi Bonoit npu 20 °C. Bony Ha-
OWpaloT B POT MaJblMU MOPLUUAMH, He MporaateiBasg. OTMedaloT Haauuue 8Kyca
(conenviil, eopokuti, Kucavil, cAa0KuLl) N npuskyca (u4esouHoll, xcenresu-
cmolil, Memanriuieckuil, 8axcyujuil ¥ T.1.) 1 UX UHTEHCHBHOCTb B 6aJjjiax Io
LIKaJle, aHAJOTMYHON OMpele/IeHHI0 HHTeHCHBHOCTH 3amnaxa (cm. Taba. 2.1.3).

[Ipy MHTeHCHBHOCTH BKYCOB W TPUBKYCOB Bbillle 2 0aJJjoB OrpaHUYMBa-
eTcsd BONONOTpeOJieHHe, T. K. CUJbHble BKYCbl U NPUBKYCbl MOT'YT OBITb IOKa-
3aTesqSIMH 3arpsi3HEHHS BOAbl 3arpsiI3HEHHBIMHU CTOYHBIMHM BOJAMHU HJHU CBUJE-
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Tabsuna 2.1.3 — VIHTeHCUBHOCTDL 3amaxa BOIbI

M HTeHCHBHOCTD
XapaKTepHucTHKa [TposiBnenue 3anaxa
3anaxa, 6aJi

0 Huxkakoro 3anaxa OTcyTcTBHE OLIYTHMOTO 3anaxa

1 OueHb cabbIA 3anax, He 3aMeyaeMbldl MOTpe-
ouTesieM, HO OMpenessieMbli Mo-
TpebuTeseM B UCCJAEI0BAHUAX

2 Cnabbit 3anax, o6HapyKUBaeMbI{ MOTpe-
ouTeseM

3 3aMeTHBIH 3amnax, Jierko obHapy:KUBaeMbli
(Boma HempHUATHA AJS MHThS)

4 OTyeT/IMBBIH 3anax, obpalmawiiui Ha cebs
BHHMaHHe, 3acTaBJISIIOIIMH BO3-
IepXKaTbCsl OT MUThb U JeJsalo-
MU BOAY HENPUTOLHOMU [Jis TH-
Th$l

5 O4eHb CHJIBbHBIA 3amnax HacTOJbKO CHJIBHBIH, UTO
[eJiaeT BOAy COBEPLLIEHHO HeNpH-
TOJHOU

TE€JbCTBYIOT O HAJIUYHH OHOJIOTHUECKH aKTUBHBIX BEIIeCTB, BbIAeJAEeMbIX CHUHE-
3€JIEHbIMHW BOAOPOCJISIMH.

2.1.2 ONPEJEJEHHME IOKA3ATEJIEH,
XAPAKTEPU3YIOIIIUX XUMHWYECKHH COCTAB
BOAbI

[TpuponHBIH cOCTaB BOABl XapaKTePU3YeTCsl CJEeNYIOIMIUMU TTOKa3aTesIMH:
CyXO# 0CTaToK, 00l1asi KeCTKOCTb, BOJAOPOAHBIM Moka3atenb pH, obmias iie-
JIOUHOCTB, ColepsKaHHe KaTHOHOB U aHHMoHOB: Ca’™, Na™, Mgt HCO?~, CI~,
SOZ‘. [lokasaTeseM MpUCYyTCTBHUS XUMHUECKUX BelleCTB, MOCTYMAMIIUX B BO-
JIOUCTOYHHUK CO CTOUHBIMU BOJIAMH, sIBJsieTCs conep:kaHue B Bome: Al, Be, Mn,
Cu, nonudocdaro Pb, Zn, Ag, V, panus-226, ctporuusa-90, As u np. Keneszo
CONIEP?KUTCSl B YMCTBIX NMPHUPOAHBIX BOJAAX, HO TOCTYTaeT OHO TaK»Ke B BONOEMBI
U CO CTOYHBIMHU BOJAMH.
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OnpenesieHre cocTaBa M CBOMCTB BOJABI MO BOAOPOIHOMY MOKa3aTeJio

(pH)
Obopydosanue, srabopamoprolii uonomemp, uiu pH-memp; mepmo-
mamepuansl: memp pmymuolti cO cmoepadycHoll WKALOU; CmeK-

ASIHHble cmakarbl smecmumocmoro 50 ma; 6ymaoic-
Hole Gurompol; npobsl 800bL.

BomnoponHeiél mokaszartesb, UK akKTUBHasi peakuus cpensl (pH), xapaxre-
pU3yeT aKTUBHOCTb WJIM KOHLIEHTPALMI0O UOHOB BOAOPOJA B PAacTBOpax W INpen-
CTaBJIseT COOOU OTPULATEJIbHBIA NEeCATUYHBIH JIOrapu(M KOHLIEHTPALUH BOJIO-
POAHBIX MOHOB:

pH = —1g|H"]

Cor/lacHO KJ1aCCHYeCKOH TeOpHUH 3JEeKTPOJUTUYECKOH NHUCCOLMALMH, MPO-
U3BeJeHWe KOHLIEHTPAUHUU BOJOPOAHBIX U TUIPOKCUJbHBIX MOHOB MPU OMpeje-
JIEHHOU TeMmIepaType MpeACTaBJ/sieT MOCTOSAHHYIO BeJUYHHY — KOHCTAHTY [HC-
COLMALIUHU:

LH*| x |OH™| = Ku,

(mpu Temmneparype 20°C K, paBHa to 10-14).
HeiiTpanbHOCTH BOMIBI ¥ BOAHBIX PACTBOPOB XapaKTePU3yeTCsl PaBEHCTBOM
KOHIIEHTPALUH BONOPOAHBIX M MMIPOKCUJIBHBIX HOHOB, CJIENOBATEJNBHO,

- npu |[HT| > 1077, |[OH~| < 1077 pacTBOpPH HMEIOT KUCAYIO PLaKULIO;

- mpu |HY| = |OH~ | = 1077 — nedimpairsryro peakyuo;

- npu |[HT] < 1077, |OH~| > 1077 — wenounyro peaxyuro.

B cooTBeTcTBHH ¢ 3TUM B KHCJBIX pactBopax pH < 7, B HeHTpasbHBIX
pH = 7, B wiesounbix pH > 7.

BonoponHblil mokasaTesib UrpaeT BaXKHYIO POJib B OTpeNeJeHHH KauecTBa
BOZbl. B peuHBIX MpecHBIX BoAax ero 3HaueHue oObIYHO KojeOsercsi oT 6,5 1o
8,5; B armocdepHbiX ocankax —oT 4,6 mo 6,1; B 60JOTHBIX BomaxX — OT 5,
no 6,0; B Boge okeaHa —otT 7,9 no 8,3; B WIAXTHBIX W PYAHBIX BOAAX HHO-
rna nocturaet 1,0; a B Bome COMOBBIX 03ep M TepMaJjbHbIX HcTOuHUKOB — 10,0.
KoHlleHTpauusi HOHOB BOLOPOJA TMOJBEpPKEeHa CE30HHBIM KoJeOaHHsIM — 3UMOMN
BOJOPOAHBIN TMOKa3aTe b AJs OOJbIIMHCTBA PEUYHBIX BOA cocTaBjseT 6,8-7,4,
JetoM — 7,4-8,2.

KoHlleHTpalusi HOHOB BOAOPOJA HMeeT OOJIbllIoe 3HAYeHHe MAJsT XUMHUe-
CKUX W OMOJIOTHUECKHX MPOIECCOB, MPOTEKAMIINX B NMPUPOAHBIX BogaxX. OT Bo-
NIOPOHOTO TOKa3aTeJssi 3aBUCHUT PAa3BUTHE U KU3HENEsiTeJbHOCTb BOAHBIX pac-
TE€HUH, YCTOMUHMBOCTb Pa3JHUHBIX ()OPM MHUIPAIUH J€EMEHTOB, CTeleHb arpec-
CUBHOCTH BOJIbl 110 OTHOIIEHUIO K MeTasiaM u 6eToHy U ap. Ha ero Bequuuny
BJIMSIIOT. TOBBIIIEHHAs] KOHIIEHTPAlHsl B BOAEe T'YMUHOBBIX KHUCJOT (HArpumep,
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B BoJax GOJIOTHOTO XapakTepa, MOJBEePKEHHBIX THAPOJIH3Y COJIeH), «lIBETEHHE»
BOJOEMOB, 3arpsi3HeHHWe UX CTOKaMH MPOMBILIJIEHHBIX MPeANPUATHH U NpyTrHe
(haKTOpHI.

[ToctosincTBO pH, OT KOTOpPOro 3aBUCHUT NMpOTeKaHHWE B BOJAE Pa3JUYHBIX
OUOJIOTHUECKUX U (PU3NKO-XMMHUUYECKUX TPOLIECCOB, MO AEPKHUBAETCS B TPUPOI-
HBIX BOAAX MAPOKAapOOHATHOU Oy(epHOU CHUCTEeMOH, COCTOSILLEN U3 PACTBOPEH-
HOH B Bojie yroabHOH Kucaothl HCOs, runpokapbonatHeix HCO; u KapOoHar-
HBIX CO32_ WOHOB.

st onpenenenvs pH Boabl MprMeHSIOTCS clielMa/bHble PeaKTUBbl — UH-
IWKATOPBl, a Takxke MPUOOPEl — pH-MeTpel co cTeKNSHHBIMH 3JeKTpopamu. C
MOMOIIbIO YHHUBEPCAJbHOW WHAMKATOPHOM OyMarud MoxKHO ompeneutb pH ¢
tTouHocTbio 10 0,2-0,3 enunuy pH. M3amepenne pH 1uBeTHBIX pacTBOpPOB U cyc-
MeH3WH WHIMKATOPHBIM CIIOCOO0M HEBO3MOXKHO.

DNeKTPOMETPHUECKHH (TIOTEeHIIHOMEeTPUYEeCKH) MeTon omnpenenenus pH
BOMbl OT/AHYaeTcss 60sblioid TouHoCThiO (10 0,02) ¥ M03BOJISIET MPOBOAUTH HC-
cJieloBaHHe MPAKTHUYECKU B JI0OOOH BOJle HE3ABUCHMO OT €€ OKPaCKH, MYTHOCTH,
COJIEBOTO COCTAaBa.

MeTton OCHOBaH Ha M3MepeHUM Pa3HOCTHU IMOTEHLHAJNOB, BO3HUKAIOIIUX
Ha TPaHHLlAaX MeX1y BHeIIHeH MOBEPXHOCTbIO CTEKJISHHOW MeMOpaHbI 3J1eKTPO-
Ja U HCCJeLyeMbIM pacTBOPOM, C ONHOW CTOPOHBI, U BHYTPEHHEH MOBEPXHO-
CTbIO MeMOpaHbl M CTaHAAPTHBIM PACTBOPOM — C ApPyrod. BHyTpeHHHH cTaH-
INAPTHBIM PACTBOP CTEKJSHHOIO 3JIEKTPOAA UMeeT IOCTOSHHYI KOHLIEHTPALUIO
MOHOB BOJOPOJA, MO3TOMY MOTEHLHaJ Ha BHYTPEHHEH MOBEPXHOCTH MeMOpaHbl
He MeHseTcd. M3amepsemass pasHOCTb MOTEHLMAJOB OINpefesseTcs NOTeHLHa-
JIOM, BO3HUKAIOIIMM Ha I'PaHUIle BHEUIHeH MOBEPXHOCTH 3JIEKTPOAa U HCCJeny-
emoro pactBopa. IIpenesnbl THMHEAHOH 3aBUCUMOCTH MOTEHIMAJa 3JeKTPoAa OT
pH o0ycsoB/ieHbl cBOMCTBAMU CTEKJASHHOTO 3/eKTpoaa. CTeKJSHHBIA 3JeKTPO.
npuMeHsitoT Agas udmepenus pH ot 1 no 12,7.

Hns usmepenuss pH MoxHO mosb3oBaTbes mnoTeHuuomerpamu (pH-
MeTpaMH) pasJuuHbIX MapoK. CTeKJISSHHbIe 3JeKTPOAbl STHX MPUOOPOB Kannb-
pytorcs no OydepHbIM pacTBOPaM.

CoenvHeHHs »KeJe3a, CEPOBONOPONA, MbIlIbsIKA, CBOOONHBIH XJOp, B3Be-
IIEHHble BEIIeCTBAa M KOJIJIOWJbl Ha U3MepeHHe KOHLEHTPAlLlUu HOHOB BOAOPOIA
B NPUPOAHBIX BOJAAX He BJUAIT. Pesynbrar onpenesnenus pH 3aBucutr or tem-
nepaTypsl BOIHI.

X0 PABOTbI

[lepen n3mepenunem BomoponHoro nokasatenss pH npubop nposepsitoT no
CTaHAAPTHBIM Oy(epHbIM pacTBOpaM. DJAEKTPOAbI MPOMBIBAIOT AUCTHJIJIHUPOBAH-
HOH, 3aTeM HCCJieflyeMOH BOIOH, MOCJe Yero MorpyKarwT B TLIATeJbHO MepeMe-
IIAaHHYIO0 UCCENYEeMYIO BOLY.
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BesnurHy noTreHuMasa CTEKJASHHOrO 3JeKTPOAa OTCUUTBHIBAIOT B €QHUHU-
nax pH, okpyrass mo 0,05-0,1.
Jast kaxnpo# npobsl onpeneneHue pH nposonsat 2 pasa.

OnpenesieHre cocTaBa M CBOMCTB BOJABI MO 001Iel, KAPOOHATHON U
TUJpPOKapOOHATHOM LIEJOYHOCTHU

Obopydosanue, roarba Koxuueckas emxocmoro 250 ma (2 wm.); nu-

mamepuanol: nemka emxocmoro 100 ma; kaneavruua (2 wm.);
b6ropemxa Ha 100 ma; npober 6odvr;, HCI, 0,1 H.
pacmeop; memunrosoili oparcesslil, 0,03%-Holil pac-
meop; gernorpmanreur, 0,1%-rnolii pacmsop.

[lesournocmov 86006l 00YCNOBJIEHA HAUUKWEM B Hel 'MAPOKCHJIbHBIX UOHOB
OH~, a takxe anuoHos HCOy, CO%‘, HS™, HSiOy, SiOg_, HPOZ‘ U IPYTHX,
MPeACTaBJASIOUIAX COMU CAA00H KUCJIOTB U CUJbHOIO OCHOBAHMUS.

[ITesiouHOCTE GOJBLIIMHCTBA MPUPOAHBIX BOJ 3aBUCHUT B OCHOBHOM OT CO-
Ilep>KaHUs CoJiell YroJbHOU KUCAO0Thl (THapokapboHaToB U Kap6oHaToB). [TosTo-
MY pPasJjiM4yarT OObIYHO JIULIb TMAPOKAPOOHATHYIO M KapOOHATHYIO 11eJOYHOCTD.
HexkoTopsle npuembl 06pa6oTku Boabl npu pH Bblllie 8,4 NIPUBOAAT K MOSIBJAEHUIO
TUAPATHOU LIEJOYHOCTH.

X0 PABOTbI

OnpeneneHre 00lLEeH 111€J0YHOCTH MPOU3BOIUTCS TUTPOBAHUEM U OCHOBA-
HO Ha peaklUUu 0Opa3oBaHUS HEUTPaJbHBIX COJieH MPHU TUTPOBAHUM BOIBI CO-
JsIHOH KucsoToH. O611as 111eJ04YHOCTb BOAbl 00YCJ/IOBAEHA TPUCYTCTBUEM HOHOB
OH—, HCOO~, COz%".

K 100 ms1 nccnenyemoii Boabl, OTMEPEHHOH MUMETKOH B KOHUUECKYIO KOJI-
Oy Ha 250 mu, noGaBasioT 2-3 Kamid pactBopa (eHosdranenHa. Ecan mo-
SIBUTCS1 po30Bast okpacka, Bony TUTpytoT 0,1 H. pacTBOpOM COJITHOH KUCJOTHI 10
obecliBeYMBaHUSA. 3aTeM B Ty ke MpoOy no6aB/siioT 2—-3 Kamljad pacTBopa Me-
THJIOBOTO OpaHKeBOro W mpopoJskatoT TuTpoBaHue 0,1 H. pacTBOpoM coJISTHOH
KHUCJIOTBl 10 Nepexofa OKpPacKH M3 KeJTOH B po3oBylo. 3anuckiBaioT oobem 0,1
H. PaCTBOpPA COJISTHOM KHUCJIOThI, U3PACXOAOBAHHBIA HAa TUTPOBaHHe C (eHoadTa-
JeuHoM, U obwui oobeM 0,1 H. pacTBopa COJITHOH KHCJOTHI, U3PACXON0BAHHBIH
Ha BCe TUTPOBAHUE.

O61LYI0 1MeJ0UHOCTb Afores (Mr-3KB/AM3) BOABI BHIUMCASIOT MO (GopMye:

Vi - N - 1000
Vs

Atotal =
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rae Vi — obwuit o6beM pacTBOpa COJSTHOH KUCJOTbI, U3PACXOJOBAHHBIA HA THUT-
poBaHHe B3ATOro oObeMa HccaenyeMod BOAbl, MJ; Vo — 0ObeM BOIbI, B3ATOU
OJ151 UCCJIeIoBaHus, MJ; N — HOPMaJIbHOCTb PacTBOPA COJISIHOM KHUCJOTHI.

Jlns Kaxxpo# npoObl onpenesneHre o0llel L1eJOUHOCTH NMPOBOAAT 2 pasa.

OnpeneneHne coctaBa U CBOMCTB BOABI N0 COAEPIKAHUIO XJOPUIOB

Ob6opydosanue, ronuueckue koabor (250 ma); nunemxu (10 ma);

mamepuanot: uusrundpor meprote (100 mn); 6ropemxu Ors mum-
posanus; ducmuaruposarras soda;, 0,01 H pac-
meop AgNQOs; (pacmeopsiom 11,6987 2 AgNO; s
1 2 Jucmuasuposarnoti 800e); 0,01 H pacmsop
NaCl (eomosumcs u3 ¢uxkcarnaira); 5%-Holil pac-
meop KoCrQOy; npobel 68006L.

Bricokasi pacTBOPUMOCTb XJIOPUIOB OOBSICHSIET LIMPOKOE pacripocTpaHe-
HHe WX BO BCeX MPHUPOAHBIX BOAaX. B MpOTOUHBIX BomoeMax Colep:KaHHe XJIO-
punoB 06biyHO HeBesnko (20-30 MF/ILM3).HesanH3HeHHbIe TPYHTOBBIE BOIBI B
MecCTax C HeCOJIOHYaKOBOM MOuBOH 0ObIUHO comepxkaT no 30-50 Mr/om® xJo-
puoB. B BoAax, pUILTPYIOLIMXCA Yepes3 COJNOHUAKOBYIO MouBy, B 1 AM> MOryT
COMepPKaThbCsl COTHH M JlaXKe ThICSIYM MUJJIUTIPaMMOB XJ0puaoB. Bona, conepxa-
as XJOpPUABl B KOHLeHTpauuu Gosee 350 Mr/am3, UMeeT COJOHOBATHIH MpH-
BKYC, a TIpH KoHLeHTpauuu xJaopuaos 500-1000 mr/am® He6naronpuaTHO BJIH-
sleT Ha KeJYyI0UHYI0 cekpenuto. [loBbillIeHHOE comep:KaHWe XJOPUIOB SIBJSETCS
MoKasaTeJsieM 3arpsi3HeHHUs MOJ3EMHBIX U MOBEPXHOCTHBIX BOAHBIX UCTOYHHUKOB
¥ cToyHbiX Box. OmpeneneHre XJ0PUIOB BexeTcs Mo Metony Mopa.

[Ipunuun metona Mopa OCHOBAH Ha OCaXKAEHUU XJOPUIOB a30THOKHUCJIBIM
cepebpom AgNO; B npucytctBuu xpomarta Kaausi KoCrOy. Ilpu Hamuuuu B
pactBope xjopunoB AgN(QO; cBs3biBaeTCsi ¢ HUMH, a 3aTeM 0o0Opa3yeT XpomaT
cepebpa OpaHKeBO-KPACHOTO I[BETa:

NaCl+ AgNO; — AgCl | +NaNOs.

X0 PABOThHI

Brauasne ycranaBauBaioT TUTp AgNOs. IIasi 3TOro B KOHUUYECKYIO KOJIOY
BMecTUMOCTBIO 250 Ms1 BHocsaT 10 ma pactBopa NaCl w 90 ma puctunmupo-
BaHHOH Boxbl, npubapasitor O Kanejab KoCrOy. Comep:kuMoe KOJObI THTPYIOT
pactBopom AgNOs3 o mepexona JUMOHHO-KEJITOH OKPACKW MYTHOTO pacTBOpa
B OpaHKeBO-KpacHY0, He Mcue3amwllyio B TedeHue 15-20 c.

[TonpaBounbldl Ko3huuueHT K TUTPY AgNO3 pacCUUTHIBAIOT MO Pe3yJib-
TaTaM TpeX TUTPOBAHUHU:
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K — 30
P +P+ Py
rne P, Py, P; —o6bem AgN(QO; UCroNb30BaHHBIM Ha Ka)KI0e U3 TPexX THTPOBa-
HUH, MJ.

Ilpu comepxanuu xJopuaoB MeHee 250 mr/am® Gepyt 100 M1 huIBTPO-
BAaHHOU HCHBITyeMod Boxbl. [Ipu GosbieM comepxkanuu xqaopunos 6epyt 10-50
mJ1. McnbiTyemyto Booy Ha/luBalOT B JBe KOHUUeCcKHe KoJiObl, 1oBoaaT 1o 100 ma
IUCTUIHPOBAHHOMU BOMOH, MpubaBysioT 5 Kanesab pactBopa KoCrQO4. PacTBoOp
B onHOH Kosi6e TuTpytoT AgNOs, a BTOpasi Kojba UCIOAb3yeTcs AJsT KOHTPOJIS.

CozmepxKaHue XJOPUAOB B BOJAE PacCUUTBIBAeTCS MO (popmyde:

X P-K-0.355-1000
— v ,
rae X — cojepKaHue XJopuaoB, Ma/am>3; P — koauuecTBo pactsopa AgNOj,
UCTPAUeHHOE HA TUTPOBaHHWe, MJ; K — MOnNpaBOYHBIM KOA(D(PHUUHUEHT K TUTPY;
0,355 — 3KBHBaJIeHTHOE KOJUYECTBO XJopa, cooTBeTcTByOIIee 1 ma 0,01 H pac-
tBopa AgNOs, Mr; V — o6beM ucceayeMoi mpobbl, Ma (am3).
[ns kaxknoit npoObl onpefiesieHre XJOPUAOB MPOBOAAT 2 pasa.

OnpeneseHne coctaBa M CBOMCTB BOJABI MO O0ILIEN XKeCTKOCTH

Ob6opydosanue, O6ropemxa (1 wm.);, nunemku: 15 ma (I wm.), 100

mamepuanot: ma (1 wm.); korba kouuueckas 250 ma (1 wm.);
kaneavruua (1 wm.); meproili yurundp 100 ma (1
wm.); pacmeop mpusona b =~ 0,05 u; pacmsop
MgSO4 0,05 1; ammuaunsili 6ygepHoili pacmeop
(NH,OH + NHyCl); undukamop xpomocen uepHbolli;
npobol ucciedyemoii 8006L.

Kecmkocmo 60061 — 3T0 ee TPUPOAHOE CBOHCTBO, 0OYCJIOBJIEHHOE COMEp-
’KaHueM B Heil MOHOB Kaabuusi Ca’t u maruus Mg?+.

Paznuuaior obujyro, kapboHamnyro u HeKapbOHAMHKYK HecmKocms 80-
ObL.

Obuasn ncecmrxocmo (Hipiy)) — 3TO CyMMa KapOOHATHOU U HeKapOOHATHOH
YKECTKOCTH BOIIBI.

Kapbornamnas axcecmrxocmo (Hyurp) — 3TO 2KECTKOCTh BOJBI, 006YCJIOB-
JIeHHasi TPUCYTCTBHEM B HeH THIPOKapOOHATOB H KapOOHATOB KaJblHs
(Ca(HCOs3)9, CaCOs3) v maruust (Mg(HCO3)o, MgCOs).

YacTo KapOOHATHYIO KECTKOCTh Ha3blBalOT BPEMEHHOH, T.K. W3 BOJbI MPH
KUISTYEHUU JIETKO YCTPaHSITCS TPyAHOpacTBopuMble KapOoHaT kanbliusg CaCOs
¥ ruapokenn Maraus Mg(OH )y (nocaenHuit obpasyercss NpHu MoflleaunBaHUN
BOJIbI, colepKalileld KapOoHAT MarHus).
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Hekapbonamnas secmrocmo (Hyoncary) XapaKTepusyeTcsi MPUCYTCTBHEM
B BOJE XJIODUIOB, CY/JAb(PaTOB U Np. HEKAPOOHATHBIX COJIEH KaJbLUHS U MarHus
(CCZCZQ, MgCZQ, CCZSO4, CCZSiOg, MgSO4, MgSiOg 151 ,U,p.).

HekapOoHaTHY!0 KEeCTKOCTb WHOTAA Ha3bIBAIOT NMOCMOAHHKOL, T. K. Jaxe
NpU KUIAUeHUU 00yCJ/OBAUBAOLINE ee HEKAPOOHATHBIE COJM KaJbLUS U MarHUs
UMEIOT BBICOKYIO PAaCTBOPUMOCTb U U3 BOABl He YAAJSIOTCS.

3Hasi oOulyl0 ¥ KapOOHATHYIO »KECTKOCTH, HeKapOOHATHYIO »KeCTKOCTb
pPacCYMTBIBAIOT 1O opMmy.ie:

Hnoncarb = Htotal — Hcarb~

Boxy c obuiefi }kecTKOCTbIO 70 3,5 Mr-3KB/AM® HasblBalOT mA2KoL; OT 3,5
no 7 Mmr-sks/am> — cpedneti mcecmrxocmu, ot 7 no 10 MT-3KB/IM3 oecmioll,
ceoie 10 Mr-3xB/aM® — ouensv secmroli.

Bozga ¢ ecTKocTbio cBbille 10 Mr-s3kB/AM® 4acTo MMeeT HemNpUATHBIH
BKyc. Pe3kuil nepexon mpu mnosib30BaHUM OT MSTKOU K »KECTKOH BOJe, a MHOra
U HaoO0pOT, MOXKET BbI3BATh Yy JIIOAEH NHCIeNCcUUecKUe sIBJAEHHS.

CocTosiHMe OO0JIbHBIX MOYEYHO-KaMeHHOH O00J/Ie3HbI0 YXYAILLaeTCss MpU
MOJIb30BaHHH OUeHb KeCTKOH BomoH. 2KecTKue BOABI CIOCOOCTBYIOT MOSIBJIE-
HUIO nepMaTUTOB. [Ipu MOBBIIIEHHOM MOCTYIJIEHHW B OPTraHHU3M KaJbLUs C
NIMTbEeBOU BONOH Ha (pOHe HOAHOW HENOCTATOYHOCTH 4Yallle BO3HHUKAeT 300HAas
6osie3Hb. [l MUTbEeBLIX Lieseld MpearnoyuTaloT BOAY CpeldHeH »KeCTKOCTH, AJs
X035IUCTBEHHBIX U MPOMBIIIJIEHHBIX [eJiel — MSATKYI0 BOLY.

Hcxonst u3 aToro, obiasi 2keCTKOCTb JIJIst BOABI, He MOJBepraolieics cre-
LHaNbHOH 06paBOTKe, YCTAHOBJEHA Ha YPOBHe 7 MI-3KB/IAMS.

[ns onpeneneHus o01led XKeCTKOCTH MOJb3YIOTCS TPUJIOHOMETPUUECKUM
MeTonoM. OCHOBHBIM paG0YHUM PAaCcTBOPOM SIBJIsIeTCS mpuiox b — nByHaTpreBasi
COJIb 3TUJIEHIUAMUHTETPAYKCYCHONW KHUCJIOTHI:

COONaCH?\ /CHngOONa
/NCHQCHQN\
COONa—CHjs CHs—COONa

OnpeneseHrue CYMMapHOTO COAEP:KAHHUS MOHOB KaJbLWSI U MarHUsSl OCHO-
BAaHO Ha CMOCOOHOCTH mpuasoxra b 00pa3oBbIBATH C 3THUMM HOHAMH MPOYHbIE
KOMIIJIEKCHbIE COeIMHEeHHSsl B LIEJOUHOH cpelie, 3amelllass CBOOOAHbIE UOHBI BO-
nopoza Ha KaTHoHb Ca’t u Mg?*.

Ca’>* + NagHoR — NasCaR + 2HT,

rae R — pagukasn 3TUJAeHAUAMHUHTETPAYKCYCHOW KUCIOTH. B KayecTBe MHAMKA-
TOpa HCNOJNb3yeTcs XPOMOreH uepHbIi, Aamoiui ¢ Mg?t coenrHeHHe BHHHO-
KPaCHOTo LBeTa, Npu McuesHoBeHHMH Mg?" on mpuobperaeT rony6yio OKpacky.
Peakuus unet npu pH~10, yto mocturaercs no6aBjeHueM B NpoOy aMMHAuHO-
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ro 6ydeproro pactsopa (NHsOH + NH4Cl). B nepByto ouepenb CBSI3bIBAIOTCS
MOHBI KaJblIMs, a 3aTeM MarHHsl.

Onpenenenuio MematoT HoHbl Mead (> 0,002 mr/am®), mapranna (> 0,05
mr/am3), xkeaesa (> 1,0 mr/am3), amomunus (> 2,0 mr/am3).

X0 PABOThbI

1. Onpedesernue nHopmanrvrnocmu mpuroxa b npou3BoAUTCS MO CTAHAAPT-
Homy 0,05 H pactBopy MgSO;.

B koHnueckytwo Kosa6y oTMmepsitoT nunetkod 15 mu 0,05 H pactBop MgSOy,
106aBASIOT 85 MJI AUCTUMIHPOBAaHHON Boibl (no0 100 MJ1 MepHBIM LMJUHIPOM),
MPUJAUBAIOT O MJ aMMHauyHoro OydepHOro pacTBopa W O Karejb WHIUKATOPA
XpOMOreHa 4epHOro, 1ocJje 4ero NpoBOAAT MeAJIeHHOe TUTPOBaHUE NMPU UHTEH-
CUBHOM B36aJThIBaHUH pacTBOpoM mpusoxa b (~0,05 H).

[IpoOy TUTPYIOT N0 MosiBAE€HUS TOYOOH OKPACKU OT OAHOW MPUJINUTON Kam-
71 TpUJoHa B, uTO cBUAETENbCTBYeT 06 HCUe3HOBEHMH HOHOB Mg?t.

[anbHeliiee npubaBneHne mpuarona b He U3MeHsieT rosy00d OKpacKu
pacTBopa, MO3TOMY CJelyeT BHHMAaTeJbHO CJIEAUTb 3a MOCTENeHHbIM H3MeHe-
HUEeM OKPaCKH OT BUHHO-KPAacHOH depe3 MepexoiHble OKpacKu ((pHoJeTOBYIO,
TPSI3HO-CHHIOW) 10 TOJyBHOH.

TutpoBanue mpoBoauTcs nBaxabl. [lonpaBouHBId KO3(p(PUIHUEHT K HOp-
MaJIbHOCTH mpuaora b paccuuThiBaloT mo Gopmy.e:

K — flml(MgSO4)
N (Tpusona B)’

2. Onpedesernue obujetli secmxocmu npobol.

B konungeckyto kosa6y ormepsitoT 100 MJ1 McnBITyeMO# BOIBI, 10OABJSIOT O
MJl aMMHaudHOro 6y(epHOro pacTBopa, MHAUKATOP (B TOM Ke KOJUYeCTBE, YTO U
TIPH OTIpeNieJIeHHH MONMPaBOYHOTO KO3((PHIIMeHTa), U MeIJIeHHO MPH HHTEHCHB-
HOM TOMELUHWBAHUU TUTPYIOT PacTBOPOM mMpuioHa b 10 mepexoqHOW OKpPacKH.
OnpenesneHre MOBTOPSIIOT U GepyT CPefHUN pe3ynbTar.

Boiuncienne obueil ecTKOCTH (Hiorq) B MI-3KB/AM® NPOM3BOASAT MO

bopmyue:

n-N-K-V;-1000
m
Vs

rjie 1 — KOJIU4ecTBO mpuiona b, uspacxonoBaHHOe Ha TUTpoBaHHWe, MJ; N —
HOpPMaJIbHOCTb mpuiora b; K — nonpaBodyHbld KO3 (ULHEHT K HOPMaJbHOCTH
mpunorna b; V) —obbem pactBopa mpusora b Ha TUTpoBaHHe NPOOBI BOMH,
w1, Vo — o6beM npolel, MJI.

MyTHble BOABI MPeNBAPUTENbHO OT(PUIBTPOBBIBAIOT, KUC/ble — HEUTPaIHU-
3YIOT 1LEeJI0YbIO.

Htotal = [
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2.1.3 OIPEJEJEHHME IOKA3ATEJIEH,
XAPAKTEPU3YIONIHUX
AIINIEMHUOJIOTUYECKY IO BE3OIIACHOCTDb
BOIbI

HOKaSaTeJII/I, XapaKTepUusymuue aMMuaeMuoJ0ru4eCKyIo 6e30IacHOCTb BO-
Abl, OEJATCA Ha ABE IMOATPYIIIIbL:

| moarpynna — canumapro-mukpobuosocutueckue noKa3amenu;
2 MOATPYIIa — CAKHUMAPHO-XUMULECKUEe noKa3amenu.

K nepBoii moarpyrmnme oTHOCATCS: MUKPOOHOE 4LCAO, KOAU-UHOEKC, KOAU-
mump, Haauuue namozeHHovlx baKkmepuil u 8upycos.

Muxpobroe uucso — 310 00lllee YUCJIO KOJOHUH, BbIpPACTAIOLIUX B Teye-
Hue 24 uacop npu Temnepatype 37 °C npu mocese 1 cm® nccsenyemoil Bob,
Ha 1,15%-HbIl MsICO-TIENTOHHBIN arap.

Koau-unoekc noKasbiBaeT KOJUUECTBO KHIIEUHBIX MaJjioyeK (KoJH) B 1 MJ
BOJIBI.

Koau-mump — 3T0 HauMeHblllee KOJUUECTBO BOJIbI, B KOTOPOM OOHApPYXKH-
BaeTCs XOTHA Obl OfHA KHIIeYHAad MaJjoyka. MHOroJIeTHUH OIBIT [0KasaJ, 4To
Bora 0e30macHa B 3MULEMHUOJOTMUECKOM OTHOLLIEHUU, €CJH ee KOJU-UHIEKC He
BBILIIE 3.

Canumapro-muxpobuosocuueckue noxkasameau SBJSIOTCS OCHOBHBI-
MM [0Ka3aTeJsIMU 3SMUAeMHOoJIorHUecKoi ©Oe3onacHocTu Boabl. CanumapHo-
XumudecKkue nokKa3ameau OTHOCSTCS K KOCBEHHBIM I0OKasaTessiM. DTH IOKa-
3aTeJd XapaKTepU3yIOT HajJHhyue OpPraHhyeCKUX BelleCTB WJH MPOAYKTOB HX
pacnazna (nepmaneanamuas v 6GUXPOMAMHAS OKUCALEMOCMb, OUOXUMULECKOe
nompebienue Kuciopooa, Haiuuue 8 800e A30MCO0ePHCAULUX BEU,eCmB).
Jlnst ux ompenesieHUs] IPUMEHSIIOT pa3JUUHble XUMHUUECKHEe MEeTO[HI.

[lepmarneanamuas u buxpomamnas OKUCAAEMOCMb TI0KA3bIBAIOT KOJH-
YeCTBO KHMCJOPOAA B OKUCJAUTENSAX (KHUCJBIX PacTBOpax MepMaHraHata WU/ Ou-
XpoMaTa KaJsus), 3aTpayeHHOe Ha OKHCJEeHHe PACTBOPEHHOI'O0 OPTraHHYeCKOTro
BELeCTBA.

Buoxumuueckoe nompebrenue Kucaropooa (BIIK) — Kosu4ecTBO pacTBo-
PEHHOTO0 KHCJIOPOAa, MOTPebJisieMOro Ha OKHCJEHWEe OPraHWYecKoro BellecTBa
MoJ AeWCTBHEM MUKPOOPTaHM3MOB 32 ONpe[eJIeHHbIH MPOMEKYTOK BPEMEHH.

Hanuuue 8 8o0e azomcodepacaujux eewjecms: B IPUPOAHBIX BOAAX CYLIH
COeMHEHHUsI a30Ta BCTPeEUaroTCs KaK B MHUHEPAJIbHBIX, TaK U B OPraHUYeCKHUX
dopmax. K MuHepasbHbIM (opMaM OTHOCATCS MOHBI aMMOHHSt NH,', HUTPHUTEI
NO,, nurpatel NO; . Oprannueckue (hOpMbI NIPEACTaBJIEHbl HU3KOMOJIEKY/IAP-
HBIMH COeIUHEHHSIMH (aMHHOKHCJOTHI, aMUHBI, MOUeBHHA U 1p.). KoHueHTpa-
LMS1 a30Ta B [NOBEPXHOCTHBIX BOAAX CYLUH KOJeOJIeTCs OT COTeH MUKPOrpaMMOB
10 eIMHMI MHJJIMIPAaMMOB B IMS.
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Con aMMOHMS, a30TUCTOH W A30THOH KHCJOTBI, XJOPHUAbI MOTYT HaXo-
IUTbCSA B BOJE BOJOEMOB KakK INPOAYKThl Pa3JIOKeHUS OPraHUYeCKUX OCTaTKOB,
tdekanuil u mMoud. C HUMHU MOTYT MOCTYNaThb B BOJAOEM BO3OyAUTENN HH(DEK-
LMOHHBIX 3a00JiIeBaHUH, NMO3TOMY 3TH BELIECTBA SBJSIOTCS KOCBEHHBIMH I0OKa-
3aTesIMH 3MUAEMHUOJOTHYECKOH OMacHOCTH BoAbl. [lo KosmyecTBy asoTcomep-
JKALIUMX COEIMHEHHHU M MO0 HUX COOTHOLUEHHUIO CYASAT O HAJW4YHUU 3arpsi3HEHHUs,
€ro NaBHOCTH WJIA MOCTOSIHCTBE MOCTYIJIEHHUS 3arpsi3HEHWU B BojoeM. Tak, Ha-
JIM4Ue B BOJE TOJIBKO COJIeMd aMMOHMS NPHU COOTBETCTBYIOLIMX OaKTepPHOJIOTH-
YeCKUX MAHHBIX fABJISETCH I0KasaTe/eM CBeXKero OpraHu4ecKoro 3arps3HeHUs
BOJOHUCTOYHHKA; NIPUCYTCTBHE B BOAE COJIEM a30TUCTOMW U a30THOM KHUCJIOTBI MPH
OTCYTCTBHUM MJIH CJellaX COJiIed aMMOHHUS — II0Ka3aTeJ b 3aKaHYMBaloLlerocs ca-
MOOYHMIIIEHHS BOMBI; HAJW4YKe B BOJE BCel TPUAAbl a30TCOAEPKALLNUX BELIEeCTB —
N0Ka3aTeJ/ib NMOCTOSTHHOIO 3arpsi3HeHUs] BOAOEeMa OpraHUYeCKUMH BellleCTBaMHU.

Ho Heo0XoauMo y4UTBIBaTE M BO3MOXKHOCTb MPHUPOAHOTO COREpPKAHUS
3TUX COEAUHEHHWH B BOJE WJIM MOMaJaHUA UX C PACTUTEJbHBIMU OCTATKAMHU.
B 3TOM csaydyae GoJiblioe 3HaueHHE UMEIOT NMHAMHUUYeCKHe HaOJIIoNeHHs 3a CO-
ctaBoM BoAbl. O CTeneHH OPraHUYecKOro 3arpsi3HEHHs BOJAbl MOXKHO CYAMUTb MO
BeJIMYMHE OKHUCJISIEMOCTH BOAbl. BrICOKAs OKHUC/EMOCTh UJIU pe3KHhe KoJeOaHUs
ee (BHe ce30HA) MOTYT YKa3biBaTh Ha MOCTOSIHHOE MOCTYTIJIEHHe OpraHHYecKHX
AHTPOIIOTEHHBIX 3arpsi3HEHUN B BOJOEM.

OdopmiieHne pe3yabTaTOB UCCAETOBAHUMN

JlaHHBle BCeX MPOBEEHHBIX HUCCAEN0BAaHUH M0 ONMpee/IeHHI0 NToKasaTeel
KayecTBa MCCJeyeMbIX P00 BOIbl 3aHOCAT B Tadauuy [2.1.4]

3AJAHHUE

OnpepnenuTre KayecTBO MCCJelyeMbIX MPoO BOAbI MO MOKa3aTessiM TPy
A u B. Ouenurte NpurofHOCTb UCTOUHHUKOB JIJ1s1 X035HCTBEHHO-TIUTHEBOIO BOMIO-
cHabKeHHs!, UCTIONb3Ys JaHHbIe MPOBENEHHBIX HUCC/AeI0BAaHUN MPoO BOAbI (TabJI.
2.1.4). YkakuTe NpUUYUHBI NOSBJEHUS B BOJE 3arps3HSAIOIINX BellleCTB U METO-
Ibl KOHTPOJISI COIEePKaHUS UX B BOJE.

KOHTPOJIbHBIE BOIIPOCDI

1) Kak npoucxomnuT 3arpsisHeHHe THAPOChepHI?

2) KakoBbl 0COGEHHOCTH H3y4yeHHs] aOHOTHYECKHUX (PAKTOPOB BOIHBIX 3KO-
CHUCTEM?

3) Kak Benercst ot6op npo6 Bomwl? [lepeuncyiute BUABI P0G BOMIBI.

4) HasoBuTe rpynimsl NokasaTeJsel onpejeseHus KadecTBa Boabl. [1o kakum
MoKasaTeJsisiM U CBOHCTBAM OTpeesisieTCsl KaueCTBO BOMAbI?
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5)
6)

7)

HazoBute opraHosentryeckre CBOHCTBA BOAbl U 0COOEHHOCTH HX OIpe-
LleJIeHHUs.

HasoBuTe xuMuyeckue rnokasaTesd KauyecTBa BOIbl U OCOOEHHOCTH MX
onpeneJsieHus.

HasoBuTe mnokasaresu, XapakTepU3ylollMe 3MUIEMHOJOTHUYECKY0 6e3-
OMacHOCTb BOJbl, U 0COOEHHOCTH UX OIpeleseHUs.

JINTEPATYPA

1)
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3)
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HenucoBa C.M. [losneBasi mpakThka Mo 3KoJOruu: YueO, mnocobue. —
MH.: YuiBepcitaukae, 1999. — 120 c.

Crpokau IL.II., Kyabckuit JI.A. TlpakTHKyM MO TEeXHOJOTHH OYHUCTKHU
NPUPOAHBIX BoA: Yuebio mocobue. — MH.: B, mkona, 1980. — 320 c.:
U,

®enopoa A.U., Hukonbckass A.H. [IpakTUKyM 1Mo 3KOJIOTHH U OXpaHe
OKpy»Kawlleld cpenbl: Yyeb. mocoOue 1Ji CTyA. BbICII. yueO. 3aBefe-
aui. — M.: I'ymmanur. usn. uentp BJIAZIOC, 2001. — 288 c.: uJ.
dnosas H.II., Crpokau IL.II. dkonorus u rugpoxumusi. CjoBapb —
cnpaBouHuk: Crpas. noco6ue. — bpect: BI'TY, 2002. — 244 c.: u.
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Ta6nuua 2.1.4 — XapakTeprucTrka abMOTHUUECKHX (DaKTOPOB

BOIHOU Cpebl

No

n/n

AbuoTHueckui
(hbakTop

[Tpoba
Ne 1

[Ipoba
No 2

[Ipoba
Ne 3

[Tpoba
Ne 4

[Tpo6a
Ne 5

1

2

3

4

5

6

1

Temneparypa,
°C

2

[TpospayHocTs,
CM

Ocapnok:
-KOJIMYECTB.
OLleHKA
-KayeCTBeH.
OlLleHKa

LIBeTHOCT®D,
rpaf.

3amnax, 6aJJi

M HTEeHCUBHOCTH
3anaxa, 6aJa

Bkyc

HNHTEeHCcUBHOCTL
BKyca, OaJu

O 00 N O (O

[TpuBkyc

MHTeHCUBHOCTD
npuBKyca, 0aJl

11

pH Bonpl,
MT-3KB/1M>

12

Oo6b11as
11€JI0YHOCTh,
MT-3KB/ M5

13

XJiopusl,
mr/om®

14

Oo611as
JKEeCTKOCTb,
MT-3KB/ M3
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2.2 BJIWAHHUE ECTECTBEHHDIX H
AHTPOIIOTEHHDBIX 9KOJOI'MYECKHUX
®PAKTOPOB HA YCTOMYMBOCTb BUOTHI

Ilenb paGoOTBI: YCTAHOBUTH MOPOT MOBPEXKIEHHUS KUBBIX KJETOK
OT 3KCTpPeMaJsIbHbIX TeMIIepaTyp, U3YUNUThb JeUCTBHE COJIel TsxKe-
JIBIX METaJjlJIOB Ha »KHUBOTHblE U PAaCTUTeJbHble O€JKH, BbISIBUTH
pa3HULy UX YCTOUUUBOCTH.

OBIIWE CBEJAEHUA

2Kusnp Ha 3emJjie cpopmupoBasach Moj AeUCTBUEM ycaoBUH cpefbl. [lo-
CJIeHSASA MPeACTaBJ/sieT COO0OM COBOKYMHOCTb SHEPrHUH, MaTepPUAJIbHBIX TeJl, SIB-
JIEHUH, KOTOPble HaXOASITCS BO B3aUMOJIEHCTBUH (MTPsIMOM U KocBeHHOM). [loHsi-
THE 3TO OYeHb OOIIMPHOE: OT KOCMHYeCKHX Bo3jeicTBUH Bcenennoit Ha Cog-
HeyHylo cuctemy, Bausinusi CoJiHUA, KaK OCHOBHOI'O HWCTOYHHWKA 3HEPruH, Ha
3eMHbIe MPOIECCHl 10 HEeMOoCPeNCTBEHHBIX BO3MEHCTBHE OKPY2Kalolled cpelbl (B
TOM YHCJIe U UesIOBEeKa) Ha OTHAEJbHYI0 0CO0b, MOMYyJsilHi0, coobiiecTBo. B mo-
HSITHE YCJOBUU CPeibl BXOAST KOMIIOHEHTHI, HE BJUSIOLINAE UK MaJjo BAUSIOLIHE
Ha >KU3HeNesATeJJbHOCTh OPraHHU3MOB (MHEpPTHbIe Tasbl aTMoc(ephl, a0HOreHHbIe
3JIeMEHTBl 36MHOH KOpBI) U Te, KOTOPble CYIIECTBEHHO BJHUSIOT Ha >KU3Hemes-
TeJIbHOCTb OMOTHI. VX Ha3bIBalOT 3KOJOTMUECKUMH (haKTopaMH (CBeT, TeMIepa-
Typa, BOAA, NBUKEHHS BO3AYyXa U €ro COCTaB, CBOMCTBA MOYB, 3aCOJEeHHe, pa-
IMOAKTUBHOCTb U JIp.). DKOJOTHYeCKHEe (PAaKTOPbl MeHCTBYIOT COBMECTHO, XOTS
B psile cJaydyaeB OOWH (pakTop mnpeoOJsamaeT Haa APYTUMH U SBJSETCS ONpeje-
JISIOIIMM B OTBETHBIX PeaKLHsSX »KUBBIX OPTaHHW3MOB (HampuUMep, TeMIepaTypa
B apKTHUECKOH W CyOapKTHUEeCKOH 30HaX WJIM MYCTHIHAX).

Bce 3kosorudeckue (paxkTopbl BOCIPUHHUMAIOTCS Pa3HbIMU BUAAMH Opra-
HU3MOB MO-pazHoMy. OnHako Bce AeUCTBUS MPOXOAAT Uyepe3 KJAeTKU U UX KOM-
MIOHEHTBI, MEXXKJeTOYHble U TKaHeBble B3aUMOAEUCTBUS BBIPAXKAIOTCH B Olpe-
NleJIEHHbIX peakUHsx U3MeHeHUss MeTaOosn3Ma, (yHKUHUH U, B KOHIE KOHLOB,
MOP(OJOrMuecKUX U3MeHeHUH OPraHu3MOB U UX coobllecTB. bosbiiyio poJb B
BOCIIPUSITUU IKOJOTMUECKUX (PAKTOPOB UTPAOT MeMOpaHbl KJIETOK, LUHUTOMNIa3Ma
U pa3J/iMuyHble OpraHeJJIbl.

JlelicTBHS CTPECCOBBIX 3KOJOTMUECKUX (PAKTOPOB BbIPAXKAIOTCS B U3MeHe-
HAU UM HAPYLIEHUH CTPYKTYD KJIETOK, TKaHeH U (PU3HUOJOTHUUECKHUX (PYHKLUHU
BCEro OpraHuW3Ma, MOomyasiuui, cooOUleCcTB. DTH U3MEHEHHUS ONPENeNsoTC Kak
CHUJION U XapaKTepoM HEeUCTBHUA caMoro (akTopa, TaK U YCTOUUUBOCTBIO Opra-
Hu3Ma. B nanHoil sabopaTopHOH paboTe mpenpsaraeTcs MPOBECTU UCCJEI0BAHUS
MO0 NeHWCTBHIO 9KOJOTHUUECKHUX (PAKTOPOB Ha KJIETKY U OPraHu3M: abUOTHYECKHX
(BBICOKHE TeMIlepaTypbl) ¥ aHTPOIOreHHBIX (COJEH TsKeJbIX MeTasoB). Biu-
siHUe (DAKTOPOB BbIpakaeTcsl B U3MEeHEeHUH MPOHUIAEMOCTH MOKPOBHBIX TKaHEH
JucTa (Mpy MPOHUKHOBEHWM KHCJOTHI, MPHU NEHCTBHUH BBICOKHX TeMIepaTyp),
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U3MEHEeHHH B KOMIIOHEHTaX KJeTKH (T/1a3MOJIK3, pa3pylleHHe XJopoduJiia, ero
qbeoqbumuﬂuaaquﬂlﬂ, Koarynsnusi 6ejika), a TakxXke B HapylLIeHHH >KU3Hemes-
TEJbHOCTH OTHEJIbHBIX OPraHOB pacTeHH# (JHCThbs, MOGEru).

[Ipu ucnonb3oBanuu B paboTax cojiedl TSKeJblX MeTaJsJIOB MPUMEHSIOT UX
KOHIIEHTPAllMH, KOTOpble PeKO BCTPeYyalTcs B MPUPOJE, OAHAKO MpH Jabopa-
TOPHBIX 3KCIIEPUMEHTAX yBeJMYeHHe KOHIEHTPAllUU B HECKOJIbKO pa3 (MHOrma
B 10) obmenpunsiTo, nHade 3P¢peKT nosydaeTcss HeUeTKHH.

2.2.1 OINPEJEJEHHUE YCTOHYHWBOCTHU
PACTEHUU K BBICOKHUM TEMIIEPATYPAM

Obopydosanue, soosras baus;, mepmomemp; nunuem; wawxu [lem-

peakmusol, pu (5 wm.); cmakar ¢ 8000l; MOHKAS NPOBOAOKQ,

mamepuanol: kKapardau no cmekay; 0,2 H pacmeop COAAHOU Kuc-
aomol HCI; ceexcue aucmos OpesecHolx pacmeHiil.

Temnepatypa onuMH K3 OCHOBHBIX 3KOJIOTMUECKUX (DAKTOPOB Ha 3eMJe.
OHa MmeHsileTcs B LLIMPOKOM JMala3oHe B 3aBUCHMOCTH OT MPHUPOAHBIX 30H U
KOHKPETHBIX yCJIOBHH (ByJKaHHWYecKasi esTeJIbHOCTh, TOPsSYHe UCTOUHHUKH, BbI-
Opoc Temsa 3HEPreTHYeCKHMH YCTAHOBKAMH M 1p.). PasHble TUMBI pacTeHHH
M0-Pa3HOMY OTHOCSITCA K 3ToMy (Qaktopy. Tak, C4-pacmenuﬂﬂ BbIIEPKUBAIOT
6oJiee BbICOKHEe Temmepatypsl, yeM C3 pacmeﬂuﬂﬂ B npenenax nocsaenHei rpyn-
Mbl TaKxXKe UMelTCsl 00JblINe PA3JIUUHS.

PaboTa npoBoauTcs ¢ rpynnoi ApeBeCHbIX WU KOMHATHBIX PACTEHUH pas-
JIMYHBIX BUJIOB, BCTPEUAIOLIMXCS B O3€JEHUTEJIbHBIX [10CalKaxX NaHHOW MeCTHO-
CTH WJIM TMOMELIeHUSX. DTO NaeT BO3MOXKHOCTb MOCTPOUTH PSiJi PACTUTEJbHbIX
BHJOB N0 CTEMEeHU YCTOHUYUBOCTHU K BBICOKMM TeMIlepaTypaM, BbIIBUTb HAHUOO-
Jlee YCTOMUYMBbBIE U3 HUX, UTO OUYeHb BaXKHO NI CO3IaHUS 03eJIeHUTeJbHbIX 30H
NpeaNpUATHH, YIUYHBIX MOCAA0K B PAMOHAX C XKAPKUM JIETOM HJIA 03eJIeHEHHUS
noMelleHUH. B cBsI3W ¢ 3TUM CTyaeHTaM JaeTcs 3aJaHue TPUHECTH MO -6
CBEXKHX JIUCTbEB OT PA3JIMYHBIX [IPEBECHBIX MOPOJ WJAM KOMHATHBIX PACTEHHH,
00epHYB KOHLBI YEPELIKOB B MOKDPYIO Batry, (DOJIbry, a BCe JIUCTbSl IIOMECTUB B
nemnoaH (KOMHATHbIE PACTEHUS UCIOJb3YIOTCS B KpaiiHeM ciaydae). [IpuHuun

'®eopumunuzayus — cmena okpacku ¢ seseHoil Ha Gypyio. PeoduTHH — oKMcIeHHas (opMa XJ0podHIa
oOpasyeTcsi MpH JAeHCTBUM KUCJAOT (Hampumep, KHCabIX poxaed). I[lpy atom B MoJjekyse XJjopodusna MarHui
3aMeHsieTCsl Ha BOAOPOM, YTO BeIET K CMeHe OKPACKH U TMOTepe ONTHYECKHUX CBOHCTB.

2Cy-pacmenus — pacTuTeNbHble OPraHU3MBI, ¥ KOTOPBIX MPOAYKTaMHM (DMKCAUMH yriekucaoro rasa CO, siB-
JISIOTCS YeTBIPEXYIJIEPOAUCThIE OpPraHUYecKHe KHUCJIOTBl U aMHUHOKHCJOTH. DTO NPEUMYLIECTBEHHO TPOMNHUYECKHe
pacTeHHUs: KYKypy3a, COpro, caxapHblil TPOCTHHK U Ip., U Psill 3J1aKOBbIX PaCTEHHH yMepeHHBIX WHUPOT. Takue pac-
TEHHUS] OTJIMYAIOTCS OUeHb BBICOKOH MHTEHCHBHOCTb (POTOCHHTE3a, YCTOHUMBEI K BLICOKHM TeMIlepatypaM (ONTHMYM
temnepatypsl +35 — +45 °C, makcumym — +45 — +60 °C), 3¢h(heKTUBHO HCIONB3YIOT BOAY, XOPOLIO MEPEHOCST
CTPECCOBblE CUTYalLMM — 3aCyXy, 3aCOJIeHHe U Op., OTIHYAIOTCS MOBBILIEHHOH WHTEHCHBHOCTb BCEX (PU3HOJIOTHYe-
CKHX MPOLECCOB, YTO ONpeAeJsieT UX OUeHb BBICOKYIO OHOJOTHUECKYI0 U XO3SHCTBEHHYIO MPOLYKTHBHOCTD.

3C3-pacmenus — GOMBLIIMHCTBO pacTeHMil 3eMsH, ocymlecTsasiomue C3 —myTh ¢uxcauun COp; B mporecce
(oToCHHTE3a, B pe3ysbTaTe 4ero o0pasylTcs TPEXYTJIEPOAUCTbIE COeAMHeHHs (TJII0KO3a U AP.). DTO MpeuMylle-
CTBEHHO PaCTEHHSI YMEPEHHBIX IIMPOT, ONTHMYM TeMmiepaTypbl KoTopbix +20— +25 °C, a MakcuMyM — +3b —
+45 °C
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meTona npensoxxeH @.d. MallkoBbIM U OCHOBAaH Ha yCTAaHOBJIEHHM MOpOra Io-
BpeXKJEeHUS KUBBIX KJETOK OT 9KCTPEMaJIbHbIX TeMIepaTyp. Eciu nonBepruyThb
JIACTbSI JEUCTBHIO BBICOKOH TeMIepaTyphl, a 3aTeM MOrPY3UThb B CJAa0bIA pPacTBOP
COJISTHOH KHCJIOTBI, TO NOBPEXAEeHHbIE U MEPTBBIE KJIETKH M0OyperoT BCJeACTBHE
CBOOOIAHOrO MPOHMKHOBEHHUS B HHUX KHCJOThI, KOTOPas BBI30BET MpeBpalleHHe
xjopodusia B peodutuH (6yporo 1BeTa), TOTAa Kak HelMOBPEXKAEHHbIE KJIE€TKH
OCTaHyTCS 3€JIeHbIMH. ¥ pPAaCTeHHUU, UMEIOUMX KHCJBIH KJETOUHBIA COK, (peo-
(PUTUHU3ALUSA MOXKET IPOU30UTHU U 0e3 00pabOTKU COJITHOM KHUCJOTOH, T.K. IIPU
HapyLIeHUHU MOJYyNPOHULAeMOCTH TOHOIJIACTAa OpPraHUYeCKHe KHUCJOTBl NPOHHU-
KAKT M3 KJIETOYHOIO COKAa B LUTOIJIA3MY W BBITECHSIOT MAarHUM M3 MOJIEKYJIbI
XJIOPO(UJLIA.

[anHyto paboTy Jyyllle NPOBOAUTH B MEPBYIO MOJOBUHY BereTalWu, KOraa
He Ha0J/I0aeTcs eCTECTBEHHOTO paspylleHusl XJ0po(Uia y IpeBecHbIX MOPOLI.
B nepuon BeIHYXIeHHOTO MOKOS (peBpasib — amnpesib) JUCThsI MOXKHO MOJYUUTD
MyTeM MpOrpeBa BETOK B TENJOH BOAe W OaJIbHEeHIlero pacnyCkKaHus JUCTbeB
B BOJ€ KOMHATHOH TeMmnepaTypbl. MOXKHO Takke HCMOJb30BaTh HAOOP JUCTbEB
pa3HBIX BUOB KOMHATHBIX PacTeHUH.

X0 PABOTbI

[lepen 3ansitvem HarpeBatoT BoiasiHyto 6aHio 1o 40 °C. B nauane 3ansaTus
MOTPY?KAIOT B Hee MyYOK M3 JIUCTbEB HCCJEdyeMbIX pacTeHHH (mo 5-6 sucTheB
KaXKI0T'0 UCCJIeAYeMOro 00beKTa), CKPEelUB UepellKy MPOBOJOUKOH. Briepxu-
BAaIOT JIUCThbs B Bojie B TedeHue 30 MHUH., MOAAepKUBast TeMIlepaTypy Ha ypOBHe
40 °C. 3arem GepyT nepByto Npoby: OTPHIBAIOT MO OAHOMY JIUCTY KaxKAOT0 BHJA
pacTeHU# W noMelnatoT B yaliky [letpu ¢ xononHo#t Bono#. [locse oxaakaeHus
JUCTbsI OepyT NMUHLETOM, MEePeHOCAT UX B YalIKy C consiHoW KucaoTod HCI u
octaBasoT Ha 30 MHUH.

OnHoBpeMeHHO TeMIepaTypy B BoasiHOH OaHe momHuMaiT mo 50 °C wu
yepe3 10 MUH. mocJjie 3TOro U3BJEKAIOT U3 Hee ellle M0 OAHOMY JIUCTY, TOBTOPUB

OlepalHrio U MepeHecd OXJlaXXAEHHbIe B BOAE JIMCTbA B HOBYIO HALIKY HeTpI/I C
HCI.

Tak noctenenno nosonsAT temnepatypy a0 80 °C, 6epsi mpoObl uepes Kax-
nele 10 MuH., npu noBbilieHUuH Temnepatypbl Ha 10 °C. Uepes 20 mMuH. mnocJe
norpyzxeHust JuctTbeB B HC! onpenesisitoT CTeNeHb MOBPEXKAEHHUS MO KOJUUECTBY
OypbIX MSATEH.

OdopmieHne pe3yabTaTOB UCCIeTOBAHUN

Pesysbratsl Hccle0BaHUE MO Pa3HBIM APEBECHBIM HJIM KOMHATHBIM pac-
TEHMSIM 3anuchBaOT B Tabmuny [2.2.1 0603HauuB oTcyTCTBHE MOGYpeHHs 3HA-
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KOM «-», cjaboe mobypeHHe — «+», nobypeHue 6osee 50% mjomand Jaucra —
«++» U crIoHoe nobypeHue — «+—++».

Tabnnua 2.2.1 — BausiHue TemnepaTypbl Ha YCTOHYUBOCTb
pacTeHuu

CreneHb MOBpeXIeHUS JHUCTbeB
40 °C |50 °C |60 °C|70°C|80°C

Ne 11/n1 | Hassanue o6bekra

1

3AJAHHUE

[TocTpoiiTe psim TePMOCTOHMKOCTH NPEBECHBIX HJIM KOMHATHBIX PAaCTEHUH
no creneHu yoOniBaHus. ChoenaliTe COOTBETCTBYIOIIME BBIBOIbI 00 YCTOWYHMBOCTH
pPa3HBbIX BUJIOB PACTEHUH K BBICOKMM TeMIlepaTtypaM, KakK OJHOMY M3 aOHOTHYe-
CKMX 3KOJIOTHYECKUX (haKTOPOB.

2.2.2 BJHUAHHUE COJIEU TA2XKEJbIX METAJIJIOB
HA KOAT'VJIAINIO PACTUTEJIBHBIX U
KNBOTHbBIX BEJKOB

Ob6opydosanue, npobupku (16 wm.); ny3vipvKu U3-n00 NEHUUUALU-

peaxmueot, Ha (8 wm.), cmakanuux (I wm.); nunemka Ha 1

mamepuanoL: ma (1 wm.); nunemka anmeunas (2 wm.); cmeKkio-
epag; urvmposarvras bymaea; 5%-Holil pacmesop
CuSOy; 5%-wnoiii pacmsop Pb(NOs)y oucmuarrupo-
sarnHas 800a; wcusomHbill b6esok (Kypurozeo saiuya);
pacmumenvroiii 6ea0K (3epHosoco copoxa).

JlaHHas sabopaTopHas paboTa HArJIHO IOKa3blBaeT JelcTBUe coJel
OMOTeHHBIX M HeOMOTeHHBIX TSKeJblX MeTaJJOB Ha >KUBOTHble U PacCTUTEJb-
Hble 6eJIKH, BbISIBJISIET PA3HULY B peakUUH TexX U APYTux. besku c¢ TsaxeabMU
MeTasJlaMHd 00pa3yloT KOMIJIEKCHI, HEPACTBOPHUMbIe B BOJe, T.e. [OJBEPralwTcs

Koazyrsyuil)

* Koazynayus — npouecc yKpynHEHHs KOJJOUIHOH H HEKOTOPBIX 0oJiee rpyObIX AMCIEpPCHbIX CHCTeM, BbI3BaH-
HBIH HapylleHHeM WX YCTOHYHBOrO COCTOSIHMS. B mpoliecce Koary/aupoBaHHsS KOJIJIOMIHBIE YaCTHLbl CJHUIMAIOTCS,
yBeJUYUBAIOTCS 10 TaKHMX Pa3MepoB, UTO TePSIOT KOJIJIOWAHble CBOHCTBA M BBHINAAAIOT B BHIE OcajKa WJH IpeBpa-
I1al0TCSl B CTYAEHUCTbIE TeJH.
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Tabnuna 2.2.2 — XapakTep Koaryasiiuyd 0eJKOB
Salt KoHueHTpauus pacTBopa coJiv
5% | 25% | 1.25% | 0.62%

a) JlelicTBHe coJsiell Ha >KUBOTHHIH 0€JIOK

CuSO,
Pb(NOs)q
6) IlelicTBue coJsiell Ha PaCTUTENbHBIH OeJIoK

CLLSO4
Pb(NOs)

X0 PABOThHI

Jlns1 mpoBeneHUs UCCIeNOBAHUE MTPUTOTABAUBAIOT PACTBOPBI XKUBOTHOTO U
pPacTUTEJBHOr0 OeJIKOB:

- pacmeop Husomro2o beiKka: y KypUHOro fiiilla OTAeadaT 0esioK B Mep-

HbI CTaKaHYWK, Pa3MelIUBAIOT €ro CTeKJSSHHOW MaJoYKOH B AUCTUJIU-
poBaHHO#M Bofe B cooTHoueHHH 1:10, 3aTeM npoduabTPOBLIBAIOT,

- pacmeop pacmumesbHo20 6eAKa: 3epHOBOW BbI3PEBLIWH TOpoOX Iepe-
MaJiblBalOT B MYKYy B KodeMoJike, pa3BoAsiT B cooTHolueHHH: 10 r ro-
poxoBod Myku Ha 50 ma 10%-woro pactBopa NaCl uwiaum KCI, 3atem
PO(PUIBTPOBLIBAIOT.

B nysbipbKax OT NeHULUJJIUHA TOTOBAT CEPUI0 PACTBOPOB CyJbdaTta Menu
CuSO, v uutpara csuHua Pb(NO3)o 13 ncxomHbX D5%-HbIX pacTBOpoB: 2.5%;
1.25%, 0.62%.

B 8 nmpo6upok nuneTkod BHOCAT Mo 1 Ms XKUBOTHOTO 6eJika, a B Apyrue
8 —mo 1 ma pacturtesbHoro 6esika (Bce MPOOHMPKH TOMEUAIOT CTeKJorpadom
COOTBETCTBYIOIIUMH HOMepPaMHu).

B kaxnayio npobupky [no0aB/isilOT MO 2 KalJd OJHOTO M3 YyKas3aH-
HBIX pacTBOPOB HcmbiTyeMbix coseit: CuSOy — 5%; 2.5%; 1.25%; 0.62% and
Pb(NO3)9 — 5%; 2.5%; 1.25%; 0.62%.

XapakTep Koary/siliid pacCMaTpUBAIOT HAa TeMHOM (oHe (Kycouek 4epHOH
6ymaru, 10CKa u 1p.).

OdopmieHue pe3yabTaTOB UCCJIEI0BAHUMN

[IpoBenenHble HccenoBaHUS 0OPMIAIOT B BUe Tabauusl [2.2.2]

3AJAHHUE

OnpenenrTe KOHLEHTPALUIO PACTBOPA COJIH, MPU KOTOPOH MPOUCXOIUT KO-
aryssinust 6enka (Ipu pasHOM BHE COJIEH W TPH PAa3HOM THIEe OEJIKOB).
B BbIBOZE OTpa3uTe OTBETHl HA CJEAYIOLIHE BOMPOCHL:
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1) Ha kakoiél u3 BuIOB 6eJKOB (KMBOTHBIH WJIM PacTUTEJbHBIH) CHJbHee
BCEro JEHCTBYET:
a) CuSOy;
6) Pb(NOs)o?
2) Kakasi conb (CBHHIIA WK MeM) CUJIbHee NeHCTBYET:
a) Ha XXKHUBOTHBIH GeJOK;
6) Ha pactuTesbHbN Oesok? [louemy?

KOHTPOJIbHBIE BOIIPOCBHI

1) Uro moHMMaeTcs MOA TEPMHUHAMM «CPella» U «YCJOBUS CPELbI»?

2) Kak nposiBasitoT cebsi XKUBble OPraHU3MBbI MOJl BO3IEHCTBHEM KOJIOTHYe-
CKUX (haKTOpPOB?

3) Oxapakrepusyite C3- u Cy-pacmenus.

4) Jlnsi yero BBISBJSIOTCS TEPMOYCTOWUYHUBBIE BUIBl PACTUTEIbHBIX OPTaHN3-
MOB?

5) [aiite o6bsiCHEHNE MOHATHUIO «KOATYJISLIUS».

JINTEPATYPA

1) 1. ®emopoBa A.M., Huxosmbckas A.H. [lpaktukym mno skojoruu u
OXpaHe OKpyxKamwuled cpenbl: Y4yeb. mocoOue AJs CTyH. BbICII. y4eO.
saBefienudd. — M.: T'ymmanut. usn. uentp BJIAOC, 2001. — 288 c.:
1.

2) 2. dnosas H.I1., Ctpokau II.Il. dkosorusi u ruapoxumus. CroBapb —
cnpaBouHuk: Crpas. nocobue. — bpect: BI'TY, 2002. — 244 c.: ux.



2.3 BHUOMHIUKAIINA 3ATPI3HEHHUN
IKOJOI'MYECKUX CUCTEM

Ileab paGoOThI: 03HAKOMUTBHCS C METOAOM JIMXEHOWHIUKALUHU 3a-
TpsI3HEHUH, OLEHUTh KOMIIJIEKCHOE BO3JEHCTBHE MPOMBILIJIEHHBIX
BBIOPOCOB B 00OCJe1yeMOM paloHe MO HaJU4HI0, OOUJUIO U pas-
HOOOpas3rio BUIOB JIMILIAUHHUKOB.

OBIIWUE CBEIEHUSA

Buourdukayus — 370 MeTon oOHapyKeHHUsl U OLIEHKH BO3JeHCTBHUS abHo-
THUECKHUX U OUOTUYECKUX (PaKTOPOB HA KHBble OPTaHU3MBI TPH MOMOLIH OHO-
JIOTUUECKHUX CHUCTEM.

2KuBble OpraHu3Mbl B TOH MJIM HHOU CTEIeHW pearupyloT Ha H3MeHeHHS
OKpy2Katwllel cpefbl. B pse caydaeB 3TO Hesb3sl BbIIBUTb (PU3UUECKHUMH HJIH
XUMHUYECKHUMU MeTOaMH, T.K. paspellarolire BO3MOXKHOCTH MPUOOPOB UJIH XH-
MHUUECKHX aHaJHW30B OrpaHUuUeHbl. DTUMH METOAAaMH MOXeT OblThb 0OHApYyIKeH,
HanpumMep, 3 PeKT OHMOJOrMYeCcKOro HAKOTMJEHHUS OTAeNbHbIX TOKCHUYECKUX Be-
IIeCTB B OPraHU3Max PacTeHHH U >KHUBOTHBIX. UyBCTBUTEJ/bHBIE K€ OPTaHHU3MBbI-
OUOMHIMKATOPbl PEarupyroT He TOJbKO Ha MaJjible H03bl 3KOJOTHUeCKOro (ak-
TOpa, HO W JAIOT aleKBaTHYIO peaklUio Ha BO3aelicTBUe KOMILIeKca (PaKTOpOB,
BLIABAAS CUHepeusM], amepdacenmrocmdf, urneubuposanud)

BrinesisitoT 1Ba OCHOBHBIX MeTONA OHOMHAMKALWU: NACCUBHbIL W QKMUB-
Hotil. C TIOMOLLIBIO NACCUBHOE0 Memoda WCCAeNYIOT BUAUMbBIE WU He3aMeTHble
MOBpeXJeHHUSI U OTKJOHEHHS] OT HOPMBbI, IBJSIIOIIMECS IPU3HAKAMH HeOJIaronpu-
SITHOT'O BO3JEUCTBHUS. AKMuUBHbLI MOHUMOPUHE WCTIONB3YIOT AJs1 00HApYKEeHUS
OTBETHOH peakUWU HauboJjiee UYBCTBUTENbHBIX K JaHHOMY (haKTOpy OpraHu3-
MOB (6HOTeCTHPOBaHHEe). DTO MOXKET ObITb KaK OAMH (pakTop (CepHUCTHIN ras),
HJIM KaK MHOTOKOMITOHEHTHAsi CMeCh (BBIXJIONIHbIE I'a3bl aBTOTPAHCIIOPTA).

BuornHauKanys MoXeT MPOBOAUTHLCS Ha YPOBHE MaKpPOMOJEKYJ, KJETKH,
OpraHu3Mma, MOMYJSIHH, COOOIIECTBA U IKOCUCTEMBI.

CyuiectByeT OHOMHAMKAUMS cneyuguueckas (peakuusi TOJbKO Ha ONUH
dakTop) u Hecneuuguueckas (onHa U Ta Ke peakiHs Ha MHOTHe (PaKTOPHI).
YyBCTBUTEIbHBIMH OHOMHAMKATOPAMH MOTYT CJYXKHTh KaK OTHeJbHBIE TPOLec-
Chbl B KJIETKE W OpPraHu3Me, Tak U MOP(OJOrHyecKre U3MeHEeHHs.

B nopsinke BospacTanus mosepanmuocmil| K 3arpsisHEHHSIM PacTHTE/b-
Hble OpraHMW3Mbl pacroJjararTcsi CJAeIyIUM 00pa3oM: TpuObl, JHUIIAWHUKH,

'Cunepzusm — cosmecTHOe JeficTBHe U/ CyMMHPOBaHHE COCTaBJSIOLIMX 1eJO0ro.

29mepoxcenmuocmes — Hanuuye y CUCTEMHOTO L1eJ10r0 0COBBIX HOBBLIX CBOHCTB, He MPUCYIIMX ero yacTam (ie-
Joe GoJsibllle CyMMbl ero yacted). Hanmpumep, Bomopon W KHCJIODPOA, COEIMHSISCh B ONpeNeeHHOM COOTHOLIEHHH,
00pasyloT BOALY, XKHAKOCTb, HE MOXOXKYI Ha CBOHCTBA MCXOAHBIX ra3oB. T.e. YacTH MHTerpupyloTcsi, 00yc/aBJu-
Basl MOsIBJIE€HHE YHHKaJbHBIX CBOHCTB. [IpMHLMN 3MepIKEHTHOCTH YUYUTHIBAETCS IIPH NPOBENEHHH 3KOJOTHYeCKOH
9KCIMEPTHU3bl ¥ IKOJOTMYECKOM MPOTHO3HPOBAHUH.

3 Hneubuposanue — TOpMOKEHHe UM 3aMejl/IeHHe KH3HEHHBIX MPOLeccoB (pocTa, MeTaboIu3Ma).

4 Tonepanmmuocmo — ycToHUHBOCTL OpraHM3Ma K JIeHCTBHIO 9KONOTMUecKoro (akTopa.
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XBOHHBIE, TPaBSHUCTble pPaCTeHUs, JUCTONaAHble AepeBbsi. Cpeiu CebCKOXO-
3IUCTBEHHBIX KYJbTYp HauboJiee UyBCTBUTEJbHBI CaJiaT, JIOLEPHa, 3J1aKOBbIE,
KPeCTOLIBETHBIE, & K HEUYBCTBUTEJbHBIM BUIAM OTHOCAT KYKYpy3y, BUHOTpa,
pO3011BeTHBIE, TIOLOPOXKHUK. YKa3aHHble Tpafallii He SIBJASIOTCS OLUHAKOBBIMHU
IJI BCeX BUJOB 3arpsi3HUTEJIEH cpelbl, T.K. UX BO3JeUCTBHE pPAa3HOE U BBISB-
JleHWe creuupruiecKux OUOUHIMKATOPOB HA TOT WJM HHOU (PAKTOp MpUAaer
CaMOMY MeTONY HOBBIM HAay4YHBIU ACIEKT, KOTOPBIM NaeT BO3MOXKHOCTb CHeJaTh
ero 6oJiee TOYHBIM U UH(POPMATUBHBIM.

JInxeHOMHAUMKAaUMs 3arpsi3HeHUs aTMOC(epHOro BO3ayXxa

HMHudopmMaTHBHBIMU OCHOBHBIMH OHOUHIMKATOPAMH COCTOSIHHSI BO3[YLIHOM
Cpelbl U ee U3MEHEHHUS SIBJASIIOTCS HU3LIME PACTEHUS: MXU U JUIIAHHUKH, KO-
TOpble HAKalJHWBAIOT B CBOEM CJIOEBHILE (TajloMe) MHOTHE 3arpsisHuTeNd (ce-
py, (TOp, paiMOaKTUBHBIE BEIlleCTBA, TsXKeJble MeTaJsbl). JIMIMalHUKA O4eHb
HeTpebOBaTesNbHBl K (paKTOpaM BHELIHEH Cpelbl, OHHU MOCEJSIOTCA Ha TOJBbIX
ckaJsax, OeqHOW MOYBe, CTBOJAX NepeBbeB, MEPTBOU [IpeBeCHHe, ONHAKO MAJS
CBOEro HOPMaJibHOTO (PYHKLIMOHUPOBAHUSI OHU HYKAAIOTCS B UHCTOM BO3AYXE.
Oco6eHHO YyBCTBUTEJbHBI OHM K CepHUCTOMY rasy. MadJeliliee 3arpsisHeHUe
aTMocdepbl, He BJUsIOIlee Ha OOJBIIMHCTBO PACTEHHH, BbI3bIBAET MAaCCOBYIO
rubesib UyBCTBUTE/NbHBIX BUIOB JUIIAWHUKOB. OHU HCUE3aI0T, KaK TOJBKO KOH-
LeHTPaLKsl CEPHUCTOrO rasa NOCTHrHeT 35 MJIpA ! (cpefHee ero copepaHue B
atMocdepe KpynHbIX roponos csbime 100 mapn~!). He ynusuTeHO mosTomy,
4TO OOJIBLIMHCTBO JIMIIAWHUKOB y2Ke HMCUe3JI0 U3 LUEHTPaJbHBbIX 30H TOPOMOB.
Ha Hux Takxke usbupaTesbHO A€HCTBYIOT BelleCTBa, YBEJWYUBAIOLIHAE KHUCJOT-
HocTh cpenbl (0o, Os, Hy, HCI, No). Ilns JAUILIaHHUKOB CPaBHHUTEJbHO 6e3-
BpeoHBl TskKesble MeTanbl (Pb, Zn, Cu), HaKalJWBaWIIKMeCs B CJIOEBUIIE B
3HAUUTEJIbHBIX KOJMYECTBAX, a TaKxXKe eCTEeCTBEHHblE U UCKYCCTBEHHbIE pagHo-
AKTHBHble U30TONBl. JIMIIAWHUKHU HUCMONB3YIOTCS MJS 6u0undumaquuﬁ U3MeHe-
HHUSI aHTPOIOTeHHOT0 3arpsi3HeHUsl Cpefibl B MPOCTPAHCTBE U OUOMOHUMOPUHE
M3MEHEHUH aHTPOMOreHHOro 3arpsi3HeHust cpelibl BO BpeMeHU. C MOMOIIbIO JIU-
IIaHHUKOB MOXKHO OLUEHHUTb KOMIJIEKCHOe NeHCTBUe MPOMBILIJIEHHBIX BbIOPOCOB
B 00cJeyeMOM paroHe.

HayuHoe HampaB/iieHre OMOMOHUTOPUHIA 32 COCTOSIHMEM BO3AYILLIHOH Cpe-
OBl TIPY MOMOILU JUIIAHHUKOB HA3bIBAETCH AUXeHOUHOuKauuel.

Jluwatinukuy — 310 cuM6r1o3 Bogopocan U rpuda. OHU YyBCTBUTEJbHBI K
3arpsI3HEHHUIO CPeflbl B CUJY CJEAYIOLIUX MPUUMH:

1) ¥ numalHUKOB OTCYTCTBYET HelpoOHHWIlaeMasi KyTHUKyJsa, Gaarogapsi ye-
My OOMEH ra3oB MPOHUCXOAUT CBOOOJHO Uepe3 BCI MOBEPXHOCTh.

5 Buounduxayus — Ucroib30BaHHe 0c060 YyBCTBUTE/bHBIX OPFraHU3MOB /1S 0GHAPYKEeHUs 3arpsAsHUTe el Hu
IPYTHX areHTOB B OKPY»Kalollel cpefe.

6 Buomonumopune — ciiexxeHne 3a KauecTBOM BCeX C/araeMblX OKDY’KalolleH Cpefibl H COCTOSHHEM OHOJIOrH-
YeCKHUX 0ObEKTOB.
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2) BOJIBIIMHCTBO TOKCHUECKHX I'a30B KOHIIEHTPUPYIOTCS B J0XKAEBOH BOJE,
a JINIIAUHUKK BIUTBHIBAIOT BOLY BCEM CJIOEBUILEM, B OTJIHYHE OT LIBETKO-
BbIX PACTeHHH, KOTOPbIe MOIJIOIIAIT BOLY MPEUMYLIEeCTBEHHO KOPHSIMH.

3) DOJIBIIMHCTBO 1IBETKOBBIX PacTeHWH B HAIUX IIHPOTAaX aKTHBHBI TOJb-
KO JIETOM, KOTZa YPOBeHb 3arpsi3HeHUsl CEPHUCTBIM ra30M HAMHOI'O HU-
e (BcJienCcTBUE yMeHbIIEHHUS] CXKWUTaHHs YTJIsS B TOMKAaX — OCHOBHOTO
MCTOUHHMKA CEPHUCTOTO Tasa), B TO BpeMs KaK JHUIIAHHHUKH 00J1anaioT
CIIOCOOHOCTBIO K POCTY W NpU Temnepatypax Huxe 0°C.

B oTavune OT 1IBETKOBBIX PACTEHUH JIMIIAUHUKH CIIOCOOHBI M30aBJSTHCS
OT MOPaKEHHbIX TOKCHUYECKHMU BellleCTBAMU YacTed CBOEro TaJjjoMa KaxKIbli
ron. B roponmax c 3arpsisHeHHOH aTMoc(epodl OHM penKH, TJIaBHBIH Bpar Ju-
IIAKHUKOB B TOPOlaX — CEPHUCTHIH ra3. YCTaHOBJEHO, UTO YeM Bbillle YPOBEHb
3arpsi3HeHHs] MPUPOIAHON Cpelbl CEPHUCTBIM Ta3oM, TeM OoJiblle Cepbl HaKarl-
JIMBaeTCsl B CJOEBHILE JULUIAaUHUKOB, IPUYEM KHUBOE CJOEBHIIE aKKYMYJHpYyeT
cepy M3 cpelbl MHTeHCHMBHee, ueM MepTBoe. OcobeHHO ynoOHBI JHUIIAHHUKH
B KayecTBe OUMOMHAMKATOPOB HEOOJBLIOrO 3arpsi3HEHUS] OKPYKAILIeHd Cpelbl.
Haubosnee uyBCTBHUTENbHBIM CHUMOUOHTOM B TaJjlJioMe JUILIAHHUKOB SBJSETCS
BOJOPOCIb.

B Mmupe HacuuTbiBaeTcsi 0KoJI0 26 ThICSY BHUAOB JUIIAWHHUKOB. OHU pas-
JIUUAIOTCS 10 30HaM Mpou3pacTaHus (TyHApa, JecHas 30HA U T.A.), BUIaM Cy0-
cTpata (KaMHH, CKaJibl, CTBOJIBI U BETBH JIepEBbEB, MOYBa). Y JIHUIIaHHUKOB,
pacTYyLIMX Ha JepeBbsiX, BUAOBOW COCTaB paszJjnlyaeTcs B 3aBUCHUMOCTH OT aK-
TUBHOH peakuuu cpenbl (pH) kopsl. JIMmaiiHUKKU UcUe3aroT, B MEPBYIO0 OUepeb,
C JlepeBbeB, HMEWIINX KHUCIYI0 Kopy (6epesa, XBOWHBbIE), 3aTeM C EPEBbEB C
HeUTpaJbHOU KOpoH (my0, KJEeH) M 103xKe BCEro — ¢ JIePeBbeB, HMEIOIIHX CJa-
OolIe/IOUHYI0 KOpY (BSI3 MEJKOJUCTHBIH, akalus »kenatas). B sumaliHUKOBBIX
TUMAX Jeca, NOMHUHHUPYIOT KyCTUCTble JUIIAWHUKH (Kaadownus, Llempapus),
OJUHHBIMA OOpOfaMH C BeTBel [epeBbeB CBHUCAET JcHes, KOTopasi SIBJASETCS
HauboJiee UyBCTBUTEJbHBIM BUIOM WU pacTeT B JiecaX TOJNbKO C UUCTOH aTMO-
cepoii.

Cpenu KHU3HEHHBIX (HOPM JIMIIAHHUKOB Pa3/MyaloT:

1) Haxkunwoie (cioeBullle WMeeT BHI KOpodek) — Hampumep, bayuduym
Qucyus.

2) Jlucmosamoie (cyoeBullle UMeeT BUI MJIACTHHOK) — Hanpumep, [lapme-
aus, Cmennasn 3oromauka, [unocumnus.

3) Kycmucmoie (cnoeBuIlle HMeeT BUI KYCTHKOB UJIM CBHCAIOIIUX «6OPOI»,
uHor#a mo 1-2 M mauHOW) — Hanpuwmep, ¥cwes, Bbpuopus, Kaiadowus,
Llempapus.

Haubosee yyBCTBUTE/BHBI, K 3arPsi3HEHUI0 BO3AYIIHON Cpelbl KYCTUCThIE
U JINCTOBAThle JIUIIAWHUKH (MCUe3al0T MOJHOCTHIO), HAUMeHee — HAKHUITHbIE,

JInmaknuku (ocobenno Bpuopus, [lapmerus, Ycnes) sIBASIOTCA MUILEN
psiia XKUBOTHBIX (KOCyJib, OoJieHeH), a K1aOdonus — OCHOBHAs MHIlA CEBEPHOTO
oJieHsl. PaspyliueHue U ucuesHOBeHHe JIMIIAHHUKOBOTO MOKPOBA B CBSI3U C 3a-
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TpsI3HEHHEM TEPPUTOPHH MMOA BJAHSHHEM MPOMBILIJIEHHOCTH ¥ TpaHCIOpTa Hapy-
lIaeT OCHOBHbIE MHILEBbIE LEMU U MPUBOAUT K HCUE3HOBEHMIO Psifia XKHBOTHBIX
(ocobeHHO oJieHeH).

X0 PABOThI

Obopydosanue, cepbapuli 6ud08020 pa3HO0bPA3USL AUULALUHUKOS;
mamepuanol: aunedka (100 cm).

B nanHo#i sabopaTopHO# paboTe mpepsaraeTcss MNpPOBeCTH OUOUHAUKALIUIO
TEPPUTOPUHU C MOMOLLb JHUIIAHHUKOB C LeJblo cOopa HH(OPMALUU O 3arpsi3HeH-
HOCTH aTMOC(epHOro BO3ayXa CEPHUCTHIM I'a30M.

TpaHcekTy pnuHOH B 2-3 KM yHOOHO pa3MeCTHTb MepPHeHAHKYJSPHO Ha-
CBIIIIEHHOHW aBTOTPAHCIIOPTOM JIOPOre, MPUMBIKAMIIEH K JIECHOMY MAacCHBY, CO-
CTOsILIIEMY K3 HeOOJIbIIOr0 pa3HOOOpa3usi NpeBeCHbIX BUIOB (HAmpuMep, COCHA
C TpUMechbio Oepe3bl UK 1yOOBOe Haca)KIeHHe C MPUMEeChIO KJeHa).

Tpancekra pa3buBaeTcsl Ha psif y4acCTKOB:

1) BosJse mopory,

2) B 100 wm;

3) B 300 wm;

4) B 500 Mm;

5) B 1000 wm;

6) B 2000-3000 m ot moporu.

Kaxknbl#i y4acTok pasOuBaeTcss Ha KBaapaThl OMpeIeseHHOTO pa3Mepa
20x20 ™, 50x50 M uan 100x100 ™M (B 3aBHCHMOCTH OT pa3peKeHHOCTU Ha-
CaXKJIeHHus).

Ha kaxkpoMm kBajgpaTe y4UTBIBAIOTCS CJeAYIOLINe MapaMeTphi:

1) oflee UKMCIO BUIOB JHUIIAHHUKOB;

2) cTemneHb TMOKPBITHS CJIOEBUIIAMHU JHUIIAHHUKOB KaXKI0TO JepPeBa;
3) udactoTa (BCTpeyaeMOCThb) KaxKJIOr0 BUIA;

4) obuaure KaxkJI0ro BHA.

KapTupoBaHue JUIIaHHUKOB MO MeJKHM KBajapaTaM [1aeT BO3MOXKHOCTb
OLEHUTb COCTOSIHME BO3[yXa U yKas3aTb MeCTOINOJIO)KeHHe UCTOUHHKOB BbIOPO-
coB. [lpu aTOM wHcmosb3ylOTCS Kak KoauuecmaerHovlie nokasameau (TMPOLUEHT
MOKPBITHSl CJIOEBUILAMM KaxKAOTO BHAA MW H3OPAaHHBIX BHUIOB IOBEPXHOCTU
CTBOJIA, Pa3Mepbl CJOEBHIIL, A0Js MMOBPEXKAEHHBIX CJIOEBHI U T.1.), TAK U Kaue-
cmeeHnHble Kpumepuu (HaJudue WK OTCYTCTBHE ONpeleeHHbIX BUIOB JIUIIAK-
HUKOB, U3MeHeHHe X COCTaBa, IPYNNUPOBOK U T.M.). I/ OLleHKH CTereHH To-
KPBITHSI BHIOMPAIOTCS He HaKpeHeHHble OTAEJNbHO CTOSILIHE AePeBbsl, Y KOTOPBIX
Ha BeicoTe 30-150 cM mpoBOAMTCS y4yeT JHUILAWHUKOB MO HanboJee 3apoclieid
UMHU YacTh Kopel. CpaBHUMbIE Pe3yJbTaThl MOTYT ObITb MOJYUYEHBl, €CAU TPH
BbIOOpe N1epeBbeB OPUEHTHPYIOTCS Ha pasHble BUIbl, a 3aTeM PaCCUUTHIBAETCS
CpenHsisi CTeleHb MOKPBITHS AJs1 KaXKI0ro KBaapaTa ChbeMKH.
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YacToTa BCTpeuaeMOCTH JIMIIAHUHUKOB U CTeNeHb MOKPBITHSI HJIH cybCTpa-
Ta MOXET OILeHUBATbhCs CienylomuM obpasom (taba. 2.3.1)).

Tabauua 2.3.1 — I'pagauuu 4acToThl BCTPEYAEMOCTU U CTENEHU

TIOKPBITHSI
Ouenka | HacToTa BCTpeuaeMoCTH CrerneHb MOKPBITHS

| OueHb penkas OueHb HU3KAA

2 Penkas Huskas

3 Heb6osb1as Cpennsis

1 Bonbas Bosbas

5 OueHb BbICOKast Ouenb OGoJibinasi (BcTpeda-
eTcs Ha OOJIbILIMHCTBE Aepe-
BbEB)

JINXEeHOUHIMKALUI0O MOXKHO MPOBOAUTb MemoO0oM AKMUBHO20 MOHUMO-
purea. CyTb ero 3akJio4aeTcs B TOM, UTO AeHCTBHE 3arpsi3HUTE/eH onpeness-
eTcs M0 XapakTepy peakUWU TPAHCIJAHTHPOBAHHBIX M3 «UUCTHIX» MeCTOOOMTA-
HUU CJIOEBHUIL JUIIAHHUKOB. [/ 3TOH 1K Jyylle BCEro HUCIONb30BaTh Jepe-
BSIHHbIE JOLIEYKH C KPYTJIBIMU YIJyOJeHUSIMUA, B KOTOPBIX CTaJbHBIM CTEPKHEM
3aKpenasTcs JUalHuKU. [locse 3TOro roroBag KOHCTPYKIMS BBICTABJSET-
Csl B UCCJIElyeMOH MeCTHOCTH C COOJIIOJeHHEM KaK MOXKHO 00Jbllle OOUHAKOBBIX
YCJIOBHH (3KCIO3HIIHS, BbICOTA U T.11.). [Ipr HE0OXOMMMOCTH (hparMeHThI JHIIak-
HHKa MOTYT OIleHMBAThCS KaK MO BHEIIHUM MOBpeXIeHUsM (H3MeHeHHe oKpac-
KW, oOeCliBeUHMBAHWE JIOTIACTEH W NP.), TaK U 1O (DU3HOJIOTO-OHOXHUMHUECKHM
MOKa3aTeJIsIM.

OdopmieHue pe3yabTaTOB UCCJIEeI0BAHUN

Pesysnbratel Hab/l00eHUH U HCCe0BaHUE 3aHOcsiTCS B Tabauny [2.3.2]

3AJAHUE

C nmoMol11blo MeTofa JUXEHOWHIWKAIMH OLIEHHUTE COCTOsSIHUE aTMOC(epHO-
ro BO3AyXa B HUcciaenyeMoM pairioHe. PazbuB oOcsenyemMyto TpaHCEKTY Ha KBal-
paThbl, MPOBEINTE aHAJIU3 TEPPUTOPHUH, YUHUTBIBAs CJeAyIOllMe TapameTpbl: 1)
oflllee YUCJIO BUAOB JHUIIAWHUKOB; 2) CTeNeHb MOKPBITHS CJIOEBHILAMH JIUIIAN-
HUKOB KaXXJ0ro jiepeBa; 3) yacToTa (BCTpeuaeMOCThb) KaxKa0ro Buaa; 4) obunne
Kaxkaoro Buaa. Cuenaite BbIBoA 00 oOlIeM 3arpsi3HEHUH aTMOC(EPHOro BO3-
JlyXa ¥ O €ro 3arpsi3HEHHOCTH CEPHUCTBIM ra3oM, HCIoJb3ys Tabauusl [2.3.3] u
2.3.4

JINXeHOMHAMKALUsA He JaeT TOUHBIX KOJHMYECTBEHHBIX CBeNeHUH 00
ypoBHe 3arpsidHeHusi Bosnayxa. CJjenyeT y4yuTbiBaTb, UTO pPsSii BUAOB T'HOHET
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Tabnuua 2.3.2 — OueHka 3arpsi3HeHUs1 BO3ayXa MeTOI0M

JTMXEHOUHIHKALHH
No Hanuuue (+) uim oTCyTCTBHE
ﬂe' o2 Moras (-) JUIIaHHHUKOB
Onucanue pesa,
TIOKPBITO- | TOKPBITHS
MJIOLI A JKH
To CJIOEBHUIIIAMH
obcrenye- .
CJI0EBH- JIUIIaHHHUKOB JIUCTO- | HAKHUIIHbIE
MOTO KYCTHCThIE
amu Ha BbICOTE BaThle
KBajpara

KOB

aumaiau- | 30-150 em, %

Tabnuua 2.3.3 — JIuxeHOUHAUKALMS CTeleHU 3arpsi3HeHHs

BO3JyXa
Hanuuue (4) uau orcyrctBue (-)
30Ha 3arpsiHeHHe JIUIIaHHUKOB
KYCTHCTBIE | JUCTOBAThIE | HAKHITHbIE
1 Hert + + +
2 | Cnaboe - + -
3 | Cpennee - - +
4 | CuabHoe (JMUIIaHHUKOBAS - - -
MyCTBIHS)

YK€ MPHU MaJblX KOHLUEHTPAUUAX 3arpsA3HUTeE/idA, 4HaCTO HE NOCTHUralolluX yCTa-

HOBJICHHBIX CAHHUTAPHBIX HOPM. McuesHoBeHre JIUIIAaHHHKOB — 3TO CHTHaJ O
HaJBUTAIOLIEHCS OMAaCHOCTH MJIsI Opr}I(aIOUJ,EI;JI Cpeanl.

KOHTPOJIBHBIE BOITPOCDI

1) Uro Takoe OGHOMHAUKALMS ¥ JUXEHOUMHIANKALIUSA?

2) HasoBute X13HeHHbIE (POPMBI JHUIIAHHHUKOB.

3) Kak npoBoauTcsl akKTUBHBIH MOHHUTOPHUHT B JINXEHOMHIHUKALIMH?

4) Kak onpenessieTcsi 3arpsisHeHHe BO3AyXa C MOMOIIbIO JUXeHOUHIHKA-
100707

88




Tabnuua 2.3.4 — Bausinue 3arpsisHeHHUsl Cpellbl Ha BCTPEYaeMOCTb
JINIIAUHUKOB

3arpsisHeHUe
30Ha
. BO3yXa OueHka
3arpss- | OueHKa BCTpedyaeMOCTH JIMIIAH-
CEpPHUCTBIM | 3arpsi3HeHUs
HEHUs] | HUKOB 3
rasom, Mr/m
. Bosbie CunbHoe
| JIMIIalHUKKW Ha JepeBbsIX U
0.3-0.5 3arpsisHeHue
KaMH$IX OTCYTCTBYIOT
. OBOJIbHO
2 JInmalHukn Takxke OTCyTCcTBY- | Okouso 0.3 A
CUJIbHOE
IOT Ha CTBOJIAaX NE€PEBbSIX U KaM-
HAX. Ha ceBepHO#i cTOpoHe ge-
pDEeBbEB U B 3aTE€HEHHBIX MeCTax
BCTpeyaeTcs 3eJIeHOBAThIM HasleT
Bofopocau [1respokokKyc
Ot 0.05 no
3 [losiBieHHe Ha CcTBOJIAX U ¥y 0.9 CpenHee
OCHOBAaHHS  JI€PEBbEB  CepO- '
3eJIEHOBATbIX TBEPABIX HaKUII-
HBIX JIMIIAKUHUKOB Jlekaropol,
Ducyuu
He
4 PasBuTHe HaKWUMHBIX JUILIAKHU- | MpeBbILIAET He6oab1ioe
KOB — Jlekanopo. ¥ Ap., BOJIO- 0.05
pocau Ilrespokokkyca, nosiJe-
HUe JIUCTOBAThIX JHUIIAHHUKOB
(ITapmenrus)
Bosnyx
. Mauioe Y
5 [TosiBJIeHHEe KYCTUCTBIX JIHIIAH- OYeHb
colepxKaHue .
HUKOB (IsepHuu, YcHeu) YUCTBIN

JINTEPATYPA

1) Duounnukauus sarpsisHeHu# HazeMHbIX 3KocucteM / [ox pen. P. Illy-
6epra. — M., 1998.

2) Henucosa C.U. TloneBass mpakTHKa MO 3KOJOTHH: Yueb. mocobue. —
MHu.: YuiBepcitaukae, 1999. — 120 c.

3) Onywm O. OcHoBel 3Kosorun. — M.: Beicui. mkosa, 1975.

4) Penoposa A.U., Hukonbckass A.H. [IpakTukyM Mo 3KOJOTHH U OXpaHe
OKpyXKatwlleld cpenbl: Yueb. mocobue aJis CTyA. BbICII. yueb. 3aBeje-
aui. — M.: I'ymmanur. usn. uentp BJIAZIOC, 2001. — 288 c.: ua.

5) Hdnosas H.IL., Crpokau IL.Il. Dkonorus u rugpoxumus. CjoBapp —
cnpaBouHuk: Crpas. noco6ue. — bpect: BI'TY, 2002. — 244 c.: ua.
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2.4 KAYECTBEHHOE PACIIO3BHABAHHE
MHHEPAJIBHBIX YIOBPEHUH, KAK
BO3MO2KHbBIX 3ATPI3HUTEJIEHA IIOYB U
CEJIBXO3ITPOAYKIIHNHN

Ileab paboOTbI: HAYUHUTHCS TMPOBOAUTH KauyeCTBEHHOe paclo3Ha-
BaHUEe MHHepa/NbHBIX YA0OpeHHH, KaK BO3MOXKHBIX 3arpsi3HUTE-
Jel nedocqbepbzﬂ U CeJbXO03MPOAYKLHUH.

OBIIUWE CBEIEHUSA

HenpaBusbHoe U H30BITOYHOE BHECEHHE MUHEPANbHBIX yIOOpPEHUH, CII0COo-
Obl UX XpaHEHHs SBJSAIOTCS NPUUUHON 3aTPS3HEHHS MTOYB U CeJbXO3MPOAYKLHH.
BonopacTBopuMble (hOpMBl a30THBIX yIOOPEHUH CTEKaloT B MPYIbl, PEKH, PYUbH,
NOCTUTaOT TPYHTOBBIX BOJ, BbI3bIBAsl MOBBLILIEHHOE CONEpXKaHHWE B HHUX HUTpPA-
TOB, YTO HeOJarONPUATHO CKA3blBAETCS HA 3[0POBbE UYEJIOBEKA.

Ouenb yacTo ynoOpeHHsI BHOCSIT B MOUBY HEOUHIIEHHBIMH, UTO SIBJSETCS
MPUUUHOKN 3arpsi3HeHHsI MOUB PaJMOAKTUBHBIMH (HANpUMep, U30TONAMHU KaJlusi
MPU UCIOJIb30BAHUHU KAJIUHUHBIX yIOOpEHHH), a TaKXKe TOKCHUeCKHUMHU BellecTBa-
mu. Pasnuunble ¢opmbl cynepdocgaroB, obaanas KUCA0H peakiueH, crnocob-
CTBYIOT MOAKHUCJEHHIO MOUBBI, YTO HexeJaTeJbHO AJd padoHOB, rae pH mou-
Bbl MOHMWKeHa. M30bITOuHOE KosMnuecTBO POCHOPHBIX YAOOPEHUH, CMbIBa€MbIX
B CTOSlYME W Me[JIeHHO TeKylllHe BOJbl, BbI3bIBAET Pa3BUTHE OOJBLIOTO KOJH-
4yecTBa BOMOPOCTEH M NPYTrOM PACTHUTEJNBHOCTH, YTO YXYALIAET KHCJOPOIHBINA
peXXHUM BOJOEMOB U CIOCOOCTBYET UX 3apaCTaHUIO.

B psane ciyudaeB ynoOpeHus nepeBo3dATCS 0Oe3 Haasexxalled yNaKOBKH,
XpaHATCSA 0e3 YKPBITUA Ha OKpauHax IOJIeH, Tie OHU CJeXHUBAKTCH, 3arpsis-
HSIIOTCS U CTaHOBATCS O BHELIHEMY BHUJAY BeCbMa CXOXHUMH MexXay cobod. B
CBA3U C 3THUM COBPEMEHHBIM 3KOJIOT NOJI)KEH yMeTb Paclo3HaBaTh yAOOpeHUS
M0 BHELIHEMY BUJAY M MPOCTHIM KayeCTBEHHBIM PeaKLHsM.

HauboJsiee pacripocTpaHeHHbIe yI00OpeHUS

Azommnuole ydobperus

Yaue Bcero mpumeHsiercs ammuaunas ceaumpa — NHNO3 u mouesu-
Ha NHoCONH,. Ynorpebasercs Takxe cysvgpam ammonus — NH,SO,. B 3a-
IIMIIEeHHOM TpyHTe mnpumeHsietrcss Humpam Kaaoyus — Ca(NOs3)y u Humpam
kaarus — KNOs.

'Medocgpepa — camoctonTenbHas 3eMHasi 060/0uKa — NOYBEHHbIE MOKPoB, MK 1o B.M. BepHaackomy, Kopa
BBIBETPHBAaHHUsl — yacTb 6uocepsl. [lorpaHnuuHoe o6pasoBaHue Mexnay aspobrocdepod, Teppabuochepoit U JUTO-
6uoctepoit, popMUpyeTCss U 3aBUCUT OT COCTOSIHUSI CPelbl BCeX Tpex Moacdep, MO3TOMY OKa3blBaeTcsi HauboJiee
ySI3BUMOH U paHUMOH NMpU HapylleHUU JO0H U3 HUX.
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Docoprole ydobperus

Haubosee pacrnpocTpaHeH MpOCTOH epaHyauposanHwili cynepgocham —
Ca(HyPOy4)e w Osoiinoil eparysuposarnbiil cynepgocgam — Cas(HoPOy)s.
Ynotpebasiercs: Takxke gocopumnas myka — Caz(POy)s.

Kaautineie ydobperus

[IpumeHnsieTcs, B ocHOBHOM, xsaopucmoiti kaiuii — KCl, azomrnokucavili
kaaruti — KNOs; nnu cyasvgpam xasuss KoSOs. Menblie ynoTpebJisioTcs: ABOM-
Hele ynobpenusi: cusvsurnum — KCl - NaCl v kasumae KoSOy - 2MgSOsy.

Hszeecmrkosovie yoobperus

K HUM OTHOCSITCSI M3BECTKOBbIE MaTepHasbl, conepxkaiire He MeHee 50%
CaCOs. 1o — ussecmkosas myka u3 Tyda, doromumosas myka, men, u3-
gecmov o3epraa U Ap. JledcTBUe UX 3aKJ04yaeTcsd B HeHUTpanu3alluu OUBEHHON
KUCJOTHOCTH, YJIYULIEHUH YCAOBUH IJ151 XKHU3HENESATEJbHOCTH MUKPOOPTaHU3MOB
1 (pU3NYECKHX CBOHCTB IOYBHI.

X0 PABOTbI

Obopydosanue, npobupku (12 wm.); wmamusel 0 NPobUPOK;

peaxmueot, HebobuLue CMYNKU C NeCMUKaMU; KANeAbHUYbl UAU

mamepuansi: unousudyaroHole nunemku OAs Kaxdoeo peaxmu-
8Q; WUnyobl mygpesvrovle; NUHUEMbL OAUHHbLE, JNeK-
mponAumKQa, 2a308as 20PeAKa UAU CNUPMOBKA; KY-
couku OpesecHozo yeas, uroukamopwas bymaea,
ducmuaruposarras sooa; 8—10%-nas werouo KOH
uru NaOH; 5%-wHuili pacmeop xiopucmoeo 6apus;
KOHUEHMPUPOBAHHAS COASHAA Kucioma, 2%-Has
corsmas Kucaoma;, ykcycHas Kucaoma (redsras,
pasbasarennas 8 10 pas); 1-2%-wolil pacmseop asom-
HOKUCA020 cepebpa; pacmeop itoda 6 ioducmom Ka-
auu (20 e KI pacmsopsarom 6 20 ma oucmuiiupo-
8aHHOL 600bL, dobasastom 6,35 ¢ Kpucmarruiecko-
2o tioda. Pacmsop nepernocam 8 mepHyro Koaby Ha
50 ma, 00800sm 00 MemKL); HECKOALKO 8UO08 HAlL-
bosee pacnpocmparerHblx yoobperuil (6e3 noonu-
cell).

PaboTy HauuWHaOT ¢ onpeneseHUss BHEIIHUX MPU3HAKOB YIOOPEHUH: KOH-
CUCTEHIMH, [BeTa, 3amaxa. 3aTeM BbISICHSIIOT PACTBOPUMOCTb U MPOBOAST COOT-
BETCTBYIOLIME KaueCTBEHHble PeaKLUUU C KaXKIbIM ONpefe/sieMblM yA0OpeHHeM.
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BHemHue npusHaku

Koncucmenyus. YnobpeHue MoxeT ObITb Kpucmasiuueckum (meako- w
KpYynto-), amop@Hroim, a Takxke 8 sude eparys. K Kpucrtasindeckum ynoope-
HHUSIM OTHOCSITCS BCe a30THble (3a MCKJIOUeHHeM LMaHaMHIa KaJblHs) U BCe
KaJiMiiHble, K aMoppHbIM — Bce docdopHble U U3BecTKOBble. PochopHble ya06-
peHusi yacTo rpaHynupyTcs (cynepdocdarsr).

[{gem ynoGOpeHUsi yCTaHaBJUBaeTCsl MyTeM TuiaTesbHoro ocmorpa. [lpu-
3HaK MOXKET HEeCKOJbKO HM3MEHSITbCSl MPU TPAHCIOPTHUPOBKE, MPU 3arpsi3HEHUHU
MbIJIBIO, 2 TAaKXXe B 3aBUCUMOCTH OT TEXHOJIOTHMH MpPOoU3BOACTBAa. OuHIleHHbIE
yaoOpeHUsl UMEeIOT XapaKTepHbIH 11BeT.

3anax. [Toutn Bce ynoOpeHUs UMeIOT 3amax, HO YaCTO He CTOUKUH, JUIIb
MaHaMU], KaJbliUsl MaXHET KEPOCHHOM.

PaCTBOpI/IMOCTb B BOJE

[Tomentator B mpo6upky 1-2 r ynobpenus, nobapasitor 15-20 ma nuctu-
JIMPOBAHHOH BOABI M Xopollo B36aaTeiBatoT. Habmonaot cienyromme rpagalmu:
a) TMOJHOCTbIO PacTBOPUMO;
b) 3ameTHO pacTBOpPUMO (pacTBOpsieTCs He MeHee MOJIOBHHBI B3STOTO yH00-
peHus);
c) cjaabo pacTBOpUMO (pacTBOpsieTCSl MeHee IOJIOBUHBI B3SITOTO YHobpe-
HHS);
d) HepacTBOpPHUMO.
Ecan npu B3OGanTeiBaHUM oOpa3oBasachb OOWJbHAS MYTb, 3aMoJHUBLIAS
npoOUpPKY, TO ynobpeHue caabo pacmseopumo.
K noarnocmero pacmeopumoim v 3amemno pacmseopumsbim OTHOCSATCS BCe
a30THble ynoOpeHus, a TakxXke KanuitHele. K nepacmeopumoim vnu caabo pac-
meopumbim — Bce (HocPOopHbIE U U3BECTKOBBIE.

Ecau ynobpenue pacTBOPUJIOCH MOJHOCTBIO, TO PACTBOP Pa3J/MBalOT B MPO-
OMpPKU U BBIBJASIIOT B HeM HaJMWuyHhe TOTO WJM MHOrO KaTHOHA WJKW aHHUOHA,
onpenesisiioT PN AONOJHHUTENbHBIX [OKa3aTeJseH, a 3aTeM OTBICKMBAIOT Ha3Ba-
HUe ynoOpeHHUs Mo CXeMe.

Peakiug co meJjgoubio

B pacTBOp yno6peHus: NpuinHBalOT HECKOJBKO Kanesab 8—10%-Horo pacTso-
pa uenoun (KOH wnu NaOH). B npucyTcTBHHM aMMHaka Npd B30aJIThIBAHUN
OLLYI1AeTCsl €ro BblAeJIEHHE MO ClelU(PUUIeCKOMY 3anaxy:

NH;NO3 + NaOH = NaNOs +~ NH,OH
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NH,OH — NH;3 1 +H50.

Peakuusa c xJopucTbIM Oapuem

B npo6upky ¢ pactBopom ynoOpeHHsi MPUOABASIOT HECKOJIbKO Kamesb 5 %-
Horo pactBopa xJopuctoro 6apusi BaCly. Ilpy Hanuuuu B ynoOpeHHH HOHA
SO}‘ BbINaZlaeT TBOPOXKUCTBIH Oesblil ocanok BaSO,, HepacTBOPUMBIH B YK-
CYCHOH KHCJIOTe. YOenUThbCs B HEPACTBOPUMOCTH 0CanKa, 100aBUB KUCJOTY.

K2SO4 4+ BaCly = BaSO, | +2KCI.

Peaknusi ¢ a30THOKHCJIBIM cepeOGpom

K BomHOMY pacTBOpy yno6peHus npubdassitor 2—3 kamid 1-2%-Horo pac-
tBopa AgNQO3; 1 conmep:kuMoe MPOOHUPKH BCTPSIXUBAKOT. Peakiusi CJOyXKHUT MJis
oO6HapyKeHHs XJjopa (6enbldt abiMuaThid ocanok AgCl, HepaCTBOPHMBIH B YK-
CYCHOH KHCJIOTE).

KCl + AgNO; = AgCl | +KNO;.

DochopHble ynobpenus obpasyror ¢ AgNOs kenToBaTblll 0calIoK, pac-
TBOPUMBIH B YKCYCHOU KHUCJIOTE.

NHyHyPO4 + AgNO3 = AgHo POy | +N HyN Os.

Peakuusi ¢ AgNOs Takke HcmoJib3yeTcs IJIsl aHaIn3a U3BECTKOBBIX Y100-
penuil. Tak, ¢ HerameHoO¥W W ramleHOW HU3BECTbIO Aa30THOKHCJOE cepeOpo AaeT
Oypblil 0OCaJOK 3aKHUCH cepebpa, KOTOPBIA PAaCTBOPHUM B YKCYCHOW KHUCJIOTE.

Ca0 + 2AgNO3 = Ca(NOs)9 + AgoO |;
Ca(OH)9 4+ 2AgNO;3 = Ca(NOs)9 + AgoO | +Hs90.

IIpo6a Ha pacKkajleHHOM yrJie

YrosibKM pa3MepoM C OpeX HarpeBarOT Ha 3JeKTPOIJIMTKe, 3aTeM OepyT
IUNIAMU WJIA TMUHLUETOM, PacKassloT B IJIaAMeHW CIHUPTOBKM JokKpacHa. Ha
yroJieK HaChIMAT IIENOTKY ynoOpeHHs, NpelBapUTeNbHO PACTEPTOr0 B CTYIKe
U MOMELEHHOr0 B Y3€HbKYI0 JIOXKe4yKy M3 (osbru. Habmonawot 3a OblcTpoTON
CTOpaHHUs TOSIBJIEHHEM [bIMa, LIBETOM TJIaMeHH, 3anaxoM. AMMuadHble ynobpe-
HUS PACMO3HAIOT MO 3alaxy aMMHaKa, HUTPATHblE COEIUHEHUS NAIOT BCIBILIKY,
KaJMKAHbIe TTOTPECKUBAIOT.
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Ecnu yno6peHue BcmbixuBaeT — 310 ceaumpa. Ilo ysemy naamenu pas-
JUYAIOT CJeNyIolHe CeJUTPHI:

- Hampuesas — CropaeT XKeJTO-OPaHXKeBbIM IJIAMEHEM;

- KaautHas — PUOJIETOBBIM;

- ammuayHas — naet OeclBeTHOe IMJaMsl, a WUHOTAA MJaBUTCS, KUIHUT C
BblleJIeHUEM aMMMaKa.

AszoTHble ynoGpenwus, comepxaiive amuaHyi (NHs) v aMMOHHEHHYIO
(NHy) rpynmel, Ha pacKajeHHOM YIJie CropaloT C BblAesJeHHeM 6eJioro abiMa
U 3amaxa aMMuaka. Kpucranauku KaauiHblX yIoOpeHHH Ha pacKajeHHOM yTJe
He BCIBIXUBAIOT, a TOJbKO CJerka MOTPeCKHUBAIOT U «IMOANPBIrUBanT». Caenyert
3aMeTHTb, YTO €CJIM YTroJieK IJIOXO packajeH (He OOKpacHa), a KPUCTaNJIUKU
KPYIHble, OHU MOTYT JieKaTb Ha yrye 6e3 BCAKHUX M3MeHeHUH.

CDOCCpOprIe, HN3BECTKOBLIE YILO6peHI/I$I, FUIIC HE HU3MEHAITCAd Ha packa-
JIEHHOM YTJIE.

Peakiuga ¢ kucjorou

B npobupky uau paphopoByr0 YallKy MOMELIAT HEMHOIO CyXOro ymo0-
peHusi ¥ kanatloT Ha ymoopenue 2—10%-HbI pacTBOP COJSIHOH HMJIM YKCYCHOH
KUCA0Thl. Eciu ynoOGpeHue BCKHUMaeT OT BbIAEJSIOLIEr0CS YIJIEKHCJOr0 rasa,
TO OHO MpeACTaBJ/sieT coO0W KapOOHAT WJIM COAEPKUT 3HAUMTENbHYI0 NMpPHUMeCh
KapOoHaTa. K TakuM ynoOpeHHsIM OTHOCSITCS MU3BECTKOBBbIe MaTepHaJibl, 30J1a U

np.

CaCOs3 + 2HC! = CaCly + H,O 4 COs 1;

KoCO3 + 2HCI = 2KCl + HyO + COy 1.

Peakung BOOHONU BBITHAKKHU

D T ymoOpeHHs MOMEIIAIOT B KOHUUYECKYIO KosiOy, mobassstor 50 mu nu-
CTHUJIIMPOBAHHON BOJBI U XOPOILIO B3Oa/nThIBalOT. PacTBop PuabTpyloT yepes Oy-
MakHbId PUABTP. B mpoOUpPKY ¢ MOJNy4eHHOU BOAHOW BBITSKKOU U3 yHLOOpeHUH
MIOMELIal0T OJOCKY UHIHKATOpPHOM Gymaru (onpenesenre pH BBITSXKKH MOXKHO
TaK>Ke MPOBECTH Ha JabopaTopHOM HoHoMeTpe, uau pH-merpe). Cynepdocdar
UMeeT KHCJAYI0 peaklUHIo 3a cueT rumca. [pyrue ynoOpeHHs HUMEIOT LIeJsOu-
HYI0 peakiuio (IIHaTOMHI KaJbliMsi, TOMACIlJaK, U3BECTKOBble yIOOpeHHUs ), Y
TPETbUX — PeaKLUUsl HeUTpaJsbHas.
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Onpenesnennie MarHus B yI00peHHIX

[laHHoe omnpenesieHHe MPOBOASAT C MOMOILBIO pacTBopa Homa B HOOUCTOM
kanuu KI. VloHbl MarHusi ¢ rUAPOKCUJBHBIM MOHOM BOJbl 00pPa3yloT MaJopac-
TBOPUMYIO THUIPOOKHCH MAarHus:

Mg*t + 20H = Mg(OH),.

['mapookuch MarHus ¢ HOOOM JaeT KpacHO-Oypylo okpacky. Tak ompepe-
JIIIOT KaJIMAHble U W3BECTKOBbIE, COMepKalllhe MarHui, ynoopeHus.

Onpenesnennie KaauiHBIX YI0OpeHUH, coaepxKamUX MarHuu

B dapdoposyio uamiky nomematot 1-2 kanau #ona u 1-2 xanau uieynodyu
KOH wnu NaOH (nosiBisieTcst 6/1eIHO-KeJITas OKpacka), mpuauBaT 1-2 kar-
Jiu pacTBopa ynobpenusi. Ecan B ynoOpeHHUH COAEPKHUTCS MAarHui, TO OKpacka
CTAHOBUTCSl KpPacHO-OypoH.

OnpenesieHre M3BECTKOBBIX YI0OpeHUI, colepKauuX MarHuu

B npobupky ¢ 2-3 r ynoOpeHHs MPUIUBAIOT 2—3 MJ YKCYCHOH KHCJOTHI,
B30a/TBIBAIOT U NAIOT OTCTOATbCA. 3aTeM aHaJW3 MPOBOASIT TaK Ke, KaK OIHU-
caHo Bbillle. Conep:xkaliyue MarHuii U3BECTHAKU OKPALIMBAIOT PACTBOP B KPACHO-
OypblH 11BET, a He coleprKalllie MarHUs NAIOT XKEJNTYI0 OKPacKy pacTBopa.

OdopmieHue pe3yabTaTOB UCCIEeI0BAHUN

[TonyueHHBle pe3ysbTaThl ONpeneeHUH 3anucbiBaloT B Tadauny [2.4.1]

Tabauna 2.4.1 — 3anuck HabOJOIEHUH

Bremuue
No Pact- Pe- | Pe- Ha-
PU3HAKH Pe- Pe- Peak-
n/m BO- ak- |axk- | pH | au-
Kon-| LIser | 3a- axK- aK- [US C
pu- IMs1 | LUsT | BOL- | UHe
CUC- nax 10958;1 nus ¢ | AgNO; . 94
MOCTb HA |C Hou | Mg
TeH- co BaCls
B yTrJie | KUC- | BbI-
LU mie-
BOJIE JIO- | TSIXK-
JIOUBIO .
TOH | KH
1
2
3
4
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3AJAHHUE

[lonb3ysich MpUBeNEHHOU HUXKe CXEMOU OIpeleJsieHUs], ONpelesuTe Ha3Ba-
HUe MpeAsoXKeHHbIX ynoopeHuid. CaesaiiTe COOTBETCTBYIOLIKE BbIBOMBI.

Cxema onpeneneHusi yioOpeHU# Mo KaueCTBEHHbIM peaKIUsM

1. YnobpeHue pacTBOPHMO B BOJIE 2
YnobOpeHue B BOe PAaCTBOPUMO HE3HAYUTEJNbHO WU MOYTH HEPACTBOPHUMO

7
2. Ha yrsie BcribixyBaeT 3
Ha yrne He BcnbixuBaer 4

3. He naer 3anmaxa ammuaka HU Ha yrJye, HU co wIienoubto. Cropaer
YKeJITO-OPaHKEeBbIM TJIaMeHeM; OeclBeTHble, MPO3pauHble KPUCTAJJIBl C Cepo-
BaTbIM HJIM XKEeJITOBAaTbIM OTTEHKOM, FOPbKO-COJIeHble Ha BKYC: Hampuesas ce-
aumpa — NaN Os.

Cropaetr (HOJETOBBIM IJlaMeHeM, OeJible KPHUCTaJJbl C 2KEeJTOBATO-
cepoBaTbiM OTTeHKOM: Kaauesas ceasumpa — KNQOs.

Jlaet 3amax amMMmHaka He TOJbKO Ha yrye, HO W co miesoubto. C BaCly
ocajiKa He JaeT, HO MOXKeT NaTb MYTb. DeJjible WJIM >KeJTOBaThble TPaHyJbl pas-
MepoM 1-3 MM UM MJIOCKUe YellyHKku: ammuaunas ceaumpa — NHNOs.

4. Ha yryie naet 3amax amMMHaka, a co I1eJi04blo He faeT. beJsble rpaHyibl
pasMepoM OT 1 710 5 MM HJIM MeJKOKPUCTAJJIUYECKUH TMOPOIIOK: MOUEBUHA —
NHy;CONH,.

laeT 3amax amMMMaka W Ha yrje, W co LIeJouyblo. Ha yrie miaButes ¢
BbIJIeJIeHHEeM 6eJIoro IbIMa 5

Hu nHa yrse, HM cO I1Iesoubld He faeT 3amnaxa amMmuaka. Kpynun-
KU (KpHCTaJIIMKH) HE CroparoT, a TOJbKO MOTPECKHBAIOT HJH MOANPBITMBAIOT

6

5. C AgNOs naet oOUNbHBIE CTBOPOXKHBAIOIIUHCS 0CaIoK, OeJblii, Hepac-
TBOPUMBIA B YKCYCHOH KucJjoTe; ¢ BaCly naet caabyio MyTb. MesKokpucTas-
JIUUECKHUH TPOAYKT HJIU I'PAHYJbI 6€JIOr0 HUJIH 2KeJTOBATOT0 LIBETA: XAOPUCMbLL
ammoruti — NH,CI.

C AgNO;s naer cnabyio MyTb, a ¢ BaCly — obusbHBIH OeJibld 0CalloK,
HepacTBOPUMBIA B KHCJOTax. Kpucrajnuueckoe BellecTBO 06eJi0ro, cepo-
roO WJHM HHOTO I[BeTa, KpoMe XKeaToro: cyasvgam ammorus — (NHy)oSOy.
Kpucrannuueckass cojib  2KeJqTOrO LBeTa: cysvbham amMMOHUS-HAMPUS —
(NH)9SO04 + NasSO;.

C AgNQOs; naer MyTb XKeJTOH OKPAacKH, PaCTBOPUMYI B YKCYCHOHM KHC-
Jote. ['paHynrpoBaHHBIH MPOAYKT UM MOPOLIOK CBETJIO-CEPOro, Ceporo LBETa,
¢ 106aBKOU Meiu — rosy0oro, peakiiusi BOIHOHU BBITSXKKH KHUCJAs: amMMOPOC —
NHyHyPOy. — cnabyto MyTb U ocajgka He fgaeT. MesakoKpUCTalIUdeCKHUH Mopo-
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oK 6esIoTo I[BeTa, MHOTAA C KEeJTOBAaThIM OTTEHKOM, C HOIOM JaeT CBETJIO-
XKeJTYI0 OKpacKy: cysvgam xaius — (NHy)oPOy.

6. C BaCly obpasyet Gesblil 0CafioK, HEPACTBOPUMBIA B YKCYCHOM KHCJIO-
te, ¢ AgNO; forms weak turbidity and does not give sediment. A fine-grained
white powder, sometimes with a yellowish tint, with iodine gives a light
yellow color: potassium sulphate K2SO;.

Jlaet obunbHBIN ocanok Kak ¢ BaCly, tak u ¢ AgNOs.Kpynuee xpu-
CTaJ/l/1bl p030BaTO-OypOro LBeTa UAH KPUCTALIUYECKUH MOPOLIOK Ceporo LBeTa,
pacTBOp ropbKo-cosieHoro BKyca: kasunum — KC1-MgSQO,-3H,0; cBeT/10-cepble
MeJIKUe KPHUCTAJIJIbl, cepble IPaHyJibl HEMPaBUIbHONH (DOPMbBI HUJU CHJIBHO TIbLJISI-
MU TTOPOLIOK C CEPOBATBHIM U PO30BBIM OTTEHKOM, C HOIOM JaeT KpacHo-6ypyto
oKpacky: kKaaumaernesus (wenum)— KoSOy4 - MgSOy - 6H0 wnu kaautino-
maernuesolll Konuenmpam (kaiumae) — KoSOy - 2MgSOy.

C AgNOs naetr oOUJBHBIA CTBOPOXKMBAILIMUCS 0CaN0K, HEPACTBOPUMBIH
B YKCYCHOH kucJjote, ¢ BaCls naet cnabyo MyTb. MeJKOKpPUCTaNIUUECKOE Be-
1lecTBO 6eJioro 1BeTa ¢ CepoBaThIM OTTEHKOM W MPHUMECHI0 PO30BBIX KPHUCTAJ-
JoB: Kaautl xaopucmoiti Mapku «K» KCI «K»; KpyTHO3epHUCTbIE €CTeCTBEHHbIE
KPUCTaJ//bl OT MOJIOUHO-O€JIOr0 10 KpacHO-Oyporo LBeTa: KaAuli XAopucmolil
Mapku «D» — KCl «P»:

- eCTeCTBeHHble KPHUCTaJJbl OT KpacHoro no 6yporo ueta — KCIl xpyn-

HO3EepHUCMbLLL U3 KaAUlHbLX pYyo,

- MeJKOKPHUCTaJJIMUecKUil Mopouok KopuuHeBoro useta — KCI u3 nege-
AUHOBOCO CbLPLS;

- MeJIKOKPHUCTAJIJTMUECKHH TPOAYKT, €CTeCTBEHHble KPUCTAJIbl OT MOJIOY-
HOTO 10 KPacHO-OypOTOo LIBETa UJU CIIPeCCOBaHHbBIE IPaHYJIbl HEMPABUJIb-
HOH (hopMBI OT GeJioro 10 KpacHo-Oyporo useta — KC/ u3 cuarvsunuma;

- MeJIKHe PO30Bble KPHUCTaJJIbl CMellIaHHble ¢ KPYMHBIMA CHHHUMH HJIH Ce-

pbIi KPUCTAJITHUECKHH MOPOIIOK C BKJIOUEHHEM PO30BBIX KPHCTAJIJIOB:
kaautinasa coro — KCl+ KCI - NaCl.

7. C YKCYCHOH KHUCJIOTOH JaeT CHUJIbHOe BCKUMaHHe 8
C YKCYCHOH KHMCJOTOH He HaeT BCKUMAHWUS HJM BCKUIAET eBa 3aMeTHO
9

8. Ilopowok 6esoro, ceporo uaud Gyporo LBeTa — udgecmxosoe ydobpe-
Hue:

- B peakUHusix C HOIOM YKCYCHOKHCJIOTO pacTBOpa ymoOpeHHs MOSiBJASETCS

CBeTJ/IO-2KeJITasi OKpacka: MeJ, uzsecmuakosas myka — CaCOs;

- OKpacka ¢ HonoM — KpacHo-6ypasi: dosomumosas myka — CaCO3-MgCQOs.

ToHkuii nblaeBaThll MOPOLIOK UepHO-CHMHEro lBeTa. HacTo MMeeT 3amax
kepocuHa. KpacHas JjakmycoBass Oymarkka, OIylleHHass B BOAHBIH pPacTBOP
ynobpeHusi, cueet: yuarnamud Karoyusi — CaCNy.

TemHO-cepblll TsKesbl MOPOLIOK. BONHBIA pAacTBOP HMeeT WIEJOUHYIO

cpeny. [Ipu B3anMOmEHCTBHU C KHUCJOTOW BBIAENSIETCS CEPOBOAOPOI: MOMAC-
warak —4Ca0 - PyOs.
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9. BonHbIll pacTBOp yHnoOpeHHsl maeT noxkeateHue uiau ocanok ¢ AgNO;
10

Het noxenrtenusi pactBopa uiau ocanka ¢ AgNOs 11

10. Tlopowok uau rpanysabl OT CBETJO- OO0 TeMHO-ceporo upeta. CuUHSA
JakMycoBasi OyMaKka KpacHeeT IMpPU CONMPUKOCHOBEHHWU C BOIHBIM PacTBOPOM
ynobpenusi: cynepgocpam npocmoil uru 0sotinoti — Ca(HyPOy)s + 2CaSO0y,
CCZ(HQPO4)Q . HQO.

['panysibl WM TOPOLIOK CBETJIO- WJIM TEMHO-CEPOro IBeTa, peaklus BOM-
HOTO pacTBOpa HeWTpasbHasi WJAK caaboKHuc/ast, TP A00aBJeHUH 2-3 Kamesib
peakTuBa Heccsepa nosiBsisieTcsi HHTEHCHBHOe Oypoe OKpalllMBaHUe: aMMOHU-
3uposarHbill cynepgocgam.

['panysbl roy6oro uiu CBeTN0-ronyooro 1Bera: cynepgocpam 60pHbLil.

[Topowiok TOHKHH, MBINSLIUEH, CEPOBATOrO LBeTa, peaklHs BOLHOIO pac-
TBOpa HelTpanbHasi: npeyunumam — CaHPOy.

[Topouiok TOHKHMH, NBIASALLIKANA, CEPOBATOrO LBeTa, peaklUsl HeHUTpaJibHas,
¢ AgNOs deTKoe TOXKe/NTeHHE OcanKka ynoOpeHus: obecpmoperrolii pocgam.

11. TemHbIl, TSI2Ke/ b MOPOILOK, PeaKLUs CPeibl HeUTpaabHas: ocham-
waak.

ToHkuH, CUABHO MBLASALIKWE MOPOIIOK TEMHO-CEPOT0 LBETA C OyPbIM OTTEH-
KoM: gocgpopumnasn myka — Caz(POy)s.

XapakTepHble YepTbl HEKOTOPBIX YA00OpeHUN

(MpUBOASITCS AJs1 TTPOBEPKH MPaBUJIbHOCTH OINpPENeNeHHUs 110 BhIILENPUBEIeHHOH
cxeme)

Cynepgocpam vimeeT XapaKTepHBIH 3amaX, CEPOBATBIM LIBET U KUCJYIO
peakxiHio.

Kaautinas coav oTnndaercs OT APYTUX yIOOpPeHHUH MO PO30BO-KPAaCHBIM
KpuctanagaMm. MHorga moryT ObITh NMpPUMECH CUHUX KpUCTaJssoB. Desble Kpu-
CTaJIJIbl TOBOPSIT O HAJMYUU B MPUMECH HATPUEBBIX COJEH.

KauecTBeHHBIE peaKlyu OJid OCHOBHBIX THUIIOB y,T.lOﬁpeHI/Iﬁ

a5t ceaump nampuesoil u KaautiHoi eNWHCTBEHHOU peaklUeH, pasJu-
yawlled UX Mexay co00H U OT BCeX NPYyrux ynoOpeHUH, OyaeT BCHbILIKA H
[[BeT MJaMeHW Ha pacKaJieHHOM YTJe.

Cyarvgpam ammoHrus OTIWYAETCS OT MOXOXKEro Ha Hero Humpama ammo-
Hus peakuuen ¢ xjopucteiM 6apueMm. OT cysvgpama xaiusa cyrbgam ammorUs
JIETKO OTJIMYUTb MO PeaklHH CO L1eJ0YbIO.

OTauyuTeNbHBlE peaKIMK [Ji HEKOTOPBIX a30mHbLX YyOObpeHul:
nas cysvgpama ammonust (NHy)oSO4 — peakuus ¢ BaCly;
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st xaopucmoeo ammonusi NH,Cl — peakuus ¢ AgNOs — o6pasoBaHue
6eJIoro XJIOMbeBUIHOTO OCANKa;

peaklusl Ha packaJjeHHOM yrae: nampuesasa ceaumpa NaNQOs — crblllKa
XeJiToro 1Beta, kaauesan ceaumpa KNQOs — GpU0IeTOBOrO LBETA, AMMUAUHAS
ceaumpa NHyNQO; — 6ejioro 11seta.

OTnuuue ammuauHor ceaumpol OT MO4EBUHbL: TIepBasi HA pacKajeHHOM
yrJie IBIMUT U BCIbIXMBAET, a BTOpasi — MJABUTCA U He BelblxuBaeT. MoueBrHa
MeXIy TaJjbllaMd MBIJTUTCS, €€ KPUCTAJIIbl TOMeJbYe,

Ha ammonui npumensierca peaktus Heccrepa, a Ha numpamor — nude-
Hu1aMuH (Ha MoH NO; ion): pacTBOpOM YyA0OpeHHs] CMauHBalOT CTEHKH OeJioi
¢apdopoBoii yaliKW, OCTATKM pPacTBOpa M3 UalllKKW BBIJIKMBAIOT, a HA CMOYEH-
HYI0 MOBEPXHOCTb KamawrT 1-2 kamau audeHusamuHa. CuHee OKpalllMBaHHe
yKasblBaeT Ha npucyTcTeue oHa NO; .

KOHTPOJIbHBIE BOIIPOCDI

1) Kak 3arpsisusiercs nenocdepa U CeJbXO3NMPOAYKIHS yIOOPEHUIMH?

2) TlpuBenute mpuMepbl HauboJiee pPacHpOCTPaHEHHBIX YHOOpeHHH (a3oT-
HBIX, POC(OPHBIX, KAJHHUHBIX ¥ U3BECTKOBBIX).

3) IlpuBenute Haubosee XapakTepHble YepPThl U PeaKLUUU [JIs HEKOTOPBIX
yI0OpeHUH.

JINTEPATYPA

1) ®enopoa A.W., Hukonbckas A.H. [IpakTukym mo 3KoJoruu u oxpaHe

OKpyXKatolleld cpenbl: Yyue6. mocobue aJis CTyA. BbICII. yueb. 3aBeje-
aui. — M.: I'ymmanur. usn. nentp BJIAIOC, 2001. — 288 c.: ua.
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2.5 CHUHTETHUYECKHE MOIOHLHIUE CPEOCTBA
2.5.1 OBIIUE CBEAEHHUA

MHorue BelllecTBa, C KOTOPBIMH Mbl CTaJKHBaeMCsl B HallleM MOBCeIHEB-
HOM 00UX0Jle, SIBJASIIOTCS MOTEHIIMAMbHO 3KOJ0ruuecky onacHeiMu. [Ipu monana-
HUM B OKPY2KAWOLLYIO CPeNy, a UMEHHO yepe3 CTOUYHble BOAbl B IPUPOJHBIE BOJH,
OHU CMOCOOHBI TIPUBECTH K Cepbe3HBbIM TMoc/encTBUsIM. [lodToMy HeoOxomumo
NpeAcCTaByasATh cebe UX XUMHUECKHH COCTaB, MEXaHU3M JEHUCTBHUS, BO3MOXKHbBIE
TOKCUUecKHe cBOHCTBa. K TakuWM BelllecTBaM, 3KOJOTHUYECKYIO OMACHOCTb KOTO-
pBIX MBI MaJjio ce0e MpeAcTaBysieM, OTHOCATCS PA3JUUHbE MOIOLIME BeElleCTBa.

Morwwumu cpedcmseamu Has3bBAIOTCH BeLleCTBAa WM CMECH BeLIeCTB,
MPOSIBJSIOIIME B PacTBOPaxX Molollee NeHCTBUEe U NpPUMeHsieMble 1/ yaaJe-
HUSl 3arpsi3HEHHUH C TIOBEPXHOCTH TBepAbiX Tes. Haubosee BaKHbI MoOIOIINe
CpelnCcTBa, MpeqHa3HAUeHHbIe JJIs1 UCTOJAb30BAaHUS B BOIHBIX cpefax. K HUM oOT-
HOCSIT pasJIMYHble BUIbl TOBAPHOTO (TyaJIeTHOTO, X035HCTBEHHOTO MblJla) U TeX-
HUYECKOr'0 MblJia, MHOT'OKOMIIOHEHTHblE KOMIO3UIMH CHHTETUUECKHX MOIOIIUX
cpenctB (CMC) 6BITOBOTO M TPOMBILIJIEHHOTO Ha3HAUEHHsI, & TAKXKe HEKOTOpPbIe
MPUPOJIHbIE TIPONYKThI, HATIPUMED, CATIOHUHHI.

OCHOBY cunmemuuecKux MorOuiux cpedcms WV [eTepreHTOB COCTaB-
JISIIOT MHULEeNI000pasyolire noBepxHocTHO-akTHBHBIEe BellecTBa (ITAB). Kpowme
TOTO, OHU COAEpP»KaT pa3/JuuHble BCIIOMOraTe/bHble BelllecTBa U N0OaBKH, YCH-
JuBawlre MomwIlyo crnocobHocth [TAB wuau mpupamomiyde KoMno3uuuu cre-
uuduyeckre cBocTtBa. K HUM OTHOCATCA KOMIJIEKCOOOPA30BATENH, I1€JI0U-
Hble 3JIEKTPOJUTHl, XUMHUYECKHe U ONTHUYeCKHhe OTOeUBaTesU, aHTHpecopOeH-
Thl, MPeIOTBpalllalollike MOBTOPHOE MPUJHIAHUE I'PS3U K BOJIOKHY, (PEPMEHTHI,
napdromepHbie OTAYILKH. COCTaB HEKOTOPBIX CHHTETUUECKHUX MOIOIIUX CPECTB,
npousBoAMMbIX B besapycu, npusenen B tabsa. 1. Paccmorpum mogpobHee co-
CTaBHbIe YAaCTH MOIOIIUX CPEACTB C TOUKH 3PEHHS] UX BO3MOXKHOT'O BO3/IE€HCTBHS
Ha OKPYZKAWLLYIO Cpeny.

HOBerHOCTHO-aKTI/IBHbIe BenieCcTBa

OCHOBHBIM Ha3HaUYeHHEM 108epXHOCMHO-aKkmusHolx seujecms (IIAB) siB-
JISleTCsl CHY2KEHHe TIOBEPXHOCTHOro HaTskeHHs1 Boabl. Mosekynbl [TAB cocrosit
U3 JBYX 4YacTed — HeNoJIsIpHOM YIJIeBOAOPOAHOU Lenu, TU0(POOHON MO OTHOILe-
HUIO K Bofe (ruapodoOHON) U MONSIPHOM JHOPHUIBHOU (TUAPODHUIBHOM) I'PYIIIEI
Ha ee KoHIle. [I[puMepoM TakuX BelleCTB MOXKET CJYKHUTb HaTpUeBasi COMb CTe-
apUHOBON KHCJIOTBI — CTeapaT KaJiusi, COCTaBJSAIILAs OCHOBY OOBIUHOIO MblJa:

CHj; — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHp — CHy — CHy — CHy — CHy — COO~Na*
HenoAApHasa uacmo noadapHas yacmo

B 3aBHCHMOCTU OT CTpPOEHHUS MOJIEKYJ/bl TOBEPXHOCTHO-aKTUBHOTO Bellle-
CTBa U 0COOEHHOCTH ee AUcCcOoUMallMi MexnyHapoaHasi OopraHHU3alys M0 CTaH-
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naptusanuu (ISO) pekomenmyer mnoxppasnensth [IAB Ha deThipe OCHOBHBIX
KJlacca: aHuoHoaxkmuseHole (aHUOHHBIE), TUCCOLUUPYIOLIHE B Boie ¢ 00paso-
BaHWEM JJIMHHOLEIIOYEYHOr0 aHHWOHA, ONpeaeJIsiollero NoBepXHOCTHY0 aKTUB-
HOCTb; KAMuoOHOaKkmueHole (KaTHOHHbIE), AUCCOLUUPYIOIINE B Bode C 06paso-
BaHUEM JJIMHHOLIEIOYEUHOr0 KaTHOHA, ONpeae/sSiollero NoBepXHOCTHYI0 aKTUB-
HOCTb; HEUOHO2eHHble, HEIUCCOUUUPYIOIIMe B BONHBIX pacTBopax; amgomep-
Hble, coepKaliye TuAPOGUAbHBIN paiuKaa U TUAPOPOOHYIO YaCTh, CIIOCOOHYIO
ObITb KATUOHOM WJIM aHUOHOM B 3aBUCUMOCTH oT pH pacrtBopa.

B cocTaB mopoikooOpa3HbiX MOWIIHUX CPEACTB 0ObIYHO BBOASAT aHUOHHBIE
[TAB. Henonorennsle IIAB ucrnonb3yloT B KUOKUX NEeTEPreHTaX, a TaKKe B
[IaMIyHSX, CPeACTBAX AJS1 MbITbs MOCYABl U T.A. [IpeumyliecTBOM HeMOHOTEH-
HbiX [TAB siBaisieTcss ux cnoco6HOCTb 3PPEKTUBHO YHAJSATh KUPOBBIE U IPYTrHe
3arpsi3HeHHs MPU HU3KUX TeMmIepaTypax. TakxKe OHHU MeHblle MEHSTCS U MaJjo
CTaOUJIM3UPYIOT MEHY, YTO MO3BOJISIET MPUMEHSATh UX [JIS1 CTUPKH B CTHPAJIbHBIX
mamuHax. MoJsiekynbl HernoHOTeHHBIX [TAB cocTosT M3 HemoJsipHOH yrJyIeBOMIO-
POIHOM LEeNU U MOJSPHON YACTH — MOJUITHUIEHTTIUKOJIEBOH LEMNHu:

CH3 - CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHy — CHp — CHy — CHy = O — CHy — CHy - O — CHy — CHy — OH
wenoaspras uacmy noaspras uacm

PacTtBopuMocTh HenoHoreHHbiX [TAB o6ycioBneHa o6GpasoBaHueM BOJIO-
DONHBIX CBfI3el MexXK1y aTOMaMH KHCJOPOAa, BXOASIIUMMU B COCTaB MOJHITU-
JIEHTJIMKOJIEBOW LIeNH U MOJIEKYJIaMH BOJBI.

PaccMoTpuM Kak mpoTeKaeT MPOLeCC yAajJeHHUs TPSI3K € MOBEPXHOCTU BO-
JIOKOH TKaHu mop Bo3nedcTBueM [IAB. I'psisb Ha BOJIOKHaX TKaHH — 3TO Ka-
MnesJbKHU 2KHpa UJH Macja C BKJIOYEHHBIMH B HHUX TBepAbIMH yacThlaMd. Mac-
JIO — BelLeCTBO, MOJIEKYJbl KOTOPOro 0Opa3oBaHbl B OCHOBHOM KOBaJIEHTHBIMU
HeTOoJISIPHBIMU CBSI3SIMU — HE OUeHb XOPOLIO CMAayMBaeT BOJIOKHO, MOJIEKYJIBI KO-
TOPOr0 B OCHOBHOM moJisipHbl. [loOaB/jeHHe K 3TOH CHCTeMe BOAbl MaJjio 4TO
MeHsleT B OO0lled cucTeMe B3aUMOAEHCTBHH, TakK KakK pa3HMIa B 3HAYEHHUsX
MOBEPXHOCTHOI'O HATSI?)KEHUS BOJbl U MacJja BeJHUKa.

Ecau xe B Bome comepxkatcsi [IAB, Hampumep coid »XKUPHBIX KHCJIOT,
oOpasylolie MblJIO, XapaKTep B3aUMOAEHCTBUS BeLleCTB 3aMETHO U3MEHseTCS.
Mounekynbl [TAB ancopbupyioTcss U Ha TMOBEPXHOCTH BOJIOKHA W Ha MOBEpX-
HoCTH Macja. [Ipuuem HemoJssipHasi 4acTb MOJEKYJbl (yTJ€BOLOPONHAS IIeMb)
MPOHUKAeT BIIyOb YacTUYKK Macha, nosspHas 4actb (COO—) opHeHTHpYeT-
Cl B HampaBJieHUH OT YACTHUUKH TPSI3U U COJIbBATUPYETCS MOJEKylaMHU BOJIBI.
B pesysbraTte oOpasdyercs OoJibliasi 4yacTULA, BHYTPU KOTOPOH HAXONUTCS THUJ-
pocobHas yacTUlla TPsI3H, a BHELIHUH CJOH COCTABJSIOT MOJEKYJbl BOIbI, YTO
MO3BOJISIET CMBITh TAKYyl 4acTHULY H30BITKOM BOAbl. TakMM 00pa3oM MOBepX-
HOCTb BOJIOKHA OUHMILIAeTCsl OT TPsi3H.

Muposoe npousBonctso [TAB cocraBsisieT BesqnuuHy nopsinka 2-3 Kr Ha
nywy Hacesenus B ron. [lpumepno 50% mnpousBonumbix [TAB wncnosbsyercs
0J151 ObITOBOM XHMHUHU, OCTAJNbHOE — B MPOMBILIJIEHHOCTH U CEJbCKOM XO3SIHCTBE.
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MakcumanbHo nonyctumasi KoHentpanus [IAB B nuTheBo# Boge cocras-
asier 0.2 mr/n, B BomoeMax pbi6oxo3siicTBeHHoro sHauenus — 0.1. mr/a. Tlpu
conepxxanuu [TAB B konnuectBe 0.4 — 3.0 Mr/Js1 nosiB/isieTCsl TOPbKUE U 3aMeT-
HBIH MBIIbHO-KepOCHHOBBIH MpUBKYyC Boabl. Conepxanue [TAB B peke Myxaserlg
Ha yyacTke oT I. Ko6pun no r. bpect coctaBasier 0.1-0.7 oT npenesnbHO pomy-
CTUMOH KOHLEHTpPALUH.

Cpenu croco60B OYHCTKHM CTOUHBIX BOJ B OTCTOHMHHKax — repeson [1AB
B IeHy, aacopOlys aKTUBHBIM yTIJieM, HUCMOJb30BaHHE HOHOOOMEHHBIX CMOJI,
HeHTpaau3alus KaTHOHOAKTHBHBIMH BeIleCTBaMH. DTH METOMABl JOPOTH U HelO-
CTAaTOYHO 3((PEKTUBHBI, MOITOMY MPEANOUYTUTE]bHA OUMCTKA CTOUHBIX BOA OT
[TAB B oTcToliHMKaX (a3pOTeHKaX) U B €CTECTBEHHBIX YCJOBUSX (B BOIOEMaXx)
nyTeM OHOJIOTHYECKOTO OKHCJEHHUS TOJ JeHCTBUEM TeTepOTPO(HBIX OGaKTepui
(mpeobnanatomui pon — Pseudomonas), KOTOpble BXOAST B COCTaB aKTHUBHO-
ro una. [lo 6uosoruueckoit crtoiikoctd [TAB npuHaTO nenutbh Ha sHecmkue
(TpynHOpassaraemble) U maekue (jaerkopassaraemble). CTeneHb GHOOKUCIEHHS
msarkux [TAB 3aBUCHT 0T CTPYKTypbl rHAPOGOOHOH YacTH MOJEKYJBI: TIPH ee
Pa3BeTBJAEHHOCTH OUOOKHCJeHHe pe3ko yxyauiaetcs. OCHOBHBIMU MPOAYKTaMHU
6rnonerpanauuu [TAB siBnsieTcsa yriekuc/blii ra3 v Boja.

Composition of some synthetic detergents is presented in table [2.5.1}

KoMmuiiekcooOpa3oBaresu

OCHOBHBIMH KOMIIJIEKCOOOPA30BaTENSIMH, HCMOJAb3yeMbIMU B IPOU3BOJ-
CTBE MOWOIIUX CPEACTB, ABJAITCA (pocdarhl LEJTOYHbIX METaJJI0B U HAaTpHUeBas
COJIb 3TUJIEHAUAMHUHTETPAYKCYCHOU KHUCJOTHI. FIX OCHOBHOU (PyHKUHEH SBJSET-
CSl CO3[aHHe KOMILJIEKCOB C MHOIO3apsiAHBIMA MOHAMHU MeTaJlJ0B, OCOOEHHO C
vonamu Ca®* u Mg?* ¢ uenblo yMArueHUs BOJBI.

1. Pochamot ujenounvix memannos. [lomumo cBoell OCHOBHOH (DyHKLUU
JAHHblE COEIUHEHUS NHCIEPTUPYIOT IPsi3b U CTAOUIU3HUPYIOT 00Pa30BaBIIYIOCSH
aucnepcuio. Takxke, co3naBasi LeJOUYHOH OyepHBId pacTBOp, docdaTel 06Jer-
gatoT paboty annoHoakTuBHBEIX [IAB. M3 docdaroB Haubobiiee npuMeHeHHE B
MOIOIIMUX cpencTBax HaxonsdT oprodocdar Hatpus (Na3PO4), tpunonudocdar
Hatpus (NasPO,), tpunonudocdat Hatpus (NasP;019) — B MOPOIKOOOPa3HbIX
KoMrno3uuusax, tpunonaudpocdar xanusi (KsP30j0) —B KUAKHX KOMIO3ZULHUSX.
Conepxxanue (ochatoB MoxkeT gocturath 10 50% OT Macchl MOWIIETO Cpejl-
ctBa. [lockonbky ocdop oTHOCHTCS K OUOre€HHBIM 3JeMeHTaM, Npy MonajaHuu
B MPUPOAHBIE BOABI (hOC(aThl BBI3BIBAIOT YCHUJIEHHBIH POCT CHHE-3eJIeHBIX BOIO-
pocJiel, UTO NPUBOAUT K «LIBETEHHIO» BOMBI.

2. dmunenduamunmempayKkcycHas Kucioma u ee Hampuegvle COU
(34TA, Tpunon Bb). D[ITA ucnosb3yiT B KadecTBe 3aMeHuTesss pocharTos
B pelLenTypax COBPeMeHHbIX MOWIIUX cpeacTB. Kpome Toro, 3t coennHe-
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Tabmuua 2.5.1 — CocTaB HEKOTOPBIX CUHTETHUECKHX MOIOIINX
BewtecTs (B Macc. %)

KoMmoHeHThI

[Topouikoo6pasusie CMC

Xunkue
CMC

No.1

No.2

No.3

No.4 | No.5 | No.6 | No.7 | No.8

[TAB (Bcero)

18

15

15

20 15 18 35

24

AJIKUJIOEeH30J1-
CyJib(POHATHI

18

8

8

8 4 15

8-12

AJIKUJICYJb(ATHI

up to

AJIKUJICYIb(POHATBI

no 13

HEHOHOTeHHbIe
[TAB

o 3

o 3

MBIJIO

Kommnekco-
oOpasoBaTesu

Tpunosundocdar
Na

40

40

35

35 40 40 -

Tpunonudocdar K

- - 3.5 3.5

[[lesouHble  3JeK-
TPOJIUTHI

NCZQSiOg

Na2C03

XumMuyeckue otbe-
JIUBaTeJU

nepokcobopatr Na

15

Onrtuyeckue otoe-
JIUBaTeJ U

0.3

0.2

0.2

02 103 |03 |02 |0.1

AnTtupecopbeHT

KapOOKCUMETHJI-
L1eJIJII0/103a

0.9

1.0

1.2

0.9 1.0 1.0 |-

depmeHT

npoTteasa

2.0

20 |- -

CrabuausaTopsl

0.3

[TapdromepHbie OT-
AYILIKH

0.2

0.2

02 102 0.1

0.1

NasSO4 v BOnA

OCTaJibHOE — 10

100% (Boma mo 10%)

HHUS B OOJIBIIMX KOJHUYECTBaX [IPUMEHAETCA IIPU OYMCTKE BOAbI, LEJJIJ03HO-
6YMa}KHOfI [IPOMBIIIJIEHHOCTHU U APYTrUX OTPAC/IAdX 3KOHOMHKH.

Mounekyna nBysameleHHo# HatpueBod cosmu IDTA umeer crenyrolree

XHUMHUYECKOE CTPpOEHHE!
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NaOOC—H,C CHy—COONa
N /
/NCHQCHQN\

HOOC—H,C CHy—COOH

Co BCceMH MHOTO03apsiIHBIMH HOHAMHM METaJIJIOB U B PA3JHUUHBIX YCJOBHUSIX
DITA ob6pasyer nmpouHble KOMIJIEKCHbIE COeIMHEHHSI B COOTHOLIeHUH 1:1.

Ilo HenaBHEero BpeMeHH dKoJsoruueckou onacHoctd DI TA He mpugaBasoch
0co00oro 3HaueHusl. DTO MPUBEJO K HEKOHTPOJUPYyEMBIM COpPOCAM 3TOr0 COENHU-
HeHUsl B CTOUHble Boabl. [locnenHue uccienoBaHus Mokasasd, UYTO B MPUCYT-
ctBun DJITA HOHBI MeTaNI0B-MUKPO3JEMEHTOB, HEOOXOMHUMbIE /1T HOPMaJIbHON
JKU3HENeSTeNIbHOCTH »KHUBBIX OPTaHU3MOB CBSI3bIBAIOTCS B MPOYHbIE KOMILJIEKCHI
¥ He MOTYT ObITh ycBoeHBl. Hamuune DI TA B Bome B KOHLEHTpalUH OoJiee YyeM

0.1mMMosib/ s IOfaBJsIET CIOCOOHOCTD KJIETOK K PA3MHOXKEHUIO U MPUBOAUT K UX
YaCTUYHOU THubesu.

OT0eauBareau

BakKHBIM KOMIOHEHTOM CUHTETHUECKHX MOIIIHUX CPENCTB SIBJASIOTCS XHU-
Muyeckue otOesrBaTenu. Hanbosee yacTo M3 HUX HCIOJb3YeTCsl MePOKCOOO-
pat Hatpusi NaHyBO,, BHIeNSIOMUHA TTPU Pa3I0kKeHUH KHUCJIOPOI, KOTOPBIH H
OKHCJISIeT OpraHuYecKre 3arpsisHeHHWs Ha BOJIOKHaxX TKaHH. [lepokcobopar Ha-
Tpus 00J1aflaeT TOKCHYeCKUMHU cBokcTBaMu. [Ipu momamaHuy B MUIleBapUTE/b-
HBIH TPAaKT OH JIEFKO BCAChIBAeTCSl CTEHKAMH KHILIEYHHKA, B pe3yJbTaTe 4ero
BO3HUKAIOT (DU3UOJOTUUECKUE HapyIIeHHsI KPoBooOpalleHHsl, (PYHKLUHUU TOUeK
U PacCTPOUCTBO LIEHTPasJbHOH HepBHOH cucTeMbl. OnTHUecKHe 0TOeNUBaTENH,
BXOJSIlIMe B COCTaB MOIOILIMX CPeACTB, 00Jafal0T CIOCOOHOCTBIO MOTJIOLIATH
Y®-cocrasastomyo conHedyHoro cBeta (A=300-400 HM) ¥ mpeo6pa3oBBIBATDH
MOJTYYEHHYI0 3HEPrHI0 B BUIHUMBIA CBET, MPEUMYIIECTBEHHO B TOJYyOOH HJIH
¢duoseroBoit yactu crnekrpa (A=400-500 um). OTbenuBarliee NeHCTBHE ITHX
BeIleCTB OCHOBAHO Ha TOM, UTO M3JyUaeMbli MU CBET KOMIIEHCHPYeT HeloCTa-
TOK CHHHUX JIyued B CBeTe, OTpaxkaeMoM MaTtepuasjoMmM. OCHOBOH OOJIBIIMHCTBA
ONTHUECKHX OTOeJUBaTesiell SBJASIOTCS COeAMHeHHs Tupasosa. [IpousBomHble
TMpa3oJia yKe B MaJbiX KOHILEHTPAIHUsIX CIOCOOHBI BbI3bIBaTh BPeIHOE BO3JEH-
CTBHE Ha KPOBEHOCHYIO CHUCTEMY, a B GOJbIINX KOHIIEHTPAIHUAX OHU BHI3BIBAIOT
CYIOPOTH W TapaJsiid JblXaTeJbHbIX MyTeH.

X0 PABOTbI

TexHuka ma6opatopHbiXx padboT

[ npoBeneHHs J1aOOPATOPHBIX OMNBITOB HEOOXOAUMO YMeTb MPaBUJBHO
oOpalarbecsl ¢ XUMUUECKOH MOCyNOH, KOTOpPash U3TOTABJMBAETCH U3 CIelUalib-
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HBbIX COPTOB cTeKksaa. OHa BblIepKHUBAET BO3JAEHCTBUE XUMHUUYECKUX PeareHToB U
KosiebaHus TeMmmnepatypbl. HaGop mocyabl 3aBUCHT OT XxapakTepa pabOTHI, BbI-
noJiHsieMOM B JiabopaTopuu. B maHHOU paboTe HCMOJb3yeTCs XUMHYeCcKas TMOo-
cyzna obilero HasHadeHus (MpoOUPKH, BODOHKH) U MepHasi Mocya, rnpeaHa3Ha-
yeHHas JJis u3MepeHHst 06beMOB PaCTBOPOB (MUMETKU, LUAWHIPDI, OIOPETKH).

1. Mepnote yunundpor. Cayxat 1/s OTMEPUBAHHUS ¢ HeOOJBIIOH TOYHO-
CTbI0 00beMOB XKUAKOCTH. OHU NPEACTABASIOT COOOH TOJCTOCTEHHBIE IPALYUPO-
BaHHbIe CTEKJSIHHbIE UUJUHAPHI C LIMPOKOH MOACTAaBKOU IJ51 UX YCTOUUUBOCTH.
MepHble UUAUHAPB ObIBAIOT pa3auuHOd eMKOCTH — oT 10 ma po 2 a. O6bem
NPy rpagyupoBKe LUUJIUHAPOB KaK MPaBUJO YKA3bIBAETCS B MUJJIUJIUTPAX.

Hcnonvsosarnue. Heo6Xo0nMMO HAMOJMHUTD LUJAUHAP KUIKOCTBIO 10 00be-
Ma HEMHOTO MeHblle Tpebyemoro. 3ateM N00aBJsis XKUAKOCTb 10 KamJasM J0Be-
CTH 00beM 10 HeOOXOAUMOro YPOBHSI.

B cnyyae npospauHo# KUAKOCTH YPOBeHb CJefyeT OTMePUBATb MO HHUXK-
HEMY Kpar MeHHUCKa, IJsiAs Ha UUJAUHADP cCOOKY Ha ypPOBHe MeHHUCKa

2. IHunemxu. [IpenHasHadyeHbl 1Jisi TOUHOTO 0T6Opa HEOOJbIINX 06HEMOB
KUAKOCTU. Ha mpakTrke yauie UCMosb3ylOTCS MUMETKU ABYX THUIOB: C pac-
mupeHdeM (munetka Mopa) u TpyOuaThle KaaubpoBaHHble. [IunmeTku ObIBaOT
pasJMYHOH eMKOCTH, Kak TpaBuJo, oT 1 mo 25 mJ.

Hcnoavzosanue. [nsi HanoJNHEHUS] MUIETKH OMYCTHUTb €€ HUXKHUM KOH-
[IOM B PacTBOP U OCTOPOXKHO 3acocaTb €ro C IMOMOLIbI PE3WHOBOH TpyLIH
HECKOJIbKO BbIlLIEe yPOBHSI MeTKU. [Ipu 3TOM HE0OXOOHMMO CJIeAUThb, UTOOBI HHUXK-
HUH KOHel| NMUIeTKU Bcerja HaxoauJjcs B pacTBope. [locse 3Toro BepxXHUH KO-
Hell MUMEeTKH OBICTPO 3aKPbITh YKa3aTeJbHbIM MaJjbleM, a U3JUIIKU KUIKOCTH
BBIYCTUTb NPU HeOOJIbLIOM OcaableHur HaxXKUM naJjbla. Korna HUXKHUEA ypo-
BeHb pacTBOpa JOHAET N0 METKH, 3aKPbITh MJIOTHO BepXHee OTBEPCTHE MaJbLEM.
[Ton nuneTky noctaBUThb CTaKaH W BHIMYCTHUTb B HEro pacTBop, yOpas mnaJjel u
KacasiCb HUKHHUM KOHIIOM MUIMETKH CTeHKHU cTakaHa. [Ipy 3Tom B OTTAHYTOM
KOHIIE [OJI)KHA OCTaBAaTbCHl KAl KUIKOCTH, He BbITEKAWLas MPU OTKPBITOM
BepXHEM OTBEPCTHH.

3. bropemku. Cnyxatr 1Js OTMEPHUBAHHS TOUYHBIX 00OBEMOB XKUJIKOCTEH.
OO6bluHble OIOpeTKH MPeACTaBJsOT co00H NJHHHBIE Y3KUE, TPAlyHPOBaHHbIE Ha
JecsTble NO0JU MHUJJIWNUTPA CTeKJAsHHble TPYOKH. HuxKHSg yacTh TpyOKH Iie-
pPeXOOUT B Yy3KYyl0 TPYyOKy, KOTOpas 3aKaHUMBAeTCs OTTSAHYTHIM KOHLOM. Jljsi
CIyCcKa XUAKOCTH UMEeITCS KpaHbl. BMecTo KpaHa MOXKeT HCIOJb30BaThCS Me-
TaJJIMYECKUH 3aXKUM WJIM LIAPUK, BCTABJEHHBIH B Pe3HHOBYI0 TPYOKY U MpoIyc-
KaIOIIMK KUAKOCTb JIUILb MPH HaXKaTHUU HA Hero pykod. EMKOCTb Gr0peToK —
ot 1 no 100 mu.

Hcnonvsosarnue. YKkpenuTb O1OpeTKY BepTHKAJbHO B JallKe LITAaTHBAa U
NpY MOMOILU BOPOHKHU 3a/NUTh TpebyeMblM pacTBopoM. [IpyH 3ToM BOPOHKY HYyXK-
HO CJleTKa NPUMNOAHMMATh PYKOH, 4TOOBI MeXAy Hed U OIpeTKOHW OCTaBaJCs
HeOOoJIbIION 3a30p AJA BbIxoia Bo3ayxa. [locne storo momctaBUTh mop OropeT-
Ky CTaKaH W 3aMOJIHUTb HUXKHIOI YacTb €€ KHUAKOCTbIO, AJSl Yero MoJHOCThIO
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OTKPBITb KPaH WK 3axXKHUM. Kak TOJbKO »KHUAKOCTb 3aMOJHUT HUXKHIOK 4YacThb,
3aKpbITh KPaH HWJH 3aKUM. JloJIWTh pPACTBOPOM BhbIlIE HYJEBOrO HeJieHHUS U
OCTOPOXKHO BBIIYCTUTb M3JUIIEK XKUAKOCTH [0 HadanbHOro nesnenusi. CiequTs,
4yTOOBl B HUXKHEH TPyOKe C OTTSHYTBIM KOHLIOM He ObLJIO BO3AyXa.

2.5.2 TEXHHKA BE3OITACHOCTH

[Ipu BBIMONHEHUU N1aOOPATOPHBIX PAOOT CTYAEHT NOJKEH YMETb MPaBUJb-
HO 00palllaThCsl CO CTEKJASHHOU XUMHUUECKOH MOCYI0H, COO/I0AaTh 0COOY OCTO-
POXKHOCTb TIPH paboTe ¢ TOKCUUHBIMH M €IKUMH BelleCTBAMH, 3HATb Mephbl Mep-
BOH J0BpaueOHOH MOMOLLU.

1. PaGoTa co crekassHHOU nocyaoi. OCHOBHBIM TPaBMUPYIOIIUM (PaKTO-
poM npu paboTe CO CTEKJSHHOW XUMHUYECKOU MOCYN0H SABJASIOTCS OCTPble OCKOJI-
KM CTeKJia, COCOOHbIE BbI3BATh Mopesbl TeJa pabdoratouiero. [lo aTol nmpuuunHe
caenyet coOJofaTb 0COOYI0 OCTOPOXKHOCTb MPU HCIOJNb30BAHWU TAKOH MOCY-
nbl. Ecau ke BO BpeMs pabOThl CTeKJSIHHAs MOCyda BCe TakKW pa3du/ach, TO
HeO0OXOAMMO TPENNPUHSATD CAeNyIOIIUe MEPHI.

[lepsasa nomouwip. Ilpn nmopesax pykK WM APYTUX 4YacTed Tesa CTEKJIOM
cJefyeT yHaJUTb U3 PaHbl MEJKHE OCKOJIKH, TOCJe Yero MPOMbITh ee 2%-HbIM
pacTBOPOM IepMaHraHaTa KaJjus WU 3THUJOBBIM CIIUPTOM, CMa3aTb WOAHOM Ha-
CTOMKOH W 3a0WHTOBaTh. OCKOJIKH CTeKJa, MOoMNaBlliye B I/a3a, MOXeT YAaJsTh
TOJIbKO MEIULUUHCKUH PabOTHHUK.

[Ipu ybopke pabouero mecta OCKOJKHU Pa3bUTOH MOCyAbl BO H30eKaHHe
NOpe30B PyK cjeayeT cOOMpaTh LIETKOH U COBKOM.

2. Pabora c ajekTpoHarpeBareJbHbIMU mpudopamu. [Ipn ucnosb3o-
BaHWU 3JIeKTPOHArpeBaTeJbHbIX NPUOOPOB HEOOXOAUMO COOJIIOAATH MAKCHMAJb-
HYI0 OCTOPOXKHOCTb. [lepen Hauasom paGoThl ¢ HUMHU CJelyeT 03HAKOMUTBCS C
UHCTPYKLIHMEH Mo UX 3KcnayaTauuu. [Ipu pabote ¢ BonsiHOH OaHed HYXKHO CJie-
IUTb, 4TOOBI B HEH MOCTOSAHHO Oblja Boja. Bo n3bekaHne TepMHUYECKOr0 0XKOra
HeJIb35 KacaTbCd PyKaMHW HarpeBaTeJIbHBIX 3JIEMEHTOB 3JIEKTPUUECKOH MJUTKH.

[lepsas nomoww. Ilpu oxxorax Jierkod CTeNeHH TSAXKEeCTH HeOOXOAUMO Ha
MopakKeHHOe MEeCTO HaJIOXKHThb TMOBSI3KY, CMOYeHHY0 2% pacTBOPOM IMepMaHra-
HaTa Kanaus. [Ipu oxorax cpenHed CTelNeHU TSKECTH Ha MOpaKeHHOe MeCTO
HaKJIa[bIBaeTCsl CTepuJibHAas MoBsidka. [locTpajaBuiero Hy»KHO CPOYHO JNOCTA-
BUTb B MEIUILIUHCKOE yUYpexXIeHUe.

3. Tokcuueckue CBOMCTBA COeIUHEHM, UCIONb3yeMbIX B jJabopaTop-
HOU paboTe M Mepbl HEOTJIOKHOM MOMOILM MPU MOPAKEHUHN UMH.

Azomnaa kucaioma (HNQOs). IlpencraBisieT onacHOCTh (BbI3BIBAET CHJIb-
Hble XMUMHUECKHe 0XKOTH) Kak MpU BHEIIHEM BO3JIEHUCTBHH TakK U MPH MOMafaHUH
BOBHYTPb.

[lepsas nomowp.llpy nmonagaHWy KHUCJIOTB Ha KOXY MeCTO MOpPaKEHHS
HeMe/lJIeHHO MPOMBITh OOJIbIIMM KOJHUYECTBOM BOMbI, POJOJXKHUTENbHOCTD MPO-
mbiBanus 10-15 munyT. lllesounble pacTBOpPEl MPUMEHSITH [/ MPOMBIBAHHUS
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HeJib3s, TaK KakK MpH B3aUMOAEHCTBUU C BOAOW OHU BBIAEJSIOT OOJbILIOE KO-
JIMYECTBO TeIJa, YTO MOXKeT yCYyTyOUTb TSIKeCTb MopaxkeHus. B ciaydae mo-
paxkeHHus rya3 — oOuJbHOe MpoMbiBaHHe Bomod B TeueHue 10-15 munyt. [lpn
MOoNagaHuu KHCJOThl BOBHYTPb — O0OUJIbHOE MHUTbE, BbI3bIBAThb PBOTY 0e3 MpHU-
MeHeHUs] MexaHHW4yecKuX cpencTB. OOpaTUTbCS 32 MOMOLIbIO B MeIULHUHCKOE
yupexaeHue.

3AJAHHUE
KauyecTBeHHasi peakuusi Ha MPUCyTcTBUEe HeMoHoreHHbIX ITAB

Hannas peakyus nosoxeHa 8 OCHOBY KOAULECMBEHHO20 OnpedeseHus
HeuonozernHvlx [TAB 6 cmounbix u npupoduoix sodax no cmarndapmy ISO
7875-2. Yyscmsumenvrnocmo peaxkuuu — 0.05 me/a.

KayecTBeHHOE omnpeneseHHe HEMOHOT€HHBIX MOBEPXHOCTHO-aKTHUBHBIX Be-
1IeCTB OCHOBAHO Ha UX peakluHu ¢ peakTuBoM [lpareHnopda, npeacrapiasioliem
cobol cmech TeTpaiomoBucMyTata Kaaus (K|[Bily]), xaopuna 6apusi (BaCly) u
YKCYCHOH KHUCJIOTHI.

B npo6upky BHecuTe 2-3 MmJ uccaenyemor Bonsl. [lpub6aBbre 4-5 Kamnesb
peaktuBa [parenpopda. TuatesbHO nepemelianTe COAEPKUMOE CTEKJSHHON
najoukoit. Kakue usmeHenus npoucxonsit ¢ pactBopom? Omnuiiute ux B pado-
4yel TeTpaau.

Koauuecmeernmolil aHaau3 HEULOHOCEHHbLX NOBEPXHOCMHO-AKMUBHbLX 8e-
uiecms, nposooam nymem omoenseHus U PacmBOPeHUs NOAYUeHH020 0ca0Ka,
¢ nocaedyrouium onpedeserue KOHUEHMpayuu 8 Hem UOHO8 BUCMYmA, IKBU-
sanrenmmuoil Konyenmpayuu [TAB.

KauecTBeHHas peakuusi Ha npucytcrBue ¢ocgaron

Hannas peakyus nosoxeHa 8 OCHOBY KOAUHECMBEHHO20 onpedeseHus
HeuoHoeeHHolx [TAB 8 cmournbix u npupodHsix sodax no cmandapmy ISO
6878-1.

KauectBeHHoe onpenenenue (ocdaToB B OCHOBAHO HAa HUX peakUUU C 24-
okcorenrtamosuonatom (VI) ammoHusi ¢ o6pazoBaHHeM aMMOHHHHOH cosu (oc-
(opHOMOJIUOIEHOBOH KHUCJIOTHI:

12(NHy)eMo7094 + TNasPO4 + T2HN O3 =
= 7T(NHy)3[PMo01904] + 21NaNO3 + 51NHNO3 + 36H50.

[TockosbKy B MOWOIIMUX cpeacTBax Pocdop COAEPKHUTCSH B BUMAE TPHUIIOJH-
docdartos Hatpus U Kanusa (NasP;010 u K5P30)0), UX IpeBapUTEJIBHO CJAENyeT
nepeBecTd B ocdaTel HarpeBaHWeM C a30THOM KHUCJOTOM:
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H+
P05 + 2Hy0 — 3POY™ + 4H™.

Bo/IbILIMHCTBO MPOU3BOAUTENEH PEKOMEHAYIOT HUCIO/Nb30BaTh MOPOLIKO06-
pasHble MOMIIMe CPEeACTBa B BHIE pacTBopa ¢ MaccoBo moseid 1%, Kugkue
MOIOIlIMEe CpeiCcTBa — B BHIe pacTBopa ¢ MmaccoBoil nosed 0.5%. Hns anamu-
3a CcjieyeT MPUTOTOBUThH 0oJiee KOHLEHTPUPOBAHHBIH PAaCTBOP HCCJENLYyeMOTO
Morolero cpenctsa (2%). st 3Toro Heo6GXOAHMMO BHITIOJHUTD CJEAYIONILYIO T10-
CJIe0BATEIbHOCTb NEHUCTBUM:

1. OtmepbTe 49 MJ1 BOABI C TIOMOIIBIO MEPHOTO HMUJIHHApPA Ha 50 MJI.

2. C moMmoIIbl0 TEXHOXMMHUYECKHX BECOB B3BEChTE B KBAapLEBOH yalllKe
(Ocmoposcro!) 1 rpaMM MOPOIIKOOOPA3HOTO MOIOIIET0 CpPeAcTBa (CTHPAJbHOTO
TIOPOLIIKa).

3. AKKypaTHO mepeHecHTe HaBeCKy BelleCTBa B XUMHUYECKHUH CTaKaH.
OcraBiuyecss B yallke YaCTHUKH CMOWTE BONOH M3 LMJIMHADPA U TOXE Tepe-
HecHTe B CTaKaH.

4. OcTaBIylocsl B HUJIUHIPE BOAY HeOOJbUIMMH MOPIHUSIMU NPHUIUBANHTE B
CTaKaH TPH MOCTOSHHOM TepeMellIUBaHUU CTeKJISHHON nanoukoil. (He caedyem
CAULLKOM UHMEHCUBHO Nnepemeuiusams pacmeop 80 us3bexcarnue B8CneHusa-
Hus.). B caydae nmioxoro pacTBOpeHHsI MOIOIIEr0 CPeACTBA CTaKaH C PacTBOPOM
CJleyeT MOMECTHUTh Ha 3JIEKTPHUUECKYIO MJUTKY.

B nepsyro npobupky BHecuTe 10 Kamesb NpUroTOBJEHHOr0 pacTBopa, 10
Karneab 6M pactBopa azoTHo# KkucaoThl U 10 kameap 0.0M pactBopa 24-
okcorentamonubnara (VI) ammonus. Bo emopyro (KOHTPOJIbHYIO) NPOGUPKY
BHecuTe 10 Kamenb guctThUMIMpoBaHHON Bonkl, 10 kKaneab 6M pacTBopa a3oTHOM
kucaoTel U1 10 kanmesp 0.5M pactBopa 24-okcorentamonuonara (VI) ammonwus.
O6e npoOUPKKU HAa O MHUHYT MOMECTHTe Ha BOAsSHYW OaHio. Kakue naMeHeHUs
MPOU3OILIHN C COAEPKUMBIM NPoOHUpok? O ueM 3TO cBUAeTe bCTBYeT? OnuiuuTe
MPOU3O0ILE/ILIIHe U3MEHEHHUST B Pa60YUX TeTpPaisiX.

KoanuectBeHHoe onpeneneHue I TA B Moromux cpeacTtBax

B ocHoBy onpenenenus nonoxeHa peakuusi JATA (H4EDTA) unu ee Ha-
TpueBol conu (NasHoEDTA) ¢ MHOr03apsiiHBIMM HOHAMH MeTaJlJioB, B JaHHOM
cayuyae ¢ MOHaMH Kaablius (Ca’™):

Ca*" + HyEDTA?> = CaEDTA*> +2H™.

KonnuectBenHoe omnpenenenne conepxauus I TA B MowIIHUX cpeacTBax
NPOBOAUTCS METOAOM mumpumempuu. TUTPUMETPUS — aHAJUTHUYECKHUHA METO[,
OCHOBAHHBIM Ha M3MEPEHUH KOJIMYeCTBA peareHTa, U3pacXOdOBAHHOTO Ha peak-
LMIO C onpefaesisieMblM BellleCTBOM. PeareHT 0ObIYHO NIPUMEHSIOT B BUE PaCcTBO-
pa C TOYHO M3BECTHOW KOHUeHTpauued. B maHHOU paboTe peareHTOM CJYXKHUT
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0.5H pactBop xsopuna kanbuus (CaCls). PacTBop peareHTa U3 GIOpeTKH MpH-
6aBJISIOT B aHAJIU3UPYEMBIHl pACTBOP MOIOILETO CPEACTBA 10 NOCTUKEHHUS MOUYKU
9KBUBALEHMHOCMU, TO ecThb Takoro coctosiHusi, korna DATA u CaCly 6ynyt
HaXOIUTCSl B CTPOrO CTEXHOMETPHUUYECKOM COOTHOLIeHUH. DUKCHpyeTcs TOUKa
9KBHUBAJIEHTHOCTH 0 U3MEHEHHIO OKPAaCKHW MHIHMKATOPA.

OcHOBOH pacueToOB B TUTPUMETPUUECKOM aHaJ/HU3e CJYXKHUT (hopMmyJia:
Cyi- Vi =CHy - Vs,

rne CH, u CHy; — 5KkBUBaJIeHTHbIE KOHIIEHTPAIlMK pPearupymllnX BellecTB, a V)
u Vo — ux o6beMHl.

1. B Gropetky 3aJjeiite pactBop xJjopuaa Kajbiusi (CaCls) TOUHOH 3K-
BUBaJseHTHOH KoHueHTpauuu (0.5H). YcTaHOBHTE HHXHHUU Kpall MeHHCKa Ha
HYJIEBYI0O OTMETKY.

2. C noMoIIbio MUIEeTKH 0TMepbTe 25 M 1% pacTBOpa MOIILIEro cpeicTBa
¥ BblJelTe B KOHHUECKYI0 Koy eMKoCcTbio 50 mu. [IpubaBbTe 5 Kameab ammo-
HUHHOro Oyepa U 2—3 MUKpoLINaTe sl HHIUKATOPA — KUCAO20 XPOMA MEMHO-
cuneeo. CMech NPUOOpPETET CUHIOI OKPACKY.

3. PactBop xJ0puna Kanbuus HeGosabwiuMu nopuusmu (0.1-0.2 ma) npu-
JUBalTe U3 OIOPETKH B KOHUUECKYI0 KOJNOY MPU 1NOCMOAHHOM TIepeMEeLIUBAHNUH.
B KoHLle TUTPOBaHUS PACTBOpP IIeJOUU MPUNUBANTE no Kanaam. Touka 3KBU-
BaJIEHTHOCTH (KOHell TUTPOBAHHsI) HACTyIMaeT B TOT MOMEHT, KOTJa MocJe MpH-
OaBJieHUs ONHOW KaIlJId pPacTBOpa XJOPHUIA KaJbLUS COLEPKUMOE KOHUUECKON
KOJIOBI U3MeHSIeT CBOK0 OKPACKy € CHMHEM Ha BUHHO-KPACHYIO.

4. Tlo wkane OlOpeTKH omnpefenuTe oObeM pacTBOpa XJOPHUAA KaJjbLus,
MOLIeIINE HAa TUTPOBaHHe, Pe3y/bTaT H3MepeHHs 3aHecHTe B Tabauuy [2.5.2]

5. [loBTopuTe TUTpOBaHHE elile 2 pasa. [lepen Hayas oM TUTPOBAHUS KaXK-
OBl pa3 NOJMBANTe PACTBOP XJOPHUAA KaJbLUS B OIOPETKe 10 HYJEBOH OTMETKH.
[To pesy/ibTaTaMm TUTPUMETPUUECKOTO aHAIM3a 3amojHUTe Tabmauwy [2.5.2]

Ta6nuua 2.5.2 — HMtorosas Tabauma K OMbITY

Howmep V(CaCly), | V(CaCly) | Cy (CaCls), | V (EDTA), | Cy
onpee- MUJT CPEeIHUH, | 3KB/uI MUJT (EDTA)
JIEHHU S MJT

TUTPOBAHUE 0.5 25

1

TUTPOBaHHE 0.5 25

2

TUTPOBAHHUE 0.5 25

3
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