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sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MmexHUKarbIK fbifibiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apsiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MmexXHUKasbIK fbliibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexXHUKarbIK FblribiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bl 6irndipeodi.

HAH PK coobuwjaem, ymo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu u mexHu4eckux
Hayk» 6bln npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, ob6HosneHHol eepcuu Web
of Science. CodepxxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmpeHUs: KoMmrnaHuel
Clarivate Analytics Onisa danbHetiweezo npuHmus xypHana & the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3dameniell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCMpupyem Hawy rnpueepxeHHoCmb K Hauboriee akmyarnbHOMY U 8/USIMEsIbHOMY KOHMeHmMy
10 2e0/102UU U MeXHU4YeCcKUM Haykam Orisl Hauleeo coobwecmsa.
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ENVIRONMENTAL LOAD NORMA
OF IRRIGATION FIELDS WITH SEWAGE WATER

Abstract. The article provides materials of field lysimetric studies on the degree of soil purification of waste-
water. In order to study the interaction of irrigation wastewater with the soil in the conditions of Almaty region, we
carried out field experiments using E. I. Shilova's scoop shape lysimeters.

Keywords: waste water, lysimeters, cleaning, gray soil, ingredients, filtrate.

Introduction. Lysimeters were installed in a hole 1.2 m deep in a previously prepared niche with
depth from the surface of the hole wall to a depth of 0,30, 0,60, 0,90 m. The niche free space after
installing the lysimeters was tamped with moist soil. The walls of the pit concreted. The filtrate enters the
rubber tubes in the vessels (tubes).

On the surface of the lysimeters there is a platform of size 1,00x1,20 m, outlined by a wooden side
0,20 m high.

For irrigation, wastewater from the city of Almaty was used, which is characterized by an alkaline
reaction (pH = 7,80), a hydrocarbonate-chloride-sulphate composition with a total mineralization of
0,90-1,10 g/1.

The research results are presented in the table, which show that wastewater, penetrating into the soil,
leaves various substances contained in it from top to bottom, that is, soil cleaning takes place. In this case,
the degree of wastewater treatment by one or another layer of soil is different in nature and depends
primarily on the load rate.

The main wastewater treatment occurs in the soil horizon 0-30 cm. Here, the degree of purification of
water-soluble salts reaches 76%, and nitrogen and phosphorus up to 90%. As the load rate increases, it
appears to a lesser extent. A high degree of purification is noted in a layer of 0-90 cm with a load of
1000 m*/ha. Bringing the rate of load to 1500 m’/ha slightly reduces the degree of purification in each of
the soil layers under consideration. The migration of calcium and magnesium in the underlying layers is
not a desirable phenomenon. Their significant migration was established at a one-time irrigation rate of
1,500 m*/ha. Therefore, such a value of a one-time norm for irrigation fields in conditions of dark chestnut
soil is not acceptable.

We found that when passing through a certain layer of serozem soils (0,90 m), the wastewater
bleached, the amount of all chemical components decreased. Lysimetric waters had no odor, which indi-
cates the cleaning ability of the soil. The final treatment of wastewater does not end at a layer of 0-90 cm.
It can be assumed that it will flow in the layer below 0-90 cm and there is such a thickness of the soil layer
where the filtrate will be practically clean. Many researchers have argued that at a depth of 1,5 meters, the
wastewater is completely free from any impurities, if the irrigation regime is observed [1].

However, in order to protect groundwater from pollution, it is recommended to arrange irrigation
fields where groundwater lies at a depth of 3 meters or more. Analyzing the data in the table, it should be
noted that the absorption of mineral elements by the soil layer, such as nitrogen, phosphorus, potassium,
does not fall below 82-85% even with a load of up to 1500 m’/ha. However, the loss of nitrogen from
wastewater increases with increasing irrigation rates. German scientists have shown that with an increase
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in the water supply rate, nitrogen absorption by the soil stops: on sandy soils with an increase in water
supply from 60 to 150 mm, on sandy soils - up to 400 mm, on clayey - even higher [2].

Apparently, the colloidal composition of the soil is of particular importance for reducing the nitrogen
content of wastewater in the process of their purification and use in agriculture.

The main absorption of nitrogen occurs in the upper layers of the soil profile. For example, the
absorption of nitrogen to a depth of 30 cm ranged from 40 to 60%, depending on the load norms, and to a
depth of 60 cm to 80-87%. Nitrogen uptake will continue. According to I. F. Thomas, it ends at a depth of
3m[3].

Table 1 — The degree of soil tertiary treatment of wastewater at different load norms (initial water supply)

Content of ingredients, mg/l
Indicators
HCO, | o | so, | ca | Mg | Na+k | POs | N | KO
With a load rate of 600 m*/ha
Sourcewater 480 | 160 | 320 | 80 | 40 | 306 | 11 | 30 [ 19
In a layer of 0-30 cm
Filtrate 270 106 118 50 21 160 5 12 3,8
Absorbedin, % 42 34 63 34 47 48 54 60 80
In a layer of 0-60 cm
Filtrate 114 60 80 35 10 85 2 4 -
Absorbedin, % 76 62 75 56 75 72 81 87 100
With a load rate of 1000 m*/ha
In a layer of 0-30 cm
Filtrate 240 111 145 60 24 150 6 16 4,8
Absorbedin, % 50 31 55 25 40 51 46 47 75
In a layer of 0-60 cm
Filtrate 126 80 90 42 12 80 1 6 1
Absorbedin, % 74 50 72 47 70 74 91 80 95
In a layer of 0-90 cm
Filtrate 91 51 45 29 9 43 - 1 -
Absorbedin, % 81 68 86 64 78 86 100 98 100
With a load rate of 1500 m*/ha
In a layer of 0-30 cm
Filtrate 280 115 160 30 35 149 6 18 7,2
Absorbedin, % 42 29 50 12 12 51 45 40 62
In a layer of 0-60 cm
Filtrate 166 96 95 58 16 92 2 6 5,1
Absorbedin, % 75 40 70 28 60 70 82 80 76
In a layer of 0-90 cm
Filtrate 108 67 90 54 22 86 2 6 0.4
Absorbedin, % 78 58 72 33 45 72 83 81 98

Phosphorus absorption is higher than nitrogen. In 58% of the experimental results showed that the
maximum absorption of phosphorus is observed up to a depth of 60 cm. In this layer, depending on the
water supply rate, phosphorus absorbed up to 82-91%. Similar trends were noted in the studies of
M. Schultz [2].

As it is known, mineral substances such as nitrogen, phosphorus and potassium in waste water are
mainly in a dissolved form (nitrogen 85%, phosphorus 50% and potassium 95%). Absorbing in the upper
soil layer, they become more accessible to crops.
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Calcium absorption by the arable layer of soil 0,30 m did not exceed 37%. With a normal load of
50 mm, and with a load of 150 mm, calcium absorption did not exceed 12%. As the depth of the soil
horizons increases, its absorption is somewhat increased. Magnesium has the same pattern, although it is
absorbed more than calcium. Apparently they go to the underlying layers of the soil. Therefore, the
possible outflow of calcium from the soil must be compensated by liming [4-6].

A number of scientists propose a major role in the significant enrichment of the soil, as noted in our
experiments, plays a large absorbing energy of the K-cation, which primarily occupies all the free va-
lences of the surface layers. Huge cations, primarily sodium and calcium, whose absorption energy is
much lower than that of potassium, therefore, is carried into the deep layers of the soil.

From the anionic group, the absorption of bicarbonate and bicarbonate ions is higher than that of
chloride.

Although a number of scientists noted that sulphates are mainly absorbed by the deep layers of the
soil, in our experiments, a high absorption of sulphate by the upper arable layer of soil is noted. With a
water supply rate of 500 m*/ha, the absorbing 63%, with a water supply rate of 1000 m*/ha - 55%, and at a
rate of 1500 m’/ha - 50%.

Thus, with an increase in the thickness of the soil layer, the degree of purification increases, and with
an increase in the load norm, there is a slight increase in the content of the main components in the
lysimetric waters.

When applying the norm of 1500 mm, the degree of purification in the 0-90 cm layer was low and
amounted to 16-51%. There is observed the leaching of such an important element as calcium outside the
corneal zone of the soil.

The decrease in soil absorption of various ingredients can be explained:

— weakening by the end of the growing season their consumption of plants;

— a decrease in the microbiological activity of gray soils;

— relative “saturation” of the filtering layer with added substances;

— changes in the cation composition of the soil absorbing complex;

— deterioration of the water-physical properties of the upper horizon of the paid soil horizon during
irrigation and treatments;

— meteorological conditions and other factors, alone or in combination with causing a change in the
sorption properties of the soil. [7,8]

Methods. Factors that are dependent on the treatment of wastewater from soil conditions and water
supply rates, as well as the concentration of the ingredient, the temperature of the wastewater and the
duration of the intervals between irrigation can be recorded:

Au

logA—H
where 4 — degree of purification, %; 4o — pollution BODS5 (biological oxygen demand), used irrigation
water, mg/l; Ag— pollution BODS irrigation water after filtration through the soil to a depth of H, mg/I1.

For the conditions of gray soils is:

at a rate of 600 m*/haA,, = 19,6

at a rate of 1000 m’/haA,, = 28,2

at a rate of 1500 m’/haA,, = 30,6

Our experimental data showed a high degree of BODS purification of a 90 cm soil layer at a load rate
of up to 1000 m*/ha. This is of great agricultural importance, since as a result, the accumulation of organic
matter significantly increases the fertility of the soil. A further increase in the water supply rate leads to a
decrease to 28-52%.

Many researchers believe that the regulation of inter-irrigation periods, which largely determine the
use of plants by the introduction of nutrients and their fixation in the soil, can increase the stability of
sorption processes in the soil.

In order to prevent the leaching of wastewater ingredients outside the root zone (this not only causes
free loss of nutrients, but also the danger of contamination of groundwater), it is necessary to avoid
supplying large amounts.
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In terms of irrigation with wastewater for environmental safety, an equilibrium should be maintained
between the intake of various nutrients from wastewater and their use by plants, which are mainly
regulated by inter-irrigation periods.

It is clear from here that the longer the irrigation period is, the higher is the absorption capacity of the
soil, and the degree of purification is also meant.

The cleaning properties of gray soils, noted above, takes place only during the period of soil satura-
tion with water. From the moment of their full saturation with water, natural wastewater treatment does
not occur and chemical means flowing into the filtrate are subject to the composition of the wastewater.

Based on the data obtained from the lysimetric experience, we were able to identify that the amount
of runoff from that other soil profile (H) depends on the applied irrigation norms and it can be expressed:

m-w
=——(H-h
10000 ( ) @

where W — average runoff, m’; m — irrigation rate per 1 m depth; w — lysimeter surface area; H — estimated
depth of moisture, m; / — the depth of the soil layer through which the filtrate goes.

These data allow carrying out balance calculations of ingredients entering the soil with wastewater
(table 2).

Table 2 — Balance calculation of elements of mineral nutrition and water-soluble salts in soil, kg/ha

Ingredients,kg
Indicators
N | PO, | KO |  Summaofsalts, mg/ha
Irrigationrate, 600 m*/ha
Receivedwithwastewater 18 ‘ 9,5 ‘ 11,4 ‘ 816
Filtrate volume, through 30 cm layer, 450 m’
Filtrationcontent 13,5 450 8,55 512
Absorbed in a layer of 0-30 cm 4.5 4,95 2,85 204
Filtrate volume, through 60 cm layer, 240 m’
Filtrationcontent 52 2,54 4,56 326
Absorbed in a layer of 0-60 cm 12,8 3,0 6,64 490
Filtrate volume, through 90 cm layer, 60 m®
Filtrationcontent 1,8 0,00 1,14 61,5
Absorbed in a layer of 0-90 cm 16,2 5,94 10,26 734,4

Results. The overall qualitative and quantitative expression of the processes of absorption and
migration of wastewater ingredients introduced into the soil with irrigation water has its own charac-
teristics. The content of ingredients in the filtered and irrigation waters is not identical and is a variable
value depending on a number of factors. In quantitative terms, their migration lags behind the rate of
moisture filtration: with an increase in the filtration layer. This lag is more pronounced. With increasing
irrigation rates, the absorption capacity of the soil is manifested to a lesser extent.

When irrigation of lysimeters with treated wastewater, the predominant part of the nutrients in them
absorbs the arable soil horizon and they will be used by plants, the other part accumulates in the lower
layers of the soil profile, turning off for a long time from the active circulation of substances in the soil-
plant-soil system.

The degree of absorption of the ingredients of sewage gray soils can be adjusted by changing
the irrigation regime. According to the results of lysimetric experiments, disposable feed rates of 600—
1000 m*/ha turned out to be the most acceptable from the ecological point of view. With this approach,
highly efficient wastewater treatment and more complete utilization of nutrients introduced into the soil is
achieved.

— 170 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 4. 2019

E. JI. "Kanapkymosa', K. K. Anyap6exos’, JI. FOpux’

'Kasak y/ITThIK arpapiislk yHHBepeHTeTi, AnMaThl, Kazakcran,
’Hurpa Ayspunnapyamsiibirel CrioBak yHusepeureti, Hutpa, CioBakus

CYAPY AJIKAIITAPBIHBIH TOI'TH/AI CYJIAPMEH
CYFAPY/bIH 3KOJOI'UAJBIK )KYKTEME HOPMACBHI

AnHoTanusi. Makanaja TeriHIi CyjiapIbl TOIBIPAKTHl Ta3apTyAbIH JOPEKECIH 3epTTey OOMBIHIIA JTaalbIK
JTM3UMETPHSIIBIK 3epTTeyJIepiH MaTepHangapsl kentipureai. CyrapManbl TOTiHZII CyJapiblH TONbIPAKIeH e3apa
OaliaHBICHIH 3epTTeY MaKcaThlHAa AMatsl o0ubIck! xarnaiibiaga E.. IInoBTeIH Kypek Topizai popManarsl JIH3H-
METpJIepiH KOJITaHy apKbUIbl TAOUFU TOKIpHOE KYPrizimi.

Tyiiin ce3aep: TeriHai cynap, TU3UMETPIIED, Ta3anay, 003 TONBIPaK, HHTPEOUCHTTED, CY3iHII.

E. JI. Kanapkynosa', K. K. Auyap6exos', JI. FOpuk®

'Ka3axckuii HalMOHABHBIIH arpapHsIil yHuBepcuTeT, Anvarsl, Kasaxcras,
2CnoBaIKuii CenbCKOX03sHCTBEHHBIIT yausepcureT B Hutpe, Hutpa, CnoBakust

HOPMA 3KOJIOFI/I‘1}ECKOI71 HATI'PY3KH
OPOCHUTEJIbHBIX ITIOJIEM CTOYHBIMHU BOJAMMU

AHHoOTanus. B craTbe NpHBOIATCS MaTepUaibl MOJEBBIX JTM3UMETPHUYCCKUX MCCIICIOBAHUH 110 H3yYEHHIO CTe-
NICHN TIOYBEHHOM JOOYHCTKM CTOYHBIX BOJ. B mensx M3ydeHHs B3aMMOJACHCTHBS OPOCHTEIBHBIX CTOYHBIX BOJ C
NOYBOH HaMH B YCIIOBUSX AJIMAaTHHCKOH OOJNACTH MPOBENCHBI HATYPHBIC ONBITHI C HCIIOJIB30BAHHEM JIU3UMETPOB
coBkoobpa3zHoit popmsl E.W.11nnoBoii.

KiroueBble cj10Ba: CTOUHBIE BOABL, IM3UMETPHI, OYMCTKA, CEPO3EMHBIC IIOYBBI, HHIPEIUEHTHI, QUIIBTPAT.
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