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ENVIRONMENTALLY ACCEPTABLE NORMS OF MAN-MADE LOADS ON
IRRIGATED LANDS DURING WASTEWATER DISPOSAL

Annotation

Nature management in a broad sense is considered as a combination of various forms of exploitation of the
natural resource potential of natural and natural-man-made systems and measures to preserve it. Its most
important component is the preservation, reproduction and rational change of the ecological balance of
natural systems. It is from these positions that it seems necessary to determine environmentally acceptable
norms of man-made loads on irrigated lands during the disposal of wastewater, widely used in the practice of
water supply and sanitation. The use of wastewater from industrial and municipal facilities for irrigation of
land is of fundamental importance from both ecological and economic positions. From an ecological point of
view, the use of wastewater for irrigation of agricultural crops, in the presence and creation of waste-free and
safe technologies for their disposal in irrigation fields, can serve as the basis for rational nature management,
since at the same time the ecological sustainability of landscapes is ensured, which in turn makes possible
the long-term exploitation of natural resources without their pollution and degradation. From an economic
point of view, by creating agricultural landscapes in unproductive lands, using wastewater from industrial
and municipal facilities, it is possible to ensure the production of a certain amount of agricultural products,
provided that the damage caused to the natural system (S) will be less than the profit (S). Under these
conditions, the object of wastewater disposal is the soil, which requires the need to determine a number of
environmentally effective ways to optimize the soil-forming process, which would create, in an
agroecological and economic sense, a perfect technology for their disposal, taking into account the laws of
nature.

Keywords: wastewater, drainage, irrigation, water resources.

DKonozuuecku oonycmumole HOPMAMUBHL MEXHO2EHHDBIX
Hazpy30K HA opoutaemble 3eMJIU NPU OMEedeHUU
CHLOUHDBIX 600

AHHOTaNUs

[Tpupononons3oBanue B LIUPOKOM CMBICTIC
paccMaTpuBaeTcsi Kak COBOKYITHOCTH Pa3iIMYHBIX (OpM
9KCIUTyaTallid  NPHUPOJHO-PECYPCHOTO  IOTEHIHANA
MIPUPOJHBIX ¥ MPUPOIHO-aHTPOIIOTEHHBIX CHCTEM M MEp
10 €ro coxpaHeHWIo. BakHeleill ero cocraBisiolei
ABJISETCA COXpaHEHHE, BOCTIPOU3BO/ICTBO u
paloHaIbHOE U3MEHEHHE IKOJIOTHYECKOT0 PABHOBECHS

MPUPOJHBIX cucTeM. VIMEHHO ¢ 3TUX TO3ULUN
TIpEJCTaBIsAETCA HEOO0XOIUMBIM OIpe/IeIICHHE
JKOJIOTMUECKM  TPUEMIIEMBIX HOPM  TEXHOTE€HHBIX

Harpy3okKk Ha OpOIIaceMbIC
CTOYHBIX BO/,

3€MJIM  [IpU  OTBCIACHHUU
IIUPOKO MNPUMCHACMBIX B IIPAKTHUKE

BOZ[OCHa6)KeHI/I$I n  BOJOOTBCIACHUA. Hcnonn3oBanne
CTOYHBIX BOJA HOPOMBINUJICHHBIX HW KOMMYHAQJIbHBIX
00BEKTOB JJIA OPOIICHUA 3EMCIIb HUMECT

MIPUHIUTIAATIHHOE 3HAUCHUE KaK C SKOJIOTUIECKUX, TaK U
¢ DKOHOMHYECKMX HO3UIMi. C DKOJIOTHYECKON TOYKH
3pEHUsT HWCIOJL30BaHUE CTOYHBIX BOJ JJIS OPOIICHHS
CEJIbCKOXO3SMCTBEHHBIX ~KYJNBTYp TMpH HAIHYUU U
CO3IaHUH OE30TXOMHBIX M OE€30MaCHBIX TEXHOJOTHH HX
yTI/lJ'lI/l3aLIl/II/l Ha TII0JIsX OpOHJeHI/lH MOXET CJ'Iy)KI/ITI)
OCHOBOM paIMoOHAIBLHOTO PUPOIOIIOIH30BAHUS,
MOCKOJIBKY TPHU STOM OOECICUUBACTCS JKOJIOTHYECKAs
YCTOHYUBOCTH TAHAIIA(TOB, YTO B CBOIO OYEPE/Ib JCTacT
BO3MOXKHOW JUTUTEIBHYIO OSKCIUTYaTalldi0 MPHUPOIHBIX
pecypcoB ©0e3 wux 3arps3HeHWss u jaerpamamuu. C
SKOHOMHYECKOW TOYKH 3pEHUs, IIyTeM CO3JaHus

Capkuindwl cyynaposl usizapyyoa cyeam ycepepze
MEXHO2EHOUK HCYKMOPOYH IKONOZUANBIK HCAKMAH
ANIZHLILIKINYY YeHeMOepU

AHHOTAUMA

AfinaHa-delipeHy Oamrkapyy KCHHPH MaaHHIC TaOWTHIHA
XKaHa TaOUTBIH-aHTPOIIOT€HANK cUCTeMaJapAblH
KapaThIIbII PECYPCTYK IMMOTEHIMANIBIH MMailalaHyyHyH ap
KaHIal QopManapblHBIH JKaHa aHbBl CaKTOO OOIOHYA
yapanapAblH JKbIMBIHABICEI KaTapbl KapanaTr. AHBIH 3H
MaaHWJ1Yy KOMIIOHCHTH 60J'Iyl'[ KapaTbLIbIII
CHUCTEMAJIAPBIHBIH 3KOJIOTUAJIBIK 6aHaHCI)IH CaKTOooO,
KOOOUTYY »aHa palMoHANAyy e3repTyy caHamatr. Jlan
YIIyJ TO3WIMSUIapaH CapKBIHIBI CyyJapibl 4blrapyyna
Cyrat jKepJjepre TEXHOTCHIHUK >KYKTOPAYH SKOJIOTHSIIBIK
JKaKTaH ITBUIBIKTYY YEHEMJICPHUH aHBIKTOO 3apbLl 00Tyl
Typar, ajap Cyy MEHEH KaMCBI3Z00 >aHa CaHUTapHs
MIPAaKTUKACBIHAA KEHUPU KOJIJOHYNAT. OHAYPYIITYK JKaHa
MYHUIUNAIABIK  OOBEKTTEPIUH CapKBIHIBI CYyyJapblH
KEpAU Cyrapyy YUyH MalifanaHyy 3KOJIOTHSUIBIK JKaKTaH
Jla, SKOHOMUKAJIBIK JKaKTaH [a MPUHIUNNAIAYY MaaHure
93. DKOJOTHSIBIK KO3 KapallTaH airaHia, aipur dapba
OCYMIYKTOPYH Cyrapyy Y4YYH CapKbIHABI CYyJapabl
naifanganyy, anappl CcyraT TajaajapblHla KaJJbIKChI3
JKaHa KOOIICY3 TEXHOJOTrHsu1ap OOJrOHAO JKaHa TY3YYIO
9KOJIOTHSHBI capamXajnyy OallkapyyHyH HETH3u 00J0
ajaT, aHTKEeHW Oyyn JaHamadTTapIslH SKOJOTHSIIBIK
TYPYKTYyayry, Oyn ©3  Ke3ermHjae  KapaTbUIbIII
pecypcTapblH OyiraHyycy3 aHa JIerpajaluschl3 y3ak
MOOHOTTYY OKCIUIyaTallHsuIooro MYMKYHAYK — Oeper.
OKOHOMHUKAJIBIK K63 KapallTaH alraHja, eHAYPYLITYK
’KaHAa  MYHULIUNAIABIK ~ OOBEKTWIEPIUH  CaPKBIHIBI
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arpojaHamadToB  Ha
HCIIOJIB3Ysl  CTOYHBIE

MaJIONIPOAYKTHBHBIX  3eMJLIX,
BOAbl  NPOMBIIUICHHBIX |
KOMMYHAIBHBIX ~ OOBEKTOB,  MOXHO  00ECIeuuTh
HPOU3BOJICTBO OIIPEJICTICHHOTO KOJINYEeCTBa
CEJIbCKOXO3SUCTBEHHOW NPOAYKLMM IIPU YCIOBUU, UYTO
yiep0, HaHOCHMBIH NpHpPoaHON cucteme (S), Oyaer
Menbiie npubsum (S). B 3THX ycnoBusix 00beKkTOM
YTWIN3AlMM  CTOYHBIX BOJ SBIISIETCS TI0YBA, YTO
00yCJIOBIIBa€T HEOOXOAMMOCTh OIpENeNeHus] psija
9KOJIOTHYECKH A(P(EKTUBHBIX CIIOCOOOB ONTHMH3ALHU
MO04YB0O0OPA30BATEIILHOTO IPOLIECCa, KOTOPHIE MO3BOJIMIN
OBl CO37aTh B arpO’KOJIOTHYECKOM M SKOHOMHYECKOM
CMBICJIC COBEpIICHHYIO TEXHOJIOTHIO HX YTHIU3aLHH,
YUYHUTBIBAIOLIYIO 3aKOHBI IPUPOJIEL.

Kntouegwie cnosa. CTOUHBIE BOJIBI, APEHAX, OPOIICHHUE,
BOJHBIE PECYPCHI.

CyyJIapbIH Taiiananyy MEHEH TYIIYMCY3 JKepJepre aibu
yap0Oa naHamadTTapblH Ty3YY MEHEH TaOUTbIi cucTemara
(S) 3BpAH a3pipaak  OOJTOH TIApTTa aWbul  4YapoOa
NPOIYKUMSICHIHBIH Oenruinyy OWp KeJeMyH eHAYPYYHY
KaMChI3 KbUIyyra Ooyior. maiimagan (S) kaparasja.
MpeiHail maprrapia CapKbIHABI CyyJdapAbl >KOK KbLIyy
O0BEKTH OONYyN KBIPTHIII 3CENTEIET, al KBIPTHIIITHIH
TY3YAYYYY MPOIECCHH ONTHUMAJIAIITEIPYYHYH OUp Karap
SKOJIOTHSUTBIK ~ JKakTaH  3QQEKTHBIYY  BIKMalapbIH
AHBIKTOOHY TaNal KbUIAT, OyJl arpodKOJIOTHSUIBIK JKaHa
SKOHOMUKAIIBIK MaaHWJE CYYHY arblll YBITYYHY TY3YYTO
MYMKYHAYK O€peT. jKapaThUIbIII 3aKOHIOPYH 3CEIKe anyy
MEHEH ayapAsl YTHWIACHITHPYY Y4YyH KEMYMINKCHU3
TEXHOJIOTHSL.

Aukbiu ce300p. CapKBIHABI Cyylap, IpeHaxmap, Cyrar,
Cyy pecypcrapsl.
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Introduction

A systematic analysis of the results of studies on wastewater disposal in irrigation fields
conducted in various countries has shown that the main factors hindering the expansion of
agricultural irrigation fields are:

- the complexity of the chemical composition of wastewater, which have complex effects on
the soil microflora and physiological processes in plants;

- the possibility of accumulation and decomposition in soil and plants of substances harmful
to farm animals and humans that require strict control of sanitary and epidemiological services;

- insufficient knowledge of the medical and biological evaluation of crop and livestock
products;

- lack of structural and functional integrity of irrigation fields with ecological systems;
- ecological non-safety of the irrigation field during wastewater disposal,

- lack of technological, economic, environmental and legal mechanisms for waste water
disposal in irrigation fields.

With prolonged utilization of wastewater in irrigation fields, as the anthropogenic load
increases, the intensification of moisture, mass, and heat transfer processes, the structural and
functional integrity of the agricultural landscape is violated, and its bioproductivity decreases.
Regulation of anthropogenic impacts, early diagnosis, localization and restoration of damaged
environmental components during wastewater disposal in irrigation fields contribute to
strengthening the internal regulation of the system, and restore the potential for optimal
development of the soil-forming process in agricultural landscapes.

In this regard, there is a need to form an environmentally sound strategy for safe disposal and
a fundamental concept for the use of wastewater, based on the following principles:

- maximum use of the evaporating capacity of the moisture of the natural system in the
disposal of wastewater, using the principle of energy balance of heat, moisture and nutrients, taking
into account natural regimes;

- preservation and reproduction of soil fertility, taking into account natural regimes that allow
for the preservation of an environmentally friendly energy regime in the soil;

- prevention of contamination of soils, water, plants in the process of agricultural production,
water consumption and sanitation;

- taking into account the diffuseness of wastewater, regulation of its chemical composition
and, in the future, disposal in the places of their formation;

- on the basis of the principle of unity and integrity of nature management, the creation of a
natural production complex for waste-free and safe disposal of wastewater.

Based on a systematic analysis of methods for regulating water, salt, heat and food regimes of
soils as the basis of the soil-forming process and ensuring the needs of intensive agriculture in
various agro-climatic zones of Kazakhstan, J.S. Mustafayev and S.S. Sadykov [1] proposed a
simulation model of the soil-forming process based on the teachings of Dokuchaev-Williams-
Kostyakov on the genesis and reclamation of soils, as a special natural body and Dokuchaev—
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Grigoriev—Budyko on the law of evolution and geographical zonality of soils. When developing a
simulation model of the soil-forming process, a special place was occupied by the doctrine of the
evolution of soils, considering the soil in dynamics and development. At the same time, it was
based on the position of P.S. Kossovich that every soil formation of this time reflects the entire past
history [2].

The calculation of the elements of heat, water balances and other moisture indicators for some
years makes it possible to obtain a variational series of these values. If the general law of
probability distribution for each indicator of heat and water balance is known, then particular
distributions for any particular series can be constructed according to empirical distribution
parameters.

Materials and methods of research

The basic principle of the proposed environmentally safe and waste-free disposal of
wastewater on irrigated lands is based on the properties of the geosystem:

- openness, that is, the possibility of the existence of a geosystem or soil, which are their
components, only in the presence of a constant exchange of substances and energy with the
environment;

- integrity — interconnection and interdependence of individual components of the geosystem;

- functioning — the process of mass and energy transfer, both within a geosystem and between
coupled geosystems;

- dynamics — the ability of a geosystem to restore its properties under short-term impacts
(reversible changes);

- stability — the ability of a geosystem to maintain its structure under changing external,
including anthropogenic influences;

- evolution is an irreversible change in the geosystem associated with a change in its structure
or individual components.

Thus, environmentally safe and waste-free disposal of wastewater is carried out on the basis
of their periodic accumulation on soil layers, taking into account water-physical properties and
preserving the energy balance of heat, moisture and nutrients within certain spatial and temporal
limits. Therefore, the soil layer of irrigated lands can be considered as an open system that performs
the functions of, on the one hand, an accumulating and evaporative reservoir for wastewater
disposal, on the other hand, a production facility producing agricultural products [3].

In this regard, the main object of land reclamation that ensures the disposal of wastewater on
irrigated lands is the soil, including vegetation, wildlife, ground and surface waters, that is, the
agricultural landscape. Firstly, the soil is the habitat of the biota of microorganisms and
invertebrates, algae, higher plants and other living organisms. Therefore, the properties of the soil
and its regimes largely determine the characteristics of the soil cover as a habitat. Secondly, from an
applied point of view, measures for the ecological protection of soils as a habitat for higher plants,
in particular agricultural crops, are of particular interest and importance. Therefore, when disposing
of wastewater on irrigated lands, the issues of soil reclamation and nature protection should be
considered in two aspects: environmental protection of the landscape as an environment for the
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formation of soil cover and human habitation and environmental protection of soils as a habitat for
biota, in particular agricultural crops [4].

Results and discussion

Before formulating environmental requirements for the parameters and modes of man-made
loads during wastewater disposal on irrigated lands, it is necessary to consider in detail the
relationship between the creation of an agricultural landscape and the corresponding transformation
of nature.

Since the landscape components form an inseparable, stable, interconnected geosystem, it is
practically impossible to manage or change one of them from the point of view of creating an
environmentally safe and waste-free technology. This implies the need to carry out landscape
protection measures aimed at protecting the natural environment as a whole, at protecting the
landscape.

According to the ecological law of optimality, any natural system can function effectively
only within certain spatial and temporal limits. The desire to intensify the utilization of wastewater
on irrigated lands without due consideration of the laws of ecology and nature management always
leads to energy overload, deterioration of physical and biochemical characteristics of soils.

Therefore, the principle of energy balance of heat, moisture and nutrients, taking into account
natural regimes, allowing for the preservation of an environmentally favorable energy regime in the
soil, was used to determine environmentally acceptable standards for the disposal of wastewater on
irrigated lands [5].

The ratio of the radiation balance (R) to the heat costs for evaporation (L=590 cal.) of
precipitation (Os) can be used to determine the environmentally acceptable rate of man-made loads
(Op), during the disposal of wastewater on irrigated lands:

O_p=R/( RL)-O_c
Where R is the hydrothermal coefficient.

To determine the variability of the heat and energy resource of irrigated lands, it is possible to
use the sum of air temperatures accumulated during the growing season by agricultural crops or the
biologically active period of the year, and on its basis determine photosynthetic active radiation
(PhAR) for the year according to the following dependence (V.V. Shabanov, 1988):

R=13.93+0.0079%: [t"o C]

[tho C) is the integral sum of air temperatures for the growing season of
agricultural crops or the biologically active period in that year.

The one-time soil-ecological norm of technogenic loads on irrigated lands (m ) during
wastewater disposal is determined taking into account the water-physical properties of the soil, the
capacity of the moistened soil layer (H) and water density (d_(H_2 O)) according to the formula:

T=100-H-d_n (B_hb-W_omy)/d (H 2 O),

Wherep_hb is the lowest moisture capacity, % of the mass of absolutely dry soil, that is, the
limit of accumulation of wastewater into the soil; d_n - soil density (volume mass), g/cm3; Wony is
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thesoil moisture corresponding to the optimal range of moisture, that is, the limit of evaporation of
moisture from the soil [6].

The amount of irrigation for the biologically active period of the year is defined as the ratio of
the ecologically permissible norm of man-made loads (Or) to the one-time soil-ecological norm of
man-made loads (m), that is, n = Or/m.

The duration of the irrigation period is determined taking into account the thermal regime of
the decade of the growing season:

T=(M-L)/R_i (t_cp/t i)

Where Ri isthe average daily radiation balance for the growing season, kcal/cmz2;
tcpistheaverage daily air temperature during the growing season; ti- average daily air temperature of
the i-th decade.

Thus, a certain regime is created on irrigated lands, the so-called hydrothermal regime of
irrigated lands [7], which is based on the principle of energy balance of heat and moisture, which
differs from the irrigation regime of agricultural crops, according to the object of reclamation and
according to the principle of the purpose of the irrigation regime.

In relation to the zones of heat and moisture supply of the Kyzylorda region, the calculation of
the environmentally safe norm of man—made irrigation loads during irrigation with wastewater
according to the hydrothermal indicator, the results of which are shown in Table 1 [8].

Tablel - Environmentally safe rate of technogenic loads during irrigation with sewage in the conditions of

Kyzylorda
. Months Irrigationperi
Indicators 4 | 05 [ 06 | o7 | 08 [ 09 od
Natural andenergyresources
t, °C 16.3 22.7 28.4 29.9 275 20.3 24.1
2tm,°C 489 704 852 927 852 609 4433
K=Ztw/Zt 0.11 0.16 0.19 0.21 0.19 0.14 1.00
Ru=K®, 5.40 7.80 9.30 103 | 930 | 680 48.9
kcal/cm
Environmentallysafeirrigationstandards
E, m%ha 913 1328 1577 1743 1577 1162 8300
Oc, m*/ha 200 198 80 40 37 45 600
AW, m¥ha 400 - - - - - 400
Op, m¥ha 313 1130 1497 1703 1577 1117 7337
tep/t; 1.48 1.06 0.84 0.80 0.88 1.19 -
T, day 22 16 13 12 13 18
n 1 1 2 2 1 1 8
q=m/86.4-T ,us 0.12 0.42 0.58 064 | 059 0.43 -
WbO , thousand m3 535.3 535.3 535.3 478.7 478.7 478.7 3069.0
FC , ha 1710.0 474.0 358.0 281.0 303.6 428.6 592,5

As a criterion level of the radiation dryness index (' R) for the period of air temperatures
above 100C for average long-term conditions, a value of 1.0 is assumed.

Thus, as can be seen from Table 1, the maximum possible area of irrigated land with the use
of wastewater in Kyzylorda is 1710.0 ha, and the minimum is 281.0 ha. Then, the total area of
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permanently irrigated lands, according to the condition of designing irrigation systems for the use of
wastewater, is 562.0 hectares.

With environmentally safe and waste-free disposal of wastewater, the hydrothermal irrigation
regime, taking into account natural regimes, performs certain functions on irrigated fields, which
are the object of management of the main factors of the soil-forming process during the active
biological period of the year. In this regard, regardless of the biological characteristics of
agricultural crops, a single irrigation regime is observed in crop rotation fields, aimed at maximum
utilization of wastewater. Against the background of these irrigation regimes, the cultivation of
forage crops is carried out with full compliance with the basic principles of crop alternation and
crop rotation. At the same time, the choice of the type of forage crops cultivated in irrigation fields
is carried out taking into account their biological characteristics: the sum of active air temperatures
([1toC), photosynthetically active radiation (R) and the duration of the growing season (TO0) [9].

Theoretical substantiation of soil-ecological norms of irrigation of agricultural crops can be
carried out on the basis of the law of conservation of energy, because consideration of the process
of moisture exchange in the system "soil - plant - surface layer of air" is unthinkable without
connection with the processes of heat exchange. Like any physical process of changes and
transformations, the process of heat exchange based on the law of conservation of energy in a
specific geographical space for a certain period of time is characterized by a balance of transition
and energy consumption:

R=LE+B+S

Where LE is the heat costs for total evaporation; Ristheradiation balance; Listhelatent heat of
vaporization —590 kal; Sistheheat exchange between the surface of the soil and the atmosphere;
Bistheheat exchange between the soil layer and the underlying layers of the soil-forming rock; E —
total evaporation.

In the works of a number of meteorologists, it is accepted that under irrigation conditions the
values of B and S are close to zero. In this case, the formula for determining the radiation balance
will take the form:

R=LE
or
E=R/L
In a simplified form, the water balance equation for the aeration zone has the following form:

W_k=0_c+0_p-E-C+q+W =

whereO_cis theprecipitation; O_pistheirrigation rate; Cistheresulting surface runoff; +gisthe
amount of water exchange between soil and groundwater; W_kuW Histhefinal and initial moisture
reserves of the soil of the aeration zone.

With a low groundwater level (below 3-4 m) and no closure of the capillary border with the
root zone (£ q = 0), provided that the periodic supply of irrigation water to the field does not exceed
the water—holding capacity of the root layer of soils, and the intensity of water supply does not
exceed the intensity of its infiltration into the depth of the soil, the equation of the water balance of
the root the soil layer will take the form [10]:

W_k=0_c+O_p-E+W_u
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The value in the equation can be expressed using the balance equation, in which, taking into
account the relatively long period of drawing up the balance, it is possible to put due to the
smallness of AW=W _k-W _ u=0, so

E=0 c¢+O p

Taking into account the above equation for determining the value of the total evaporation E,
we get:

O c¢+O p=R/L

As is known, the ratio of the radiation balance to the heat costs for evaporation of
precipitation is a hydrothermal coefficient (radiation dryness index):

"R=R/LO ¢

that is, one of the most suitable criteria for assessing soil-reclamation conditions and the
needs of the soil-forming process in water reclamation for modern practice of land reclamation
design. At the same time, the hydrothermal coefficient ( R) based on the equation should be
considered not so much as a natural characteristic of the terrain, but as an adjustable value:

“R=R/L(O_c+0 _p)

As can be seen from the equations, Rcharacterizes the balance of energy and matter and
determines the intensity of the geological and biological cycles of water and chemicals on earth, and
therefore can be used to justify soil and environmentally acceptable water consumption standards of
agricultural land. Having solved the last equation with respect to Op, we find the dependence for
soil-ecological irrigation of agricultural land:

O p=R/( RL)-O ¢

The value of the hydrothermal coefficient ( R), which characterizes the optimal ratio of heat
and moisture on irrigated lands, is determined taking into account the orientation of the soil-forming
process based on the law of evolution.

Conclusions

The calculation of the elements of heat, water balances and other moisture indicators for some
years makes it possible to obtain a variational series of these values. If the general law of
probability distribution for each indicator of heat and water balance is known, that particular
distributions for any particular series can be constructed according to empirical distribution
parameters.

Thus, the proposed methodology for substantiating the environmental norms of technogenic
loads of the natural system with environmentally safe and waste-free disposal of wastewater, which
is based on the principle of energy balance of heat and moisture, can be used in the creation of local
natural-technogenic complexes intended for the disposal of wastewater from industrial and
municipal facilities.
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