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The relevance of the article is based on the problems of irrigation of agricultural land in
the south of Ukraine: the limitation of water resources of irrigation quality; unevenness of their
location, the formation of artificial reservoirs that do not meet the expected design conditions.
In addition, current methods of assessing the quality of irrigation water often give general
recommendations that are difficult to use in practice. The purpose of the work is to improve
the methodology for assessing the quality of irrigation water according to the risk of soil
salinization in DSTU 2730:2015. The object of research is the mineral composition of irrigation
water. The subject of the study is the evaluation of the properties of irrigation water depending
on the ratio of the main ions.

The article provides an analysis of methods for assessing the irrigation properties of water.
Consider the shortcomings of the DSTU 2730:2015 methodology, which are the general nature
of the recommendations for calculating the amount of toxic salts in chlorine equivalents, as well
as the fact that hydrogen carbonate ions can be as toxic as carbonate ions due to the formation
of baking soda in water. An analysis of the water typification of V.K. Khilchevskii is provided.
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based on the basic classification of natural waters Alokina O.A. It is shown that some water
subtypes in the classification of V.K. Khilchevskii cannot exist in nature. A detailed typification
of irrigation waters based on the typification of natural waters by O. A. Alokina is proposed.
Suggestions for eliminating the shortcomings of the DSTU 2730:2015 methodology are provided
based on the proposed detailed typification of irrigation water, as well as the formula for
calculating the amount of toxic ions in chlorine equivalents for different subtypes of irrigation
water with examples of calculations. An analysis of the possibility of irrigation salinization
of the soil when using the waters of the Dniester, Danube, and Sarata rivers, as well as the Sasyk,
Kuchurganske, and Baraboyske reservoirs for irrigation, was performed. It is shown that
the waters of the Dniester and Danube rivers, as well as the Baraboy reservoir, without the threat
of irrigation salinity, are suitable for irrigation of all types of soil. The waters of the Sarat River
contribute to the salinization of all types of soil. The waters of the Sasytskyi and Kuchurganskyi
reservoirs require a careful approach when irrigating easily permeable soils; when irrigating
poorly permeable soils, the probability of salinization is high.

Key words: water quality, detailed typification, toxic ions, chlorine equivalent, irrigation
salinization.

FOpacoe C.M., Kapaynoe B./]. Yoockonanenns memoouku ouiHKu AKOCHI 3p0ULy8aibHUX
600 Ha HeDe3NeKy 3acoNeHHA IPYHINIE

Axmyanvricms cmammi 06IpyHmosano npobnemamu ipusayii citbeocnyziov nieons Ykpainu:
00OMeMNHCEHICMIO BOOHUX PecypCi8 IpueayitiHoi SKoCmi; HEPIBHOMIPHICTIIO IX POSMALULYBAHHS, YMEO-
PEHHSM WMYYHUX B00OUM, KU He 8i0N08ioaroms 04ikyeanum npoexmuum konouyiam. Kpiv moeo,
Olt0UU MEMOOUKU OYIHKU SAKOCTI IPUCAYITHUX 00 YACMO 0AOMb 3A2ANbHI PEKOMEeHOayil, AKuMU
8aDHCKO Kopucmyeamucs na npakmuyi. Mema pobomu nonsieae y 600CKOHAIEHH] MEMOOUKU OYIHKU
aKocmi ipueayitinux 600 3a Hebesnexor saconenus pyumy 6 JICTY 2730:2015. O6 exmom docii-
0JICeHHsL € MIHepanbHUll CKAao ipueayitinux 600. IIpedmemom docniodicents s8IAE€MbCsL OYIHKA
sracmugocmert ipueayitiHux 600 8 3a1eHCHOCII 8I0 CNIBBIOHOUIEHHS 20106HUX TOHIG.

Y emammi naoaemvcs ananiz memooux oyinku ipueayivinux enacmusocmeti 800. Pozensamnymu
neooniku memoouku JJICTY 2730:2015, saxu nonseaioms 8 3a2a1bHOMY XapaKmepi pekoMeHOayiti
PO3PAXYHKY CYyMU MOKCUYHUX COJlell 68 eKBIBAIEHMAX XA0PY, d MAKOXC 6 MOMY, Wo 2iopokapoo-
HAM-I0HU MOJICYMb OYMU MAKUMU JHC MOKCUYHUMU, AK | KAPOOHAM-IOHU, 3A60SKU YIMBOPEHHIO
¥y 6000 numnoi coou. Haoaemocsi ananiz munizayii’ 600 Xinbuescokoco B.K. na ocnosi 6azosoi
kaacuixayii npupoonux 600 Anvoxina O.A. Ilokazano, wjo deski niomunu 600 6 Kiacugika-
uii'Xiﬂhltee(:bkoeo B.K. ne MOdHCymb iCHysamu y npupooi. 3anpononosano demanvHa munizayis
ipueayitinux 600 Ha ocHoei munizayii npupooHux 600 Anvokina O.A. Hadani nponosuyii ycy-
nenns neoonixie memoouxu [JCTY 2730:2015 na ocrosi sanponotosanoi demanshoi munisayii
ipueayitinux 800, a Maxoic PoOpmMynU po3PAXYHKY CyMU MOKCUUHUX [OHIB 8 eKBIBANEHMAX XJI0PY
0151 PI3HUX NIOMUNIG ipUeayilinux 800 3 NPUKAAOAMU PO3PAXYHKIE. Bukonan ananiz moxiciugo-
cmi ipueayiiiHo2o 3ACONEHHs TPYHIMY NPU BUKOPUCMAHHI OJi NOAUBY 800 piuok JHicmep, [[yHati
i Capama, a makookc sooocxosuwy Cacuk, Kyyypeancvke ma bapaboticoke. Ilokazano, uwjo 600u
piuox [nicmep i /[ynail, a maxoac bapaboticokoeo 6odocxosuuya 6e3 3a2po3u ipueayitino2o 3aco-
JIeHHs NPUOAmHi 015 noausy ycix munie rpynmis. Boou p. Capama cnpusioms 3acOoneHuio ycix
munie rpynmis. Boou Cacuyvkoeo i Kyuypeancokozo 6ooocxosuwy nompedyoms obepeicnozo
nioxo0y npu NOAUBI NeSKONPOHUKHUX I[PYHMIE, NpU NOIUBL BANCKONPOHUKHUX I[PYHMIE UMOSIp-
HICMb 30CONEHHS 6ENUKA.

Knitouoei cnosa: sikicmo 600, Oemanvha munizayis, MOKCUYHI [OHU, eK8I8AIeHM X0pY, ipu-
2ayitine 3aCoNeHHs.

Entry. The problem of irrigation of farmland in the south of Ukraine was and remains
very relevant: today decisions are being made on the reconstruction of networks of some
soviet irrigation systems (for example, “Nizhnednistrovskaya” [1]); the limited water
resources of irrigation quality and the unevenness of their location makes it necessary
to form artificial reservoirs for the accumulation of water for the purpose of their fur-
ther use for irrigation (but the waters in these reservoirs often do not correspond to
the expected design conditions [2]); acting methods for assessing the quality of irriga-
tion waters often give general recommendations that are difficult to use in practice. For
example, in the regulatory document [3, p. 7] in the formula for calculating the indica-
tor of the amount of toxic ions in chlorine equivalents, all toxic bicarbonate ions have
a coefficient of 0.4, but some of these ions in some cases may be part of baking soda,
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the toxicity of which is the same as soda. In the above formula, ordinary soda has a coef-
ficient of 5. In addition, the recommendations for the definition of toxic ions in this
document are of a general nature. Therefore, the improvement of methods for assessing
the quality of irrigation waters and the analysis of irrigation properties of water bodies
is an urgent task.

The aim of the work is to improve the methodology for assessing the quality of irri-
gation waters for the danger of soil salinization in DSTU 2730:2015.

The object of study is the mineral composition of irrigation waters.

The subject of research is the assessment of the properties of irrigation water
depending on the ratio of the main ions.

Assessment and classification of irrigation water quality. In [2], a detailed analysis
of methods for assessing the irrigation properties of waters is given. Let us briefly dwell
on this.

Irrigation classification of waters is established according to four criteria:

— salt concentration;

— the ratio of ions;

— concentration of toxic elements that can adversely affect agricultural plants
and the environment as a whole;

— concentration of biogenes.

The most important are the first two criteria.

Mineralization of natural waters is determined by: anions — chlorides (CI), sulfates
(SO,7), carbonates (CO,*) and bicarbonates (HCO;,"); cations — potassium (K*), sodium
(Na"), magnesium (Mg*>") and calcium (Ca*"). Often considered carbonates with bicar-
bonates, and potassium with sodium.

High mineralization of water during irrigation can lead to excessive accumulation
of salts in the root layer of the soil. This is called salinization. Salts that inhibit or
adversely affect agricultural plants, reduce the yield and its quality [4, p. 8], the follow-
ing: Na,CO,, NaHCO,, NaCl, CaCl,, Na,SO,, MgCl,, MgSO,.

Kostyakov A.N. assesses the danger of soil salinization by the mineralization of irri-
gation water as follows:

—up to 1.0 g/dm?® — suitable for irrigation;

— from 1.0 to 1.5 g/dm® — careful irrigation;

— from 1.5 to 3.0 g/dm® — analysis of the chemical composition of salts is necessary,

— more than 3 g/dm’ — not suitable for irrigation [5, p. 48].

Soil salinization is also characterized by an indicator of toxicity. The maximum salt
content, in which there is a inhibition of the development of crops, is called the toxicity
threshold.

Salts found in soil and water are presented in Table 1.

Salts on a gray background (Table 1) are harmful to plants. The most toxic of them
are soda (regular — Na,CO,, drinking — NaHCO,), sodium chloride and sulphate (NaCl
and Na,SO,), calcium chloride (CaCl)). Magnesium sulfate and chloride (MgSO,,
MgCl,) have the least toxicity.

Table 1
Toxicity of Basic Salts [4, p. 9; 6, p. 84; 7, p. 386]

Mg(HCO,),
Ca(HCO,),
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Toxicity of Kovda V.A. salts [7, p. 386] is arranged in the following sequence:
Na,CO,> NaHCO,> NaCl > CaCl,> Na,SO, > MgCl, > MgSO,.

In some sources (for example, [3, p. 4, 7; 8, p. 24]), the magnesium ion is always
considered toxic, so the salts MgCO, and Mg(HCO,), are also classified as toxic (in
Table 1 it is given in light gray color).

Salts dissolved in water are present in the form of ions. However, sometimes the suit-
ability of water for irrigation is established by the content of salts in it [5, p. 49]: on
well-permeable soils, the content of Na,C0O,<0.1% (1 g/dm’) is permissible; NaCI<0,2%;
Na,50,<0,5%. Subject to the simultaneous presence of salts, these boundaries are
reduced. If the majority of salts are NaCl and Na,SO,, then the use of such water for
irrigation is possible only on light or drained soils.

The main ions can be toxic and non-toxic. Toxic include ions capable of forming
toxic salts. C/" and Na" ions are always toxic, the other main ions, depending on their
mutual balancing, can be both toxic and non-toxic: Mg** and Ca*" with CI- give toxic
salts, and with CO,* and HCO,™ (according to Kovda VA) —non-toxic; CO;> and HCO,
with Na* give the most toxic salts to plants [8, p.24]. The release of toxic ions is con-
veniently performed if we present the mineralization of water as a sum of hypothetical
salts [5, p. 48, 49; 6, p. 84; 9, p. 201; 10, p. 67; 11, p. 389, 390].

Kostyakov A.N. [5, p. 48, 49] indicates that for waters with mineralization of
1.5-3.0 mg/dm?®, analysis of the chemical composition of salts is necessary.

Alokin O. A. believes that it is possible to get an idea of the composition of salts in
water, if we conditionally assume that when water evaporates, salts will fall out when
ions are combined in the following sequence: cations — Ca**, Mg**, Na*; anions — HCO,,
SO, CI [11, p. 389, 390].

The sequence of combination of ions in the Hydrogeologist’s Reference Man-
ual [10, p. 67] is inverse: anions — CI'; SO,>; (CO,> +HCO, ); cations — (K*+Na"); Mg**;
Ca®'. But, the composition of salts will be the same both in direct sequence and in
reverse.

In DSTU 2730:2015 [3, p. 4, 7] the danger of irrigation salinization of the soil is
estimated by the sum of toxic salts in chlorine equivalents e(CI"). This amount is cal-
culated by the formula:

e(rCl)=rCl +0,2(rSO,>), + 0,4(rHCO; )+ 5rCO*, (1)
where 7CI" — amount of chlorides, mg-eq/dm’; (rSO,*), — amount of toxic sulfates,
mg-eq/dm’; (rHCO;"), — amount of toxic bicarbonates, mg-eq/dm’; »CO,> — amount
of toxic carbonates, mg-eq/dm?.

The technique proposed in [3, p. 7] has disadvantages.

First, the recommendations for the definition of toxic ions are general in nature [3, p. 7]
(Table 2). They are difficult to use in practice.

Scheme of binding of ions into toxic and non-toxic salts (DSTU 2730:20%11)316 ?
Ions cor HCO,; N7 ks Ccr
Ca* — 2 5 8
Mg* - 3 6 9
Na +K* 4 7 10

Secondly, formula (1) does not take into account the fact that bicarbonate ions can
be as toxic as carbonate ions, due to the formation of baking soda in water (NaHCO,).
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Therefore, this part of the HCO, ions in the formula (1) must be combined with CO,*
ions that form ordinary soda (Na,CO,) and have a coefficient of 5.

Elimination of these shortcomings is possible in determining the types of irrigation
waters that have different sets of hypothetical salts, special (specific) for each type. In
this case, it is possible for each type of water to provide its set of toxic ions and the cal-
culated formula for the sum of toxic salts in chlorine equivalents.

The most common classification of natural waters is the classification of Alokin
O.A.[11, p. 121] (Fig. 1), in which waters are divided into classes (according to the pre-
dominant anion), groups (according to the predominant cation) and types (according to
the ratio of anions and cations).

In this classification, natural waters of the same type may have different sets of hypo-
thetical salts.

In [12, p. 101], the classification of waters of Alokin O.A. is taken as basic and its
detailing is proposed based on the content of the prevailing (class-forming) anion (Fig. 2):
subtype @ — anion content of more than 75% in equivalents; 6 — from 50% to 75%;
6 — less than 50%.

The scheme of improvement (Fig. 2) of the classification of natural waters of Alyokina
0O.A. has drawbacks and is not fully thought out by the authors.

Firstly, waters of sulfate and chloride classes, calcium or magnesium groups cannot
be of the first type. In the basic classification of Alokin O.A. (Fig. 1) they are absent not
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Fig. 1. Classification of natural waters according to Alokin O.A.
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Fig. 2. Scheme of improvement [12, p. 101] of the basic classification
of natural waters of Alokina O.A.
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by chance. Alyokin O.A. does not explain the reason for the absence of type I waters
in the mentioned classes and groups of natural waters, however, this can be done using
the equality of 100% of the sums of the concentrations of anions and cations in %-equiv-
alent form and the ratio of ions in the types of natural waters according to Alokin O.A.:
(rHCO,+rSO > +rCl) = (rCa*+rMg*+rNa") = 100%; (1)

[ -rHCO,; >(rCa*+rMg>) abo rNa>rCl+rSO*; (2)

Il - rHCO,; <(rCa*+rMg*)<(rHCO,+rSO,*) abo rClI<rNa'<rCl+rSO; (3)
I - (rCa*+rMg*)>(rHCO,; +rSO,>)  abo rNa'<rCl. (4)

Consider the statement — 5, §¥¢, CI° and CI"% waters do not exist.

In the accepted marks, the predominant ones are: anions — SO,* or CI'; cations —
Ca** or Mg**. Accordingly (1), only in the case of 7HCO, <50% is there a possibility that
either SO,> or CI" may be predominant. Otherwise (rHHCO, >50%) even in the absence
of one of the anions (#SO,* or rCI"), the second anion does not become predominant. In
type I waters, the ratio (2) should be performed: rHCO, >(rCa**+rMg*). It follows that
(rCa®+rMg*)<50%, but then rNa*>50%, so it is predominant and determines the group
of waters, that is, if sul-tulle or chloride waters of the first type, then it is only a sodium
group: ™ or CI". Thus, §¢, §*¢, CI® and CI"% are absent in natural waters due to
the impossibility of such a ratio.

Secondly, in some groups of natural waters, the predominant anions cannot have
the indicated concentration values. Or, in other words, some of the proposed subtypes
(Fig. 2) are absent in natural waters, according to the detailed classification they have
a different designation.

For example: waters of bicarbonate class, calcium or magnesium groups marked —
Cc, or C¥¢ are actually — C" .

Let’s show it. According to the detailed classification, the records of C“’l and C"¢
denote: HCO, — the predominant anion; 6 — rHCO, <50% of the total anion content
type I (ratio (3)) —-rHCO, >(rCa2*+ngz*) It follows that the sum (rCa2*+ng2*)<50%,
then »Na*>50%, so it determines the group of waters. Thus, the waters of Cand C*¢_
do not exist, they have the designation — C* . Otherwise, in the waters of C* and C"¢
there can be only rHCO,>50%.

The second example C" .. the predominant anion is rHCO,; type III
(ratio (5)) - (rCa*+rMg>)>(rHCO, +rSO,*); a—tHCO, >75%. So (rCa>+rMg*)>75%,
then rNa"<25%, hence it follows that the predomlnant cation is either rCa®', or rMg*,
ie. C% —or C" . Inwaters of type C* there can be no tHCO,>75%.

Next, we consider CI“ , CI* ., CI¢ and CI'¢ . If in waters of chloride class
rCI>50% (6 or a), then in waters of type Il of this class with a characteristic ratio
of rNa™>rCl, sodium is the predominant cation: »Na™>rCl>50%. This means that
the ratio of ions C/“ , CI® , CI'¢ and CI"¢ _are impossible, they have the designa-
tion CI"* or CI"

Now H((:lonsiderntnS’N"ma. If in sulfate waters 7SO,>>75% (a), then in type III waters
of this class with a characteristic ratio of *CI'>rNa" the sum (rHCO, +rCl") <25%,
hence it follows that CI'<25%, togdi and rNa"<25%, then sodium is not predominant.
Waters with a ratio of ¥, ions actually have the designation either %, , or S"¢

Taking into account the above and taking into account that according to the basic
classification of Alyokin O.A. in the sodium group of waters there is no fourth type,
the scheme of detailed classification [12, p. 101] will have the following form (Fig. 3).

In this classification, waters of the same subclass may also have different sets
of hypothetical salts. The mentioned deficiency can be eliminated if the types of natural

waters I, II and III according to Alokin O.A. [11, p. 120] are divided into subtypes

la
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Fig. 3. Scheme of detailed classification taking into account the comments made

(I, 1la, 1Ib, Illa, IIIb, IlIc) [2] according to the scheme in Fig. 4. In this case, each
subtype will have its own specific set of hypothetical salts.

Type IV waters [11, p. 121] are not considered because it includes acidic marsh,
mine and volcanic waters, as well as waters heavily polluted by industrial effluents that
are not suitable for irrigation.

According to the mutual balancing of the main ions in the sequence outlined above,
sets of hypothetical salts can be made for subtypes of waters:

I - NaCl, Na,SO,, NaHCO,, Mg(HCO,),, Ca(HCO,),;

Ila — NaCl, Na,SO,, MgSO,, Mg(HCO,),, Ca(HCO,),;

IIb — NaCl, Na,SO,, MgSO,, CaSO,, Ca(HCO,),;

Ila — NaCl, MgCl,, MgSO,, Mg(HCO,),, Ca(HCO,),;

IIb — NaCl, MgCl,, MgSO,, CaSO,, Ca(HCO,),;

Illc — NaCl, MgCl,, CaCl,, CaSO,, Ca(HCO,),.

It is convenient to estimate the amount of toxic main ions in water according to
Table. 3.

Table 3: gray highlights the area of toxic salts (ions); in the cell of the table at the inter-
section of the column and the row is the concentration (mg-eq/dm®) of the ions in
the water that make up the hypothetical salt (which balance each other and make up
a hypothetical salt).

[ CniBBLIHOMCHHA IOHIB ]

@
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@ ®
| tNa>rCH+rS03- | | NasrClrs0d- | | rNaerMgi>iCl | | iNaerMgerCl |
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Fig. 4. Scheme of detailed typification of irrigation waters [2]




Exoutoris, iXTIONOTIs Ta aKBaKyJIbTYpa |

| 433

Table 3
The composition of hypothetical salts in different subtypes of water
(the sequence of balancing of ions is taken from the Handbook manual
of the hydrogeologist [10, p. 67])
Concentration of toxic salts, mg/dm’: NaCl =58,4xrCl"; Na,SO,=71,0xrSO,*; NaH-
CO.=84,0x(rHCO —rCa*—rMg*).

Ratio (I)
rCl+rSO . <rNa*
(abo rH-
rMg* rCa® CO,>rCa**+rMg*)
2) —“—: NaCl =58,4xrCl ; Na,SO,=71,0x(rNa—rCl'); MgSO,=60,2x(rCl +rSO,* -
rNa”).
rMg* Ratio (Ila)
rCl<rNa*
rCl+rSO > >rNa*
FHCO. —Ca® rHCO, >rCa*
3) —“—: NaCl =58,4xrCl; Na,SO =71,0x(rNa—rCl"); MgSO =60,2xrMg*".
rMg* Ratio (1Ib)
rCr rCl<rNa*
rCa*—rHCO, | rCl+rSO>>rNa
rHCO, rHCO, rHCO, <rCa*
4) —“—: NaCl =58,4xrNa*; MgClL=47,6x(rCl—rNa"); MgSO =60,2xrS0O *.
rCa® Ratio (II1a)
rCl>rNa*
rCl<rNa*+rMg**
rHCO, —rCa* rHCO, >rCa*

5) —“—: NaCl =58,4xrNa*; MgCl,=47,6x(rCl —rNa"); MgS0O,=60,2x(rNa'+rMg*—
rCI).
rMg** Ratio (I1Ib)
rCl>rNa*
rCa*—rHCO, | rClI<rNa*+rMg*
rHCO rHCO, <rCa*
6) —“—: NaCl =58,4xrNa*; MgCl.=47,6xrMg>"; CaCl.=55,5%(rCl —rNa"—rMg*").
rCa* Ratio (Illc)
rCl=>rNa™+rMg**
(abo
rHCO,+rSO >
<rCa*)

To convert the concentration of ions from an equivalent form (mg-eq/dm?) to a weight
(mg/dm?), it is necessary to multiply their equivalent concentration by the correspond-
ing coefficients, which have the following values: CO,> —30.00; HCO, —61.02; SO,> —
48,03; CI — 35,45; Ca*" —20,04; Mg* —12,15; Na* —22,99; K" — 39.10.




| Tagpiiiceknii HaykoBHit BicHHK Ne 128

434 |

For each subtype of water in Table 3, formulas for calculating the concentration
of hypothetical toxic salts in weight form are given.

The calculation of the salt concentration according to Table 3 will be considered
on the example of waters of subtype I (Table 3(1)). NaHCO, baking soda is hypothet-
ically present in water due to the mutual balancing of part of the Na" ions and part
of the HCO, ions. In equivalents, these parts are equal to (rHCO —rCa*-rMg*"). The
weight concentratlon of the mentioned part of sodium ions is 22 99*(rHCO,; —rCa*—
rMg*), and part of the bicarbonate ions is 61. O2*(rHCO —rCa**—rMg*), hence the con-
centration of NaHCO, baking soda is 84.01*(rHCO, —rCa*—rMg*").

Posokhov O.V., cons1der1ng the typification of natural waters Alyokina O.A., pro-
posed to divide the waters of type III into two subtypes: Illa (rNa+rMg*>rCI") and Ib
(rNa*+rMg*<rCI) [11, p.121]. Alyokin O.A. notes that subtype IIIb is characteristic
of highly mineralized waters of lagoon origin.

Subtype IlIb according to Posokhov O.V. corresponds to the subtype Illc in the pro-
posed detailed typing. Natural waters of this subtype can be excluded from the list
of waters suitable for irrigation. But, with artificial feeding of the reservoir, water suit-
able for irrigation can sometimes form with the ratio of ions according to subtype Illc.
For example, in the Sasyk reservoir, waters of this subtype were observed with a prob-
ability of 5% and had the lowest mineralization of the entire series of observations (less
than 1 g/dm?) [2].

It should be noted that according to DSTU 2730:2015 [3, p. 4, 7] in the presence
of carbonate ions in all waters, ordinary soda is hypothetically present. But Na,CO, is
not always present, so it is not in the sets of hypothetical salts located in front of table 3.

Taking into account formula (1) for different subtypes of water, the formulas for cal-
culating the amount of toxic salts in chlorine equivalents can be written in the following
form:

I —e(rCl) = rCI+0,2(rSO )+0,4(rMg* ) +5(rHCO, +rCO 7 —rCa**—rMg*);

Ila, lla — e(rCl) = rClI + 0,2(rSO,>) + 0,4(rHCO, — rCa®")+ 5rCO*;

IIb, IlIb — e(rCl') = rCI" + 0,2(rSO,> + rHCO, — rCa*) + 5rCO*;

lllc —e(rCl) = rCl + 5rCO*.

Let’s comment on the first of these formulas. For subtype I waters, all sulfate ions
are toxic, they are completely balanced by the part of sodium ions (table. 3.1). The part
of bicarbonate ions, balanced by all magnesium ions, is equivalent to their number.
Another part of bicarbonate ions, balanced by part of sodium ions, is combined with
carbonate ions (since soda is both common and drinking soda are the most toxic to
plants).

It should be noted that in the presence of CO,*> anions, the determination
of the required calculated formula e(#Cl") should be performed on a reduced number
of sodium cations with potassium — (rNa"+rK*—rCO,*).

Examples of calculation. The initial data are given in Table. 4, where the concentra-
tion of ions has an equivalent expression. The table uses observation data on the Kod-
ima River (rowse 1) and the Sasyk Reservoir (rows 2—6).

1) rCI+rSO > <rNa" — subtype I —

e(rCl) = 1,00+0,2*0,57+0,4*2,50+5*(7,90+0,20-4,99-2,50)=5,11;

2) rCl<rNa* ; rCl+rSO>>rNa*; rHCO, >rCa** — subtype Ila —

e(rCl) = 11,50+0,2*4,17+0,4*(3,10-2,99)+5*0,40=15,9;

3) rCl'<rNa"; rCl+rSO,>>rNa*; rHCO, <rCa** — subtype IIb —

e(rCl) = 13,50+0,2*(7,62+3,20-4,49)+5*0,40=16,8,;

4) rCl>rNa*; rCl<rNa*+rMg**; rHCO, >rCa*" — subtype Illa —
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Table 4
Initial data for calculation
13?[ rCO,> | rHCO, | rSO* rCl- rCa?* | rMg? | rNa'+rK" | Subtype
1 0,20 7,90 0,57 1,00 4,99 2,50 2,17 1
2 0,40 3,10 4,17 11,50 2,99 4,00 12,17 Ila
3 0,40 3,20 7,62 13,50 4,49 5,00 15,23 IIb
4 0,10 3,50 5,53 16,00 3,49 7,50 14,13 ITa
5 0,00 3,40 9,83 14,50 5,99 10,00 11,74 I11b
6 0,40 2,30 2,00 11,00 5,00 2,00 8,70 IIlc

e(rCl) = 16,00+0,2*5,53+0,4*(3,50-3,49)+5*0,10=20,6;

5) rCl=rNa'; rCl <rNa'+rMg*"; rHCO, <rCa** — subtype IlIb —

e(rCl) = 14,50+0,2*(9,83+3,40-5,99)+5*0,00=15,9;

6) rCl>rNa*+rMg* — subtype Illc —

e(rCl) = 11,00+5*0,40=13,0.

3. Practical use of the proposed methodology. According to the proposed method-
ology, an assessment of the possibility of soil salinization was carried out when used for
irrigation of the waters of the Dniester, Danube and Sarata rivers, as well as the Sasyk,
Kuchurgan and Baraboyske reservoirs.

Table 5
Sum of toxic salts in chlorine equivalents for different water bodies during the
warm season

Sum of toxic salts in chlorine equivalents e(rCl")
. . Sarata
Meaning Dn} ester Da.nube Sasyk. river Kuchurgan | Baraboy
river river reservor (Bilolissia | reservoir |reservoir
(Belyaevka) | (Vilkovo) | (GNS-2) village)
Average 1,68 1,01 16,7 53,1 19,7 2,00
Max. 4,43 1,34 28,9 96,3 43,0 5,00
Min. 0,74 0,70 1,68 15,8 5,44 1,00

Table 5 shows the main statistical characteristics of the indicator of the amount
of toxic salts in chlorine equivalents e(rC/") for the mentioned water bodies during
the warm period of the year. Table 6 contains the criteria for water quality classes for
different soils in accordance with DSTU 2730: 2015 in terms of e(#CI). Figures 5—8
show the security curves of the indicator e(»C/") during the warm period.

When comparing information in Table 5, in Fig. 5-8 and in Table 6 we can draw
the following conclusions.

With a probability of 100% of the water of the Dniester and Danube rivers belong
to the irrigation waters of class 1. Use for irrigation of these waters will not lead to
salinization of all types of soils, since the maximum values of e(»Cl") are significantly
lower than 10 mg-eq/dm?® (Table 6).

The range of values of the indicator e(#Cl") for the waters of the Danube is
0.70-1.34 mg-eq/dm?, which is lower than all the water bodies under consideration. Other
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Table 6

Assessment of irrigation water quality by hazard of irrigation salinization
of soil (DSTU 2730:2015)

Concentration of toxic ions in chloride ion equivalents by soil groups according Wat
to their granulometric composition in a layer of 0-100 cm, mEq/dm? qu:het ;
Easily Medium Hard to class
Sandy Sandy loam Joamy Joamy loamy Clayey
<30 <26 <22 <18 <14 <10 I
30+ 40 26 +36 22 +32 18+ 28 14 + 24 10+ 20 11
>40 >36 >32 >28 >24 >20 111
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Fig. 5. Distribution of the values of the indicator e(rCI-) in the waters of Sasyk
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Fig. 6. Distribution of values of the indicator e(rCI-) in the waters of the Sarata river

irrigation indicators of the quality of the Danube waters are also very different for the bet-
ter. The waters of the Danube can be attributed to the standard of irrigation waters.

The waters of Sasyk with a provision of 20-25% can contribute to the salting
of sandy and lightly loamy soils (Fig. 5), that is, with a probability of 75-80%, they
are safe and belong to class 1. With a probability of 75-85% of water, Sasyk belongs to
class not lower than II for medium loamy and hard loam soils. For clay soils, the waters
of this reservoir belong to class III with a probability of 30-35%.
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Fig. 8. Distribution of values of the indicator e(rCl') in the waters
of the Baraboy reservoir

The waters of the Sarata River (Fig. 6) for sandy soils belong to class III with a prob-
ability of 55-65%, and for clay soils — 100%. That is, practically these waters are unsuit-
able for irrigation.

The waters of the Kuchurgan reservoir belong to the class not lower than II for
sandy and lightly loamy soils with a probability of 85-90%, for medium loamy and hard
loamy soils — 75-80%

The waters of the Baraboy reservoir are completely similar to the Dniester.

Thus, the waters of the Dniester and Danube rivers, as well as the Baraboysk reservoir
without the threat of irrigation salinization, are suitable for irrigation of all types of soils.
The waters of the Sarata River contribute to the salting of all types of soils. The waters
of the Sasitsky and Kuchurgan reservoirs need a careful approach when watering easily per-
meable soils, when watering hard-to-penetrate soils, the probability of salinization is high.

It should be added that when analyzing the irrigation properties of waters, it is neces-
sary to consider all indicators according to four criteria that are mentioned at the begin-
ning of the article: salt concentration; ion ratio; toxic elements and biogenes. And on
the basis of this analysis to conclude about the possibility of using the considered water
for irrigation.
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Conclusions

1. The proposed detailed typification of irrigation waters makes it possible to sim-
plify the qualitative and quantitative analysis of the chemical composition of salts in
water, as well as to simplify the assessment of the threat of irrigation salinization of soils.

2. The waters of the Dniester, Danube and Baraboysky parish rivers belong to class
I and are suitable for irrigation of all types of soils without the threat of irrigation sali-
nization.

3. The waters of the Sarata River contribute to the irrigation salting of almost all
types of soil.

4. The waters of the Sasitsky and Kuchurgan reservoirs need a careful approach
when watering only easily permeable soils, they are not suitable for irrigation of other
types of soil.

REFERENCES:

1. Ha miBani YkpaiHu MOXKe 3arpalfoBaTé NiTOTHUI MpoekT 3 ipuranii 3emmi. URL:
https://www.radiosvoboda.org/a/news-irygacija-pivden-ukrajiny/31165680.html (mara
3BeprenHst 10.05.2021).

2. lOpaco C.M., Kyspmmna B.A. IpwuramiiiHa orinka skocti Boj Cacuky.
Vrpaincoruii ciopomemeoponoziunuii scypuan. 2019. Ne 224. ¢. 112—-121.

3. ACTY 2730:2015. SxicTb npupOIHOT BOIH JJIsl 3POIIEHHS. ATPOHOMIYHI KpUTe-
pii / HamionansHwmii ctannapt Yipainu. Kuis: JIT « YkpH/IHLI», 2016. 9 c.

4. Cnrocape B. H., Teprenenr B. U., llIserr T. B. Metoauueckue ykazaHusi 1o
MIPOBE/ICHUIO MPAKTHUYECKUX 3aHATHH MO JUCHUILTUHE «MelnnopaTuBHOE MOYBOBEIC-
nue». Kpacuogap: Kyol'AY, 2014. 26 c.

5. KoctsixkoB A. H. OcuoBbl Memmopanuii. MockBa: [ocynapcTBeHHOE H3-BO CEIb-
CKOXO3sIICTBEeHHOM JtuTeparypsl, 1960. 620 c.

6. 3aiinenbman @. P. Menuopanust moyB: y4eHUK. 3-€ U3a. uclp. u gomn. Mocksa:
Wzn-Bo MI'Y um. M.B.Jlomonocosa, 2003. 448 c.

7. Apunymxkuna E. B. PykoBoyicTBoO 1o xuMudeckoMy aHanmsy nods. Mznanue 2-e,
nepepaboTanHoe U JgonoHeHHoe. Mocksa: M3i-so MI'Y, 1970. 487 c.

8. IIpaxTukym no kypcy «Menuoparus nousy / 3aiinensman @. P., Cmupnosa JI. .,
[BapoB A. II., Hukudoposa A. C. MockBa: uza-so MI'Y um. M.B. JlomoHocosa,
2007. 66 c.

9. Acrano C. B. MennoparuBHoe moYBoBeicHHE (MpakTHKyM). M3nanne Bropoe,
nepepaboTaHHOE U AononHeHHoe. Mocksa: ['oc. u3aar. cenpxo3. aut., 1958. 368 c.

10. CnpaBo4HOE pyKOBOJICTBO THApOTEoIiora. 3-e u3i. nepepad. u gom. Tom. 1 / moxn
pen. mpod. B.M. Makcumona. Jleannrpan: Henpa, 1979. 512 c.

11. Anékun O. A. OcuoBwl rugpoxumun. Jlenunrpaa: ['mapomereonsmar, 1970.
446 c.

12. XinpueBcrkuit B.K., Ocanuiii B.1., Kypuno C.M. OcHoBu Tigpoximii: miapyy-
nuk. Kuis: Hika-Ilentp, 2012. 312 c.






