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AGRO-ENVIRONMENTAL RATIONALE OF SEWAGE SLUDGE PROCESSING
AND APPLICATION

Conservation agriculture is becoming a priority for Ukraine as well as for many countries of the world. It
is a known fact that high content of heavy metals in the soil impairs fertility and carries the risk of crops translo-
cation. An agroecological effect of obtaining and applying organic-mineral fertilizers has been insufficiently
studied so far.

The purpose of the work is to determine possibilities to produce new organic-mineral fertilizers based on
sewage sludge with enhanced adsorbing properties, to establish their agroecological efficiency.

Methods. Field, laboratory-analytical, statistical-mathematical.

Results. From the agroecological point of view, the production process of organic-mineral fertilizers
based on the sewage sludge of Kharkiv is justified. It allows us to expand functional capabilities of reagents,
enhancing adsorbing properties of heavy metals. It is proved the advantage of organic-mineral fertilizers over the
traditional ones on chernozem typical. After fertilization, the content of total carbon in the soil increased, the
content of humic acids increased by 1,5 — 2,8 times, fulvic acids — by 1,1 — 1,7 times, the total sum of humic
substances — by 1,3 — 2,1 times compared with no fertilizer option. It is established that application of organic-
mineral fertilizers promotes blocking of heavy metals in soil and prevents translocation to plant. Maximum
yields of corn were obtained after the local application of granular organic-mineral fertilizers — the yield increase
was 41% compared to the control, after introduction of bulk fertilizers — 32% compared to the control. Profit was
$ 23 -36 per hectare.

Conclusions. The process of organic-mineral fertilizers production on the basis of sewage sludge in
Kharkiv is substantiated from the agro-ecological point of view. Agroecological and agrochemical efficacy of
sewage sludge use as compared to organic and mineral fertilizers applied in equivalent doses separately was
established on the typical heavy loam chernozem. After introduction of organic-mineral fertilizers based on sew-
age sludge a significant increase in the concentration of trace elements and heavy metals was found in the black
soil but these indicators did not exceed the established maximum permissible concentrations. The implementa-
tion of the proposed technology will reduce bioavailability of heavy metals and their mobility in the soil which,
in turn, impedes their accumulation in products. It is expected to increase soil fertility, crop yields and obtain
environmentally friendly and safe products due to the stable composition of innovative fertilizers.
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ATPOEKOJIOTTYHE OBT'PYHTYBAHHS TEXHOJIOTTI MTEPEPOBKH TA 3ACTOCYBAH-
Hs1 OCAAIB CTIYHUX BOJ

Exomori3aris 3emiepo0CTBa CTae MPIOPUTETHUM HAMPSIMKOM HOTO PO3BUTKY B YKpaiHi Ta y Oarateox
KpaiHax cBiTy. Bimomo, mo HagMmipHa KiTBKICTh Yy TPYHTI BaXKKHX METAJiB TOTIPIIye POAIOYICTD Ta HECE PU3HK
TpaHCIOKAIi{ y POCIMHHUIBKY NMPOAYKIi0. BKpail HeIoCTaTHRO AOCIIKEHb, CIIPSIMOBAHUX HA OJECp)KaHHS Ta
3aCTOCYBaHHS OpPraHO-MiHEPaIbHUX JIOOPUB, SIKI MAIOTh arpOCKOJIOTIYHUH eeKT.

MeTta. BusHauuTH MOXKIMBOCTI OIEp)KaHHS HOBUX OpraHO-MiHEepalbHUX J0OpUB HA OCHOBI OCAJiB CTiY-
HHX BOJI 3 IMiJIBUIICHNMH aJCOPOYIOYMMH BIACTUBOCTSIMH, BCTAHOBUTH TXHIO arpoeKoJIOriuHy e()eKTHBHICTD Ta
HaJlaTu peKOMEHALIT 00 eKOJIOr00e3eYHOT0 3aCTOCYBAHHS Y CIJIbCHKOMY T'OCIIOIapCTBI.

Metopu. [lonboBuii, 1ab0paTOpHO-aHATITHYHHUN, CTATUCTUYHO-MaTeMaTHYHUH.

Pe3ysnbTaTn. 3 arpoekoJioriyHOT TOUYKH OOTPYHTOBAHO 30Dy MPOIEC BUPOOHHUIITBA OpPraHO-MiHEpaIbHUX
JIOOpYB Ha OCHOBI OCaiB CTIYHUX BOJ M. XapKoBa, SKHH Ta€ 3MOTY PO3MHUPHUTH (YHKIIOHAIHHI MOYKIHBOCTI
peareHTiB 3 MOCHIICHHSAM afcopOyIOYNX BIACTHBOCTEH 0 BaKKMX MeTaliB. Ha WopHO3eMi THIIOBOMY BCTaHOB-
JICHO arpoeKOJIOTIUHY Ta arpoXiMidHy e(peKTHBHICTh OpraHo-MiHepaTbHUX J0OpuB. Jl0BEICHO IepeBary opraHo-
MiHepalbHUX TOOpWB Tepen TpaauiiHuMu noopuBamu. [licimst BHECEHHS MOOPHB 30UTBIINBCS BMICT 3aralbHOTO
BYTJICIIO B TPYHTI, BMICT TYMIHOBHUX KHCIIOT 30iMbmmBes y 1,5 - 2,8 pasu, ¢ynpBokucnor —y 1,1 — 1,7 pa3u, cyma
IyMyCOBHX pedoBHH — y 1,3 — 2,1 pa3i mopiBHsHO 3 BapiaHToM Oe3 BHeceHHs NoOpuB. [licisi BHECEHHsS opraHo-
MiHEepaJIbHUX JOOPHUB po3IIUproeThes criBBiqHomeHHs Crk/Cox 1 3poctae crymiHb rymigikaii. Bcranosneno, 1o
BHECEHHSI OpraHO-MiHEepaJIbHUX JOOPUB, 3aB/ISKU MiIBUIICHOMY BMICTY B IXHBOMY CKJIaJli T'YMIHOBHX 1 ()yJIbBO-
KHUCIIOT, CHPUSI€ OJOKYBAHHIO BAKKMX METAJIB Y IPYHTI Ta MEPEIIKO/PKAE TPAHCIOKAIlli y POCIMHHUIIBKY MTPOIY-
KIito. MakcumanbHi Bpoxkai KyKypy/J3W OJEp)KaHO ICis JIOKaJbHOTO BHECEHHS TI'PaHyJIbOBAaHHX OpraHo-
MiHEepaJbHUX JOOPHB — MPHUPICT ypoxkaro ctaHOBHB 41 % TOPIBHSHO 3 KOHTPOJIEM, MiCis BHECEHHS CHITydOi
thopmu 106puB — 32 % mopiBHAHO 3 KOHTposieM UncTnit npudyTok cTaHoBUB Bix 534 no 848 rph. 3 1 ra. Po3po-
OneHi pekoMeHaIii o0 BUPOOHHUIITBA OpTaHO-MiHEpaIbHUX TOOPHB Ta IX 3aCTOCYBAaHHS Y CITBCHKOMY TOCIIO-
JTAPCTBi, BYKIIUBO, y TIEPIITY YepTy, BIPOBATUTH Ha KOMIUICKCI 010JIOTI9HOT OUHCTKH «be3roTiBChKH.

BucHoBku. OOIpyHTOBAaHO 3 arpOCKOJIOTIYHOI TOYKH 30py MPOIEC BUPOOHHIITBA OPTaHO-MiHEPAIBLHHUX
J0OpHB Ha OCHOBI 0CaiB CTIYHMX BOJ M. XapkoBa. Ha 4opHO3€Mi THIIOBOMY Ba)KKOCYTIIHHKOBOMY BCTaHOBIICHO
arpoeKOJIOTIYHY Ta arpoXiMiuyHy e(EeKTHBHICTh 3aCTOCYBAaHHS OpraHO-MiHEpaJbHHUX JOOPHB MOPIBHSIHO 3 Opra-
HIYHAMH 1 MiHEpATbHUMU JOOPUBAMH, SKi BHOCHIIM B €KBIBaJICHTHHX J103aX OKpeMo. JloBeJeHO mepeBary opra-
HO-MiHEpAJIbHUX JA0OPUB Mepea TPaAuliiHUMK J00pruBaMH. BCTaHOBIEHO, 110 BHECEHHS OpPraHO-MiHEpaIbHUX
JIOOpHB, 3aBIISIKH MIZABUIIEHOMY BMICTY Y iX CKJIaJi TyMiHOBHX i (pyJIbBOKHCIIOT 1 OpraHiuHOT PEUOBHHH, CHIPUSIE
OJIOKYBaHHIO BaXKKUX METJIB Y I'PYHTI Ta MEPEIIKO/PKAE IXHPOMY HAKOIMYEHHIO Y POCIMHHUIBKOT MPOAYKIIii.
3a paxyHOK CTa01J1i30BaHOTO CKJIa/1y IHHOBALIIIHOTO JOOpPHBA OYiKY€ETHCS ITiABUIIECHHS POJOYOCTI IPYHTY, YpO-
JKaWHOCTI KYJIBTYp Ta OTPUMAaHHS €KOJOTIYHO YUCTOi 1 Oe3neyHol MpoAyKilii, TOOTO MaroTh arpoeKoJIOTiYHuUit
e(eKT.

KJIFOYOBI CJIOBA: eeKkTHBHICTB, Ba)KKi METAIH, OpraHO-MiHepalbHi T00pHUBa, pOCIHHA, IPYHT
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ATPOSKOJJOI'NYECKOE OBOCHOBAHME TEXHOJIOI'MM INEPEPABOTKH U INPUME-
HEHUMSA OCAJIKOB CTOYHBIX BOJ

DKoJIoTH3alus 3eMIIENIENs] CTAHOBUTCSI PUOPUTETHBIM HAINpPABICHUEM €ro pa3BUTUSI B YKpauHe U BO
MHOTHX CTpaHax Mupa. M3BECTHO, YTO U30BITOYHOE KOJWYECTBO B MOUYBE THKENIBIX METAJIOB YXY/IIIIA€T IIO0-
pOJIMe W HECEeT PHUCK TPAHCIOKAIIMN B PACTEHUEBOAYECKYIO POAYKIHI0. KpaiiHe HeJJ0CTaTOUYHO MCCIICIOBAHMIA,
HaInpaBJIEHHBIX Ha TMOJyYeHHE W NMPUMEHEHHE OPraHO-MHHEPATBHBIX YJA0OPEHHH, KOTOPhIE UMEIOT arpodKoio-
rudeckuit 3 dexT.

ean. OnpeaenuTs BO3MOXHOCTH MOTYYSHHs] HOBBIX OpPraHO-MHHEPAIBHBIX yIOOpEHNI Ha OCHOBE Oca-
JIKOB CTOYHBIX BOJ| C MOBBINIEHHBIMU JCOPOUPYIONMMHU CBOWCTBAMH, YCTAHOBHUTH WX arpOdKOJIOTHIECKYIO
3(h(HeKTUBHOCTD U IaTh PEKOMEHIAINH 110 SKOJIOT00E30IIaCHOMY IIPUMEHEHUIO B CEITBCKOM XO3SIHCTBE.

Mertonsl. [Toneoii, 1abopaTopHO-aHATUTHIECCKHUNA, CTATHCTUIECKO-MAaTEMATHIeCKHH.
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PesyabTaThl. C arpo3konorndeckoil TOUkuM 3peHHs OOOCHOBAHHO MPOIECC HMPOM3BOJCTBA OPraHO-
MHHEPAIBHBIX yJO0OPEHUI HA OCHOBE OCaJKOB CTOYHBIX BOJ I. XapbKOBa, KOTOPHIH MO3BOJISET PaclIupuTh QyH-
KIMOHAJIbHBIE BO3MOJKHOCTH PEAarcHTOB C YCHJICHHEM aAcOpOMpYIONIMX CBOMCTB K TSDKENBIM MeTamiaM. Ha
YepHO3eME THIHYHOM YCTAaHOBJICHO arpo3KOJIOTHYECKYI0 M arpOXMMHYECKYI0 3((EKTHBHOCTH OpPraHO-
MHUHEpPAIBHBIX ya00peHuil. Jloka3aHO MPENMYIECTBO OPTaHO-MUHEPAIbHBIX YAOOPEHUH Hepe] TpaJuiHOHHbI-
MH ynoopenusmu. Ilocine BHeCeHUs ynoOpeHHH YBEIMYMIOCH COAEPKaHUE OOIIero yriepoaa B MOUYBE, COAEP-
JKaHWE TYMHUHOBBIX KHCIIOT YBEIHJIIoCh B 1,5 — 2,8 pasa, ¢pymeBokucior — B 1,1 — 1,7 pa3a, cymMa TyMHHOBBIX
BemecTB — B 1,3 — 2,1 cpaBHHTENbHO C BapuaHTOM Oe3 BHeceHHs ymoOpeHmid. [locie BHeceHHS OpraHo-
MHHEpPAIBHBIX ynoOpennit pacmmupsiercs: cootHomenne C./Cox U BO3pacTaeT CTeneHb TyMU(pHUKalu. Y CTaHOB-
JICHO, YTO BHECEHHE OPraHO-MUHEPAIBHBIX yIOOpEHMH, Oyiarojaps MOBBILICHHOMY COJEP)KAaHHIO B MX COCTaBe
TYMHHOBBIX U ()yJIbBOKHCIIOT, CIIOCOOCTBYET OJIOKMPOBAHUIO TSKEJIBIX METAJUIOB B MOYBE U MPEISITCTBYET TPaH-
CJIOKAaIlMM B PACTEHHUEBOAUECKYIO MPOAYKLHUIO. MaKkcUManbHbIe ypoXkau KyKypy3bl IIOJYyYeHO TOCIIE JTOKaIbHOTO
BHECEHHMSI TPaHyJIMPOBAHHBIX OPraHO-MHHEPAIBHBIX yJOOpPEHUH - IpHpOCT ypoxas coctaBumi 41% 1o cpaBHe-
HHIO C KOHTPOJIEM, a TIOCIIe BHECEHUsI Chlltydel (hopmbl ynoopeHuid — 32% 1o cpaBHEHHIO ¢ KOHTpoJieM. Uucrast
npuObUTE coctaBmwia OoT 534 mo 848 rpH. ¢ 1 ra. Pa3zpaboraHpl peKOMEHAAIUHU IO MPOM3BOJACTBY OpPTaHO-
MHUHEPAIBHBIX YAOOPEHUH U MX IIPUMEHEHHE B CEIIbCKOM XO03scTBE. BakHO, B MepByI0 ouepenb, BHEAPUTH Ha
KOMIUTEKCE OMOJIOTHIECKOH OYHCTKH «be3momoBeKuii».

BoiBoabl. OOOCHOBaHHO C arpo>’KOJIOTMYECKOM TOYKHM 3pEHHs MpOLEecC IPOU3BOJCTBA OpPIaHO-
MHUHEPAIBHBIX YIOOpPEHUH Ha OCHOBE OC3JKOB CTOYHBIX BOA T. XapbKkoB. Ha uepHO3eMe THIHMYHOM TSDKEIOCYT-
JIMHUCTOM YCTAHOBJICHO arpodKOJOTHYECKYI0 W arpOXMMHUUYECKON d3((GEKTHBHOCTh NPUMEHEHUs] OpraHo-
MHHEPAIBHBIX YA0OPEHHH 10 CPAaBHEHHIO C OPIraHUYECKHUMHU U MUHEPAIBHBIMH YJ0OPEHUsIMU, KOTOpPbIE BHOCH-
T B DKBUBAJICHTHBIX J03aX OTAEIbHO. JJoKa3aHO MPEenMyIIecTBO OpraHO-MUHEPANbHBIX YI00peHu epes Tpa-
JTUIMOHHBIMH yTOOPEHUSIMH. YCTaHOBJICHO, YTO BHECCHHE OPraHO-MUHEPAIBHBIX YAOOpeHHH, Onarojaps mo-
BBILIEHHOMY COJICPKaHHUIO B UX COCTaBE TYMUHOBBIX U (DYJIbBOKHCIIOT U OPIraHUUECKOTO BEIIECTBa, CIIOCOOCTBY-
T 6HOKI/Ip0BaHI/IIO TSAXKCIIBIX METAJUIOB B IOYBE U NPCIIATCTBYCT UX HAKOIJICHUIO B paCTeHI/ICBOI[‘IeCKOﬁ npoay-
KIUH. 3a cYeT CTabMIN3UPOBAHHOTO COCTaBa MHHOBAIIMOHHOTO YIOOPEHUS 0’KUIACTCS MOBBILICHNE TIII0A0POIHS
MOYBBI, YPOKAHHOCTH KYJbTYp W MOJTYYEHHS SKOJOTHIECKH YUCTOH M 0E€30IacCHOHN MPOIYKIUH, TO €CTh HMEIOT
arpodKOIIOTHIECKUH 3 (DeKT.

KJIFOYEBBIE CJIOBA: 3 }$eKTHBHOCTD, TSHKEIBIE METAJUTB, OpTaHO-MHUHEpAIbHBIE yIOOpeHus, pac-
TCHHE, 0YBa

Introduction

Soil cover is one of the major environ- Due to this situation, rational use of various
mental components that performs vital functions natural raw materials (sapropel, peat) and waste
of the biosphere. Soils are the main means of of organic origin (first of all, avian manure,
agricultural production. They regulate com- cattle manure, sewage sludge, etc.) and
position of atmospheric air, the quality of production on their basis of composts and
surface and groundwater, being the habitat of complex organic-mineral fertilizers (OMFs)
most living organisms on the land surface, with high adsorption properties is necessary [11,
providing favorable environment for humans. It 12, 13, 14, 4]. A lot of attention has been paid in
is known that the loss of soil fertility deprives current literature to sewage sludge due to its
plants of the ecological basis for their existence. increasing amount and problem with its
Restoration of degraded soils is the preservation disposal. Many researchers reported positive
of the ecology of the territory, upset by man as a effects of using sewage sludge in agriculture
result of irrational economic activity [1, 2, 3]. [15, 16]. The importance of sewage sludge as a
Greening of agriculture is becoming a priority valuable source of matter and energy has been
area of its development in Ukraine and in many appreciated, as well as a potential risk related to
countries of the world, connected with increa- the application of those strategies [17].
sing anthropogenic impact on the environment Research on the scientific and practical
and human health [4, 5]. One of the results of substantiation of sewage sludge (SS) processing
human activity is soil contamination with heavy into complex organic-mineral  fertilizers
metals (HM) [6, 7]. It has been determined that (OMFs) with increased adsorption properties
excessive amount of HM in the soil worsens and their application in agricultural production,
physical, physical-chemical, microbiological given the current state of soils in Kharkiv
and agrochemical properties, increasing the region, is relevant. The use of these fertilizers
content of HM in plant production [8, 9, 10]. will help increase the crops productivity,
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improve their quality by reducing incoming
heavy metals into plant products, preserving soil
fertility, decreasing environmental pollution by
toxicants. The purpose of the work is to
determine possibilities to obtain new organic-
mineral fertilizers based on sewage sludge with
enhanced adsorbing properties, to establish their
agroecological efficiency and to make recom-
mendations for environmentally safe application

in agriculture. The research was conducted in
2018 (technological and part of laboratory ex-
periments) and in 2019 (field experiment) at the
National Scientific Center "O.N. Sokolovsky
Institute of Soil Science and Agrochemistry
Research” in the laboratory of organic fertilizers
and humus (Certificate of compliance of the
measurement system with the requirements of
DSTU ISO 10012: 2005 No. 01-0104 / 2017).

Materials and methods

Model-technological experiments were
carried out on the working hypothesis of
obtaining fertilizers of prolonged action by
physical-chemical and chemical interaction of
components of different origin to obtain OMFs
on the basis of SS, to reduce nutrient losses,
increase the content of humic substances
(humic and fulvic acids) to enhance the ad-
sorption properties of new fertilizers [18]. The
algorithm for calculation of OMFs production
by individual technological stages is given in
the schemes and Egs. 1 to 7.

Step 1. Quality control — Organic raw
materials  (sewage sludge, peat) —
Conditioning and synchronization of the
mixture with mineral and organic components
— Calculation of the number of source
components:

Mineral fertilizers

N = Nx -100— N, (1)
N

P:i-loO—Pc, @)
Ce

K = Kx 1100 — K, 3)
C:K

Organic component

0O=1000—N-P-K-Nc-Pc-Kc,
4

Step 2. Managed aero-composting of
organic-mineral mixture — Enrichment by a
starting complex of nutrients — Calculation of
quantity of starting components for enrichment
of nutrients starting complex

Step 3. Quality control — Calculation of
total nutrient content in the final fertilizer:

~ 136 ~

_0-0,  N-Cy Nc-C,

Nz . (9
100 100 100
. P-C

pr = 92O o Fe£Cy (6)
100 100 100

=00, K-C Ke-Co

_|_
100 100 100

where: N is the physical mass of
nitrogen fertilizers for the main complex, kg;

P — physical mass of phosphorus
fertilizers for the main complex, kg;
K — physical mass of potassium

fertilizers for the main complex, kg;

O - physical mass of the organic
component (kg);

Nx — the planned content of nitrogen
active substance of mineral fertilizers in 1 ton
of final fertilizer, kg;

Py — the planned content of active
phosphorus substance of mineral fertilizers in 1
t of final fertilizer, kg;

Kx — the planned content of the active
substance of potassium mineral fertilizers inl
ton of final fertilizer, kg;

Cy — content of nitrogen active
substance in nitrogen fertilizers,%;

Cpr — content of active substance of
phosphorus in phosphorus fertilizers,%;

Ck — content of potassium active
substance in potassium fertilizers,%;
Nc —  physical mass of nitrogen

fertilizers for the starting complex, kg;

Pc — physical mass of phosphorus
fertilizers for the starting complex, kg;

Kc — physical mass of potash fertilizers
for the starting complex, kg;

N; — total content of nitrogen active
substance in 1 ton of final fertilizer, kg;

P, — total content of active substance of
phosphorus in 1 ton of final fertilizer, kg;

Kz — total content of the active substance
of nitrogen in 1t of the final fertilizer, kg;
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Oy — content of active ingredient
nitrogen of organic component in 1 ton of final
fertilizer, kg;

Op — content of active ingredient of
organic phosphorus component in 1 t of final
fertilizer, kg;

Ok — content of active ingredient of
organic potassium component in 1 ton of final
fertilizer, kg;

C — is the proportion of starting active
substance in the total mass of active substance
of the corresponding element (%);

100 — conversion rate from percent to
kilograms;

1000 — OMFs mass, which is being
calculated, kg.

SS from the biological treatment com-
plex "Bezlyudivsky" in Kharkiv, lowland peat,
liquid mineral fertilizers (technical ammonia
water, liquid complex fertilizers) were used in
the research. Doses of SS and fertilizers appli-
cation were calculated according to accepted
methods, taking into account the reduction of
pollution by heavy metals, without disturbing
the balanced nutrition of plants.

Agro-ecological efficiency of OMFs ac-
tivity was studied on the basis of sewage
sludge using different methods of application
of corn on silage, production quality, elements
of soil fertility and new fertilizers’ impact on
the processes of heavy metals transformation
in the system of fertilizer — soil — plant at Slo-
bozhans'kyi experimental field» O. N. Soko-
lovsky Institute of Science and Technology in
field experience according to the following
scheme:

Scheme of the experiment

1. Without fertilizers (control)

2. Organic Component (SS) — Scattered
(Comparison Option) at Ngy dose

3. Organic component (SS) — locally
(comparison option) at a dose of Ng

4. OMFs — dose rate calculation based
on NgoPsoKeo

5. OMFs — locally at a dose of NgoPgoKso

6. NPK Mineral Fertilizer — Scattered
(Comparison Option) at a Dose of NgoPsoKeo

7. NPK mineral fertilizer — locally
(comparison option) at a dose of NgoPgoKeo

The experiment repeated — 4 times. The
size of the accounting area — 10 m”.

Soil — chernozem typical heavy-loam
with total nitrogen content — 0.23 — 0.27%,
total phosphorus — 0.20 — 0.24%, mobile forms
of phosphorus — 58.6, potassium — 88.9 mg/kg
soil, nitrogen in mineral form — 22.0 mg/kg of
soil, pH — 6.8.

The dose of sewage sludge according to
the content of heavy metals was calculated by
Eq. 8 [19].

Npm = ((MPC —F) x 3 x103)/C, (8)

where:  Npm is the SS dose by HM
content, t/ha; MPC — maximum permissible
concentration of metal in soil, mg/kg; F —
background content of metal in soil, mg/kg; 3
x 10° — mass of arable soil, t/ha; C — metal
content in SS, mg / kg.

Analyses of soil, plants, sewage sludge,
lowland peat and organic-mineral fertilizers on
their basis were performed according to the
current regulatory documents, namely: the
mass fraction of moisture was determined by
gravimetric method according to DSTU 1SO
11465 [20]; determination of the reaction of
the medium (pH) according to DSTU ISO
10390 [21]; mass fraction of total carbon was
determined oxidimetrically according to DSTU
4289 Soil quality [22]; group and fractional
composition of humus according to the method
of L.V. Tyurin in the modification of V.V.
Ponomareva and T.A. Plotnikova according to
DSTU 7828 [23]; mass fractions of moving
compounds of trace elements and heavy
metals— by atomic absorption method on a
Saturn-4  spectrophotometer according to
DSTU 4770.1- DSTU 4770.9 [24-27]; the total
mass fraction of nitrogen and mass fraction of
ammonium nitrogen according to DSTU 7911
[23]; phosphate mass fraction according to
DSTU ISO 5316 (DSTU, 2003]; mass fraction
of total potassium according to DSTU 7949
[28]; mass particles of trace elements and
heavy metals by atomic emission spectrometry
according to DSTU ISO 11885 [22]; mass
particles of common forms of nitrogen,
phosphorus, potassium according to MVB 31-
497058-019. The results obtained during the
research were processed by methods of math-
ematical statistics using standard programs
Exel and Statistica 6.0.

Results and discussion

Scientific research has shown asignificant
agro-potential of sewage sludge to be used in

agricultural production. Positive SS effect on
agrochemical, biological, water-physical, physi-
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cal-chemical parameters in different soils has
been established [29]. The high content of or-
ganic matter in sediment contributes to the in-
crease in humus reserves while improving its
quality in the soil, as well as carbon sequestra-

tion, which will favourably influence the envi-
ronment. The agrochemical composition of SS
from the biological treatment complex
"Bezlyudivsky" in Kharkiv is shown in Table 1.

Table 1

Agrochemical composition of SS from the complex of biological treatment
"Bezlyudivsky" in Kharkiv

N Index Actual content,% on dry matter
B 1 2 3 Average

1 Dry matter 45,56 42,21 44,39 44,05
2 Organic matter 57,25 54,36 52,11 54,57
3 Total carbon, Ctotal 21,44 22,01 22,54 21,99
4 Total nitrogen, N 2,95 2,84 3,24 3,01

5 Total phosphorus, P,05 3,53 4,97 4,75 4,42

6 Total potassium, K,0 0,20 0,27 0,22 0,23

7 pH 6,4 6,7 6,5 6,5

It has been found that the content of
organic matter in the SS is 54% on average, the
total basic nutrients of plants is 7.66%. It
should be noted that this waste is characterized
by a low content of potassium, its content is
only 3% of the amount of nutrients. In general,
the investigated sewage sludge meets the
requirements of the current DSTU 7369 [19]
according to agrochemical parameters. It is
known that the main factor limiting the use of
sludge for fertilizer crops is the content of
heavy metals [24 — 27]. According to the re-
sults of analytical work, it has been found that
the content of heavy metals and trace elements
does not exceed the permissible concentrations

in the studied sediments from the biological
treatment complex "Bezlyudivsky" in Kharkiv
(Table 2).

Model-technological work to obtain
OMFs on the basis of SS was carried out in
laboratory conditions. To obtain organic ferti-
lizers, the starting components were mixed in
appropriate proportions. According to the cal-
culation, the initial composition was as fol-
lows: sewage sludge 70%, lowland peat 20%,
ammonia water 5%, and liquid mineral fertiliz-
ers 5%. Agroecological and agrochemical
evaluation of OMFs after composting are
shown in Table 3.

Table 2

Agroecological evaluation of SS on the content of trace elements and heavy metals in Kharkiv
and compliance with normative requirements DSTU 7369 [19]

Content (mg/kg) Valid values for SS DSTU 7369
S.Ne | Index

1 2 3 Average Group 11 Group 22 Group 33
1 Co 7,63 8,02 7,97 7,87 5-20 20-50 50-100
2 Cu 712,33 720,81 734,93 722,69 100-300 300-700 700-1500
3 Mn 611,05 621,54 629,75 620,78 250-750 750-1500 1500-2000
4 Ni 59,45 62,78 61,98 61,38 50-75 75-150 150-200
S Zn 1096,77 | 1091,05 | 1100,92 | 1096,25 300-1000 1000-2000 2000-2500
6 Pb 5,95 6,54 6,09 6,19 100-200 400-600 600-750
7 Cd 14,07 15 14,72 14,59 3-5 5-15 15-30
8 Cr 60,12 58,68 59,66 59,48 100-400 400-600 600-750

1. Use (or production of compost) in doses adequate to standard fertilizers

2. Use at a dose of 3-4 t/ ha annually or no more than 10 t / ha every three years
3. Use at a dose of 5-6 t / ha on dry matter once every 5 years with mandatory control of the background content of
the elements in the soil.
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Table 3

Agroecological and agrochemical evaluation of OMFs on the basis of SS

S.N\e Index Actual content on dry matter
1 Dry matter (%) 51,56
2. Organic matter (%) 79,27
3. Humic acids (%) 5,88
4. Fulvic acids (%) 2,74
5. Humus substances (%) 8,62
6. Total nitrogen, N (%) 4,84
7. Total phosphorus, P,05 (%) 4,75
8. Total potassium, K;O (%) 457
9. Cu (mg/kg) 826,55
10. Fe (mg/kg) 18004,0
11 Mn (mg/kg) 731,95
12. Zn (mg/kg) 1112,15
13. Ni (mg/kg) 53,78
14. Pb (mg/kg) 7,05
15. Cd (mg/kg) 11,15
16. Cr (mg/kg) 59,50
17. pH 6,9

It has been established that after aerobic
composting and activation of organic peat with
nitrogen-containing compounds in the OMFs
the content of humic substances (humic and
fulvic acids) increased significantly. This fact
indicates an increase in the adsorption proper-
ties of the new fertilizer to block the flow of
heavy metals to crop production and complex
formation in the soil. In the field experiment on
heavy-loam typical chernozem we have estab-
lished agrochemical and agro-ecological effec-
tiveness of OMFs on the basis of SS in Kharkiv
on soil fertility elements, corn yield on silage

and output quality. The advantages of OMFs
were compared with traditional mineral fertiliz-
ers and SS, which were introduced separately.
Maximum vyields of corn silage were obtained
after the local application of granular OMFs -
the yield increase was 11,7 t / ha or 41% com-
pared to the control, after introduction of bulk
fertilizers — 9,0 t / ha or 32% compared to the
control (Table 4).

After introduction of the initial SS, the
yield of corn silage in the spread-out way was
30, 4 t / ha or 7% compared to the control, in
local application — 32,5 t / ha or 16%. After

Table 4

Effectiveness of OMFs based on SS on the yield of corn silage

. Increase in
Yield (t/ha
5N Variant e Average | control
1 2 3 y tha | %
Without fertilizers
1 (control) 25,8 29,6 29,5 28,3 - -
5 ss 27,7 31,8 31,7 30,4 2,1 7
28,8 34,3 34,3 32,5 4.2 15
30,3 38,4 38,1 35,6 7,3 26
3 OMFs loose
31,1 39,2 415 37,3 9 32
31,2 34,6 41,8 35,8 7,5 26
4 OMFs granular
37,7 37,6 448 40 11,7 41
27,9 32,9 36,6 32,5 4.2 15
5 NPK
32,8 35 38,6 35,5 7.2 25
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Note: Above the line — spread of fertilizer; under the line - fertilizing locally

fertilizer application, the yield of corn silage
was at the level of 4,2 to 7,2t/ ha or 15 - 25%.
In a field experiment, it has been found that the
introduction of OMFs on the basis of SS actively
affects the transformation of humus qualitative
composition in typical chernozem (Table 5).

Application of organic-mineral fertilizers
based on sewage sludge has been found to sig-
nificantly increase the content of organic matter
and improve its qualitative composition in the
upper layer of typical chernozem. After fertili-
zation, the content of total carbon in the soil
increased, the content of humic acids increased
by 1,5 — 2,8 times, fulvic acids - by 1,1 — 1,7
times, the total sum of humic substances - by
1,3 — 2,1 times compared with no fertilizer op-
tion. After OMFs introduction, the ratio of
Thc/Tfc expands and the degree of humification
increases.

These processes are primarily due to the
organic component contained in the fertiliz-
ers.They indicate that the fertilizers have good
adsorbing properties with respect to the pollu-
tants and, therefore, are of agro-ecological
value. The use of sewage sludge and fertilizers
on their basis is limited by the content of heavy
metal salts in their composition. However, it is
known that the main thing is not the presence
of the element, but its concentration. Copper,
cobalt, zinc, manganese are classified as heavy
metals, but their role is very important in shap-
ing crop yields and product quality. Soil is not
always a complete source of trace elements for
plants. Thus, the content of these elements in
fertilizers is considered a positive factor. How-
ever, the use of sewage sludge and fertilizers

based on it in crop production involves a moni-
toring system of of heavy metals accumulation
in soil and products. In the field experiment we
determined the OMFs effect based on SS on
the content of mobile forms of trace elements
and heavy metals in the typical chernozem
(content after application Locally; denominator
— content after Scattering) (Table 6).

In plants, the accumulation of heavy
metals depends on many factors: biological
features of species (their ability to transform
metal compounds into a physiologically inac-
tive state), the content of organic matter in the
soil and its quality, the reaction of soil solu-
tion, soil buffer, etc.

The effects of long-term application of
sewage sludge on metal distribution in the soil
profile, the response of crop yields, and the
bioavailability of metals were reviewed, using
results from field trials. It has been established
that introduction of OMFs based on SS did not
inhibit the growth and development of maize
plants. The content of trace elements and
heavy metals in the corn silage did not exceed
maximum permissible levels in coarse and
juicy feeds for farm animals (Table 7).

Agrochemical measures must be eco-
nomically viable and energy-justified in agricul-
ture. After application of bulk organic fertilizers
in corn on silage, a conditionally net profit was
obtained from UAH 694 to 822 per 1 ha, granu-
lar fertilizers — at the level of UAH 534 — 848
per 1 ha. At local application of organic-mineral
fertilizers net income was 1.2 —1.6 times higher
than the application of fertilizers in spread. The
review  (Huang  and Yuan, 2016)

Table 5

Changes in quality indicators of humus of black soil typical under the influence of OMFs based on SS

C Humic Fulvic Humines Total humic
S.Ne | Variant (ot/"t;' acids. ¢ acids. o % and fulvic The/Tfc
: » 70 70 ° acids, %
1 | Without fertilizers | 20\ (61100 | 0.81/1,70 0,33 1,42/2,79 0,7
(control)
2 SS 2,22 1,03/1,85 0,89/1,87 0,3 1,92/3,72 1,2
3 OMFs loose 3,48 1,71/3,08 1,36/2,86 0,41 3,07/5,94 1,3
4 OMFs granular 2,6 0,92/1,66 0,92/1,93 0,76 1,84/3,59 1
5 NPK 152 | 0,31/0,56 | 0,78/1,64 0,43 1,09/2,20 0,4

Note: Before the line - carbon content, after the line - content of the substance
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Table 6
The content of mobile forms of microelements and heavy metals in the chernozem
typical after local application of OMFs on the basis of SS
. Content , mg/kg in soil
S.Ne Variant -
Cd | Co | Cr | Cu | Mn Ni | Pb | Zn
1 | Without fertilizers (control) | 0,06 | 0,47 | 0,69 | 0,35 | 45,72 | 0,66 | 0,44 | 0,98
2 |ss Locally 0,17 | 0,58 | 0,79 | 0,44 | 47,34 | 0,88 | 0,54 | 1,65
Scattering | 0,15 | 0,53 | 0,77 | 0,41 | 47,36 | 0,81 | 0,58 | 1,69
Locally 0,1 1059|0,74|0,38 |54,73|0,75| 0,41 | 1,82
3 OMFs loose -
Scattering | 0,09 | 0,54 | 0,77 | 0,36 | 53,82 | 0,73 | 0,42 | 1,9
Locally 0,08 051|072 |0,37|5836|077| 04 | 1,72
4 SS granular -
Scattering | 0,07 | 05 | 0,8 | 0,36 | 57,39 | 0,8 | 0,45 | 1,77
& | NPK Locally 0,05(032| 05 |0,29|4003|055]| 03 |091
Scattering | 0,04 | 0,41 | 0,55 | 0,38 | 41,42 | 0,5 | 0,38 | 0,92
P — Locally 003|011 |002(001| 11 |0,12|0,05]0,21
*® Scattering | 0,02 | 0,09 [ 0,05 0,02 | 1,6 |0,13 0,03 | 0,19
7 MPC (mg/kg) in soil - 5 6 - 4 6 37
Table 7

Effect of OMFs based on SS on the content of microelements and heavy metals in corn silage
(content after application Locally; denominator - content after Scattering)

Content, mg/kg of dry substance,
S.Ne | Variant average from 3 repetitions

Cu Fe Zn Ni Co | Cd Pb

1 Without fertilizers (control) 58 34,9 55 0,7 | 045 | 0,09 | 056
Locally 10,64 | 5054 | 20,64 | 295 | 095 | 063 | 3,21

2 SS Scattering 1059 | 50,47 | 2044 | 2,84 | 0,78 | 059 | 3,33
Locally 9,76 | 49,75 | 1998 | 1,22 | 062 | 0,28 | 2,25

3 | OMFsloose Scattering 921 | 4943 | 19.77 | 1,01 | 066 | 029 | 2,58
Locally 857 | 4891 | 1832 | 1,78 | 0,68 | 0,29 | 1,84

4| OMPsgranlar e ering 848 | 4862 | 1835 | 134 | 054 | 030 | 2,06
Locally 12,03 | 3483 | 903 | 095 | 055 | 0,30 | 3,15

> | NPK Scattering 1239 | 3465 | 9,65 | 082 | 052 | 034 | 301
6 MPC in maize, mg/kg of dry substance 30,0 | 1000 | 500 | 30 | 10 | 03 | 50

discussed the migration and transformation
behaviors of heavy metals from the following
aspects: the effect of reaction temperature, the
effect of additives (catalysts and other bio-
mass), the effect of the solvent type and reac

tion time. It has been found that after intro-
duction of OMFs based on SS in chernozem
typical the concentration of trace elements
and heavy metals increased, but these indica-
tors did not exceed the established MPC.
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Conclusion

The process of OMFs production on the
basis of SS in Kharkiv is substantiated from
the agro-ecological point of view. The study of
sewage sludge from sludge sites of wastewater
treatment plants has showed that a sufficiently
high content of organic matter (more than
70%) and basic nutrients (common forms of
nitrogen, phosphorus) determines the prospects
of using the investigated SS as fertilizers. Low
humidity of the samples (48%) is a very im-
portant factor in saving transportation costs
and greatly simplifies agricultural practices for
the introduction of SS into the soil. Processing
of organic raw materials based on a conceptual
model of humus compounds formation in the
process of conditioning has been developed in
contrast to traditional approaches. It allows us
to expand the functionality of the reagents by
enhancing the adsorbing properties of fertiliz-
ers in relation to pollutants (heavy metals).
Agroecological and agrochemical efficacy of
SS use as compared to organic and mineral
fertilizers applied in equivalent doses separate-
ly was established on the typical heavy loam
chernozem. SS advantage over traditional ferti-
lizers has been proved. Economic efficiency of
organic-mineral fertilizers was higher in case

of their local application. The granular SS form
had advantage over bulk fertilizers of similar
composition as to their effectiveness and im-
pact on crop Yields. Introduction of SS, due to
the increased content of humic and fulvic acids
and organic matter, helps block heavy metals
in the soil and prevents their accumulation in
plant products.After introduction of organic-
mineral fertilizers based on sewage sludge a
significant increase in the concentration of
trace elements and heavy metals was found in
the black soil but these indicators did not ex-
ceed the established MPCs. In our opinion, the
increased content of quality organic matter in
the composition of fertilizers has played a
positive role in these processes, namely, humic
substances (humic and fulvic acids), which
improve the adsorbing properties of fertilizers.
The implementation of the proposed technolo-
gy will reduce bioavailability of heavy metals
and their mobility in the soil which, in turn,
impedes their accumulation in products. It is
expected to increase soil fertility, crop yields
and obtain environmentally friendly and safe
products due to the stable composition of in-
novative fertilizers.
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