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The use of soil based on sewage sludge from urban wastewater
treatment plants in the greening of urban areas

© 2022' A' V' IlinSkiy1 ORCID: 0000-0002-6843-91707 V' N' Selmenl‘

E' V' Selmenl ORCID: 0000-0002-1949-45367 S' D' Kal'yakinaz

M' S' Matyukhinz ORCID: 0000-0003-2256-45207 V' V' Grehennikﬂvaz ORCID: 0000-0001-7701-3668?
'All-Russian Research Institute for Hydraulic Engineering and Land Reclamation,
44, bldg. 2, Bolshaya Akademicheskaya St., Moscow, Russia, 127550,

2LLC “ECO-ISYSKANIYA”,

202 office, letter L, 27, Firsova St., Ryazan, Russia, 390006,

e-mail: ilinskiy-19@mail.ru, ecoiz62@mail.ru

ORCID: 0000-0002-4538-797X
ORCID: 0000-0003-3225-8076"

In afield experiment, the effect of various doses of the agrochemical “Soil Green City”, created on the basis of sewage
sludge from sewage treatment plants of housing and communal services, on the growth and development of a flower and
ornamental culture — Salvia splendens, when grown on flower beds in urban areas, was studied. The observations were
carried out according to morphological parameters: the height of salvia plants, the number of inflorescences, flowers in
the inflorescence. The positive influence of the agrochemical “Soil Green City” on the growth and development of the
test flower and ornamental culture (S. splendens) has been established. The best results were obtained in the variant with
the introduction of an agrochemical at a dose of 4 kg/m?, the variant with the introduction of an agrochemical at a dose
of 3 kg/m?, is slightly inferior. When using the tested doses of the agrochemical “Soil Green City”, the content of gross
forms of heavy metals and arsenic in the soil did not exceed the values established by hygienic standards. In landscaping
urban areas and creating favorable conditions for the growth and development of salvia when grown in flower beds and
increasing its stress resistance to abiotic factors, it is recommended to use the agrochemical “Soil Green City” at a dose
of 3—4 kg /m?.

Keywords: agrochemical, sewage sludge, Salvia splendens, heavy metals, urbanized areas, flower and ornamental
crops, environmental safety.
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IIpumenenue moYBOrpyHTa Ha OCHOBE OCAJIKOB CTOYHBIX BOJ| TOPOICKUX
OYUCTHBIX COOPYKEHNI B 03eJIeHEHUN TOPOJICKUX TePPUTOPUil
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B yenoBusix mosieBoro ornbita M3y4eHo BJIMsHIE PA3IUUHbIX 103 BHeceHus arpoxumukara «llouBorpynr SenéHbrit
TOPOJI», COBIAHHOTO HA OCHOBE OCAJIKOB CTOUHBIX BOJ| KAHAJIMBATIMOHHBIX OUNCTHBIX COOPYKEH NI JKUTNIITHO- KOMMYHAJTLHOTO
XO3SCTBA, HA POCT U PA3BUTHE TIBETOUHO-[@KOPATHBHOI KyJIBTYpbl — canbBun (Salvia splendens) npu BbipaninBanmm
Ha KIym0ax ropojckux reppuropuii. Habmogenus mpoBoguanch mo Mopdoaorndeckum moKasaTesasiM: BbICOTa pacTeHIil
CaJIbBII, KOJIMYECTBO COIBETHIT, IIBETKOB B COI[BETHH. Y CTAHOBIEHO [TOJORNTEIbHOE BinsAHNe arpoxuMnkara «[lousorpynr
S3esI6HBIIT rOPOJi» HA POCT 1 PA3BUTIE TECTOBOT IIBETOUHO-IEKOPATHBHOIT RYJIBTYDPHI (S. splendens). Hamryurie pe3ysisrars
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TOJIYUCHBI B BAPUAHTE ¢ BHECEHIEM arpoOXUMIKATa B [03€ 4 KI/M?, HeMHOIMM YCTYTIaeT BAPUAHT ¢ BHECEHUEM arpoXuMuKaTa
B jgo3e 3 Kr/m2 llpu memomrbzoBannm HCIBITYeMbIX 103 arpoxuMuiarta «llouBorpynr 3eqéHnrii ropoj» comepsranme
B TI0UBE BATOBHIX (POPM TSIKETBIX METATTOB 1 MBITIHAKA e MPEeBBICII0 3HAUCHI, YCTAMOBICHHBIX THTHEHTTeCKITMIT
HOpMaTuBaMu. B o3e/eHeHN N TOPOJICKIX TePPUTOPIIT 1 CO3/Ia I GJArONPUATHBIX YCJIOBUII [T pOCTA 1 PA3BUTHS CAJIbBIT
[P BBIPAIIUBAHII HA RIYMOAX 1 MOBBIIIEHUs €€ CTPeCCOYCTONUMBOCTH K a0NOTHYeCKIM (DAKTOPaM PEKOMEHJLYeTCst
npumenenne arpoxumukara «llousorpynr Sesénniii ropoi» B o3e 3—4 kr/m2.

Katouessie crosa: arpoxuMukar, ocajku crouHbiX BoJ, Salvia splendens, Tséanie Mera/uibl, ypOoanU3upPOBAHHBIC
TEePPUTOPUH, IIBETOYHO-[EKOPATHBHBIE KYJIBTYPBI, DROJIOTHIECKAsT 6€30TaCHOCTD.

The development of industry and the growth
of urbanization have led to the fact that in cities
high levels of pollution of atmospheric air, sur-
face and groundwater, as well as soil cover with
pollutants can be recorded, which has a negative
impact on the environment and negatively af-
fects the quality of life of the urban population
[1-3]. At the same time, landscaping of urban
areas plays an important role in stabilizing the
ecological situation, the possibility of which
directly depends on the quality of soils; urban
soils are strongly transformed and differ from
natural soils in their structure and chemical
composition [4—6]. The soil cover in most large
cities experiences a powerful and long-term an-
thropogenic impact, leading to the development
of degradation processes and, ultimately, to its
depletion, thereby creating unfavorable condi-
tions for the development of plants involved in
urban greening [7-11].

Sewage sludge waste (SSW) from sewage
treatment facilities of housing and communal
services (HCS) can serve as a source of organic
matter for the soil, as well as macro- and micro-
elements such as nitrogen, phosphorus, potas-
sium, calcium, magnesium, copper, zinc, etc.,
necessary for the normal course of physiological
and biochemical processes in plants [12-16].
The introduction of additional organomineral
components into the degraded soil of urban areas
obtained from the waste of sewage treatment
facilities of city HCS can be a promising method
for ensuring the ecological comfort of urban ar-
eas during landscaping, planting trees, shrubs,
flower beds, laying oul lawns, grassing road
slopes and landfills [17—19]. Regional features
and the specifics of the work of specific sewage
treatment plants have a significant impact on the
concentration of pollutantsin the SSW, bringing
them closer to the limits of permissible concen-
trations [13, 14, 20]. Lead, nickel and arsenic
are more actively concentrated in the wastewater
treatment plants of the housing and communal
services of the Ryazan region. The empirical
series of pollutant accumulation in SSW, built
on the basis of the results of estimating the
concentration coefficients of elements, has the

following form: Pb > Ni > As > Cu > Zn > Cr
> Cd > Hg [13]. The use of such wastes as the
basis for complex long-acting ameliorants also
serves as a priority for their disposal [13, 19, 21].
In this regard, the use of organomineral ame-
liorants obtained on the basis of sewage sludge
to improve the environmental sustainability of
degraded and man-made urban lands, use in
floriculture and landfill reclamation, has a high
social, economic and environmental attractive-
nessin the implementation of nature restoration
projects. This requires scientific substantiation
and confirmation by the results of experimental
studies [20, 22, 23].

The purpose of the research is to study the
effect of various doses of the agrochemical “Soil
Green City” obtained on the basis of SSW of
sewage treatment facilities of the housing and
communal services on the growth and develop-
ment of a test flower-decorative crop (Salvia
splendens), as well as assessing soil contamina-
tion with heavy metals and arsenic when using
an agrochemical.

Objects and methods of research

The composition of the agrochemical in-
cludes a composted mixture of dehydrated sew-
age sludge with pine sawdust, with a moisture
content of 70-80%. According to toxicological
and agrochemical indicators, the agrochemical
“Soil Green City” meets the standards for soils
and their mixtures used for the improvement of
populated areas (sanitary regulations SanPiN
1.2.3685-21, SanPiN 1.2.3684-21), fertilizers
(State Standard GOST R 54651-2011) based
on SSW group [, and is registered in the State
Catalog of Pesticides and Agrochemicals Per-
mitted for Use on the Territory of the Russian
Federation in the section “Soils” (as of December
29, 2021).

The field experiment was laid in 2021 on the
territory of the village of Solotcha in the city of
Ryazan, Ryazan Region, located in the southern
taiga subzone of soddy-podzolic soils. Scheme of
laying and conducting a field experiment: option 1
(control) — without the use of agrochemicals
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and fertilizers; option 2 — the agrochemical “Soil
Green City” was introduced into the flower bed,
atadose of 2.0 kg/m?; option 3 — the agrochemi-
cal “Soil Green City” was introduced into the
flower bed at a dose of 3.0 kg/m?; option 4 — the
agrochemical “Soil Green City” was introduced
into the flower bed at a dose of 4.0 kg/m? The
field experiment included a randomized place-
ment of variants in quadruple replication, the
area of each plot was 9 m?. The application doses
are sel taking into account the requirements of
the standard (GOST 54651-2011): in green
building it is allowed to apply organic fertilizers
produced on the basis of sewage sludge, ensuring
the introduction of the total nitrogen contained
in them in the amount of 250-300 kg /ha. The
content of nutrients in the agrochemical “Soil
Green City” in terms of total nitrogen is 0.69% in
dry matter, which corresponds to the application
0f3.62-4.35 kg /m? of soil. The maximum recom-
mended dose of 4 kg/m? of soil and two smaller
doses, 2 and 3 kg/m? of soil in dry matter, were
used for the field experiment.

The introduction of the agrochemical
“Soil Green City” with a uniform distribu-
tion over the surface of the flower beds and
subsequent mechanized incorporation (with
motor-cultivator) into the soil to a depth of 20
cm was carried out on May 11, 2021. Salvia
splendens (sparkling sage), which is actively
used to create flower beds and lay lawns in the
Ryazan region, was used as a test flower and
decorative culture in the experiment. Seedlings
of salvia flowers were planted on flowerbeds by
municipal enterprise “ZhKU-22" on May 26,
2021, planting density was 54 pcs/m?. Plant
height measurements were carried out on the
8th, 22nd, 33rd, 51st, 85th and 100th days after
planting seedlings in flower beds. On the 51st
and 85th days, the number of inflorescences and
the number of flowers in the salvia inflorescence
were also measured. For each variant of the
experiment, measurements were taken on 50
plants, then they were statistically processed
using the Excel program.

At the end of the growing season, accord-
ing to the variants of the field experiment, soil
samples were taken from the 0—20 c¢m layer to
determine the content of gross forms of heavy
metals (HM) and arsenic. Soil sampling was car-
ried out in accordance with GOST 17.4.3.01-17,
GOST17.4.4.02-17, GOST 28168-89. Analytical
determinations of the content of gross forms of
HM (copper, zinc, lead, cadmium, and mercury)
and arsenic were performed according to stan-
dard methods [24—26] in a specialized accredited
laboratory.

Meteorological observations performed
at the stationary station of the Meshchersky
branch of the All-Russian Research Institute of
Hydraulic Engineering and Land Reclamation
(VNIIGiM), located in the village of Solotcha,
showed that the growing season of 2021 is char-
acterized by an uneven distribution of precipita-
tion: for the period May-September, 166.2 mm
of precipitation fell, which is 98.8 mm less than
the long-term average. This growing season was
also characlerized by uneven temperature dis-
tribution: the average daily air temperature for
the growing season in 2021 was +19.1 °C, which
is 3.6 °C higher than the long-term average. In
general, the growing season of 2021 can be char-
acterized as uncomfortable for plants with stress
periods in terms of heat and moisture supply.

Results and discussion

In the field experiment, we studied the effect
of various doses of the agrochemical “Soil Green
City” on the dynamics of the height of salvia
plants (Table 1).

Studies have shown that on the 8th day after
planting salvia seedlings on flowerbeds, the larg-
est increase in plant height was observed in op-
tion 2 (55.1% higher than in control); in option
4 the increase in plant height is 33.7% higher
than in the control; in the third option the small-
est value of the increase in plant height is noted
(27.6%). On the 22nd day of the experiment,
the largest increase in plant height was also

The results of the study of the height dynamics of Salvia splendens plants Tabled
in the field experiment, cm (significantly at P >0.95)
Experiment Observation period
options Sth day 22nd day 33rd day olst day 85th day 100th day
Control 6.06£0.03 | 11.98+0.02 16.80+£0.04 | 22.04+0.05 | 22.92+0.04 23.19+0.04
Option 2 9.40+£0.04 | 15.17+0.03 19.30+0.04 | 22.20+0.04 | 25.62+0.05 26.20+0.04
Option 3 7.73£0.04 | 13.91+0.03 22.20+0.05 27.26+0.06 | 31.34+0.06 32.38+0.06
Option 4 8.10+0.05 | 13.97+0.03 22.24+0.04 | 27.60+£0.06 | 32.07+0.05 33.37+0.06
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observed in option 2 (26.6% higher than in the
control); then option 4 follows with an increase
in plant height of 16.6%; in the third option the
smallest value of the increase in plant height
is noted (16.1%). On the 33rd day, the largest
increase in plant height was observed in option 4
(32.4%); then option 3 follows with an increase
in plant height (32.1%); the smallest value of
the increase in plant height is noted in the sec-
ond option (14.9%). On the 51st day, the larg-
esl increase for salvia was observed in option 4
(25.2%); slightly less — in option 3 (23.7%); the
smallest growth value was recorded in the sec-
ond option (0.7%). On the 85th day, the largest
increase in plant height was also noted in the
fourth option (39.9%), followed by option 3,
in which the increase was 36.7%, the smallest
increase was recorded in option 2 (11.8% higher
than in control). On the 100th day of the experi-
ment, the largest increase in plant height was re-
corded in option 4 (43.9%), the average increase
was obtained in option 3 (39.6%), the smallest
increase was observed in option 2 (13.0% higher
than in control).

The results of counting salvia inflorescences
and the number of flowers in one inflorescence
using the agrochemical “Soil Green City” are
shown in Figures 1 and 2.

On the 51st day of the experiment, the larg-
est number of inflorescences on the salvia shrub
was observed in option 4 (206% higher than in
control), followed by option 3 (138% higher than

in control), in the second option and the control
option the number of inflorescences is the same
and amounted to 1.8 pes. On the 85th day of the
experiment, the largest number of inflorescences
on the salvia shrub was also observed in option 4
(175% higher than in control), followed by op-
tion 3 (137% higher than in control), the lowest
value was recorded in option 2 — 4.4 pieces, which
is 10% higher than in the control option.

On the 51st day of the experiment, the larg-
est number of flowers in the salvia inflorescence
is observed in option 4 (55% higher than in the
control), followed by variant 3 with an increase
0f49%, the lowest value was recorded in option 2
(20% higher than in the control option). On the
8oth day of the experiment, despite unfavorable
meteorological conditions for the flowering of
salvia in the period from the 51st to the 85th
days of the experiment (July to August of the
growing season 2021), which led to the fact that
the flowers in the salvia inflorescences partially
wilted and fell off, a similar trend is observed: the
largest number of flowers in the inflorescence
was recorded in option 4 — 77.0 pcs., which is
995% higher than in the control, slightly less in
option 3 — 71.2 pcs., which is 44% higher than
in the control, the lowest value obtained in op-
tion 2 — 64.6 pes., which is 30% higher than in
the control.

When using the agrochemical “Soil-Green
City” in doses of 2—4 kg/m?, the content of
gross forms of heavy metals (Pb, Ni, Cu, Zn,
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Fig. 1. Comparative assessment of the number of salvia inflorescences
when using the agrochemical “Soil Green City” on flowerbeds
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Fig. 2. Comparative assessment of the number of flowers in the inflorescence
of salvia when using the agrochemical “Soil Green City” in flowerbeds

Table 2
The content of gross forms of heavy metals and arsenic in the soil
when using the agrochemical “Soil Green City”, mg/kg

No. Element Agrochemical application dose, kg/m? Standard

2 3 4 content
1 | Lead 12.7+£3.8 13+4 14+4 32"
2 | Nickel 6.2+1.9 6.4+2.0 7.0+2.3 20"
3 | Arsenic 1.53+0.07 1.63+0.06 1.72+0.08 2.0
4 | Copper 8.2+2.5 9.5+2.8 10.6+3.2 33"
5 |Zinc 33+10 43+6 47+5 25"
6 | Chromium 5.1+2.1 6.2+2.3 8+5 61"
7 | Cadmium 0.26+0.08 0.30+0.09 0.33+0.11 0.5"
8 | Mercury 0.033+0.021 0.061+0.028 0.09+0.05 217

Note: * — according to SanPiN 1.2.3685-21, ** — background for soils of the Moscow region [27].

Cr, Cd, Hg) and As in the soil did not exceed
the values established by sanitary and hygienic
standards.

Conclusion

The positive effect of the test doses of the
agrochemical “Soil Green City” on the growth
and development of salvia (S. splendens) was ex-
perimentally confirmed. This flower-decorative
culture showed the best results in the variant
with the introduction of an agrochemical at a
dose of 4 kg/m?, slightly inferior to the variant
with the introduction of an agrochemical at a
dose of 3 kg/m? On the 8th and 22nd day of
the experiment, the best results in terms of the

height of salvia plants were obtained in the vari-
ant with the introduction of an agrochemical at
a dose of 2 kg/m?. However, starting from the
33rd day of the experiment and until its comple-
tion, the best results in terms of plant height were
obtained in the variant with the introduction of
an agrochemical at a dose of 4 kg/m?; the vari-
ant with the introduction of an agrochemical at
a dose of 3 kg/m? is slightly inferior to it. This
circumstance apparently is associated with the
prolonged release of nutrients from the agro-
chemical into the soil solution and their entry
into the plants. When the agrochemical “Soil
Green City” was applied in doses of 2—4 kg/m?,
the content of gross forms of heavy metals in
the soil did not exceed the values established
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by sanitary and hygienic standards. To create
favorable conditions for the growth and devel-
opment of salvia when grown in flowerbeds and
increase its stress resistance to abiotic factors,
itis recommended to use the agrochemical “Soil
Green City” at a dose of 3—4 kg/m* In the fu-
ture, it seems appropriate to continue this field
experiment to assess the prolonged impact of
the agrochemical “Soil Green City” on flower
and ornamental crops and the dynamics of the
conlent of heavy metals in the soil.
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Ilpoexr « HarypasibHbie yo0peHusi HpoJIOHTHPOBAHHOTO JI€IICTBHS,
1oJIy4YeHHbIe Ha OCHOBE «3eJIEHOU XUMUm»

Paspaborka u BHefpeHme 3eJIEHBIX TEXHOJOTUI ABJISAETCSA BayRHEUTIUM TPEHOM
pa3BUTHUsI MUPOBOI HIKOHOMUKN Ha coBpeMeHHOM drare. nHoBammonubie pazpaboTku
U TePCIeKTUBHBIE TeXHOJTOTUYECKNe PeITeH s, TO3BOJISIONINEe CHIU3UTH aHTPOTIOTeHHYTO
HaTPy3KY Ha OKPYRATOTIYIO CPey U 00eCednTh paimoHaTIbHOe HCIT0Ib30BaAHIe TTPUPOJI-
HBIX PECYPCOB, MTPEJICTABISATIOT OOJBION WHTEPEC JIIs cCOBpeMeHHoro 6nsneca kar B Poccnm,
Tak n 3a pyoeykom. X amcay cooTBeTCTBYONMNX pazpaboTok MOKHO oTHecTH npoerT « Ha-
TypanabHble YI0OpeHUs TTPOJIOHTHPOBAHHOTO JIEHCTBUSA, TTOTYUYeHHbBIe HA OCHOBE «3eJIEHOM
xumun» 13 Barcko- Ramckux pocopuron u Bsarckoro ropdar, pazpadoraHubiil yUEHBIM I
HAaY4YHO-MCCIe/I0BaTeIbCROT TabopaTopuit 6MOMOHUTOPUHTA BATCKOTO rocyiapcTBeHHOTO
YHUBepcuTera (Hay4YHbINl pyKoBoinTesb — K.X.H., forent H.B. Coipunna). CoorBercTny-
IOIUIT ITPOEKT MPOTIEN KCIIePTHBIN 0TOOP B KOHKYpCe cTpaternyecKux MHUIUATUB 1 BO-
mén B ot 1000 naunmarus s popyma «CusibHble upien st HOBOro Bpemenn — 2022».

Hensarosnre hocOpPUTH 1 TOPP ABTATOTCA BAKHOHUTTTIMI TIOTE3HBIMI MCKoTTaeMbivin Hir-
poBcroii obactn. Ha ocHOBe COOTBETCTBYIONINX TTPUPOHBIX PECYPCOB MOKET OBITh HAJIAFKEHO
MPOM3BOJICTBO MM POKOT IMHEH KN OpraHoMiTHepatbHbIX yinoopenuii (OMY) ¢ yryunieHHbIME
XapaKTepuCTHKAMI, HATYPATHHBIX YIIOOPEHUIT JJIsT OPTaHIMdeCKOTO 3e MU 1 TTOUBEHHBIX
mesimopanToB. K mpenmytiectsam BATCKIX (DOCHOPUTOR clieyeT OTHECTH HI3KOe COJlePIRAHTE
TORCUYHBIX DJIEMEHTOB, B YaCTHOCTH KaJIMISI, XOPOTITyio OuojoctyrmHocts gocdopa, Haandamne
B COCTaBe PY/Ibl MNIAYKOHUTA, OKAZBIBAIOIIETO MOJTOKUTETLHOE BIMSHIE HA AKTUBHOCTD 110Y-
BEHHBIX a30TUKCHPYIONUX MUKPOOPTAHN3MOB, XUMUYECKUI COCTAB U CTPYRTYPY MOUBDI.

B ornunune ot pajiniinoHHBIX paCTBOPUMBIX MUHEPaTbHBIX yo0peruii, OMY Ha ocHoBe
dochopuroB Bsarcko-Ramekoro mectoposkieHnst XapaKkrepuayorest IPOJOHTIPOBAHHBIM
MepPUOJIOM JIeTiCTBYSI, He BBIMbIBAIOTCSI U3 MTOUYBBI, c110coOCTBYIOT ontuMusanuu pH u rerok-
CUKAIMN KOPHEOONTAaeMOro TOpPM30HTa 32 CYET cOpOIUN PsJiA TAMKEIBIX METAJIIOB NJIAYKO-
unrom. Ilpomssogcrso OMY opuentnpoBano na 6e30TXOHYTO MepepaboTRy T0OLIBACMOIT
PYIibl, HU3KYIO 9HEPrOEMKOCTh POU3BOCTBEHHOTO TTPOIEcca i NCKITI0UeHIe XUMIYeCKOTO
BOBJIEIICTBYUSI HA CHIPbEBBIE KOMIIOHEHTHI, YTO MOJHOCTHIO COOTBETCTBYET TPUHITHIIAM «3€-
TEHOW XUMUT».

Opranmsaropamn KOHKYpca sABJiseTcst ATeHTCTBO cTpaTernyecknX mHnmuaTns. [lepBorii,
MOJIFOTOBUTETLHBIN, ATATl KOHKYpca MPOHIET ¢ 1 MIoHs 110 4 Ui0Jisi, BTOPOT aTar — ¢ O WioJis
o 20 urons 2022 . YHenaio yuacTHURAM MPOEKTa YCIEITHOTO MTPOXO0MKCHIS BCeX ITANOB
ROHKYpCa ¥ BHEJPEHUS TIPOEKTA B MPAKTUKY!

3as. nabopamopuet buomornumopunea Baml'y,
d.m.u., npogpeccop T.A. Awuxnuna

197

Teopernueckas u npuriaagHas sxoaorusi. 2022. Ni 2 / Theoretical and Applied Ecology. 2022. No. 2




