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Abstract. The article discusses the existing approaches to the separation of heavy metal ions from excess
activated sludge for its further use as an organic fertilizer. Research has been carried out to determine the
content of heavy metal ions in the formed excess activated sludge from the Makeevka treatment facilities.
There is no data on the migration of metal ions from precipitates treated with calcium oxide under the
influence of rain and melt waters. Therefore, studies of the migration of ions of heavy metals, were carried
out using the example of zinc, cuprum and iron, from untreated activated sludge, and treated with quicklime.
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STATEMENT OF THE PROBLEM

Activated sludge plays the main role in the process of biological treatment of municipal wastewater. Activated
sludge is a biomass, which includes the following types of organisms: bacteria, microscopic fungi, ciliates, amoeba,
worms, rotifers, etc. The formation of activated sludge is influenced by the presence of organic contaminants,
temperature, pH, redox potential of the environment. Upon completion of purification with the participation
of activated sludge, the sludge suspension is divided into two streams, the first of which is return sludge, which
again enters the aeration treatment system, the second is excess activated sludge sent for disposal [1]. At many
treatment plants, in general, excess activated sludge is not disposed for it’s reuse, but is stored at sludge sites.
Every year this storage becomes a problem, in connection with which an unfavorable environmental situation
arises, large areas of land are required for sludge pads. Storing these types of sludge without pretreatment can
lead to pollution of the atmosphere, ground and surface water, and soil. The introduction and development of
methods for the disinfection and disposal of the resulting excess activated sludge is an urgent task today.

ANALYSIS OF RECENT RESEARCH AND PUBLICATIONS

For disinfection and binding of metal ions, the authors of [4] recommend treating the sediment with calcium
oxide (quicklime). When calcium oxide and sediment interact, calcium hydroxide is formed and heat is released,
which contributes to deforming due to temperature treatment of the sediment and increasing the alkalinity of
the medium [4]. However, there are no data on the migration of metal ions from precipitates treated with calcium
oxide under the influence of rain and melt waters.

The aim of this work is to experimentally determine the migration of metal ions into an aqueous solution the
from untreated activated sludge and treated with quicklime.

MAIN MATERIAL

The most rational option for the disposal of treated sediments is their use as organomineral fertilizers, since
in their composition they contain biogenic elements: nitrogen, phosphorus and potassium [2]. However, disposal
can be hindered by the presence of harmful impurities in the sediments, including heavy metal ions [3]. One of
the directions of preparing sediments for disposal is the removal of such impurities from the sediments. The
existing methods for removing heavy metal ions can be subdivided into reagent, physicochemical, and reagent-
biological. Reagent methods are based on the treatment of wet sediments with acid solutions, while as a result
of chemical reactions with heavy metal ions, soluble salts are formed, which are removed during dehydration.
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Physicochemical methods include the extraction of heavy metal compounds with organic acids, treatment of
the sediment with calcium-containing materials [5]. The reagent-biological method is based on a combination
of biological processes and reagent sludge treatment. Biological processes contribute to the conversion of
insoluble compounds of heavy metals into soluble forms; reagents are involved both in biological processes and
in the subsequent extraction of these compounds from sludge water. Analysis of the methods shows that they
all have various kinds of disadvantages that complicate their application. Such disadvantages include the
complexity of technological schemes, high consumption of reagents. For two years, industrial research was carried
out on the use of sediments from sludge areas as organomineral additives for the cultivation of agricultural
crops [6]. It has been shown experimentally that the introduction of urban wastewater sediments into the soil
for crops leads to a partial accumulation of metals in vegetable and fodder crops, and also due to atmospheric
precipitation, there is a gradual penetration of metals into the lower layers of the soil. The authors [7-8] presented
a model of the distribution of heavy metal ions in the soil over time. Due to melt and rainwater, the migration
of metal ions into the soil reaches 20..40 c¢m per year.

Initially, the research was aimed at determining the content of metals in the activated sludge of the industrial
aeration tank of Makeyevka treatment facilities and results are compared with previous years.

The method for determining metal ions in activated sludge included the following operations. The dewatered
sludge was dried in a drying oven at a temperature of 105 ° C. Then, hydrochloric acid was added to 10 g of the
sediment and pH was adjusted to 2, the mixture was kept for 30 minutes with periodic stirring. At the end of
the experiment, the content of metals in the aqueous phase was determined using an atomic absorption
spectrometer according to the standard procedure. The concentration of metal ions on the absolutely dry matter
of the sludge was determined by calculation. The concentration of metals in the activated sludge samples in
2011 and 2018 years and the permissible concentrations of heavy metal ions in the sediment used in agriculture
as fertilizers are shown in Table 1.

Table 1 — Content of ions of heavy metals in activated sludge of sewage treatment facilities of the town of Makeevka

Concentration of metal ions in activated N f £ fertili K
Metal ions sludge, mg / kg orm for groups of fertilizers, mg / kg

2011 year 2020 year I* Ir**
Cuprum 17,9 85,7 132 750
Chromium 31,6 0,94 90 500
Zinc 406,8 58,74 220 1750
Plumbum 47,5 12,50 130 250
Nickel 272,4 16,4 80 200
Cadmium 27,8 1,26 2,0 15

* Fertilizers of group I: fertilizers based on sewage sludge used for the cultivation of industrial, fodder, grain and green
manure crops, in personal subsidiary plots when growing seedlings of vegetable and flower crops. ** Fertilizers of group II:
fertilizers based on sewage sludge, used for planting forestry crops along roads, in nurseries of forest and ornamental
crops, floriculture, for cultivating depleted soils, reclamation of disturbed lands and slopes of roads, reclamation of solid
waste dumps.

From the data obtained in Table 1, it can be seen that the concentration of heavy metal ions contained in the
activated sludge has significantly decreased over the past years. This is probably due to the decrease in
wastewater discharges by industrial enterprises. At the moment the concentration of metal ions is in the
permissible norms, when using sludge as a fertilizer, for different types of crops. It also allows the use of excess silt
for biological land reclamation.

The second stage of research was the experimental determination of the migration of metal ions from the
untreated activated sludge and the one treated with quicklime. The behavior of ions of copper, zinc and iron
was studied. Experiments on leaching sludge untreated with calcium oxide were carried out according to the
following procedure. Samples of the dried sediment were mixed with distilled water and kept with periodic
stirring for four hours. After that, water was removed from the mixture by filtration, and the content of metal
ions in the water was analyzed, the active reaction of the medium was 7.8. To assess the degree of leaching of
metal ions depending on the duration of contact of sludge with distilled water, this contact was carried out in
parallel experiments for two and four hours.

Experiments on the leaching of sludge treated with calcium oxide were carried out in a similar way, only the
sample of sludge was pre-mixed with a dose of calcium oxide equal to 20% of the sludge dry matter weight,
while pH value was 11.
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For example, Figures 1 and 2 show the results of experiments with the determination of the migration of zinc
and copper ions.
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Figure 1 — Migration of zinc ions into liquid.
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Figure 2 — Migration of copper ions into liquid.
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Table 2 shows the percentage of leaching of heavy metal ions from treated and untreated sludge with calcium
oxide, depending on the duration of contact with distilled water.

Table 2 — Percentage of leaching heavy metal ions from the sediment into an aqueous solution

Leaching rate of metal ions from untreated

sludge

The degree of leaching of metal ions from the
treated sludge with calcium oxide

with a two-hour

with a two-hour

Metal ions . at four-hour contact . at four-hour contact
contact with water, . o contact with water, . o
o with water, % o with water, %
Cu 15 17 54 80
7n 4 15 7 25
Fe 1,11 3 2,5 3

Based on the data obtained, it can be noted that with an increase in the duration of contact of the sediment
with water, the migration of metal ions into the liquid increases. In this case, metal ions from the treated sludge
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with calcium oxide undergo the greatest leaching in comparison with the untreated sludge. This indicates that
the addition of calcium oxide does not provide the strength of binding of metal ions into insoluble complexes.

CONCLUSIONS

1) The studies have shown that the excess active sludge of Makeevka wastewater treatment plant, in terms
of the concentration of heavy metal ions, is included in the permissible norms for the use of precipitation as a
fertilizer.

2) During the treatment of activated sludge with calcium oxide, heavy metal ions are subjected to a greater
degree of leaching due to the amphoteric properties of metal hydroxides.
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B. . HE3/IOIMUHOB, A. B. MOT'YKAJIO, T. . 3BATOPYIKO
BO3MOJXHOCTDb UCITOJb30OBAHUA M3BBITOYHOTO AKTUBHOTO MJIA
B KAHECTBE OPTAHOMUWHEPAJIbBHOTO YAOBPEHUA

T'OY BIIO «/lonbacckast HallMOHAJbHAsT aKaJeMUsl CTPOUTENBCTBA U apPXUTEKTYPBI»

AHHOTa].II/ISI. B craTpe PaCCMOTPEHBI CYIIECTBYIONINE ITOJAX0/bl K BbIJEJIECHNUIO NOHOB TAKEJIbIX METAJIJIOB U3
U30BITOYHOTO AaKTUBHOTO MJIa JUISL IaJTbHENIIero ero UCIOJIb30BaHUs B KauecTBe OpraHn4YecKoro leO6peHI/I}I.
HpOBe[[eHbI HCCJIe0OBaHU:A 110 OlIpeJeJIEHNIO COAEPKaAHUA NOHOB TAXKEJIbIX METAJJIOB B 06pa3y101ueM051 nus-
OBITOYHOM AKTHBHOM HJjie MaKeeBCKUX OYMCTHBIX COOpy}KeHHﬁ. OTcyTCTByIOT JaHHbIE€ O MUTpallu NOHOB
METaJIJIOB U3 06pa60TaHHbIX OKCHJIOM KaJIbIIMSI OCAJIKOB TI0J] IEHCTBUEM JIOK/IEBBIX U TaJbIX BOJ. HOBTOMy
ObLIN IIpoBeJieHbl UCCJAEN0BAHUA MUTPAIlUX NOHOB TSOKENTBIX METAJITIOB HA IIpUMeEpe IMMHKa, MeIN U Kejie3a
nus3 HeO6pa60TaHHOF0 AaKTUBHOTO WJa 1 O6pa6OTaHHOTO HeraméHol U3BecTbhIO.

KoueBblie cioBa: MOHBI TSKETBIX METaJIJI0B, HerarmiéHas NU3BECTb, MUTPalUA, AKTHUBHBIN nJ1, BbIlle/a4n-
BaHUe.
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B. I. HE3/IJOMMIHOB, A. B. MOTYKAJIO, T. I. 3BATOPYIKO

MOJKJJINBICTb BUKOPUCTAHHA HAJJIUINKOBOTO AKTUBHOTO MVYJIY
AK OPTAHOMIHEPAJIbBHOTO JOBPUBA

JIOY BIIO «/lonbachka HalioHa bHa akajeMis OyAiBHUITBA i apXiTeKTypH»

AHoTartist. Y cTarTi po3risHyTI iICHYI0Ui MiIX0AU 10 BUAIJIEHHS i0HIB BAKKUX METAJIB 3 HAIUIIKOBOTO aK-
TUBHOTO MYJIy JJIs TIOAAIBIION0 HOr0 BUKOPUCTAHHSA K OpraHigHoro go6pusa. [IpoBeseHo M0CTiaKeHHs 3
BU3HAYEHHS BMICTY i0HIB Ba)KKUX METAJIIB, IO YTBOPIOETHCS B HAMMIPHOMY aKTUBHOMY MYyJi MaxkiiBChbKUX
OYMCHUX crOpyA. BincyTHi gani mpo Mirpaiioo ioHiB MeTamiB 3 06poOIEHUX OKCUAOM KAJbIit0 OIA/IB il
€0 0MoBKX i Taymux Bojt. Tomy Oy poBeieHi HOCIKeHHsT Mirpallii i0HiB BasKKUX METAJIIB HA TIPUKJIA
IMHKY, Mii i 3a7i3a 3 He0OOPOOJIEHOTO AKTUBHOTO MYJIy, i 06POGJIEHOTO HETalleHM BAITHOM.

KmouoBi cioBa: i0HI BaKKHX MeTaJliB, HeralleHe BAIlHO, Mirpallisl, akTUBHUN MYJI, BUTyTOBYBAHHS.

Hespnoiimunor Bukrop MBaHOBUY — JOKTOpP TEXHMYECKUX HAyK, mpodeccop, 3apeayonuili kadeapoli BogocHabkeHus,
BOJIOOTBE/IEHUS 1 OXPaHbl BOAHBIX pecypcoB 'OY BIIO «/lonbacckast HalMOHAIbHAS aKaJeMUsl CTPOUTENbCTBA U apXU-
TeKTypbl». HayuHble uHTEpECHl: GUONIOrMYECKast OUUCTKA CTOUHBIX BOJI.

Morykano Anacracusi BagumoBHa — acriupant Kabeapbl BOLOCHAOKEHNS, BOAOOTBEIEHNsI 1 OXPAHbl BOJHBIX PECYPCOB
T'OY BIIO «/lonbacckast HalMOHATbHAST AKaJE€MIUsI CTPOUTENHCTBA U apXUTEKTYPbl». HayduHble nHTEpeCh: 06paboTKa
0CaJIKOB.

3aropyiiko Tamapa MBanoBHa — 1o11eHT Kadeapsl MHOCTPAHHOTO SI3bIKA U TearoTHku Boelcuielt mkoxsl [OY BITO
«JloHbacckast HAIMOHATbHAST aKAJIEMUsI CTPOUTEBCTBA M apXUTEKTYPbl». HayuHble MHTEPECH: METOMNKA MPETOIaBaHNsT
MHOCTPAHHBIX SI3BIKOB, POJIb IPeNoaBaresd B yueOHOM Mpoliecce, NPoOIeMbl BOCIUTAHKS CTYAEHUECKO MOTOAEHKH.

Hesnoiiminos Bikrop IBaHOBHY — /JOKTOP TEXHIYHUX HAyK, podecop, 3aBimyBad kadeapu BOAOIOCTAYaHHS, BOJIOBi/Be-
JeHHst Ta oxoponu Boanux pecypceis JJOY BITO «/lon6Gacbka HarfioHa bHa akajieMis Oyl BHUITBA i apXiTekTypr». Haykosi
iHTepecn: 6i0JOTIYHA OYMCTKA CTIYHUX BOJ.

Morykano Anacracia BagumiBHa — acriipanT kadezpyu BOJOIIOCTaYaHHSI, BOAOBI/IBE/IEHHS Ta OXOPOHU BOJIHHUX PECYPCiB
JOY BIIO «/lonbachka HallioHaIbHa akajeMist OyaiBHUITBA i apXiTekTypu». Haykosi iHTepecu: 06pobieHHs ocaiB.

3aropyiiko Tamapa IBaniBHa — 1o1ieHT Kadbeapn iHO3eMHUX MOB i memaroriku Buioi mkoan JJOY BITO «/lomb6achka
HallioHaJIbHa aKajieMist OyAiBHULTBA | apxiTekTypu». HaykoBi iHTepecu: MeTOAMKA BUKJIANaHHS IHO3EMHUX MOB, POJib
BUKJIAJa4a B HABYATHLHOMY TIPOIIECE, TPOOIEMU BUXOBAHHS CTYAEHTCHKOI MOJIO/I.
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