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Abstract:

Introduction/purpose: SuSica source surface water varies in natural
organic and inorganic impurities, biological species and micro-organisms.
This water is used instead of Vrutci lake water that has been stronglly
affected by eutrophication. These waters need removal of pollutants with
coagulants and polyelectrolyte. The aim of research was fo improve the
surface water treatment (coagulation and flocculation), to reduce sludge
amount and to evaluate its quality, treatment and application.

Methods: The physical-chemical methods are developed for determining
the quality parameters of water, sludge and compost. These parameters
are: turbidity, KMnQ, consumption, metals, total organic carbon, total
nitrogen, and chlorophyll.

Results: Surface water quality has a strong impact on sludge. The
concentrations of metals in the sludge were: 72200 mgkg-1 Al, 8550
mgkg-1 Fe, and 106 mgkg-1 Zn. The metals over the maximum limit were:
Ni 169 mgkg-1, Cr 69.5 mgkg-1, Pb 5.7 mgkg-1, and they have to be
reduced by zeolite. The ,nutrients” concentrations were: 697 mgkg-1 P,
297 mgkg-1 K, 9.6 mgkg-1 total N, and 274 mgkg-1 of dissolved organic
carbon. Escherichia coli and Salamonella are important for converting
sludge to compost.
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Conclusions: After maturation, compost can be used for Coriandrum
sativum cultivation. In further work, this strategy should be applied to the
water and sludge from Vrutci lake.

Key words: surface water, water flow, coagulation, flocculation, sludge,
compost.

Introduction

Water is a public, renewable and easily accessible resource.
Unfortunately, it is often not treated as a significant environmental,
economic and social factor. United Nations experts estimate that in this
year, 2020, two-thirds of people on Earth live in water-scarce areas. A
large number of water bodies such as rivers, lakes, seas, and oceans are
being affected by the eutrophication process. Due to geological aging
and leaching from the surrounding catchment areas, the nutrient levels in
water gradually increase and water bodies move from oligotrophic to
eutotrophic. In this way, problems in Vrutci lake began. There was a
significant decrease in dissolved oxygen concentration (DO) and
increase in chemical oxygen demand (COD). Cyanobacteria bloom
occurred, caused by eutrophication and global warming of these aquatic
ecosystems. Similar results (Christophoridis et al, 2018.) were presented
for algal blooms and the occurrence of cyanotoxins in 14 lakes in
Greece, firstly determined by Elisa tests for several types of cyanotoxins
(microcystins). Then the authors used microscopic identification with
taxonomic keys, as well as liquid tandem mass spectrometry with
electrospray ionization and chromatographic separation in multiple
reaction monitoring mode (MRM) for the identification of all species and
for their quantification. Cyanobacteria are photosynthetic prokaryotic
organisms which reproduce rapidly, forming cyanobacterial "blooming"
water. A prerequisite for the occurrence of cyanobacteria and their
dominance is a decrease in the ratio of total nitrogen to total phosphorus
(TN:TP) to a value of 10 or less. Phytoplankton has a great influence on
the surface water quality, no matter which area — the Mediterranean
area, the Marathonas Reservoir or Bubanj and Sumarice lakes - is a
subject of investigation. Phytoplankton depends on the availability of
CO,, sun and nutrients. Phytoplankon degrading bacteria deplete water
from oxygen and destroy living organisms. Phytoplankton is sizzling, but
when it comes to water blooming, high concentrations of chlorophyll and
other pigments appear as well as many species of algae (Katsiapi et al,
2011, pp .563-575), (Rankovic¢ et al, 2006, pp.107-114). The increase in
phosphorus, an indicator of the occurrence of water blooming and the
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development of phytoplankton, Planktothrix rubescens, from the
Cyanobacteria group, was recorded in Vrutci Lake. Excessive
contamination of the Vrutci lake water appeared as well as the
development of pathogenic bacteria. As a result, the water treatment
plant was not able to purify the modified water. Therefore, the Vrutci
reservoir was disconnected from the water supply system and replaced
with the surface raw water from the SuSica river source, Fig 1. The
Susica river is classified as type 6 of water and ll-1ll surface water class,
in accordance with the Regulations on the parameters of the ecological
and chemical status of surface waters and the parameters of the
chemical and quantitative status of groundwaters (Official Gazette of the
Republic of Serbia, N° 74/2011).

Figure 1 — SusSica river source
Puc. 1 - Ucmok peku Cywuuya
Cnuka 1 — Uzeopuwme peke Cywuye

The water plant has been modernized: some lines have been
reconstructed and some new lines have been built. In the process of
treating surface raw water, besides the production of drinking water,
waste water and sludge are generated as waste (including water with
which filters have been washed and sludge after a sludge concentrator
has been emptied). If drinking water is enriched with phytoplankton or
other biological species as well as a lot of rainfall, it is necessary to use
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more doses of chemicals such as Al-inorganic coagulants and organic
flocculant, polyelectrolyte.
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Figure 2 — Situation plan of the water supply plant
Puc. 2 — CumyayuoHHbil rinaH 05151 800004UCMHO20 COOPYKEHUS
Cniuka 2 — CumyayuoHu rnnaH nocmpojerba 3a ripepady sode

Figure 2 shows the situation plan (done by The Jaroslav Cerni
Institute for the Development of Water Resources, Belgrade, Serbia) and
the reconstruction phases of the raw water treatment plant that operated
in the “classical” way during 2017. At the very beginning of 2018, the first
phase of reconstruction was released. This phase included the
reconstruction of the part for the preparation of coagulants and laminar
precipitators, as well as the construction of new objects: flocculation,
ozone block and gas stations.

The sludge formation is mostly influenced by the quality of surface
water, treatment processes (coagulation and flocculation), and the
amount of water influx into the water ftreatment plant. The
interdependence of raw water quantity in function of doses of chemicals
was analyzed in the time before the technological reconstruction in 2017,
with a classic water treatment and after the water plant reconstruction,
with an improved treatment of the SuSica surface water in 2018. The
technical improvement in the flocculation section included three speed
mixing machines with reducer motors of different power that contribute to
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more efficient flocculation. The ,high quality” flocculas are deposited on
the laminar sedimentation tanks and after sapling sludge is obtained,
undergoing dehydration by automatic dosing of polyelectrolytes. The
reconstruction of the water plant also respected environmental principles
and reduced the amount of generated sludge. Q. Malik dealt with similar
issues (Malik, 2018.) He presented the method for reducing the
generated sludge amount during the coagulation/flocculation process and
for minimizing costs of deposition of by-products from the water
treatment process. When surface water is treated with Al-sulphate, the
pH of the treated water increases as a consequence of the high degree
of basicity of this coagulant. Compared to other coagulants, Al-sulphate
has lower efficiency. The optimal technological conditions for removing
high turbidity are chosen. For example, for 250 NTU turbidity is removed
with Al-sulphate doses of 0.25 g/I, pH 6, with the deposition time of 30
minutes. The similar concept of a physico-chemical treatment
(coagulation-flocculation) is applicable (Aguilar et al, 2005, pp.47-56) to
waste water, using anionic polyacrylamide as an additional chemical for
improving coagulation, optimizing the rate of flocculation. The optimum
rate and the mixing time for a given degree of flocculation were
consistent with the pH and the doses of the coagulant/flocculant.
Chemical oxygen demand (COD), biochemical oxygen demand for 5
days (BODs), and total suspended particulate matter (TSS) were
determined at the beginning and the end of each experiment to monitor
the process of waste water clarification. Once the optimal conditions
were established, other parameters were also measured to evaluate the
coagulation/flocculation process: number and size of particles, sludge
volume, nutrients (ammonia, nitrogen, total Kjeldahl nitrogen,
orthophosphate, total phosphorus), and residual Fe* and AP
concentrations in purified water. Anionic polyacrylamide, added with Fe-
sulphate or polyaluminum chloride, led to a significant increase in the
deposition rate.

The process of treating raw surface water involves bringing colloidal
particles to a certain range, during the process of clarification, i.e.
coagulation/flocculation of water, thereby reducing the content of colloidal
particles, performing discharging and aggregation. The next phases in
removing pollutants are the removals of chemicals in excess and
metabolic products through the processes of precipitation and filtration.
The most commonly used coagulants are aluminum salts (sulphates or
polychlorides) or iron salts. The chemistry of aluminum in surface water
is described by complexation reactions during the
coagulation/flocculation process:
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1. aluminum and inorganic ligands, sulphates, phosphates, hydroxyl
ions,

2. aluminum and organic ligands, aluminum-humic matter,

3. reactions of formation, monomers, polymers and precipitation
formation:

- monomeric types of aluminum, AP® *, AI(OH)*, AI(OH),*, Al(OH)s,
Al(OH),~

- polymer species, Al,(OH),**, Als(OH),4 **, Al1304(OH)24"*

- precipitate Al(OH)3, (s).

Cvijovi¢ and Dijurdjevic in some papers (Cvijovic et al, 2012,
pp.1087-1097), (Cvijovic et al, 2012, pp.313-322), (Djurdjevic et al, 2005,
pp.1615-1629) presented the results of studing monomeric species,
polymeric species that form during complexation and hydrolysis of AI**
ions and amino acids and antibiotics. By varying a degree of
neutralization, metal-organic ligand ratio, temperature, pH, the aging time
of the Al-solution, mixing speed, different equilibrium species of
aluminum and organic molecules are formed and with different yields.
The amino acids and antibiotics ligands, in a similar way, bond to Al** ion
as polyelectrolite, anionic polyacrilamide (CH,CHC=ONH.)n across
carbonyl oxygen and amino N. The experimentally obtained species
formed between L-histidine (HHis) ions and AI** ions in aqueous solution,
detected by UV spectrophotometry at 298 K were: Al(HHis)**, Al(His)**,
Al(HHis)His?* or dimmer Al,(OH)His,** with complex formation constants,
indicators of complex stabilty: Bpxr, 10g B1,11 = 11,90 £ 0,04, log B 1,10 =
7,25+ 0,08, log B 121=20,1+0,1andlog B 211=5,92+0,12 (p, k, r are
the stoichiometric indices of metals, ligands, and protons). The formed
species detected by Al NMR spectroscopy were: Al(HHis)** and
Al(HHis)(His)** or AI(OH)(HHis),** and Al;; polymer. The polymer
Al1304(0OH)24 ™, a major species formed in water solution of polyhydro
aluminum chloride is more effective in water clarification (coagulation /
flocculation), than Al- sulphate. Speciation occured similarly in fresh
water with AI** or Fe** ions, most probably with similar complex formation
constants. The species formed of AP* ijon and antibiotics were
investigated in water solution by tandem mass spectroscopy (Cvijovic et
al, 2012, pp.313-322). The antibiotics ligands are often waste water
contaminants.

This paper presents the results when the surface water from Vrutci
lake was replaced with the surface water from the neighboring Susica
river source, i.e. the comparison of the amounts of chemicals used
before and after the reconstruction of the water treatment plant; it also
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presents the amount of sludge in a conventional water treatment and
improved technical-technollogical water treatments with reduced
quantities of chemicals, which reduced sludge amount and resulted in
higher efficiency and economical results.

The improvement also concerned the validation of physico-chemical
methods based on instrumental techniques in the laboratory of the water
treatment plant. The methods were applied for the analyses of surface
water and generated sludge, assessing whether such sludge can be
used for composting or growing medicinal plants or other species, in
accordance with standard SRPS Z.T1.100:2017 (Institute for
Standardization of Serbia, 2017), which prescribes clear requirements for
the composting process, the selection of input materials and the minimal
quality of the composted materials.The treatment of this sludge involves
the removal of aluminum, because Al is considered to be a detrimental
element. Sludge needs removal of toxic metals that are above the
maximum permissible value. The treatment should be done by zeolite, as
a real time removal of toxic metals (Kerkez, 2014) or by fitoremediation
that is a long-standing way of treating metal-contaminated soil or sludge
(Cudi¢ et al, 2016, pp.229-239).

The environmental and economic effects of coagulation were also
the focus of authors (Keeley et al, 2014, pp.2675-2719), as well as a
possibility of recovery, separation of the coagulant and its re-use in
drinking water treatment.

The aim of the research was to improve the SuSica source surface
water treatment especially through coagulation and flocculation
processes, to reduce chemical dosing amounts and generated sludge
amounts, as well as to evaluate sludge quality, treatment and application.
Instead of piling up waste by being taken to a landfill (used as land
breeder), the generated sludge from SuSica will be converted into
compost for growing medicinal herbs as a permanent solution after its
treatment (toxic metal removal by zeolites as the fastest removal method
and conditioning sludge).

The same strategy is intended to be applied to the surface water
sludge from the Djetinja river, accumulated in Vrutci Lake, if sludge is not
hazardous. But if the quality of surface water is deteriorating because the
concentration of blue-green algae increases, the so-called cyanobacterial
blooming occurs and sludge becomes dangerous, loaded with
cyanotoxins, different strategy must be applied.
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The experimental part

Within the experimental part, some standard methods were used
and some were developed as ,new“ ones for the analysis of the most
useful physico-chemical and biological parameters for surface water,
treated water and sludge: turbidity, pH, electroconductivity, KMnOQO,
consumption, total organic carbon (TOC), total Kjeldalh nitrogen (TKN)
phosphates, and chlorophyll a,b,c (biological parameter). The
microbiological parametres were determined by standardised methods.
These parameters are "common" for achieving the higher objective of
respecting green environmental chemistry principles, assessing the
management of the process of coagulation and flocculation with
aluminum sulphate (or polyaluminum chloride) and polyectrolyte during
the removal of natural organic matter (NOM), inorganic matter, pollutants,
metals and sludge. Crops are estimated to be capable of growing on
sludge converted to compost, but only after toxic metal overrange
reduction and maturation. The investigated biological parameters were:
phytoplankton, qualitative and quantitative, Chlorophyll a, b, c,
nematodes, and zooplankton. The microbiological parameters were: total
coli, fecal coli, fecal enterococci, and the total number of aerobic
mesophiles.

Reagents

The chemicals of p.a. purity or ultra pure, of the world's most trusted
manufacturers, were used.

Al strip, 99.997%, Merck, Darmstadt, Germany.

Hydrochloric acid , HCI, 36,5-38 %, p.a, J.T.Baker, USA.

Sulphuric acid, H,SOq,, p.a, 98%, Fisher, USA.

Aluminum by the Eriochrome Cyanine method reagent set contains
ECR-20 Reagent, Hexamethylenetetramine Buffer Reagent F20 and
ECR Masking Reagent Solution, Hach, USA.

Ultra pure water, UPW voda, TOC <0.1 mg/l, Sigma Aldrich, USA.

Potassium permanganate, KMnO,, p.a., Merck, Darmstadt,
Germany.

The reagent stock solution is a concentrated mixture of phosphoric
acid and ammonium persulphate, Hach, USA.

Nickel, metal pieces, 99.995 %, Merck, Darmstadt, Germany.

Lead, metal pieces, 99.995%, Merck, Darmstadt, Germany.

Chromium, metal pieces, 99.995% , Merck , Darmstadt , Germany.

Hydrochloric acid HCI, 30%, suprapure, Merck, Darmstadt,
Germany.
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Oxalic acid, H,C,04x2H,0 p.a. Reagecon, Ireland.

Nitrogen, gas, 5.0, without CO,, 200 bar, Messer, Serbia.

Sodium Hydroxide, NaOH, p.a., granules, Carlo Erba Reagents,
France.

Boric acid, powder, p. a., Carlo Erba Reagents, France.

Tahiro indicator, Carl Roth, Germany.

The stock solutions: The stock solution of Al chloride 0.1 mol/L
was prepared by dissolving the shredded aluminum strip, weighing
0.53974 g with 5 ml HCI and 1-2 ml redistilled water, with heating in a
sand bath for several hours. The solution was dilluted with bidistiled
water up to the 1 dm® mark of the volumetric flask. The solution
concentration was precisely determined by the gravimetric analysis, so
the concetration of Al was 0.1020 mol/L.

The stock solution of Ni 0.1 g/L was obtained by dissolving .0.1 g
of Ni pieces in 10 ml of HNO; conc. acid, oxide removed and cooled
down. Then the solution was dilluted with bidistiled water up to the 1dm?®
mark of the volumetric flask.

The stock solution of Pb 0.1 g/L was obtained by dissolving 0.1 g
of Pb in 10 ml of concentrated nitric acid, after dissolution, evaporated to
dryness and then redissolved with redistilled water up to the 1 dm*® mark
of the volumetric flask.

The stock solution of Cr 0.1 g/L was obtained by dissolving .0.1 g
of Cr in 10 ml of concentrated HCI acid; after cooling, the solution was
dilluted with bidistiled water up to the 1dm® mark of the volumetric flask.

KMnO, standard solution (0.02M) was prepared by dissolving
3.160 g KMnQ, in 200 ml of redistilled water, supplemented up to the 1
dm?® mark of the volumetric flask. It is stored in a dark bottle.

The standard solution of oxalic acid (0.1M) was prepared by
dissolving 6.303g of oxalic acid with a little of redistilled water, added 50
ml of sulfuric acid (1:3) to conserve and dilluted with bidistiled water up to
the 1 dm® mark of the volumetric flask.

The working solutions were made by diluting the stock or standard
solutions with bidistiled water.

Instruments

1. Hach 2100N turbidimeter for turbidity measurement with
calibration standards based on formazionic polymer: <0.1 NTU, 20 NTU,
200 NTU and 1000 NTU, Hach.

2. Stirrer, Velp scientifica, T range 0-350°C and rpm range: 0-1500
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3. pH-meter, Infolab WTW, with glass electrode, pH range 0-14,
resolution 0.01 pH; pH accuracy = 0.01pH units, with buffers for
calibration pH 4.00 (phthalate), pH 7.00 (phosphate), pH 9.00 (borate)
Hach

4. Conductometer, HQ 440 d, multi with CRM standard 100 pS / cm
+1uS/cm, NIST

5. Automatic burette, Tirette 50 ml, Class A, Brand,

6. Spectrophotometer, Lange DR 6000, Hach, with Hach software,
vers. 11, with UV and VIS lamp, 1cm and 5cm quartz and glass cells, for
the analysis of true and apparent water color (in Co-Pt units) and Al
concentration (using manufacturer's method with commercial reagents
and methods with ,classical“ solutions of eriochrome-cyanine and
aluminon, after forming calibration curves). The compared results of
different methods showed good agreement. The instrument was also
used for the determination of UV extinction at 254 cm™, chlorophyll a, b,
and ¢ (where absorbances were measured on two wavelengths: 665 and
750 nm), nitrogen compounds and ortho—phosphates and total
phosphorous .

7. TOC analyzer. (total organic carbon analyzer) Qbd 1200 with
autosampler, Hach, with a UV lamp, a burette for persulphate reagent
addition and a non-dispersive IC detector, NDIR. The measuring range is
from 0.4 pg/L to 100mg/L, with the accuracy of 3%, calibration standard,
manufacturer's cuvettes, and nitrogen gas 5.0.

8. Gerhardt analytical system for the determination of total nitrogen
from different matrix (water, sludge, food) by Kjeldah (with three units
Gerhardt Turbotherm with 4 digestion cells, for sample destruction,
Turbosoq, centrifugal rinse for inorganic gases and vapors and Gerhardt
Vapodest 200, unit for distillation and a volumetric titration burette of the
resulting solution after digestion and distillation. The reference material
(RM) solution is prepared of histidine nitrogen, conc. 5 mg/l. The sample
with 2 drops of Tahiro indicator is titrated with 0.1M hydrochloric acid until
the color changes from slightly green to pink.

9. Laboratory mini plant, Jar Test FC6S, Velp Scientifica, consisting
of four 2dm?® jars with supernatant sample taps, with programmable
speed and time settings and a possibility to adjust coagulant and
flocculant doses.

10. ICP-OES spectrometer, ICAP Pro for metal concetration
analysis, Rf generator, 27 MHz, 167-852nm wavelength range, 7 ppm
resolution, multi-element analysis, 99.999% argon used as carrier,
nebulization and plasma forming gas, with a nebulizer, a torch (burner),
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quartz or glass, depending on the acids used for sample preparation,
Thermo Scientific.

Sample preparation

a) The procedure for raw surface water sample preparation

A preferably fresh raw water sample is taken in a specified volume in
accordance with the method. Some samples were filtered through
0.45um filter before measuring.

b) Procedure for sludge sample preparation

1 dm® of sludge is taken, the liquid part is decanted and the rest
dried at 104°C for 5 hours. Most analyses were done from dry sludge
calculated for the mg/kg weight, and a few analysis were done from
decanted liquid.

c¢) Procedure for compost sample preparation

1 kg of compost is taken and put to dry till constant mass for most
analyses and the results are calculated for the weight in mg/kg.
Sampling and sample preparation were carried out in accordance with
the appropriate standards (SRPS or EPA).

d) Kjedalh total nitrogen is determined by a modified method
adapted for this type of samples using standard SRPS ISO 1871:2013
(Institute for Standardization of Serbia, 2013) and Gerhard methods for
total nitrogen in water, adapted for given samples and conditions, with all
tests for method validation.

e) TOC/DOC is determined by standard SRPS ISO 8245, 2007
(Institute for Standardization of Serbia, 2007) adjusted for water samples
and for dissolved organic carbon (DOC) from sludge, where samples are
filtered through a 0.45um size filter. The method was developed by
validation principles.

f) Aluminum concetrations in surface water, water from different
stages of the treatment process, waste water, residual, and sludge were
determined spectrophotometrically. The method with commercial
reagents was compared with classical methods with solutions of
eriochrome cyanine and hexamethylenetetramine, as well as with
aluminon, with six standard solutions. The calibration curve equation was
C =0.015+0.8217A. The linearity coefficient was R?*=0.9997. The three
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compared aluminum quantification methods give results in very good
agreement, no matter the sample matrix.

Water Treatment Plant - Chemicals

The following chemicals of technical purity were used in the water
treatment: Coagulant Al,(SO4)3X18H,0, class A, Marking ltd, or Al,Cln.
m)(OH)m, Impuls hemija Itd, used occasionally, Polyelectrolyte anionic,
Settafloc AP -17, SNF s.a.s

Water Treatment Plant — Part for coagulation and flocculation

| * Saturator for aluminum sulphate stock solution preparation, with
centrifugal pumps for mixing a solution, Technique KB, Belgrade

* Pools, where the stock solution of Al-sulphate dilutes with water,
after aging, up to a required concentration, and the pumps (piston-
membrane) for pumping the Al-sulphate solution, Technique KB,
Belgrade

* Dosage unit for Al-sulphate with the ProMinent pump Heidelberg,
Germany, power 0.55 KW, and a dosing speed of 1033 I/h with an Omron
frequency control for speed adjustment

II' * Flocculation Part with Prominent instruments for making a
solution of polyelectrolyte and dosing it into water, and with spectra type
Prominent pumps with a capacity of 650 L/h. The preparation of a
solution of polyelectrolyte with ultrasonic control of the added
polyelectrolyte amount, with a Siemens control unit and 3-speed
flocculation mixers: a small mixer rated at 3kW, 11 rpm, a medium one at
2.2 kW and 5.7 rpm (turnover per minute) and a large mixer driven by an
engine of rated power of 1.1 kW, with 2.7 rpm, Strojna, Maribor

Il * Precipitator automated and cotrolled by SCADA software, ver
2.0, for remote and process control; sludge discharge valves towards the
lagoons, where closing and opening of the valves is carried out from the
Schneider Electric substation

Results and discussion

The paper deals with the treatment of surface water and the amount
of sludge generated in the case of using surface water from the SuSica
river, before and after technically-technologically upgrading the water
treatment plant. The treatment of raw water also includes ozonization
and filtration processes with sand, quartz filters and activated carbon
filtration. Water treatment also includes disinfection with chlorine gas.
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In the extended physical-chemical analysis of the surface water from
the SuSica sources (Small and Large Source), the following was
determined: 0.026mg/l of aluminum, 0.027mg/l of iron, 0.013mg/l of
barium, and 0.079 mg/I of strontium. The concentration of phosphorous is
0.015 mg/l while that of boron is 0.04mg/l. The quality of raw water is
continuously monitored to assess which chemicals (and how much of
them) should be added to produce hygienically safe drinking water.
During the jar tests at the laboratory conditions, the coagulant and
flocculant doses were adjusted, in accordance with the surface water
quality and the optimal speed for stable flocule formation and then
transferred to the water treatment plant. In the flocculation section in the
water plant, the 3-speed mixer helped to better manage the process. The
pollutants removed by coagulation & flocculation are: turbidity (removal
efficiency over 95%), alkali metal ions (calcium, removal efficiency 29%),
dissolved silica, bacteria, algae, apparent, true Pt-Co dye, organic
compounds, oxidized iron, manganese, clay particles, and aluminum ions
(Nishat Ashraf et al, 2018, pp.187-199).

These compounds undergo alkaline hydrolysis in the alkaline
medium, producing positively charged, insoluble, voluminous hydroxides.
The hydroxides have a large adsorption surface and attract oppositely
charged (negative) colloids, thus neutralizing their charge (aluminum
ions). During flocculation, polyelectrolytes increase the volume and
cohesion properties of colloidal particles, accelerate coagulation and
improve its effects.

The presented graphs show the dose dependence of aluminum as a
coagulant on the amount of raw water discharged to the water plant
treatment during 2017 when water treatment was still classical, and in
2018, when water treatment was improved. In both cases, raw water
comes from the SusSica sources.

SusSica River, classical method of water treatment -
February 2017

The amounts and doses of coagulants and flocculants depend on
the amount of water entering the plant and the quality of raw water which
depends on climatic conditions (such as season, temperature, rainfall,
snow, global warming, and imbalance in aquatic ecosystems). In the
tables given below, the parameters present the quality of surface raw
water in the selected month. Using this data, jar tests are used to adjust
coagulant and flocculant doses as efficiently as possible (Nishat Ashraf
et al, 2018, pp.187-199). The goal is to compare the amounts of sludge
generated during 2017 and 2018 and to evaluate a possibility of its
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application (for composting) in the case of the surface water from the
Susica sources. The water treatment plant doubled its capacity after the
reconstruction. Owing to the improvement in the key processes, i.e. in
coagulation and flocculation, the amount of waste sludge was reduced.
Then, after checking its quality and after dehydration and removal of toxic
compounds, sludge could be applied in agriculture.

Table 1 — Results of physico-chemical analysis of surface water, February 2017.
Tabnuuya 1 — Pe3ynbmambl ¢hu3UKO-XUMUYECKUX aHau308 rnoeepxHoCmHbix 800 8
gespane 2017 20da
Tabena 1 — Peaynmamu ¢hu3uyko-XxeMujcKUX aHsu3a rnospuiuHcke eode y chebpyapy
2017. 200uHe

Water
Parameter Units
Raw Treated MPV*
1.  Temperature °C 7.7 8.7 8-12
2. Turbidity NTU 6.1 0.4 1
3. pH - 7.7 7.5 6.8-8.5
a. (Tg;"’g 8'3")3”””3’ mgll 210 190 :
5.  KMnO4 cosumption mg/L 171 10.9 8
6. Electroconductivity = pS/cm 376 371 1000
7. Aluminum mg/L 0.026 0.032 0.2
8.  Chlorides mg/L 14 16.5 100
9. Sulphates mg/L 17 49 250
10 TOC mg/L - - 5.0**
1. (g‘:gg‘srd”ess mgll 236 233 :
MPV*- refers to lI-lll surface water class - type 6, Official Gazette of the Republic of

Serbia, No 74/2011, Regulations on the parameters of the ecological and chemical status
of surface waters and the parameters of the chemical and quantitative status of
groundwaters.

MPV** - maximum permissiblle (concentration) value, according to the Official
Gazette of the SRJ, No 42/1998, 44/1999, Official Gazette of the Republic of Serbia
28/2019, Rulebook on the Hygienic Safety of Drinking Water.

During the winter period, the turbidity of the SuSica source water
increased 6 times over the MPV and the consumption of KMnO,
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increased up to 2 times, which indicates the burden on natural organic
matter. In order to make this water hygienically correct, it was treated
with chemicals. The dosage of Al-sulphate and polyelectrolyte, as a
function of the amount of inlet water per day, is shown graphically for
February 2017, Figure 3a. The coagulant dose is low because the water
was of average quality from the physico-chemical point of view (average
and uniform total carbonate hardness, i.e total alkalinity for the SuSica
source) and from the biological point of view. This water periodically
requires more chemicals because the spring is variable due to rainfall
and water temeperature that cause variations of biological species and
their abundance. The microbiological SuSica water status during
February 2017 required higher doses of disinfectants, because Coliform,
total coliform bacteria of fecal origin and total aerobic mesophilic bacteria
were above the maximum prescribed. The nitrate concentration was 7.2
mg/l. The used coagulant was aluminum sulphate that binds efficiently
with pollutants.

The treatments of raw water in February 2017 and February 2018
are compared and graphically presented as a relationship of the doses of
Al- sulphate, i.e polyelectrolyte as a function of the amount of raw water
per day, Figures 3a, 3b.

Turbidity indicated an increase in suspended matter: clay, silt, well-
arranged organic and inorganic particles. Phytoplankton and
microorganisms and ranged from 2.9 to 6.1, so the doses of Al-coagulant
and polyectrolyte were higher for medium hard SuSica source water,
between 5 and 7 days of February 2017. After the treatment of the
SuSica water of this quality, drinking water, waste water and sludge were
produced in the plant. In February, out of the total amount of raw water of
480,418 m?® introduced into the water treatment plant, the amount of
generated sludge was 6,586 m®. During the autumn and winter months,
especially in November and December 2017, more sludge was
generated because turbidity and organic and inorganic pollutants in water
increase due to low water temperatures of 7.7 °C which causes the
solubility of gases (oxygen and carbon dioxide). So, oxygen increases in
water, due to the increased degradation of organic matter and the
development of living organisms, as well as the increased photosynthetic
processes, which is also confirmed by the increased KMnO,4 consumption
(atmospheric pressure also influences the rise in oxygen content). Based
on Henry's law, decreasing temperature leads to an increase in the
solubility of gases in water (O,, CO,) as well as in turbidity (due to more
rainfall). At lower T, the coagulation process is slower and with less
efficiency.
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Figure 3a — Dependence of the concentration of added aluminum sulphate and
polyelectrolyte on the flow rate of raw water during February 2017
Puc. 3a — Bzaumosasucumocmb KOHUeHmpauyuu 0obasneHHo20 cyrnbghama anoMuHus u
rnonuanekmposiuma u rnpomoka chipoli 800bl 8 meyeHue ¢hespans 2017 eoda
Cnuka 3a — MehycobHa 3agucHocm KoHUeHmpauuje dodamoe anyMuHujym cyrngama u
nonuenekmposauma o0 Mpomoka cupose eode y moky gpebpyapa 2017. 2o0uHe

Susica River, after the water supply plant reconstruction -
February 2018

During February 2018, the same SusSica source water was used, but
the flocculation and deposition part of the water treatment plant was
improved after reconstruction, so it was expected that the amount of
sludge generated would be lower as the flocculation process was
improved with 3 stirring speeds and lamellar precipitators as well.
However, during February 2018, the facts were opposite to the
expectations, because the quality of raw water was "above" the technical
improvement of the water plant functioning (physico-chemical
characteristics, microbiological and biological status deteriorated). Figure
3b shows that the amount of added polytherolite increased almost twice,
1.2 g/m® in comparison to February 2017. Raw water coloration was 10
Co-Pt units, effectively removed by the coagulant. The coloration was
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most likely derived from nutrient enrichment of water, eutrophication, at
low water temperatures which stimulate the production of algae and also
increase turbidity (1.6 NTU), increased KMnO, consumption and nitrates
up to 5.2 mg/l. Algae contain chlorophyll in their cells, determined as
chlorophyll a, b, and ¢ on the DR 6000 UV-VIS spectrophotometer. In
cold water, more decomposed organic matter accumulates at greater
depths, thus leading to a reduction in the quality of fish life conditions. An
increased amount of polyelectrolyte up to 2 times, caused by the
deterioration of raw water quality, for almost the same amount of water
inlet of 473,418 m® generated an increased amount of sludge up to
7,274 m® when compared to February 2017(when it was 6,586 m®). The
microbiological status indicated that total coliform bacteria were over 161
and that coliform bacteria of fecal origin were present in the number
higher than 161; streptococci of fecal origin and Citrobacter spp were
also isolated — therefore, water purification and desinfection were
intensified.

FEBRUARY 2018
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Figure 3b — Dependence of the concentration of added aluminum sulphate and
polyelectrolyte on the flow rate of raw water during February 2018
Puc. 36 — Bzaumo3sasucumocmp KoHueHmpauuu 6obagrneHHo20 cynbghama amnoMuHus u
ronuanekmposiuma u rnpomoka cbipoli 800bI 8 meyeHue ¢heaparisi 2018 eoda
Cnuka 36 — MehycobHa 3agucHocm KoHUeHmpauuje dodamoe anyMuHujym cyrngama u
rnonuenekmpornuma o0 npomoka cupose 8ode y moky ¢pebpyapa 2018. 2coduHe
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Susica River, classical method of water treatment - April
2017, extended analysis

Table 2 gives the results of the extended analysis of the surface
water during April 2017. The parameters relevant for water and sludge
quality are: TOC, UV extinction at 254 nm, total Kjedalh nitrogen,
chlorophyll a, total phosphorus, and ortophosphates.

Table 2 — Results of the physico-chemical analysis of surface water, April 2017, extended
analysis
Tabnuuya 2 — Pe3ynbmambi ¢hu3uKo-XuMu4eCcKuUx aHau308 rnoeepxHocmHbix 800 8
anpene 2017 eoda (pacwupeHHbIlU aHanu3)
Tabena 2 — Peaynmamu ¢hu3uyKko-XxeMUujcKUX aHsau3a nospuiuHcke eode y anpusny 2017.
200UHe (MpowupeHa aHanu3a)

VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 2

N Parameter Units Water

Raw Treated MPV*
1. Temperature C 8 9.2 8-12
2. pH - 7.4 7.3 6.8-8.5
3. Electroconductivity uS/cm 538 415 1000
4. Turbidity NTU 15 0.2 1
5. Total hardness (CaCO3) mg/| 270 265 -
6. Total alkalinity (CaCO3) mg/l 245 220 -
7. Chlorides mg/l 13 14 100
8. Sulphate mg/l 12 35 250
9. Aluminum mg/l 0.018 0.032 0.2
10. KMnQO4 cosumption mg/I 8.8 6.4 8.0
11. TOC mg/l 3,63 1.22 5.0 **
12 UV extinction at 254 nm  1/cm 0.124 0.021
13 Total Kjeldalh nitrogen mg/l 2.54 -
14 Ortophosphates mg/l 0.06 - 0.10**
15 Total phosphorus mg/l 0.032 - 0.15**
16 Chlorophyll a ,b, c pg/l 2.92 -
17 Potassium mg/l 1.0 -
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These parameters and metals are important in the compost quality
evaluation. Some instrumental methods were developed on the basis of
standards, adapted and improved, as well as tested according to the
principles of accredited methods (repeatability, accuracy, potential
sources of errors tested, limit of detection, limit of quantification, and
measuring uncertainty).

The determination of total organic carbon (TOC) is the most valid
indicator of organic matter in surface water, because there is a complete
degradation of a sample caused by the reagent stock solution, i.e. a
concentrated mixture of phosphoric acid (to aid in removal of CO, from
solution) and ammonium persulphate (to aid in oxidizing organic
compounds) and UV radiation. The TOC method was developed for
water samples and used for sludge, as well. Firstlly, the calibration curve
was constructed after measuring the peak area (of total organic carbon)
as a function of the TOC concentration in the calibrated standards. Every
calibration standard was with 3 times repeated measurement, for the
concentration range from 1000 to 5000 ppb. The calibration curve
equation is Y = 9.23x + 25.92. The linearity coefficient is R?=0.9997.
Blank was analyzed before each analysis. Tests for reproducibility,
precision, as well as limit of detection and limit of quantification were
done. Distilled, redistilled water and ultra pure water (upw) were analyzed
before the samples of interest. There were some variations with distilled
and redistilled water regarding the TOC results. When distilled, redistilled
and ultra pure water were analyzed, it was observed that distilled water
flowing through the ion exchange resin showed higher and variable
values of TOC, because the resin was saturated, impured. The impurity
of resin was noticed to affect the TOC results, as well as the
electroconductivity results for distilled water. This problem was solved by
replacing the ion exchange resin.

The TOC samples of surface water and sludge as well as the
samples from the water treatment process were randomly analyzed with
repetition, day by day. The effects of larger diameter particles present in
water during treatment with coagulants and flocculants were also
analyzed. The formed particles of aluminum sulphate and polyelectrolyte
with impurities from the precipitate, over 100 um, (where the
concentration of Al was in a range of 0.78-0.92 mg/l) had difficulty in
degrading by the action of UV radiation and a mixture of phosphoric acid
and ammonium persulphate reagent. On the contrary, during the total
organic carbon analysis, the degradation of the surface fresh water
samples was easy and repeatable. Besides the contamination of distilled
water, redistiled water can be contaminated with CO,, if a vessel
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remains open. Other sources of contamination have also been
investigated. After removing a contamination source, the methods were
rigorously tested up to the level of in-house validation and then accepted
for the analyses of different samples. Upw water with 0.07 ppm TOC,
redistilled water, and destilled water were first measured before other
samples. Some samples were tested many times and after receiving
valid results, they were conserved and accepted as an internal standard.

The literature data has shown similar problems with contamination
and variable TOC results for destilled water chosen by other researchers
(Meyers, 1998).
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Figure 4 — TOC spectrum of surface water: the left high peak belongs to total inorganic
carbon (TIC), the lower right one belongs to total organic carbon (TOC)

Puc. 4 — Cnekmp TOC rnogepxHOCMHbIX 800: 5ie8bIl 8epxHULl MUK omHocumcs K obuwemy
HeopaaHu4eckomy yanepody (TIC), HuxHUU rpaebil nuKk omHocumcs K obwemy
opaaHu4yeckomy yenepody (TOC)

Cniuka 4 — Cnekmap TOL| nospwuHcke 800e, nesu suwiu nuk rnpurnada yKyrnHom
HeopaaHCcKoM yarbeHuKy (TUL]), a Huxu OecHU rnuK yKYrnHOM op2aHCKoM yarbeHuUKy (TOL])

The TOC method is developed by using standard SRPS ISO 8245
2007 (Institute for Standardization of Serbia, 2007) as basic literature,
after many tests, improvements, and statistical evaluations for different
matrix samples.

Chlorophyll a,b,c is an indicator of the biological status of raw
surface water (photosynthesis and present algae). Chlorophyll a,b,c was
determined spectrophotometrically by a DR 6000 device, as the
difference of the measured absobances at 750 and 665 nm, from an
ethanol solution. This method is validated with some improvements. The
comparative method is formed on the basis of the standard and the
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chlorophyll calculated by a formula as a difference in measuring
absorbance at 634 and 675 nm and from a methanol and acetone
solution, as well. The results are in good agreement, and in accordance
with the results for similar samples, published by R.J. Ritchie (Ritchie,
2006, pp.27-41).
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Figure 5a — Dependence of the concentration of added aluminum sulphate and
polyelectrolyte on the flow rate of raw water during April 2017
Puc. 5a — Bzaumosasucumocmb KOHUeHmpauyuu 0obasneHHo20 cynbghama amoMuHus u
ronuaniekmposiuma U ripomoka cbipoli 600bI 8 meveHue arnpesiss 2017 2oda
Cniuka 5a — MehycobHa 3agucHocm KoHUeHmpauuje dodamoe anyMuHujym cyrnghama u
rnonuenekmponuma o0 npomoka cupose 8ode y moky anpuna 2017. 2o0uHe

Bearing in mind that the doses of chemicals are dependent on the
quality and quantity of raw water, it can be seen that, during April 2017,
the doses of Al-sulphate and polyelectrolyte varied, in accordance with
April climatic variations: periods with sunny days, periods with snowy
days when snow melted quickly and caused high turbidity of raw surface
water. The temperature was low, i.e. variable, so the doses of chemicals
were variable. The maximum chemical doses were from 12 to 15 (17)
days of month. The quantity of 426,998 m® of raw water yielded 9,314 m*
of sludge during April 2017.
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Figure 5b — Dependence of the concentration of added aluminum sulphate and
polyelectrolyte on the flow rate of raw water during April 2018
Puc. 56 — Bzaumosasucumocmpb KoHUeHmpauuu 0obasrneHHo20 cynbghama anoMuHus u
ronuanekmposiuma U rpomoka cbipoli 600kl 8 meveHue arnpesss 2018 eoda
Cnuka 56 — MehycobHa 3asucHocm KoHUuempauuje do0amoa anyMuHujym cyncghama u
nonuenekmponuma od npomoka cupoge 8ode y moky anpuna 2018.e00uHe

During April 2018, the average doses of Al-sulphate were 24 g/m?®,
and those of polyelectrolytes were 0.4-1.4 g/m*. The chemical doses
were less variable because both climatic and other parameters were
more constant. The amount of 4,977m? of sludge was produced out of
681,193 m?® of raw water during april 2018, which is about 2 times lower
than in the same month during 2017. A smaller amount of sludge was
generated in the reconstructed plant as expected. The microbiological
status indicated that the number of coliform bacteria of fecal origin was
over 24 in 100ml, above the maximum allowed value. E. Coli was also
found.

During summer, July of 2017 and 2018, the water temperature
increased and ranged between 13-14° C, contributing to a decrease in
the solubility of oxygen and other gases in water according to Henry's
law. The reduction of oxygen concentration inhibits oxidative processes,
and, consequently, degradation of organic substances and development
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of living organisms in surface water. This caused a decrease in the
KMnO, consumption. Therefore, the average doses of chemicals in
summer are reduced as well as the amount of sludge generated in
summer 2017 and 2018.

A detailed physico-chemical analysis of sludge collected during 2017
and 2018 was carried out and some data is presented in Table 3.

Table 3 — Results of the physico-chemical analysis of sludge
Tabnuya 3 — Pe3yrimamasi ¢hU3UKO-XUMUYECKUX aHanu3oe una
Tabena 3 — Peaynmamu ¢hu3uyKo-XxeMujCKux aHanusa mysba

N Pammeler Ui Vae MRV
. Humidity % 87.18 -

2 Solids content % 12.82

3 Total Kjeldah nitrogen mg/kg 9.6*

4. Phosphorous mg/kg 697

5. TOC /DOC mg/kg 274

6. CIN ratio wiw 28.5 <20
[ Potassium mg/kg 297 -

8. Aluminum mg/kg 72200 -

9. Copper mg /kg 8.9 25
10. Total Chromium mg/kg 69,5 5
11. Nickel mg/kg 169 20
12. Lead mg/kg 57 5

MPV*** - Official Gazette of the Republic of Serbia, No. 56/2010, 93/2019, Regulation on
categories, testing and classification of waste, Attachment 10
C/N = Carbon Content mgkg'1/Nitrogen Content mgkg” =TOC mgkg"/T KN mgkg"

As the maximum permissible values were exceeded for Ni, Pb, total
Cr, and toxic metals, this sludge needed treatment for the removal of
these metals (Kerkez, 2014), especially if there is intention to use it in
composting or postponement (land breeder). Aluminum should also be
removed, regardless of the fact that it is not over the maximum
permissible value since it is categorized as a detrimental metal. So, the
sludge generated from the SuSica surface water should be used as
compost, but only after metal removal with zeolites and maturation. The
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minimal conditions for composting are also tested in accordance with the
Serbian legislation (Institute for Standardization of Serbia, 2017). An
opportunity is thus provided to use treated sludge as a material for
growing Coriandrum sativum. The medical effect of Coriandrum sativum
is compared to the effect of ciprofloxacin, gentamicin and other
antibiotics. It is useful as a spice plant and in cosmetics. In further work,
this strategy should be applied to a treatment of the Djetinja (Vrutci Lake)
surface water and its generated sludge.

Conclusion

The obtained results confirmed the next findings:

After the reconstruction of the water treatment plant, especially the
lines for coagulation and flocculation, the quantity of the formed sludge
decreased due to the technical plant improvements such as 3-speed
strirrers during flocculation and one new polyelectrolite.

Before the reconstruction, the pH-values were adjusted and doses of
coagulants such as aluminum sulphate or polyaluminum chloride were
based on jar testing every day. After the improvement of the water plant
treatment, the addition of coagulants is better controlled, drinking water
is, according to standards, ,easily“ received, and the amount of sludge is
minimized.

The formation of ,high-quality” floccules was more efficient when the
system with three stirring rates was used.

The sludge formed during 2017 and 2018 contained metals such as
Ni, total Cr, and Pb, and they exceded their maximum permissible
values. Therefore, the sludge treatment was required.

Eutrophication as a process of enriching water with nutrients results
in increased organic compounds and primary production of aquatic
plants. This increased organic content is bacterially decomposed,
consuming available oxygen and affecting the development of other
aquatic organisms. The nutrients-enriched water stimulates the
production of algae, thereby increasing turbidity, water color and total
organic carbon.

The quality of the SuSica surface water is strongly affected by
season, water temperature, dissolved gasses (O, and CO,), level of
rainfall, as well as living organisms in water.

The generated sludge quality is strongly affected by the quality of
the SuSica surface water and the amount of water inlet to the water plant.

Generated sludge should be used as compost, but only after metal
removal with zeolites and maturation.
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The minimal conditions for composting are also tested and provide
the opportunity to use treated sludge as compost for growing Coriandrum
sativum.
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YNYYLWEHHBIE NPOLECCHI XMIMUYECKOW OBEPABOTKM BOAbI
M3 PEKM CYWNLbI 3NATUBOPCKOIO OKPYT'A N MPUMEHEHUE
MONYYEHHOIO UNA

MupbsiHa P. Lipnitony®, koppecnongaeHT, Mumopad P. Mypqu,
Bnaduya B. Yyany®

@ Benrpaackuin yHnsepcuteT, MeanumuHeKuit dhakynbteT, HCTUTYT
Mukpobuonorun n ummyHornorum, r. benrpag, Pecnybnuka Cepbus
6 MpodmnbHas akagemus 3anagHorn Cepbuum,
r. Yxuue, Pecnybnuka Cepbus
® 000 «PWW», Odmc B Benrpage, r. Benrpap, Pecny6nuka Cep6us

PYBPUKA MPHTU: 61.00.00 XUMNYECKAA TEXHONOTIMA. XUMUYECKAA
MPOMBIWIIEHHOCTB;
61.13.21 Xvimnyeckne npouecchl
61.01.94 OxpaHa okpyxatoLien cpeabl

BWO CTATbW: opurnHansHas Hay4Has ctaTbs

A3bIK CTATbW: aHrnunckun
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Peswome:

BeedeHue/uenb: KoHueHmpauyusi  npupoOHbIX  OpeaHU4Yeckux U
Heopa2aHU4YecKux npumeced, buonoeuyeckux sudos u
MUKpPOOp2aHU3Mo8 8 Mo8epxHOCMHbIX 800ax ucmoka peku Cywuuya
usmeH4uea. Oma eo00a 3ameHuna 600y u3 o03epa Bpymuu, Ha
Komopyro cunbHO noenusina  aempocgpukauus. [aHHbie  800bI
Hy>K0armcsi 8 04UCMKe 0m 3a2PsI3HEHUS C MOMOWbIO KOaz2yrsaHImos u
nonuanekmponumos. Llenbto uccrnedosaHusi S8SAMUCL:  YilyHWweHUe
OYUCMKU  MOBEPXHOCMHBLIX 800  (Koazynauyus U rioKynsayus),
YMeHbleHUe Korudyecmea ura, oueHka e2o Kadecmsa, obpabomka u
fpuMeHeHue.

Memoodbi: PaspabomaHb! (bU3UKO-XUMUYECKUE MemoObl orpederieHuUs]
rnapamempos Kadecmea 800bl, uria U Komrnocma. Wccnedyembie
napamempsl:  MymHocms, pacxod KMnO, memannsl, obwul
opaaHu4veckull yarepod, obwuti asom u xropoghusis.

Pesynbmamesl: Kayecmeo noeepxHOCMHbIX 800 CUMbHO enusiem Ha
codepxaHue ocadka. KoHueHmpauuss memarioe 8 usie cocmaesnsem;
72200 meke-1 Al, 8550 meke-1 Fe, 106 meke-1 Zn. [lapamempsbi
Memarnsnos, npesbiwarouue npedesnsHo-00MyCmuUMyo KOHUeHmpauur 8
gode: Ni 169 meke-1, Cr 69,5 meke-1, Pb 5,7 meke-1 u OormkHbI 6bimb
CHUXeHbl 3a cyem uyeonumos. KoHueHmpauuu «rumamesibHbIX
sewecmey: 697 meke-1 P, 297 meke-1 K, 9,6 meke-1 obwezo azoma, 274
Me-K2 pacmeopeHHO20 opeaHuyecko2o yenepolda. Eserihia coli u
Salamonella Heobxodumbi 05151 IpeobpasosaHus uia 8 KOMIIoCMm.

Bbigodbl: [locrie co3pesaHusi KOMIAOCM MOXHO Ucrofib3osams Oris

ebipawusaHusi Coriandrum salivum. B cnedyrowem uccrnedogaHuu
OaHHasi cmpameausi 6ydem nNPUMeHSIMbLCS M0 OMHOWEHUO K 800e U usy

u3 o3epa Bpymuu.

Knovesble criosa: nosepxHoCcmHbIe 800bl, MPOMOK 800bl, Koagynayusi,
riokynayus, us, Komrnocm.

YHAMPEBEHU NMPOLEECU XEMWNJCKOIr TPETMAHA BOJE U3
PEKE CYWWLE Y 3NATUBEOPCKOM OKPYTY N NMPUMEHA HEHOI
MYJTbA

Mupjara P. Lisnjosnh®, ayTop 3a npenucky, Muropad P. Mypwh6,
Briaduya B. Yyouh®

@ YuusepauTteT y Beorpaay, MeanumHckn dakynteT, HCTUTYT 3a
MUKpoGuronorujy n nmyHonorujy, beorpag, Penybnuka Cpbuja

® AkafileMuja CTPYKOBHUX CTyaunja 3anaaHe Cp6uije,
Yxuue, Penybnuka Cpbuja

® PWW noo, KaHuenapuja Beorpaa, Beorpaa, Peny6nvka Cpbuja

OBJIACT: xemujcke TexHonoruje
BPCTA YJTAHKA: opyruHanaH Hay4Hu pag
JE3VWK YJTAHKA: eHrnecku
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Caxemak:

Yeod/yurb: Y nospuwuHckoj 8odu u3eopuwima peke Cywuue eapupa
KOHUeHmpauyuja rpupoOHUX Op2aHCKUX U HeopaaHCKux He4yucmoha,
buornowkKux epcma u MukpoopzaHu3ama. Oga eola 3aMeHusna je 800y U3
Jjesepa Bpymuu, Ha Kojy je CHaxHO ymuuarna eympogpukayuja. Tum
so0ama HeONnxoOHO je yKnamame 3azalfjusaya KoacynaHmuma u
nonuenekmponumom. Lurb ucmpaxusara 6uo je da ce noborbwa
mpemmaH rnospuUHcKe 800e (Koasynauuja u brioKynayuja), cmaru
KOMUYUHa Mysba, NPOUEHU He208 Kearumem, mpemmaH U rMpumeHa.

Memode: ®usuuko-xemujcke memole pa3ssujeHe cy 3a odpehusare
napamemapa Kkeanumema e8ode, Mysba U Komriocma. Tu rnapamempu cy:
3amyherocm, nompowra KMnO,, memaru, yKyrnHuU Op2aHCKU yerbeHUK,
YKYMHU a30m u Xriopoghurt.

Pesynmamu: Keanumem riogpuwuHcKe 800e y8esuKko ymuye Ha cadpxaj
myrba. KoHueHmpauuje memana y mysby cy: 72200 meke-1 Al, 8550 meke-
1 Fe, 106 meke-1 Zn. Memarnu rnipeko makcumariHe epaHuue cy: Ni 169
meke-1, Cr 69,56 meke-1, Pb 5,7 meke-1, u mopajy ce pedykosamu
3eonumuma. KoHueHmpauuje ,xparmugux cacmojaka” cy: 697 meke-1 P,
297 wmeke-1 K, 9,6 meke-1 ykynHoe N, 274 wmeke-1 pacmeopeHoe
opaaHckoz yarbeHuka. Eserihia coli u Salamonella 6umHe cy 3a
rpemeaparbe MyJsba y KOMIocm.

Bakrpyyqak: HakoH ca3pesarba KOMIOCm ce MOXe Kopucmumu 3a 2ajeHe
Coriandrum salivum. Y HapeOHom ucmpaxuearby oga cmpameeuja he ce
npumeHuUmMu Ha 80dy U Mysb U3 jesepa Bpymuu.

KbyuyHe pedu: nospwuHcka eo0a, fnpomoK eode, Koaayrnauuja,
¢rioKynayuja, marsoe, KoMrnocm.
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