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TREATED AND WASTEWATER QUALITY CHARACTERIZATION
OF SIDI MAROUANE WWTP IN MILA PROVINCE, ALGERIA:
SUITABILITY AND REUSE FOR IRRIGATION

This study aims to evaluate the quality of wastewater treated by Mila's activated sludge process,
assessing its potential for agricultural reuse. Effective wastewater treatment is essential to mitigate
health risks associated with the use of surface and groundwater resources. Reusing treated
wastewater for irrigation is a key objective, especially in arid and semiarid regions where water
scarcity is prevalent. The research adheres to Algerian regulations, which currently restrict the reuse
of urban effluent. We conducted comprehensive analyses of several critical parameters, including in
situ measurements of temperature and pH using multi-parameter field probes. Laboratory analyses
were performed to determine levels of suspended matter (SM), biochemical oxygen demand (BOD:),
chemical oxygen demand (COD), nitrates (NO3), nitrites (NOz), ammonium (NH4), and total nitrogen
(TN) using spectrophotometric and conventional techniques. To assess the irrigation suitability of
the treated wastewater, we evaluated electrical conductivity (EC), sodium percentage (Na%), sodium
absorption ratio (SAR), residual sodium carbonate (RSC), permeability index (PI), magnesium ratio
(MR), and Kelley ratio (KR). Our findings, derived from field visits and observations of the
purification processes, indicate that the treated effluents generally comply with quality standards for
key pollutants, particularly BODs, COD, and SM. The treated water meets the regulatory
requirements for discharge into the receiving environment. Additionally, the evaluated parameters,
including the average SAR value, which falls within acceptable limits, indicate that the treated
wastewater is suitable for agricultural irrigation. Overall results showed no alkalinities, magnesium,
or bicarbonate dangers associated with using Sidi Marouane WWPT's purified water for agriculture,
indicating that the treated wastewater is suitable for agricultural irrigation.
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Introduction. Algeria faces increasing threats to its water resources due to
pollution from urban and industrial sewage discharges, which contain various
pollutants and pathogenic microorganisms, threatening the quality of the environment
[1- 2]. Wastewater, derived from residential, industrial, and other sources, necessitates
treatment to eliminate harmful contaminants that pose a threat to the environment and
human health [3]. Population growth and urbanization have increased demand for
natural resources, including water, posing challenges in wastewater management,
necessitating effective treatment to preserve water resources and prevent
environmental degradation [4]. The efficient design and operation of treatment plants
require the accurate characterization of wastewater before treatment [5]. Parameters
like chemical oxygen demand, biological oxygen demand, nitrogen, phosphorus, and
solids per capita are crucial for designing wastewater collection systems and
controlling water resource pollution, estimating pollution load, and assessing urban or
industrial wastewater flows [6].

Wastewater treatment aims to protect human health and prevent environmental
damage by properly disposing of domestic and industrial wastewater, with a significant
purpose of recycling water for irrigation in limited water resources [7]. Wastewater
treatment plants (WWTPs) play a crucial role in urban water infrastructure, but they
face increasing stringent requirements in effluent quality, energy consumption, and
resource recycling [8-9]. Mathematical models are utilized to predict WWTP
efficiency and develop operational strategies by quantitatively linking influent
parameters to effluent water quality [10].

Algeria's potential for reusing treated wastewater for agricultural purposes has
significantly increased from 20 million m? in 2014 to 40 million m? in 2019, with 26
WWTPs involved in treated wastewater reuse, irrigating over 13,000 hectares of
agricultural land. Key projects include Chelghoum Laid, Ouargla, Saida, Tiaret, Chlef,
Sétif, Médeéa, Sidi Bel Abbes, and Ain Defla. The ONA/ONID is preparing an action
plan to explore the potential of reusing treated wastewater for large-scale irrigation
across five national hydrographic basins [11-12].

The preservation and reuse of wastewater is a significant global challenge in
agricultural irrigation, as untreated wastewater can cause soil damage, agricultural
production issues, and saline intrusion in groundwater, posing significant challenges
[13]. US farmers are exploring the integration of total water Supply in agriculture to
address expanding water shortages, particularly in regions supplied by the Colorado
River [53]. As water scarcity worsens, the need for sustainable water sources becomes
urgent, with reclaimed wastewater emerging as a safe alternative to standard water
supplies [54].
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In Algeria, many WWTPs, particularly older ones, suffer from reputational issues
due to technical sophistication, management deficiencies, and insufficient operational
funding, leading to disuse [14]. Algeria's significant WWTP, Sidi Merouane plant in
Mila city, uses activated sludge treatment and is part of the Beni Haroun dam's
protection facilities. However, many older WWTPs face reputational issues due to
technical sophistication, management deficiencies, and insufficient funding, leading to
disuse [14].

Various treatment methods, including biological, physicochemical, and
membrane-based techniques, are used to mitigate harmful effects of these substances
[15-16]. AquaMeld is a revolutionary method for recycling agricultural and industrial
effluent in rivers and lakes [48]. Cleanup and environmental restoration also demand
major investment. These cumulative costs emphasize the critical need for adequate
wastewater treatment as an environmental and economic imperative [49].

The study evaluates the physicochemical quality of wastewater from Sidi
Marouane to identify anomalies, enhance treated water value, and assess irrigation
suitability using various water quality indices.

Materials and Methods. The study of water quality and composition is essential
for assessing the health of water bodies and their surrounding environments [18 -19].
In this research, the quality of influent and effluent water from each treatment plant
was evaluated by measuring various physicochemical parameters. These included
electrical conductivity (EC), pH, temperature (T), chemical oxygen demand (COD),
biochemical oxygen demand over five days (BODs), suspended matter (SM), total
nitrogen (NT), nitrate (NO3), nitrite (NO,), ammonium (NH4), phosphate (PO,),
dissolved oxygen (OD), and flow rate. These parameters were monitored monthly,
covering both hot and cold periods, across different aerated lagoon stages and between
the influent and effluent.

Characterization protocols

Samples were collected using sterile glass vials with a capacity of 1500 ml.
Sampling was consistently performed at the same time of day and at the water surface,
twice monthly during both the cold and hot periods. For each sample, in situ
measurements of temperature and pH were taken using a multi-parameter field device.
These parameters are highly sensitive to environmental conditions and may alter during
storage and transport to the laboratory [19]. For other parameters, samples were
collected using a specialized sampler and stored in sterile glass bottles. These were
transported in an icebox to ensure preservation, with analysis conducted within a
maximum of 8 hours if the distance between the sampling site and the laboratory
required it. Laboratory analyses were performed according to standard and
spectrophotometric methods (Table 1).
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Water quality parameters and their analytical method

Table 1

Parameters Instruments/Apparatus
pH pH/Temperature
EC, TDS Conductivity/TDS/Salinity meter Portable
SM Filtration
Mg, Ca Titration with 0.05 N EDTA
Na, K Flame Photometer
Chloride CI Titration using 0.014 N AgNOs (Argentiometric)
Carbonates COs3, Bicarbonate HCQOs | Titration with 0.01 N H>SOq4
Ammoniac, NH3 Spectrophotometer
Nitrate NO3 Spectrophotometer
Sulfate SO4 Spectrophotometer
Phosphate PO4 Spectrophotometer
BOD, COD, DO OD meter
TN Spectrophotometer

Presentation of the study area

Sidi Merouane is one of the thirty-two communes of Mila city in Algeria; it is located
14 km northeast of Mila city. The wastewater treatment plant of Sidi Merouane has a

treatment capacity of 20.657 m®/day, 137.000 inhabitant’s equivalent, and water
produced by the plant was discharged into the basin of Bni Haroune dam, which is
located nearby (MWR 2014). Its surface area is 8 hectares, on the southern side of the
Beni Haroune dam. The plant treats wastewater from the agglomerations of Sidi
Merouane, Grarem Gouga and Mila (Fig. 1).
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Fig 1. Map of Sidi Merouane WWTP location (Mila, Algeria) (Own edition using ArcGIS
Software)
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Characteristics of WWTP

The National Sanitation Office (2014) manages the plant. It was commissioned
on 01 August 2009, with a nominal capacity of 137,000 EqH (2015 horizon) and an
installed flow of 20,657 m’/d. The wastewater entering the plant is domestic water
arriving from 07 lift stations. The treatment method used in the WWTP is low load
activated sludge with nitrogen and phosphorus treatment. This wastewater pollution
treatment aims to protect the Bni Haroune dam [11].

This wastewater treatment plant was built to mitigate the pollution of the lake of
the Beni Haroun dam, particularly at the level of the lake of the dam, which receives
the waters of the Rhumel wadi and Endja wadi. The wastewater treatment plant of Sidi
Merouane, the first of a series of three planned in this watershed, was delivered in 2009
by NSO, the project owner. It was built by GCB (a Sonatrach subsidiary specializing
in civil engineering and construction) under the leadership of a project manager who
was responsible for the proper execution of work, and OTV (a French company
responsible for the equipment). Once treated, the water produced by the plant will be
discharged into the nearby dam basin. The quality discharged will comply with
international standards, i.e. less than 30 mg/l for BOD, less than 30 mg/l for MES, less
than 90 mg/l for COD, less than or equal to 10 mg/l for nitrogen and 50 to 80 %
(depending on season) for total phosphorus [17].

Irrigation Water Quality Indices

To assess the quality of treated water for irrigation, five indices were created using
physicochemical data from the treated water samples. These indices include the
Sodium Adsorption Ratio (SAR), Sodium Percentage (Na%), Magnesium Absorption
Index (MAR), Percent Soluble Sodium (SSP), Sodium Carbonate Residue (RSC), and
Total Dissolved Solids (TDS).

The Sodium Adsorption Ratio (SAR) is particularly significant, as high SAR
levels can reduce soil permeability and make it harder, rendering it impermeable and
unsuitable for plant growth. The SAR is determined using the ratios of sodium,
calcium, and magnesium, all measured in mg/l. The calculations for these indices are
performed using specific equations (1 to 6) [21-23].

Nat
SAR = W (1)
==
Na*t+K*
Na% = Jca?t+ Mg2t+ Nat+ K+ +100% 2
Mg+
MAR = s - 100% (3)
Na
SSP = ca?t+Mg2*++Nat (4)
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RSC = (CO%~ + HCO3) — (Ca*t + Ca?") (5)
TDS — the Sum of Major anions (6)
Statistical analyses

For the analysis of statistical data, we calculated means (avg) for the various
parameters studied they were carried out using the SPSS software, to compare
differences between months and to evaluate if there were any significant variations in
the treated water in the end of WWTP.

Results and Discussion. In this part, we will discuss the results of our work and
the detailed interpretations of the physicochemical analysis of the wastewater of Mila
city determined from the daily samples taken in cold period and hot period.

Quality aspect of treated and wastewater

The Sidi Merouane WWTP's secondary treatment efficiency is monitored through
parameter analysis, indicating a degree of agreement with optimal discharge standards
(Table 2).

Table 2

Summary of results of the physicochemical analysis of the water of Sidi Merouane WWTP
in cold period and hot period

Parameters Norms Wastewater Treated water
Cold period | Hot period | Cold period | Hot period

TCO) 25 14.94 17.15 15.28 18.16
EC (uS/cm) 2000 1988.90 1990.26 1529.52 1533.79
pH 6.5<pH<8&.5 8.03 7.80 7.57 7.51
Ox D (mg/) 5 4.06 2.34 6.00 4.29
BODs (mg O2/1) 30 243.57 268.33 3.93 2.83
COD (mg/l) 90 496.44 529.71 22.13 21.27
SM (mg/1) 30 459.88 427.10 6.17 4.63
NO; (mg/l) 1 3.30 1.80 1.00 1.30
NO: (mg/1) 1 5.40 5.60 0.13 0.32
NH4 (mg/1) 0.5 70.00 29.20 0.67 0.39
PO4 (mg/l) 2 6.50 5.40 3.08 1.68
TN (mg/l) 25 79.00 81.00 11.20 2.90

Temperature variations in wastewater treatment plants significantly impact the
growth of microorganism colonies [20]. At the WWTP inlet, the average water
temperature is 14.94 °C in the cold period and 17.15 °C in the hot period. At the outlet,
the average temperature is 15.28 °C in the cold period and 18.16 °C in the hot period
(Table 2). These values are below the Algerian standards for urban liquid waste
(30 °C). Temperature influences the metabolism and growth of aquatic organisms,
particularly microscopic ones, by promoting the development of mesophilic bacteria
that enhance organic pollutants degradation through oxidation and mineralization [24
-25], and is therefore directly linked to the rate of organic matter degradation [20].
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Climate variations in Algeria affect water temperatures at stations, allowing bacteria
growth and organic matter degradation. No significant temperature changes between
WWTP inlet and outlet [19].

Conductivity is a crucial measure for wastewater quality control, indicating the
mineralization of water and the salinity level of raw water entering a WWTP. The raw
water has higher conductivity than the treated water, with averages of 1988.90 uS/cm
in the cold period and 1990.26 uS/cm in the hot period, compared to 1529.52 uS/cm
in the cold period and 1533.79 uS/cm in the hot period (Table 2). These values are
within the standards for discharge to irrigation (2000 pS/cm), according to JORA [26-
27].

pH is a crucial water quality parameter that measures acidity, alkalinity, or
basicity, and should be closely monitored during treatment operations [27]. The pH
values of the wastewater in both seasons are almost neutral, with 8.03 and 7.57 in the
cold period and between 7.80 and 7.51 in the hot period (Table 2). These values remain
within the Algerian discharge standards (6.5 < pH < 8.5).

Oxygen is crucial for aerobic aquatic life respiration and organic matter oxidation,
also known as self-purification. At the WWTP inlet, dissolved oxygen has average
monthly values of 4.06 mg/l in the cold period and 2.34 mg/l in the hot period. In
treated water, dissolved oxygen increases, with average values of 6.00 mg/I in the cold
period and 4.29 mg/l in the hot period (Table 2).These values meet the Algerian
standards for discharge (5 mg/l). This increase in oxygen concentration indicates
improved water quality, which benefits most aquatic organisms [28].

Biochemical oxygen demand (BODs) measures the oxygen needed for microbial
degradation of organic matter in wastewater, measured over a five-day incubation
period at 20°C in the dark [28-29]. The BODs values at the WWTP inlet vary between
243.57 and 268.33 mg O»/I in the cold and hot periods (Table 2), respectively. At the
outlet, BODs shows a significant decrease, with values below the optimal limit for
discharge (3.93 and 2.83 mg O»/I in the cold and hot periods, respectively). According
to JORA, the limit for irrigation 1s 30 mg O,/1, and the same standard applies for
discharge to the natural environment [30].

Most suspended matter (SM) in wastewater is biodegradable [31]. This is
reflected in the significant reduction in SM from raw to treated water. In raw
wastewater, SM values are 459.88 mg/l and 427.10 mg/l in the cold and hot periods,
respectively. At the WWTP outlet, values drop to 6.17 mg/l in the cold period and 4.63
mg/l in the hot period (Table 2), remaining below the WHO [24] and Algerian
discharge standards (30 mg/l). The WWTP effectively operates by significantly
degrading SM in treatment ponds and eliminating a significant portion through
sedimentation in settling tanks.
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Chemical oxygen demand (COD) measures the concentration of organic or
mineral matter, dissolved or in suspension, in water. In treated water, COD values
(Table 2) are 22.13 mg/l in the cold period and 21.27 mg/l in the hot period,
significantly lower than the COD values of raw wastewater (496.44 mg/I in the cold
period and 529.71 mg/l in the hot period). The treatment process enriches water with
oxygen, primarily through aerators in activation basins, enabling the chemical
degradation of organic matter [30-32], which falls below the Algerian discharge
standard (120 mg/l), the Official Journal of the European Community standard (125
mg/1), and WHO standards (<90 mg/1).

The treated wastewater contains ammonium and nitrite concentrations below
Algerian standards. Nitrate levels are below Algerian standards. Total nitrogen
concentrations are higher in influent water than treated water, with maximum values at
the inlet and outlet, but not exceeding Algerian standards.

The predominant form of nitrogen discharged by the Sidi Merouane WWTP is
ammonium (NH4) [33]. Ammonium concentrations can cause dissolved O;
consumption during oxidation, while low or zero nitrate concentrations indicate
nitrification in aeration tanks, which requires adequate pH and dissolved oxygen
conditions [35]. Oxygen is essential for nitrification, but its concentration in aeration
tanks 1s limited (around 0.4 mg/1), hindering nitrifying bacteria growth [36]. Dissolved
oxygen levels directly affect COD abatement efficiency, with depletion leading to
higher COD values and lower abatement rates.

The study found high nitrogen removal rates, likely due to aerobic processes
maintaining sufficient nitrifying bacteria concentrations in the aerobic part of the
channel, supported by an anoxic zone upstream of biological treatment [35].

Phosphate (PO.) in treated water can cause eutrophication, water quality
deterioration [37], and promote algae growth [38], leading to water body colonization
and increased eutrophication in marine waters [39- 40].

Description of WWTP performance

The high BODs abatement efficiency is due to the growth of purifying bacteria,
while a decrease in bacterial activity results in lower efficiency, consistent with the
Maghnia WWTP's 94.94% rate [17-40]. Dissolved oxygen levels directly influence
COD abatement efficiency ((Table 3), with depletion resulting in higher COD values
and lower abatement rates [19-41]. This trend aligns with observations from Mascara
city [42].

BOD and COD are crucial indicators of organic contamination in water and
wastewater, affecting aquatic life and wastewater treatment facilities. Low
concentrations support aquatic life, while high levels deplete dissolved oxygen,
affecting aquatic ecosystems [7]. The biodegradability of wastewater, such as that from
slaughterhouses, is evident when examining this ratio, suggesting that biological
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treatment is suitable [43-44]. High-suspended matter concentrations in treated water
(Table 3 and 4) are primarily due to algae presence, lagoon aging, and sludge
accumulation, indicating the need for cleaning operations [19].

Table 3
European wastewater discharge standards [28]
Parameters | Concentration | Minimum performance
BODs 25 mg/l 80 %
COD 125 mg/ 75 %
SM 35 mg/l 90 %
NTK 10-15 mg/l 70 %
PT 1-2 mg/l 80 %
Table 4
Performance of WWTP
Parameters Performance (%)
Cold period Hot period
SM 98.61 98.96
BODs 98.28 98.94
COD 95.31 96.05

Comparison of principal ions
Compared to treated sewage water in the hot period (Fig 2), the concentration of

major ions is significantly higher in the cold period, except for Cl, Mg, and SO,. In the
study region, Na, Mg, and Ca are the predominant cations, while SO4 and CI are the
main anions in treated water during both periods. The cation chemistry is primarily
governed by sodium ions, followed by calcium, magnesium, and potassium (Na > Ca >

Mg > K) [23-45].

60

) B
- Ay A o -
Ca Mg Na K NH4 NO3 NO2 Cl S04 PO4

IONS
M Cold period MW Hot period

Fig 2. Evaluation of the average concentrations of major ions in treated water (Own edition)
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Irrigation suitability

In relation to quality control tests performed on treated water used for irrigation
in this area. In order to evaluate quality of this water, we analyzed all the salinity-
related variables during study period (Table 5).

Agriculturally useful nutrients such as nitrogen, phosphorus, and potassium could

be also recovered and reused [50-51].

Classification of various irrigation indices

Table 5

Results and Number of Samples (%)
Index Range Water Category Cold period Hot I?erio d
<10 Excellent 0 9.5 (100 %)
SAR 10-18 Good 12.87 (100 %) 0
18-26 Doubtful or fairly poor 0 0
>26 Unsuitable 0 0
<20 Excellent 0 0
20-40 Good 0 0
Na% 40-60 Permissible 0 52.82 (100 %)
60-80 Doubtful 63.11 (100 %) 0
>80 Unsuitable 0 0
MAR <50 Good 44.48 (100 %) 45.17 (100 %)
>50 Unsuitable 0 0
SSP <50 Safe 0 0
>50 Unsafe 61.07 (100 %) 50.70 (100 %)
<1.25 Safe -33.43 (100 %) -42.77 (100 %)
RSC 1.25-2.5 Marginal 0 0
>2.5 Safe 0 0
TDS <1000 Non-saline 109.92 (100 %) 110.14 (100 %)
>1000 Saline 0 0

The water is thus not in danger of becoming alkaline and may be utilized for
irrigation, according to the average SAR value, which is still in excellent category (hot
period) to good category (cold period), as well as the other parameters, including MAR,
Na %, SSP, RSC, and TDS (Table 5). Overall results showed in Table 5 that there are
no alkalinity, magnesium, or bicarbonate dangers associated with using Sidi Marouane
WWPT's purified water for agriculture [43—46]. The use of groundwater would not rise
if treated wastewaters are used for irrigation on these farms. Instead, the amount of
conventional and filtered water available for irrigation would decrease due to lower
costs [47]. Recovering and reusing agricultural nutrients like nitrogen, phosphorus, and
potassium through treated water reuse for irrigation can contribute significantly to a
circular economy and sustainable development [52-53].

Conclusion. Wastewater treatment using the activated sludge process is a
continuously operating system where microorganisms are brought into contact with
wastewater containing organic matter and oxygen, which is injected to provide the
bacteria with this essential element for their respiratory needs. The aim of this study is

-28 -



Scientific Notes of Sumy State Pedagogical University. Geographical Sci. 2025. Vol. 2, Iss. 6

to evaluate the efficiency and purification performance of the Sidi Merouane
wastewater treatment plant, which utilizes an activated sludge system.

The experimental results demonstrate that the Sidi Merouane WWTP generally
produces satisfactory outcomes, adhering to Algerian standards and WHO guidelines
in terms of BODs, COD, SM, and NT, thereby indicating the effective operation of this
facility. During the monitoring period, the Sidi Merouane WWTP achieved notable
purification yields, with COD and BODs abatement rates exceeding 98% and SM
reduction close to 96%. These results confirm the purification efficiency of the WWTP
and its reliability in water treatment, with the treated water quality meeting the required
criteria for discharge into the receiving environment. Moreover, the average SAR value
remains within the acceptable range, alongside other parameters such as MAR, Na%,
SSP, RSC, and TDS, indicating that the purified water is suitable for agricultural
irrigation in hot period.

However, the challenges facing wastewater treatment facilities, both in urban and
rural areas, include inadequate coverage, poor operational states, design flaws, lack of
expertise, corruption, insufficient funding, overloaded capacities, and inadequate
compliance monitoring. These issues are prevalent in both developed and developing
countries. To protect the environment and public health, especially for those who rely
on surface water as a primary water source, it is imperative to enforce water and
environmental regulations. Treated wastewater reuse for irrigation can reduce
irrigation water imbalances, particularly in water-scarce areas, while also increasing or
maintaining food output by expanding irrigated agriculture, and enhancing global food
and water security. Additionally, exploring technical solutions to enhance wastewater
treatment standards is essential to facilitate safe water recovery. Consideration of the
microbiological quality of treated resources, as required by national regulations, is also
crucial. Comprehensive regulations and strategies for risk management are critical to
ensuring the smooth operation and long-term viability of TW reuse systems, as well as
environmental and public health and societal acceptance.
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Pe3rome

3aoyi JI., A66aui C, dekpaue @., Kaxit @.3., Xemnidi B., bencenry6 A., Caxep E.,
Conmiman A.M. XapakrepucTuka sIKOCTi oummienux Ta crTivaux Boa Cini
MapyaHCbKHX OYHMCHHMX CHOPYA Yy mpoBiHumii Muia, AJ/xkMp: NpUAATHICTH Ta

NOBTOPHE BUKOPUCTAHHSA JIsl ipUramii.

L]e Oocnioscenns mae na memi oyiHumu AKiCmMb CMIYHUX 600 3 micma Mina, ouuwenux 3a
00NOMO2010 npoyecy aKmugHO20 MYy, OYIHUBWIU IX NOMeHYian 018 NOBMOPHO20 BUKOPUCMAHHS &
cinbcokomy eocnooapcmsi. Egexmusne ouuwjenHs cmiyHux 600 MaA€ 8axciuse 3Ha4eHHs 0N
NOM SAIKWEHHSI pU3UKI6 OJisl 300p08’°s, NO8 SI3aHUX 3 BUKOPUCMAHHAM pecypcCié NO8epXHesux i
niozemHux 600. IlosmopHe SUKOPUCMAHHA OYUWEHUX CMIYHUX 800 O/ 3POUIEHHS € KII0Y08010
Memor, 0CcoOIUBO 8 NOCYULIUBUX | HANIGNOCYWAUBUX Pe2iOHAX, Oe nowupenuil oediyum 600u.
Hocnioocennss 0ompumyromscs 3aKonie Andxcupy, AKi Hapasi 06Medxcyoms no8MmopHe GUKOPUCTIAHHSL
MicbKux cmokig. Mu npoeenu KOMNIeKCHUll aHani3 KilbKOX KpUMUYHUX Napamempis, KI0Yardu
sumiprosants memnepamypu ma pH in situ 3a 0onomo2or bazamonapamempuyHux no1b08UxX 30H0I6.
bynu nposeodeni nabopamopni ananizu onsa eusnayerHs pieHie 3asucaux pewosut (3P), 6ioximiynoeo
cnoxcusanns xkuchio (BCKs), ximiunozo cnoowcusanus kucuwo (XCK), nimpamis (NO3), nimpumie
(NO>), amoniro (NH4) i 3acanvnoco azomy (3N) 3a 00nomoeorw cnekmpogphomomempuyHux ma
36uuaiHux memodis. LL[ob6 oyinumu npudamuicmv OYUWEHUX CMIYHUX 600 O 3POULEHHS, MU
oyinunu enekmponposionicme (EC), siocomox mampiro (Na%), xoeghiyienm noenunanus nampiio
(SAR), 3anuwxosuii kapbonam nampito (RSC), indexc nponuxnocmi (Pl), koeghiyienm maenio (MR)
i koeghiyienm Kenni (KR). Hawi 6ucrnosku, ompumani nio uac 8i3umie Ha Micysi ma CnoCmepeiceHs
3a npoyecamu OYUWEHHA, 6KA3YIOMb HA Me, WO OYUWEH] CMOKU 3a2aloM 6i0nosioaromy
cmanoapmam sIKocmi w000 0CHO8HUX 3a6pyonrosauyis, 30kpema BCK's, XCK ma 3P. Ouuwena sooa
8I0N0BI0AE HOPMAMUBHUM BUMO2AM U000 CKUOAHHS 8 npulimaiode cepedosuwye. Kpim moeo, oyineni
napamempu, 6xknouadu cepeone 3uaveHus SAR, 3Haxo0amvcs 8 0ONYCMUMUX Medcax. 3a2anvHi
pe3yrbmamu noKa3anu 8i0CYmHicms Hebe3neKu AYHCHOCMI, MA2Hilo yu Oikapbonamy, nog a3aHoi 3
suxopucmannam ouuujeroi 600u Cioi MapyaHcokux ouucHux cnopyo 0Jisl CLIbCbK020 20Cno0apcmaad,
WO 6KA3YE HA me, WO OYUWeHa CMIYHA 800a NPUOAMHA OJiA CIIbCLKO2OCNOOAPCHKO20 3POULEHHS.

Knrouoei cnoea: napamempu, oyinka, cmanoapmu, aKMUuGHUU MYyJ, MICbKI CMOKU,
npudammuicms 00 NOIUBY, IHOEKCU, NOBMOPHE BUKOPUCTAHHI CIIYHUX 800.
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