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3Hauiouaﬂbuud 3anosionux Haykoso-oocnionuil incmumym cilbCbKo20 20Cno0apcmed i
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Jlimaccon, Kinp
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BOJIA 31 CTAHII OUUIIEHHS CTIYHUX BOJI I if BUKOPUCTAHHSA
B CIVIBCBKOMY I'OCHHOJAAPCTBI

Yepes Hegipuuil po3noodil 600HUX pecypCi8 6 CilbCbKO2OCHOOAPCHKUX
paiionax boneapii ma Cnosauuunu icHye 3pocmaroda Hecmaua eKOHOMIYHO
eghexmusHux Odxicepesl 600U O/ 3POULEHHS 3 NIOXOOAUUMU NOKAZHUKAMU SIKOCMI.
Heeamuenuii 60onuti 6ananc 0060x Kpain 00MedHcye po36UMOK 3POULYBAHOSO
3emiepobcmea. B o06ox kpaimax Oyiu ecmano8neHi wucieHHi cmanyii 07
OioN02TUHOI OUUCMKU CIMIYHUX 800, MAK 5K HEOOCMAMHbO OYUeHd 800d 13-3d
BUCOKO20 BMICMY OpP2SAHIYHUX 3A0PYOHEeHb NO2IPULYE CB0I SKICHI CHOMCUBYI
xapaxmepucmuku. Bukopucmanus ouuwjenux CcmiyHUX 600 O/ 3DOULeHHS.
CLIbCLKO20CNOOAPCHKUX NOJNI6 € He MINbKU OOHUM 3 8apianmis O
inmencugikayii ciibcbko2co 2ocnooapcmea, a U 0l OXOPOHU 800 8i0
3a0pyonenns. OcHosHa mema OaHOi pobomu € po3podKa ma 6npPoOBAONCEHHS.
cucmemu OYIHKU ma 8UKOPUCMAHHS 8 CIIbCbKOMY 20CN00apCmel OYUeHol 600U,
Wo Haoxooumv 3i CMAHYIU OYUWEHHS CMIYHUX 600. 3adaui - piuieHHs
KOHKPEMHUX MeopemudHux [ NpaKkmuyHux 3a0ad, a maxkoxic OyiHKka egexmy
OUUWEHOT 800U 8 eKCnepUMeHmax, po3pooKa ma 6npoeaoN’CeHHs cucmemu Ojis
azpoexono2iuHoi oyinku ouuwyeHoi 60ou. Cucmema 0onomazae upiuumu Oesxi
€KONO2IYHI Ma eKOHOMIYHI NpoOieMu CYCRilbCmeéa, sKi miCHO Nnos'sizaui 3i
CMIUKUM PO3BUMKOM CLIbCLKO20 20CN00APCmad.

Knwuosi cnosa: ouuweni cmiuni 800U, 3poutysame  CilbCbKe
eocnooapcmeo, poorwdicms ipyumy, boneapis, Cnosauuuna.
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BOJIA CO CTAHIIMHA OYUCTKH CTOYHBIX BOJI 1 EE
MCIOJIb30BAHUE B CEJIBCKOM XO3AMCTBE

H3-3a  mempasunvHo2o  pacnpedeneHusi  800HbIX ~ pecypco8 8
cenvckoxozanucmeennvlx  pauonax  boneapuu  u  Crnosakuu — cywecmeyem
pacmywjas Hexeamrka 3IKOHOMUUECKU IPPeKmuHblX UCMOYHUKOE B800bl OJis
OpOULeHUsl ¢ NOOX0OAWUMU NOKaA3amenamu kavecmea. OmpuyamenbHulti 600HbIl
bananc obeux cmpau 02paHudusaem pazeumue opouaemozo 3emiedenusi. B
obeux cmpamax OvblLIU  YCMAHOGIEHbl MHO2OYUCIEHHble CMAHYuu O
OUONOCUYECKOU OYUCMKU CMOYHBIX 600, MAK KAK NpU 3MOM HeO0CMAamo4yHO
OYUWEHHAs. 800a U3-3A BbICOKO20 COOEPHCAHUS OP2AHUYECKUX 3APA3HEHUL
yxyowiaem — c60U  KA4yeCcmeeHHvle  NnompeOumenbcKue  XapaKmepucmuxu.
Hcnonvzosanue OYULYEeHHBIX CMOYHbBIX 600 07151 opouleHus
CEeNbCKOXO3AUCMBEHHBIX NOJIEU AGNAEMC s He MONbKO OOHUM U3 8APUAHMO8E OJis
UHMEHCUDUKAYUU CeTbCKO20 XO3AUCMEA, HO U OJisl OXPAHbl 800 OM 3A2PA3HEHUS.
Ocnognas yenb 0aHHOU pabomol A61aemcs paspabomka u eHeopeHue CUCEeMbl
OYEeHKU U UCHONb308AHUS 6 CEIbCKOM  XO3AUCmEe OYUWEHHOU B800bl,
nocmynaroweti co CmaHyuti OYUCMKU CMOYHLIX 600. 3adauu - peuieHue
KOHKDEMHbIX Meopemuyeckux U HNpakmudeckux 3aoay, a makdice OyeHKa
aghpexma ouuweHHoU 600bl 6 IKCNEPUMEHmAx, pa3pabomka U 6HeopeHue
cucmemol OISl A2POIKOJIO2UHECKOU OYEeHKU oyuwyeHHou 600bl. Cucmema
nomozaem pewums HeKomopwvle IKOJN02UdecKue U IKOHOMuYeckue npooiemvl
obwecmea, Komopwvie MeCHO C8A3AHbl C YCMOUYUBLIM DA3BUMUEM CENbCKO20
xo3aucmea.

Kniouesvie cnoea: ouuwennvie cmounvie 600bl, OPOUIAEMOE CENbCKOE
Xo3a1cmeo, niodopooue nouswl, boneapus, Cnosaxus.
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WATER FROM WASTEWATER TREATMENT STATIONS AND ITS USE
IN AGRICULTURE

Abstract. There is an increasing shortage of economically effective water
sources for irrigation with suitable quality indicators in agricultural regions of
Bulgaria and Slovakia because of irregular allocation of water sources. In the
same time, numerous stations for biologically treated wastewater were
established in both countries. The treated water due to its high content of
organic pollution worsens the quality characteristics of the intakes, mostly river
streams. The negative water balance of both countries limits the development of
the irrigated agriculture. The usage of treated wastewater for irrigation in
agricultural fields of villages is an option not only for the intensification of the
agriculture but also for the protection of the water flows from pollution, as well.
The fundamental goal of this work is development and implementation of a
system for assessment and usage in agriculture of the treated water coming from
wastewater treatment stations. The objectives are the solutions of specific
theoretical and practical tasks, as well as assessment of the treated water effect
on products ingreenhouses’ experiments, and development and implementation
of the system for agro-ecological assessment of the treated water. The system
helps solving some environmental and economic problems of the society, which
are strongly related to the sustainable agricultural development.

Keywords: treated wastewater, irrigated agriculture, soil fertility,
Bulgaria, Slovakia.

Introduction. Dozens of stations for biologically treated wastewater have been
established for recent years. The final result of the process of biological purification is
sludge and treated water. All too often, the treated water flows into water basins instead
of using it for irrigation and soil improvement. Development of technological solutions
for making use of treated water in agriculture requires assessment of the characteristics
of treated water from the agricultural crops’ irrigation point of view. For using specific
water for irrigation, it should satisfy some quality indicators as chemical structure,
availability of gases, content of organic substances and bacteria, muddiness,
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temperature, etc. Those indicators depend on salt sustainability of the cultivated crops,
chemical structure and water permeability of the soil, drainage of the ground,
characteristics of the rainfalls, background content of heavy metals, meteorological and
hydro-geological circumstances, irrigation technology, applied agriculture techniques,
etc. The suitability of the treated water for irrigation can be determined based on the
results from chemical analysis, vegetation and field experiments, as well as comparing
various crops irrigated with clean and treated wastewater during long period. The
research studies of Panoras and Ilias (Panoras, A., 2001, 2000, 1999, 1998) have been
used as a basis of this research carried out.

The main aim of the study is development of a system for usage in agriculture of
the treated water coming from wastewater treatment stations. The specific theoretical
and practical tasks are assessment of the treated water effect on a product during the
greenhouse experiments, development and implementation of the technology for agro-
ecological assessment of the treated water.

Materials and Methods. For assessment of the suitability of the treated water
originated from the wastewater treatment stations for irrigation, water characteristics are
taken into consideration as well as data from vegetation and field experiments. These
data show factors of the water-soil-plant-fertilizer system and their mutual impact. The
experiments have been carried out using treated water originated from Sofia City
Wastewater Treatment Station (SCWWTS).

Characterization of the treated wastewater from agricultural crops’
irrigation point of view. As a basis for assessment of water from the point of view how
it 1s suitable for irrigation in agriculture, we studied the daily average and monthly
average samples. Monitoring on the water characteristics is performed, i.e. 3 daily
twenty-four-hour samples, samples taken every hour (Table 1, 2 and 3), as well as
monthly monitoring on the water characteristics, i.e. 12 daily samples which were taken
between 9 am and 1 pm (Table 4.).

These data are a basis for determination of the quantity of bio-gene elements and
of the heavy metals, which will be accumulated during an annual usage of the treated
wastewater for irrigation of agricultural crops.

1. Heavy metals availability in mg/l treated wastewater samples taken
at SCWWTS during the first day

Sample taking, hour Zn Cu Ni Cr Co Mn Pb Cd As
9am 0.062 | 0.011 | 0.088 | 0.008 | 0.036 | 0.096 | 0.051 | 0.014 | 0.011
11 am 0.054 | 0.032 | 0.120 | 0.005 | 0.041 | 0.174 | 0.037 | 0.011 | 0.007
1 pm 0.046 | 0.022 | 0.110 | 0.024 | 0.022 | 0.082 | 0.029 | 0.005 | 0.008
3pm 0.012 | 0.013 | 0.093 | 0.011 | 0.025 | 0.074 | 0.034 | 0.017 | 0.009
5pm 0.013 | 0.026 | 0.076 | 0.027 | 0.024 | 0.115 | 0.046 | 0.021 | 0.007
7 pm 0.052 | 0.025 | 0.084 | 0.014 | 0.033 | 0.126 | 0.054 | 0.014 | 0.010
9 pm 0.033 | 0.014 | 0.092 | 0.022 | 0.027 | 0.058 | 0.039 | 0.017 | 0.011
11 pm 0.046 | 0.014 | 0.064 | 0.033 | 0.031 | 0.066 | 0.043 | 0.022 | 0.008
1am 0.035 | 0.014 | 0.053 | 0.015 | 0.045 | 0.072 | 0.061 | 0.014 | 0.012
3am 0.062 | 0.025 | 0.062 | 0.014 | 0.037 | 0.059 | 0.029 | 0.025 | 0.010
5am 0.015 | 0.025 | 0.043 | 0.010 | 0.038 | 0.105 | 0.038 | 0.026 | 0.011
7 am 0.024 | 0.015 | 0.028 | 0.010 | 0.041 | 0.094 | 0.044 | 0.031 | 0.008

Average 0.038 | 0.020 | 0.076 | 0.016 | 0.033 | 0.093 | 0.042 | 0.018 | 0.009
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2. Heavy metals availability in mg/I treated wastewater samples taken
at SCWWTS during the second day

Sample taking, hour Zn Cu Ni Cr Co Mn Pb Cd As

9 am 0.009 | 0.026 | 0.054 | 0.025 | 0.022 | 0.059 | 0.026 | 0.026 | 0.009

11 am 0.010 | 0.033 | 0.110 | 0.028 | 0.025 | 0.085 | 0..35 | 0.022 | 0.010

1pm 0.012 | 0.027 | 0.068 | 0.017 | 0.017 | 0.079 | 0.014 | 0.014 | 0.006

3 pm 0.010 | 0.026 | 0.077 | 0.022 | 0.042 | 0.112 | 0.022 | 0.022 | 0.007

5pm 0.012 | 0.044 | 0.093 | 0.024 | 0.038 | 0.153 | 0.015 | 0.017 | 0.007

7 pm 0.011 | 0.035 | 0.086 | 0.017 | 0.032 | 0.072 | 0.010 | 0.017 | 0.008

9 pm 0.008 | 0.035 | 0.052 | 0.021 | 0.035 | 0.058 | 0.015 | 0.026 | 0.008

11 pm 0.011 | 0.037 | 0.076 | 0.008 | 0.036 | 0.063 | 0.016 | 0.031 | 0.011

1am 0.012 | 0.035 | 0.095 | 0.011 | 0.043 | 0.071 | 0.027 | 0.014 | 0.009

3 am 0.012 | 0.022 | 0.027 | 0.012 | 0.051 | 0.066 | 0.014 | 0.009 | 0.008

5am 0.014 | 0.025 | 0.053 | 0.011 | 0.038 | 0.123 | 0.015 | 0.012 | 0.009

7 am 0.022 | 0.024 | 0.048 | 0.010 | 0.035 | 0.138 | 0.014 | 0.014 | 0.008

Average 0.012 | 0.031 | 0.070 | 0.017 | 0.035 | 0.090 | 0.019 | 0.019 | 0.008

3. Heavy metals availability in mg/l treated wastewater samples taken
at SCWWTS during the third day

Sample taking, hour Zn Cu Ni Cr Co Mn Pb Cd As

9 am 0.072 | 0.031 | 0.075 | 0.005 | 0.027 | 0.067 | 0.017 | 0.017 | 0.010

11 am 0.025 | 0.035 | 0.089 | 0.010 | 0.038 | 0.058 | 0.021 | 0.018 | 0.009

1pm 0.034 | 0.035 | 0.114 | 0.012 | 0.055 | 0.060 | 0.018 | 0.025 | 0.011

3pm 0.012 | 0.025 | 0.105 | 0.013 | 0.048 | 0.063 | 0.014 | 0.016 | 0.012

5pm 0.044 | 0.041 | 0.075 | 0.017 | 0.029 | 0.107 | 0.038 | 0.008 | 0.008

7pm 0.037 | 0.045 | 0.083 | 0.029 | 0.061 | 0.092 | 0.051 | 0.006 | 0.008

9 pm 0.063 | 0.045 | 0.066 | 0.034 | 0.043 | 0.096 | 0.037 | 0.011 | 0.008

11 pm 0.065 | 0.045 | 0.066 | 0.034 | 0.043 | 0.096 | 0.037 | 0.011 | 0.008

1am 0.042 | 0.035 | 0.038 | 0.019 | 0.038 | 0.068 | 0.036 | 0.012 | 0.008

3 am 0.024 | 0.046 | 0.057 | 0.025 | 0.044 | 0.077 | 0.021 | 0.021 | 0.009

5am 0.022 | 0.033 | 0.025 | 0.038 | 0.052 | 0..79 | 0.017 | 0.015 | 0.008

7 am 0.013 | 0.022 | 0.067 | 0.009 | 0.038 | 0.068 | 0.014 | 0.021 | 0.008

Average 0.038 | 0.036 | 0.070 | 0.019 | 0.044 | 0.080 | 0.027 | 0.015 | 0.009

4. Chemical characteristics of the treated wastewater coming
from SCWWTS by days

Sample [NH,*- N,[Total[Total Total| Fe, | Pb, | Cd, [Mn,|Zn,| Cu, | Ni, | Cr, | As, | Hg, | Co, | pH

taking | mg/l | N, | P, | K, [mg/lf mg/l| mg/l img/limg/li mg/l | mg/l | mg/l | mg/l | mg/l | mg/I |directly

date mg/l{mg/l|mg/I

19 May 5 12 | 2.8 | 0.5 ]0.11/0.003/0.001/0.10/0.08|0.003j0.001/0.001{0.009|0.004/0.002| 8.40
21 May 7 14 | 3.0 | 0.7 |0.19/0.002/0.001/0.11/0.07|0.004(0.008|0.004/0.011|0.004/0.002| 8.57
23 May 8 18 | 2.8 | 0.7 |0.20/0.002/0.001]0.12]0.06|0.005(0.007|0.005{0.007|0.003/0.001| 8.57
26 May 6 24 | 2.1 | 0.4 0.10/0.001/0.001]0.15|0.07]0.005|0.001/0.001/0.009/0.006/0.001| 8.45
28 May| 10 16 | 3.2 | 0.7 |0.27/0.003/0.001|0.15(0.07]0.008]0.006|0.002|0.010/0.005/0.001| 7.85
30 May| 11 18 | 1.9 | 0.9 |0.19/0.002|0.001/0.16|0.08|0.008/0.001/0.006(0.008/0.011/0.001| 7.68
2 June 9 18 | 1.2 | 0.7 |0.28/0.020/0.001/0.14/0.08|0.010/0.011|0.012(0.007|0.004/0.004| 7.75
4 June 11 18 | 2.8 | 0.8 |0.25/0.024(0.002/0.16(0.12]0.062/0.058]0.058]0.014/0.003/0.015| 7.20
6 June 13 16 | 1.8 | 0.8 |0.26/0.0190.001/0.19(0.07|0.012/0.013]0.0030.022|0.006/|0.004, 8.42
11 June| 10 18 | 06 | 0.8 |0.20]0.042/0.005|0.19(0.18]0.048/0.010]0.011]0.046/0.004/0.002| 7.38
12 June 7 13 1 0.4 | 0.7 |0.18/0.036|0.004/0.21/0.19|0.130]0.035|0.063(0.075|0.009(0.026| 7.20
13 June| 10 21 1 0.4 | 0.7 |2.69]0.057|0.011]0.20/0.33|0.064/0.016/0.016/0.117/0.018/0.012 7.20
Average| 8.75 [16.3/1.92| 0.7 (0.41]0.018/0.002/0.16(0.18]0.030]0.015|0.015|0.028|0.007|0.006 7.92

Usage of treated water originated from wastewater treatment stations
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irrigation at vegetation experiments. The research has been carried out with some
basic vegetables and forage plants. Half of the variants have been irrigated with treated
wastewater; the others were irrigated with clean water. The experiments have been
performed in several series of which some have been carried out with fertilizers and
without fertilizers. The vegetation experiments have been performed on alluvial
meadow soil taken from the area of SCWWTS. The analytical data of average soil
samples show that the content of total nitrogen is 0.147%, of total phosphorus is
0.210%, and of total potassium is 0.498%.The soil is relatively rich of calcium and poor
of nitrogen. The content of some microelements as ferrous, manganese and zinc is high.

Analytical data for the content of macro and microelements in the treated water,
which participated in the experiments carried out, as well as their content in the soil, are
shown in Table 5.

5. Characteristics of the soil and the treated wastewater
where vegetation experiments have been carried out

Indicators | Treated water (daily average) | Soil Indicators | Treated water (daily average) | Soil
Total N, % 0.0163 0.147 Mn, mg/kg 0.160 1052.82
Total P,0s,% 0.0019 0.210 Co, mg/kg 0.006 0.00
Total K;0,% 0.0007 0.498 Cd, mg/kg 0.002 0.00
Na, % 0.068 Ni, mg/kg 0.015 0.00
Ca, % 0.692 Pb, mg/kg 0.018 0.00
Zn, mg/kg 0.180 113.24| |NH4"-N,% 0.008
Cu, mg/kg 0.030 86.43 pH 7.92 7.66

All vegetation experiments have been carried out following the same scheme, i.e.
in 3 kg vessels, 4repetitions. It is important to know that generous water quantity has
been used for irrigation because the temperature was high, the evaporation has been
very intensive and it required daily irrigation. These are not natural conditions for
agriculture production and they could lead to significant changes for short period.

During the vegetation period, biometrical measurements have been carried out to
monitor plant development. The yield harvest has been recorded and average plant
samples have been taken for determination of the content of macro- and microelements,
and heavy metals.

Results and discussion. Assessment of the treated wastewater for irrigation
depending on the availability of heavy metals

The geochemical fact of availability of heavy metals in the soil and natural water
treats them as microelements, i.e. compound elements of the soil and impurity to the
water as a micro concentration: mg per kg soil and pg per liter water. Considering it as a
natural background most of them as copper, manganese, zinc, cobalt, selenium,
molybdenum, nickel, etc., are considered as significantly useful for organism world
(plants, animals, human beings). If the concentration is bigger, they are toxic and from
indispensable, they become risky factors. Other elements as lead, cadmium, mercury,
arsenic, etc. are not indispensable for the organisms unless it is necessary for a specific
biological group. They have significant toxic effect and require special attention. The
mercury, lead and cadmium have priority at the environment pollution for their
accumulation in biological organisms with increasing concentration rate in the water-
soil-plant-animal-human being chain.

Main source of heavy metals for the human beings is from the food. Therefore,
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the agriculture as a big water consumer has specific requirements towards the water
quality in relation to the heavy metals.

The high techno-gene saturation of the Sofia Valley is the reason for dispersion of
some aerosols and heavy metals dust. Plant growing in this area traditionally is directed
for the satisfaction of animal husbandry with fodders and in the same time has
significant contribution for vegetable supply of the capital. However, these crops
require the biggest quantity water for irrigation and in the same time, they are most
pliable to pollution and toxic heavy metal carriage towards human beings and animals.
It is obvious that the consequences from the industrial activity in the valley will increase
if the soil will be additionally burdened with heavy metals from water with
concentration above permissible values.

Those norms are regulated in the irrigation water requirements, and the values in

mg/l are, as follows:
Cadmium  Lead Chromium Manganese Arsenic  Nickel Iron Cuprum  Zink
0.01 0.1 0.1 0.8 0.5 1.0 1.5 3.0 10.0

It is expected that those values are derivatives of the toxic equivalents of the
relative elements and comparing each other raises a lot of questions. There are no soil-
chemical reasons, which are based on various interactions with soil and related norms
based on the heavy metals different assimilation from plants. These interpretations of
the existing standard for water of category 3 justify the task approach.

Analysis of the twenty-four-hour (hourly) samples. Tables 1, 2 and 3 show the
heavy metal content at samples taken during entire day. It could be seen that the
measured concentrations of all elements except cadmium vary below the limited
permissible concentration. Considering the due upper limit there are two groups.

- below the maximum permissible concentration: zinc, nickel, manganese,
chrome and cobalt;

- above the maximum permissible concentration: copper, lead, arsenic and
cadmium.

The dynamic is seen in the next decreasing string:

Manganese > Nickel > Zinc > Lead > Cobalt = Chrome = Copper > Cadmium >
Arsenic.

To sum up, the conclusion is that the elements above the maximum permissible
concentration show relatively constant structure of the water.

Research of daily samples at one-month monitoring. Table 4 illustrates the
chemical characteristic of the treated water by days. Generally, daily samples have
higher concentrations comparing to the twenty-four-hour samples (zinc, copper, lead,
cobalt, manganese and arsenic). The measured concentrations of all elements are below
the level of the maximum permissible concentration while the likelihood limits increase
above this level at lead, cadmium, chrome and mercury. The discrepancy between the
measured and the predicted values is a criterion for significant water dynamic in view of
the most important toxic elements. Unsatisfying for the monitoring process is also the
fact that daily samples outline increasing function sat four elements (arsenic, cadmium,
lead and mercury). This characteristic of the dynamic, especially for mercury and
arsenic, reflects to the statistic interval below and above the maximum permissible
concentration of these elements.
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Assessment of the annual dose of heavy metals in the soil originated by the
irrigation and the years necessary for its accumulation up to the maximum
permissible concentration for soils. Table 6 shows the statistically average
background contents of heavy metals in soils which are in the south of Lesnovska River.
6. Calculated terms (years) for attaining the level of the maximum permissible concentration

for the heavy metals in soils related to the annual input, output by the plants and
accumulation in the soil (mg/kg) at the average irrigation norm(4,000 m®ha™) for the crops

in the region (maximum average experiment data)

Maximum Maximum Permissible
Elements | permissible | Background concentration- Input | Output | Accumulation| Years
concentration background

Zn 340 103 234 0.270 | 0.100 0.170 1376
Cu 270 56 214 0.100 | 0.030 0.070 3057
Pb 80 38 42 0.060 | 0.015 0.045 933
Cd 3 0.7 2.3 0.030 | 0.002 0.028 82
Ni 70 26 44 0.120 | 0.007 0.113 389
Co 18 0.060 | 0.001 0.059
Cr 200 55 145 0.060 | 0.002 0.058 2500
Mn 900 0.220 | 0.0115 0.085
As 25 14 11 0.100 | 0.010 0.090 122
Hg 1 0.05 0.95 0.020 | 0.003 0.017 56

The maximum permissible concentration for heavy metals corresponds to the
optimum soil acidity, announced by the Bulgarian Governmental Regulations.

The analysis of the research results shows that the treated wastewater is suitable
for 1rrigation considering the heavy metals. In view of the soil constant pollution from
the air it is recommendable to confine the usage mainly to the fields allocated in the
south of Lesnovska River and in the west of Sofia. The heavy metal availability should
be monitored and controlled periodically. The analysis of the treated water originated
from the SCWWTS should continue.

Conclusions. 1. The characteristics of the treated wastewater show that it is
suitable for irrigation concerning its nourishing elements and heavy metals because they
satisty the requirements for irrigation water;

2. The vegetation experiments carried out show that the treated wastewater could
be used for irrigation concerning the content of heavy metals and nourishing elements.
The experiments with sludge and treated wastewater have to be carried out for longer
period aiming to assess the accumulating impact on soil and plants at field conditions.
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