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INTRODUCTION

University of Novi Sad, Technical faculty “Mihajlo Pupin” from Zrenjanin have started the
organization of | International Conference Ecology of Urban Areas 2011 (URBANECO 2011).

This international conference is organized in cooperation with Politechnica University from Timisoara
in Romania. This cooperation significaly improves the quality of conference organization and work, as
well as contribution in area of regional cooperation with other universities and scientific institutions.

The objectives of the Conference URBANECO 2011 are: presentation of current knowledge and the
exchange of experiences from the field of sustainable development of urban areas which is one of the
major problems of modern civilization. The ecological aspect is the dominant factor in achieving
sustainability. The importance of ecological aspect has developed a need for an International
Conference "Ecology of Urban Areas 2011" which has the goal to integrate scientific, technological
and experimental knowledge in this field. Another importance is gathering researchers from this field
with aim of expanding regional and international cooperation, raising the level of professional and
scientific work at University of Novi Sad and Technical faculty “Mihajlo Pupin”, expanding
cooperation with institutions and encouraging young researchers within this field. Taking into account
that this Conference is international, the importance of this event is obvious for the town of Zrenjanin,
Banat region, Vojvodina and Serbia. Organization of URBANECO 2011 by University of Novi Sad,
Technical faculty “Mihajlo Pupin” from Zrenjanin represents this scientific-educational institution as
one of the major representatives of economic and social development in Banat.

Within this Collection of papers are presented all accepted papers received for | International
Conference Ecology of Urban Areas 2011. The papers are divided into following sessions: Air quality,
Management of solid urban waste, Water quality in urban areas (ground water, drinking water, waste
water and facilities), System of ecological management (ISO 14000), Economics of sustainable
development of urban areas, Noise and vibrations in urban areas, Electro and electro-magnetic
pollution in urban areas, Climate changes and urban pollution, Spatial planning and greening in urban
areas, Development of urban ecology through educative and information activities, ICT in the ecology
of urban areas, Accidents in urban areas, Environmental aspects of traffic in urban areas, Impact of
agricultural activities to urban area , Public health and the ecology of urban areas.

We wish to thank Ministry of Education and Science, Republic of Serbia and University of Novi Sad
for supporting the organization of URBANECO 2011 Conference as well as to University of Novi
Sad, Technical faculty “Mihajlo Pupin” from Zrenjanin.

We are also expressing our gratitude to all authors who have contributed with their papers to the
organization of our first Conference URBANECO 2011.

We would like our Conference to become a traditional meeting of researchers, every year. We are
open and thankful for all useful suggestions which could contribute that the next, Il International
Conference Ecology of Urban Areas (URBANECO 2012) become better in organizational and
program sense.

President of the Organizing Committee
Ph.D Milan Pavlovi¢

Zrenjanin, September 2011.
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ABSTRACT

Elemental composition of 12 samples of urban dust sampled in different parts of Moscow has been determined.
Instrumental neutron activation analysis method was used. 30 elements identified: REE, Na, K, Ca, Ba, Sr, Rb,
Cs, Fe, Cr, Ni, Co, Zn, Se, As, Sh, U, Th etc. The range of their average contents is between 0.01 (Lu) to 1470
(Fe) ng/m>. A comparison with the data of marine and coastal aerosols was made. Results show that urban air in
Moscow is not very different from them in composition. Additional research and more careful analysis of a
greater data set are necessary. Efficiency of INAA method application of is shown.

Key words: urban dust, aerosols, chemical composition, neutron activation method.

INTRODUCTION

The composition of aerosols - suspended particles of different composition, size and shape is an
important indicator of air quality in individual regions and the environment in general.

The main natural sources of atmospheric aerosols are volcanoes, crumbling rocks and soil, sea salt,
dust storms, forest fires. Anthropogenic (technogenic) sources are industrial production (IP), transport
(TR) and municipal and household activities (MHA), and they are the main suppliers of hazardous
substances into the air of cities. The share of IP, the TR and MHA in industrial areas account for over
75% of suspended atmospheric particles they contain polychlorinated organic compounds, toxic
chemicals and heavy metals. Aerosols are constantly migrating, and even in urban areas are actively
transported by air masses, locally fall or washed away by rain. Their composition depends strongly on
the safety of life of urban residents.

METHODS OF STUDYING THE CHEMICAL COMPOSITION OF AEROSOLS. PURPOSE
OF WORK

This paper focuses on the study of urban air, more dust (aerisols). For their study we used the method
of neutron activation analysis (in part, the mass-spectrometry), that is universal (high sensitivity,
multi-element, able to study samples of various compositions, chemical forms of the elements,
regardless of their color and size) (Kolesov, 1994).

Samples were collected with the generally accepted norms and rules (Fomin, Fomina, 2002). To
collect aerosols commonly used Petryanov filters or Whatman paper. Main attantion was paid to the
elements given in (Kolesov, Shubina, 2001). Among them are REE, Na, K, Rb, Cs, Ca, Sr, Ba, Cr, Fe,
Co, Ni, Zn, Se, As, Sb, Th, U, Br, Hf, Ta, Zr, Au, Ag and other elements (Table 1). Level of
determined elements content is 10 ° - 10"’ %.
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To identify possible sources of aerosols fractionation factor was used:

(K fr-) = (Ci / Cr) aerosol sample / (Ci / Cr) matter source,

where Cj and C; are concentrations of element i and reference element r in aerosols and source.
We used Na, Br; Al, Fe, Sc, Ti, K, Ca, Mg, Ba, Sr as reference elements.

Table 1: Elements used for environment evaluation and determined by instrumental neutron activation
analysis (INAA)

Ele- Information on Ele- Information on
ment ment
total terrestrial toxic total terrestrial toxic
contami- matter substances® contami- | matter substa
nation* contamination? nation® | contamination® | nces®
Al * Hg * * *
Ag * | *
AS * * * K *
B+ * Mn * *
Ba * Na *
Be * Ni * *
Br * Pb+++ * * *
C++ * Rb *
Ca * S *
Cd * * Sb * *
CI * * Se * *
Co * Sn * *
Cr * * Te * *
F * * V * *
Fe * Zn * *

+ Results of atomic emission, ++ of activation with charged particles, +++of gamma activation
methods.

Y The elements characterising the ecological conditions in general. ? The elements indicating
contamination of polluting substances. ® The elements, most toxic and hazardous and provoking
diseases.

Analysis procedure

Part of the test filter (with a known volume of air expired), "blank" filter and a reference sample
(usually coal dust - CTA-FFA-1, weighing about 10-20 mg) were placed in a bag from Al-foil, packed
in foam and irradiated in the nuclear reactor IRT-MIFI with neutron flux 1.2*1013 neutrons/cm?s
(Figure 1). The irradiated samples were then measured with a semiconductor Ge - detector and
multichannel analyzer. Processing of gamma-spectra of studied samples and elements content
calculation (minus background concentrations) were performed automatically using computer
programs (Kolesov, Shubina, 2008).
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RESULTS

Previously, we have determined the elemental composition of aerosols from different ocean regions
(Atlantic, Indian, Pacific, (Anikiev, Kolesov, Kuzmina et.al, 1998), as well as from parts of the
Northern Caspian Sea, where exploration began active oil and gas fields (Anikiev, Kolesov, 2008).
They were mainly coastal and marine aerosols. In this paper we attempt to investigate the dust
particles (aerosols), selected in some places of great city — Moscow (Figure 2). We took into account
the meteorological conditions (wind speed and direction, air temperature, its humidity, atmospheric
pressure), as well as sampling time and the amount of air passing through the filters. More than 100
samples were selected and analyzed. Some of the data (12 samples) are shown in Tables 2-4.

Table 2. Dust concentration in Moscow air samples
(April - May 2007, sampling time from 9AM to 12PM)

Sample | Air volume, m* | Sample weight, g | Dust concentration, m?
No
1. 44,9682 0,0072 1,6%10*
2. 45,5932 0,0059 1,3*10*
3. 45,7644 0,0038 8,2* 10
4. 93,2591 0,0112 1,2*10*
5. 48,197 0,0020 5,3* 107
6. 70,53 0,0072 1,0%10*
7. 129,982 0,0069 5,3*10™
8. 127,936 0,0122 9,5%10™
9. 100,749 0,0086 8,5*10™
10. 112,514 0,0073 6,5%10°
11. 35,9318 0,0054 1,5%10*
12. 212,049 0,0136 6,4*10°
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Table 3: Elements content in air samples (Fe - mkg/m®, others - ng/m°)

Sample | Fe| Co| Ni | Zn | Se| As| Sb | Th| U | Br | Hf | Ta| Au | Ag

No

1 2,05( 1,08 {24,39|182,6|0,33| 1,63 | 6,62 |0,55| 0,32 |7,53| 0,15 {0,13| 0,04 | -

2 2,13( 0,98 {24,05|163,5| - |1,05]|7,21|0,53| 0,29 |7,23| 0,20 0,01 (0,86

3 1,01 0,43 | 23,5 | 78,3 |0,05( 0,92 | 3,34 |0,23| 0,22 {3,09| 0,20 0,02 (0,38

4 0,52| 0,25| - |30,06|0,17| 0,28 | 1,55|0,14| - |4,59| 0,12 0,007| -

5 - 10,19 [15,25(43,54(0,06( 0,26 | 0,94 | - |0.03 (4,63| - |0,04| 0,05 (0,28

6 - 10,17 {22,13|50,07|0,44| 0,15 | 0,69 | - |0,282|1,69| - 0,009| -

7 - 10,27 (8,13 {1332 - (0,19 1,8 | - - 12,87| 0,03 0,003|0,07

8 2,08/ 0,75 | - |96,64|0,03 16,38|0,44( - [19,6( 0,20 [0,01(0,001| -

9 2,311 0,83 | - 101 | - |0,772| 6,58 |0,27{0,081|3,51| 0,18 {0,06(0.007| -

10 0,64|0,196| - |41,27|0.06| 0,27 | 1,65 |0,15|0,123|3,19| 0,11 |0,04|0,002| -

11 144104 - |516]| - |[148| 3,6 |0,43|0,14 (3,91 0,17 0,008| -

12 1,02| 0,43 | 6,45 |67,26/0,29| 0,32 | 7,7 |0,17| 0,05 {2,78| 0,08 0,003|0,56
Cpennee |1,47| 0,55 | 17,7 | 86,6 |0,18| 0,67 | 4,84 |0,32| 0,17 |5,38|0,144|0,06{0,013{0,43
Make. (2,31 1,08 (24,39(182,6/0,44| 1,63 {16,38(0,55| 0,32 (19,6 0,20 {0,13| 0,05 (0,86
Mun. |0,52| 0,17 | 6,45 |41,27|0,03| 0,15 | 0,69 |0,14| 0,03 |1,69| 0,03 {0,01{0,001{0,07

Table 4: Elements content in air samples (Na, K, Ca - mkg/m?, others - ng/m?)

Sample| La Ce Nd Sm Eu Th Yb Lu Na K Rb Cs | Ca Sr Ba Sc Cr
Nlo 340 | 409 | 138 | 043 | 0,062 013 | 003 | 092 007 [ 872 26,8 | 0,58 [10,04
2 [ 187 | 157 [ 248 | 039 | 009 | 0023 | 014 | 002 | 188 0566 4,13 [ 26,8 | 155 | 0,43 11,23
3 [ 125 048 | 014 | 002 | 003 | 007 | 0006 | 046 0065|206 [ 335 535 | 021 | 7,04
4 | 059 | 066 012 | 001 | 002 | 003 | 0004 | 023 136 [ 9,22 0,15 | 2,10
5 [021| 048 | 024 | 005 | 0014 0028 | 0,001 | 021 | 034 052 253 416 | 0,08
6 |012| 015 0,02 | 0,007 0061 | 001 | 042 02 [131178 0.06
7 086 116 | 087 0,003 0,008 | 0,001 | 006 | 096 0,02 223 0012|132
8 | 122 | 106 | 048 | 017 | 0,009 003 | 002 | 043 [ 1926 | 055 [0,128] 443 28,6 | 0318 7,63
9 [133] 155 024 | 0,033 006 [00008| 05 | 231 011329 2576 | 0,28 | 6,09
10 [077 | 1,00 | 007 | 0,12 | 0,014 027 | 0,005 | 028 019 [ 1,75 729 | 017 [ 261
11 [ 197 | 1,99 026 | 0043 | 006 | 009 | 003 | 072 279 (753 284 | 045 | 4,92
12 [ 125 | 1,27 | 021 | 011 | 0,004 003 | 001 | 031 026 |015[233]542[2308] 0,16 |385
Ave- | 1,24 | 136 [ 078 | 019 | 003 | 003 | 008 | 001 | 0535 | 1,168 | 0,405 | 0,17 [ 297 | 27,6 [ 20,46 | 0,24 | 5,68
n;li&e. 340 | 409 | 248 | 043 | 009 | 006 | 027 | 003 | 1,88 | 231 | 055 |0566|8,72|753 | 416 | 058 [11,23
m 012 | 015 | 007 | 0,02 | 0,003 | 0,003 | 0,008 | 00008 | 006 | 096 | 026 |002|052]|542]| 223 | 006 | 132
mum
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DISCUSSION
First of all some advantages of INAA must be noted.

First, the total mass of solids collected on the filters when pumping air in the usual urban conditions,
was small and ranged from 3 to 13 mg per filter (when the volume of air from 36 to 130 m®). To study
the chemical composition by the INAA method about 1/4-1/2 part of the filter was used, ie samples of
low mass were from 1 to 6 mg. A similar analysis is possible practically with INAA only. Secondly,
the number of determined elements is of a high value - 30; in - the third-defined elements
concentrations were at low level - the order of several nanograms per gram.

Interpretation of the data

As seen from Table 2, the dust concentration in air samples from different parts of Moscow not
fluctuated significantly (3 times) and ranged from 5,3 10° to 1.6 10™ g/m®. The values of minimum
and maximum concentrations of determined elements varied 5-10 times; average contents of elements
are reflected in the 13th row of Tables 3 and 4. Data on the contents of major elements Fe, Na, K, Ba
in these samples indicate that their low (approximately 5-7 times) differences. Concentrations of trace
elements vary in approximately the same range. Nevertheless, attention draws to increased content of
REE - La, Ce, Nd, Sm, as well as "heavy" metals - Ni, Zn, As, Sb and U, Th, Br, Sh, and possibly, Se.
Enhanced levels of the tagged elements are correlated with the location of industries producing or
processing products of suitable composition.

Table 5: Comparison of the elemental composition of air samples (ng/m)

Sample] Na | Sc | Cr Fe |[Co|Zn| Se | Br | Ag| Cs |Ba | Ni| U |Th| Tb

4M* | 470 | 0,60 | 49 | 1600 | 0,4 | 34 | 0,36 034011 | 13 0,06
5C [890 |0,68| 4,5 | 1600 | 0,37 04328 |037|0,12| 12 0,16
15MC|1200| 0,08 | 1,6 | 2100 16 | 0,44 | 20 |0,28|0,08| 12 0,36
NC | 600 |0,05]2,23| 686 | 21 | 218 0,16 30 118,1/0,36|1,16| 0,01

UA | 535 0,24 | 5,7 | 1470 |0,55|86,6| 0,18 | 5,38|0,43|0,17 | 2,5 |17,7|0,17|0,32| 0,03

*4M — Marine aerosol, Indian Ocean; 5C — costal aerosol, Suez canal;
15MC — marine — costal aerosol, South China Sea; NC — North Caspian aerosol, costal (august); UA -
urban aerosol, Moscow

Some results on the content of trace elements in certain samples of marine and coastal aerosols, which
we studied earlier (Anikiev, Kolesov, Kuzmina et.al, 1998; Anikiev, Kolesov, 2008) are shown in
Table 5 for comparison. From these data we can draw the following conclusions about the content and
distribution of elements. Sodium - its content is the highest in the sample 15MP (South China Sea),
and probably associated with the removal of material by wind from the coast with high population
density. Scandium - in urban dust it was higher than in other studied areas. Chrome - nonuniform
distribution. Iron - the content is about the same as in marine aerosols, but higher than in the northern
Caspian aerosols. Cobalt - in the city dust its content is as much as in marine and coastal aerosols, but
lower than in the Caspian Sea. Zinc - Zn content is high and higher than in other investigated samples.
Selenium - its contents can be considered the same for all the studied areas. Bromine - the content is
high, but 4 times lower, than in sample 15 MP (perhaps due to the influence of algae). Silver - in urban
dust content is higher than in remote marine areas; enhanced level may be due to the presence of
jewelry of urban residents. Cesium - its contents in urban air is enhanced. Barium - concentration in
the city dust increased slightly. Nickel - the content is in the range of data, character for composition of
Caspian Sea aerosols. Uranium, thorium, and terbium - their content in city dust is 2-3 times higher
than in the samples of other studied aerosols.
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Summary

In general, we can conclude that Moscow urban air in the composition of some rock-forming, rare,
rare earth and radioactive elements (including the "heavy" metals) slightly differes from the
composition of investigated remote marine and coastal areas. To provide a better conclusion more
research is needed and careful analysis of large data sets. It should be noted that composition of
organic components of air pollution is not considered here.

The data obtained in this work formed the basis of recommendations for city services to develop
activities to improve air quality in specific areas, and to reduce possible contamination. In particular,
among the necessary ones: a) continuously monitor the composition of air (and other objects of the
environment), b) systematic control of harmful emission of industries and transport in the local and
regional level (within individual parts of the city), c) strong implementation of the list of
environmental protection activities by the organizes and proper control from the public services.

CONCLUSION

a) The effectiveness study of elemental composition of atmospheric aerosols using instrumental
neutron activation analysis was shown.

b) Using of fractionation coefficient and data directly obtained by INAA, can contribute to better
detection of locations (sources) of air pollutants and assess the level of air environment contamination.
¢) The interaction of producers, inspection services (ecologists), and researchers is the key to solve the
task of successful environment protection.
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ABSTRACT

The aim of the study is to determine spatial and temporal characteristics, as well as statistical interrelationships
of air pollutants in Szeged and Csongrad county and to give human biometeorological assessment on air
pollution load there. Monthly averages of NO,, SO, and deposited dust from RIE (Regional Immission
Examining) network operating in Szeged (10 stations) and Csongrad county (11 stations), furthermore 30-minute
averages of CO, NO, NO,, SO,, O; and total suspended particulate (TSP) measured by the monitoring station in
Szeged are analysed. Emission time courses of the pollutants and temporal variability of TSP are shown. Joint
daily behaviour of Os-irradiation, O;-NO and NO,-irradiation are presented. Spatial factor analysis is used for
NO,, SO, and deposited dust time series to produce their homogenous subregions. Air quality stress index for
mean (annual) and short-term (diurnal) air pollution load was calculated. Average diurnal cycle of the pollutants
in percentage of the health limits are also displayed.

Key words: emission time courses, temporal variability, joint daily behaviour, spatial factor analysis, air
pollution load.

INTRODUCTION

Air pollution is one of the most important environmental problems, which concentrates mostly in
cities. Generally, human activities induce monotonous accumulation of pollutants. Possible reasons of
worsening air quality are population growth in cities and, in connection with this, increasing built-in
areas there. A considerable part of population growth is coming from the migration to the cities. The
ever-increasing urban population, together with the growing industrialisation and energy consumption
and the extensive transportation, raise air pollution, which becomes a more and more serious challenge
for the interest of survival.

The aim of the study is to determine spatial and temporal characteristics, as well as statistical
interrelationships of air pollutants in Szeged and Csongrad county (Fig. 1.) and to give human
biometeorological assessment on air pollution load there.
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Figure 1. Geographical position of the monitoring and RIE stations in Csongrad county and Szeged
(top left) with built-in types of the city (a: centre (2-4-storey buildings); b: housing estates (5-10-
storey buildings); c: detached houses (1-2-storey buildings); d: industrial areas; e: green areas; (1):
monitoring station, (2): measurements for NO,, SO, and deposited dust, (3): measurements for only
deposited dust, (4): measurements for only NO, and SO,.

The database of the study results, on the one hand, from the monitoring station in Szeged downtown,
for the period between 1997-2000. This station is located at a busy traffic junction and measures mass
concentrations of CO, NO, NO,, SO,, O; and TSP (Fig. 1.). Another source of the database is the RIE
(Regional Immission Examination) network for Szeged and Csongrad county. From this network, we
used monthly mean concentrations of NO, and SO,, as well as monthly totals of deposited dust (g / m?
/ number of days of the month) for the period between 1985-1999. Szeged is located in the Carpathian
Basin, at 20°06'E and 46°15'N, at an altitude of ca. 80 m above sea level. Its population is about
155,000 inhabitants and the built-in area is around 46 km?. The city is situated near the confluence of
the Tisza and Maros Rivers, in southern Hungary. Szeged is the largest city and the centre of light
industry in the southern part of the Great Hungarian Plain (Fig.1.).

The industrial area is located in the north-western part of Szeged. Thus, the prevailing westerlies and
northerlies transport pollutants, from this area, towards the centre of the city.

STATISTICAL METHODS
Factor analysis

We investigated summer and winter half-year data sets of NO,, SO, and deposited dust both for
Szeged and the countryside stations with factor analysis of the spatial variability. Our aim was to
identify subregions with more or less sovereign variations of these parameters.

One of the best methods to study time series data for a large number of stations or grid points, where
strong spatial and temporal correlation prevails, is factor analysis (Bartzokas and Metaxas, 1993). One
of the main benefits of this method is the reduction of the initial variables into much fewer
uncorrelated ones, namely the factors. In this way, regions can be defined where, for any point within
each region, the analysed meteorological variable covaries. Each original variable, Pj, i =1, 2, ..., n,

can be expressed as Pj = aj1Fy + + ajpF + ... + ajjFm (M <n), where Fj, j = 1,2, ..., m, are the
factors and ajj are the loadings. One important stage of this method is the decision for the number (m)

of the retained factors. On this matter, many criteria have been proposed. In this study, the Guttman
criterion or Rule 1 is used, which determines to keep the factors with eigenvalues > 1 and neglect the
ones that do not account for at least the variance of one standardised variable. Another vital stage in
this analysis is the so-called rotation of the axes (factors). This process achieves discrimination among
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the loadings making the rotated axes easier to interpret. In this analysis the Orthogonal Varimax
Rotation was applied, which keeps the factors uncorrelated.

Numerical expression of air pollution load

The air quality stress index (AQSI) can be determined for mean (annual) and short-term (diurnal) air
pollution loads. It considers only the following components: sulphur dioxide (SO,), nitrogen dioxide
(NO,) and total suspended dust (TSP) (Mayer, 1995). The air quality stress index (further: AQSI) for
mean (annual) air pollution (AQSI,) is given as follows:

AQSI; = 1/3 - [11(S0O,)/50 + 11(NO,)/50 + 11(TSP)/50] (1)
The AQSI for short-term (diurnal) air pollution (AQSIy,) is given below (Makra and Horvath, 2001):
AQSI, = 1/3 - [12(S0,)/125 + 12(NO,)/150 + 12(TSP)/150] 2
RESULTS

Emission time courses of air pollutants

Emissions of air pollutants can be originated from different source groups. These groups are as
follows: residential, services, transport, power plants, other heating, industry and agriculture. The
environmental station in Szeged, placed at a busy traffic junction, monitors and stores concentrations
of CO, NO, NO,, O3, SO, and TSP. Among them, CO, NO, NO, and O are more important because of
their role in traffic. Average diurnal course of them shows a definite picture with double wave for CO,
NO and NO, and one wave for Os. They all can be connected to traffic density. Opposite daily course
of NO and O; is also very clear.

The most important air pollutants are nitrogen oxides (NO,), sulphur dioxide (SO,), total suspended
particulate (TSP) and carbon monoxide (CO). Their trends are presented in Fig. 2.

Szeged Csongrad county
Total Emissions Total Emissions
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Figure 2. Emissions of nitrogen oxides (NO,), sulphur dioxide (SO,), total suspended particulate
(TSP) and carbon monoxide (CO) in Szeged and Csongrad county from 1989 until 1999 (after the
Environmental Protection Inspectorate of Lower-Tisza Region, Szeged, 2001).

Only SO, emissions show significant decrease both in Szeged and Csongrad county. This might be
explained by the change of fuel pattern and technology after1990. Concentration of the other three air
pollutants displays no temporal change. During the decade (1991-2000), many advances have been
achieved in the field of transportation, such as the widespread use of unleaded petrol, enforcement of
stricter vehicle emission standards and the growing ratio of more recent vehicle models. Hence, the
increasing traffic density might be the reason of stagnating or even increasing CO and NO,
concentrations in the region.

Transport, especially with NO,- and CO-emissions, can be considered a substantial pollution source.
In Hungary, emissions of CO and NO, caused by motor vehicle traffic amount to 44% and 53% of the
total, respectively. Consequently, motor vehicle traffic seems to be one of the most important sources
of air pollution, mainly in cities. Szeged, together with the population and the number of motor
vehicles, is continuously growing. Hence, perspectives indicate a more significant role for traffic.
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Temporal variability of total suspended particulate (TSP)

The average annual cycle of total suspended particulate shows the greatest values in November,
December and January, with its maximum in January (Fig. 3.). Higher winter values might refer to
atmospheric stability with frequent inversions. The lowest values in summer (June, July, August and
September) can be explained by dilution because of intensive vertical exchange in the atmosphere.
The diurnal and weekly cycle of total suspended particulate (TSP) (Fig. 4.) has the shape of a double
wave. Both primary and secondary maxima can be observed during peak hours and, in the same way,
primary and secondary minima occur, when traffic is least (at night) or decrease (around midday).
Also, due to the traffic density, the concentration of TSP is relatively higher on weekdays, than on
weekends.
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Figure 3. Average annual cycles of TSP at the monitoring station, Szeged downtown, for the period
1997-2000.
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Figure 4. Average weekly and diurnal cycles of TSP at the monitoring station, Szeged downtown, for
the period 1997-2000.
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Figure 5. Average weekly and diurnal cycle of percentile values of TSP at the monitoring station,
Szeged downtown, for the period between 1997-2000.
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Peak values for TSP show a double wave displaying maxima late in the evening, while secondary
maxima can be observed late in the morning. Least TSP concentrations are measured early in the
mourning, whilst secondary minima occur in the evening (Fig. 5.). The average annual, weekly and
diurnal cycles, as well as average weekly and diurnal cycle of percentile values of TSP are very
similar to those of NO, which highlights connection of TSP with traffic (Makra et al., 2010).

Joint daily behaviour of pairs of variables

In order to receive more detailed information on interrelationships among Os, NO, NO, concentrations
and irradiation, joint daily behaviour of their pairs were studied (Fig. 6.). In the graphs, serial numbers
of the measurements are presented. (No. 1: value of the measurement at 0%, ... , No. 48: value of the
measurement at 24%.) O,-light pair shows a clear linear connection with some lag, while both O3-NO
and NO,-light pairs basically display an opposite connection.
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Figure 6. Joint daily behaviour of pairs of variables (Os, NO, NO,: ppb; light: W m?)
Spatial classification

Joint daily behaviour of the pairs can be explained as follows. Ratio of NO,/NO depends, through
0zone concentration, on radiation (on the figure: light) and NO emissions. Daytime, the ratio NO,/NO
>1 can be explained by the rapid oxidation of NO (NO + O3 —— NO, + O,) (intensive, ozone
producing processes). While the turn of this ratio in the evening and at night indicates decrease of
oxidation capacity of the atmosphere (following nightfall, photochemical processes, leading to ozone
formation, stop) (Horvath et al., 2002).

Kholmogorov-Smirnov test was applied for data sets of NO,, SO, and deposited dust in Szeged and
Csongrad county, according to which all of them proved to be of normal distribution at 0.01 %
significance level. The spatial factor analysis for NO, and SO, yielded mainly two subregions (Table
la-b).

23



I International Conference ,,ECOLOGY OF URBAN AREAS 2011¢, 30th September 2011, Ecka, Serbia

Table 1a: The significant eigenvalues and the total percentage of variances explained by the retained
and rotated factors, Szeged

Factors NO, NO, SO, SO, Deposited dust
Summer  Winter Summer  Winter Summer  Winter
half-year  half-year  half-year  half-year  half-year  half-year

1 2.5 3.4 - 34 2.08 3.68

2 1.6 1.5 - 1.6 1.28 1.22

3 1.1 - 1.21 1.08

4 - 1.05

Expl. var., % 87 81 - 83 56.24 59.79

However, the Rule 1, described in Section 2.1.1, resulted in four subregions for deposited dust in the
summer half-year. For each pollutant, summer and winter half-year maps of subregions differ
considerably. Most similarity is found between the winter half-year maps of the rotated factor loadings
for NO, and SO,. The summer half-year maps of subregions for deposited dust are the most confused
(Fig. 7.). The eigenvalues and the percentages, explained by the retained and rotated factors explain
55-65 % of the total variance for deposited dust (this value is similar for Szeged and countryside),
whilst 60-70 % for NO, and SO, in countryside, which differs significantly from 80-90 % for those in
Szeged (Table 1la-b.) (Makra and Horvath, 1999).

Table 1b: The significant eigenvalues and the total percentage of variances explained by the retained
and rotated factors, countryside

Factors NO; NO; SO, SO, Deposited dust
Summer  Winter Summer  Winter Summer  Winter
half-year  half-year  half-year  half-year  half-year  half-year

1 2.12 3.35 3.13 2.82 3.59 6.38

2 1.59 1.11 1.22 1.47 1.62 1.26

3 1.16

4 1.01

Expl. var., % 61.89 74.34 72.49 71.49 61.47 63.64

The method of spatial factor analysis derives the regions from similarities and differences on given
time scales. In some cases the regions differ considerably, in other cases they show great similarity.
Central parts of the subregions are indicated by the 0.8 factor loading isolines. The regions are perhaps
realistic in statistical sense. This means, that they are not direct consequences of the method, itself

(Fig. 7.).

a. concentration of deposited dust, winter b. concentration of deposited dust,

half-year, Szeged winter half-year, Csongrdd county

Figure 7a-b. Subareas formed according to the rotated factor loadings when the
number of retained factors is > 1.
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Human biometeorological assessments for air pollution load

Mean (annual) air pollution load (AQSI;) became better in 2000 (0.471) and in 1999 (0.448)
comparing to its value in 1998 (0.606). This means that the examined busy traffic junction in Szeged
can be listed into the air pollution category 1. (Mayer, 1999).

A study was made to investigate the difference in daily air pollution load (AQSI,) between weekdays
and non-weekdays (including Saturdays, Sundays and holidays), using data for the years 1998, 1999
and 2000 at the air quality monitoring station, Szeged. In Hungary, working time is 40 hours per week.
It is supposed that the short-term (diurnal) air quality (AQSI,) might change during the weekend. The
results indicated that AQSI, is higher on weekdays and lower during weekends (Table 2.). The air
quality is definitely better on holidays in the winter half-year, while role of Saturdays, Sundays and
holidays is very similar in the summer half-year. On weekends, air pollution load is lower up to 18 %.
Consequently, traffic is supposed to contribute mostly to the change in air pollution load.

Table 2: Difference of air quality stress index (AQSI) values

Monitoring station Difference of daily averages, %

Q) 03] @)
Year -8.72 -16.22 -12.92
Summer half-year -13.52 -13.43 -13.47
Winter half-year -4.64 -18.34 -12.40

(1) Difference between Saturday and weekday (Saturday — weekday), %
(2) Difference between holiday and weekday (holiday — weekday), %
(3) Difference between holiday + Saturday and weekday [(holiday + Saturday) — weekday)], %

In order to get an overview of the diurnal air pollution load in Szeged, categorisation of the days were
made (see categories in Section 2.1.2.) on the basis of mean diurnal concentrations of air pollutants for
the years 1998, 1999 and 2000 (Table 3.) Our results show that number of days with worse air
pollution load is higher in the winter half-year (categories Il, Ill. and 1V.) comparing to that in the
summer half-year. The air quality became substantially better in 1999 as compared with that in 1998,
while stagnation can be experienced in 2000. Better air quality is characterised by significantly higher
number of days with low air pollution load and, synchronously with this, by considerably lower
number of days with extreme pollution load (Table 3.). The winter half-year is more characteristic in
occurrences of days with heavier pollution load, than the summer one. This is presented clearly by the
number of days, on which daily standards (in pg m™, CO: in mg m™) for air pollutants were exceeded.

Table 3: Number of days with different pollution levels

Monitoring Pollution levels, day

station
Level I. Level II. Level I11. Level IV.
199 199 200 199 199 200 199 199 200 199 199 200
8 9 0 8 9 0 8 9 0 8 9 0

Year 293 343 335 41 14 8 31 8 24 5 0 2
Summer half- 173 181 182 5 1 1 5 1 0 1 0 0
year

Winter half-year 120 162 153 36 13 7 26 7 24 4 0 2
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Figure 8. Average diurnal cycle of the pollutants in percentage of their health limits at the monitoring
station, Szeged downtown, for the period between 1997-2000.

Daily averages of the pollutants, on the basis of their 30-minute values for the period 1997-2000, were
calculated in percentage of the health limits (Fig. 8.). It is concluded that they hardly reach 40 % of the
health limits. Even the maximum values, which belong to O, are well below 60 %. This result
confirms the above-mentioned consequences of Section 2.2.5, according to which not only the
examined busy traffic junction in the neighbourhood of the monitoring station Szeged, but the city
itself can be listed into the air pollution category I. (Mayer, 1999).

Hence, diurnal averages of the pollutants between 1997-2000 are far below the 24-hour limit values
[CO: 0.45 ppm (limit value: 4.295 ppm); NO,: 16.25 ppb (44.34 ppb); (SO,: 1.92 ppb (56.19 ppb); Os:
20.42 ppb (50 ppb); TSP: 36,72 pug m™ (100 ug m)].

CONCLUSIONS

— Trends of SO, emissions show definite decrease both in Szeged and Csongrad county.

— Diurnal and weekly cycles of total suspended particulate are connected with traffic density, as
secondary reason, while its annual cycle is influenced by dilution, as cause of intensive
vertical exchange in the atmosphere.

— Joint daily behaviour of Oz-light, Os-NO and NO,-light pairs show characteristic diurnal
courses, which can be explained by their interrelationships.

— The eigenvalues, explained by the retained and rotated factors explain less part of variance for
deposited dust than for NO, and SO,. Spatial factor analysis yielded mainly two subregions
for NO, and SO,, while three-four subregions for deposited dust. Summer half-year maps of
factor loadings are more confused than winter half-year ones.

— The air quality stress index for mean (annual) air pollution (AQSI;) has definitely decreased in
Szeged. Short-term (diurnal) air pollution (AQSI,) increased in weekdays and decreased on
weekends.

— Daily average concentrations of the pollutants increased in weekdays and decreased during
weekends. The concentration of Os presented an opposite trend. On weekends, air quality
improves better in the winter half-year.
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ABSTRACT

This paper presents the transmission of sunlight through the atmosphere as a function of optical thickness (AOT)
for each wavelength monitoring with the sun photometer in the Romanian city of Timisoara. The selected values
for this study were recorded during June, 2011. The instrument is installed at the Mechanical Engineering
Faculty (45.74 N; 21.22 E) and is connected to the federal network AERONET. Monitoring of the aerosol
optical properties is still less experienced in Eastern European countries. The University “Politehnica” from
Timisoara understood the importance the study of aerosol properties.

Key words: aerosol, transmission, AOT, AERONET.

INTRODUCTION

The paper is an attempt to describe different types of aerosols and their path through the atmosphere in
the Romanian city of Timisoara. The town is one of the most developed ones in Romania, famous for
its history and rapid progress into a modern but traditional location of human development (Popescu
F., 2009). Air pollution in a modern city has become a serious environmental problem, because of the
combined effects of various pollutants upon the physical and mental health of citizens and the quality
of urban life in general (Popescu F., 2011 a), (Popescu F., 2011 b), (lonel, I., 2010). Main possible
aerosol sources are urban pollution from roads and power plants. The burning of fossil fuels produces
around 21.3 billion tones (21.3 gigatones) of carbon dioxide per year, but also produces nitrogen
oxides and sulfur dioxide emissions, which contribute to smog and the formation of fine particulate
matter (Nisulescu C., 2011)

Aerosols are liquid or solid particles suspended in the air, with radii normally ranging from 0.1 to 10
um. They have a direct radiative forcing because they scatter and absorb solar and infrared radiation in
the atmosphere. The size distribution of aerosols is critical to all climate influences. Fine aerosols
scatter more light per unit mass and have a longer atmospheric lifetime than coarse aerosols
(Kokhanovsky A., 2008). Measurement of aerosol optical thickness can provide important information
about the concentration, size distribution, and variability of aerosols in the atmosphere.

In the federal network AERONET (Holben B.N. et al., 1998) are connected over 650 instruments in
the world, of which, currently, 4 are located and running in Romania (Figure 1), among them one in
Timisora, at the POLITEHNICA University, in the multifunctional lab for thermal machines and
renewable energies (www.energieregen.mec.upt.ro). The network imposes standardization of
instruments, calibration, data acquisition, processing and distribution according a special technique
and mathematical model. AERONET collaboration provides globally distributed observations of
spectral aerosol optical depth (AOD), inversion products, and precipitable water in diverse aerosol
regimes. For Romania, the network is based on the infrastructure and techniques developed in the
frame of two main research projects RADO (www.inoe.inoe.ro/RADO) and ROLINET
(www.inoe.inoe.ro/ROLINET).
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Figure 1. Sun photometer stations in Romania
GENERAL DESCRIPTION

The instrument used in this paper is a CIMEL ELECTRONIQUE 318 spectral radiometer
manufactured in Paris; France. This is composed of an optical head, an electronic box and a robot
(figure 2) and it is described in detail in (Holben B.N. et al., 1998). The optical head has two channel
systems: the sun collimator (33 cm), without lens, and the sky collimator (33 cm) with lenses. This
instrument has approximately a 1.2° full angle field of view. The electronic box contains two
microprocessors for real time operation for data acquisition and motion control. In automatic mode, a
‘wet sensor’ detects precipitation and forces the instrument to park and to protect the optics. The robot
is moved by step-by-step motors in two directions: in the zenith and azimuth planes.

Figure 2. Sun photometer located at the Politehnica Univerity of Timisoara

The sun photometer accomplishes two basic measurements, either direct sun or sky, both within
several programmed sequences. The direct sun measurements are made in nine spectral bands (340,
380, 440, 500, 670, 870, 940, 1020 and 1640 nm) requiring approximately 10 seconds. The 940 nm
channel is used for column water abundance determination. These interference filters are located in a
filter wheel which is rotated by a direct drive stepping motor (Figure 3). A sequence of three
measurements is taking 30 seconds apart, creating a triplet observation per wavelength, which is used
to calculate the aerosol optical depth, the precipitable water and the Angstrdm parameter. Triplet
standard observation are made during morning and afternoon at a 15 minute interval and for an air
mass between m =2 a.m.and m =2 p.m.
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Figure 3. Filter wheel which is rotated by a motor

Sky measurements are performed at 440 nm, 670 nm, 870 nm, and 1020 nm. Two basic sky
observation sequences are recorded: the “almucantar” and the “principal plane”. An “almucantar” is a
series of measurements taken at the elevation angle of the Sun for specified azimuth angles relative to
the position of the Sun. The range of scattering angles decrease as the solar zenith angles decreases.
During an “almuncatar” measurement, observation from a single channel are made in a sweep at a
constant elevation angle, across the solar disk and continues through 360° of the azimuth in about 40
seconds. This is repeated for each channel. An almuncatar is made hourly between 9 a.m. and 3 p.m.
local solar time.

The standard “principal plane” sequences measures in much the same manner as the “almuncatar”, but
in the principal plane of the Sun at a constant azimuth angle, with varied scattering angles. This
measurements sequence begins with a sun observation, moves 6° below the solar disk, and then
sweeps through the sun taking about 30 seconds for each of the four spectral bands. “Principal plane”
observations are made hourly, when the optical air mass is less than 2 to minimize the variations in
radiance due to the change in optical air mass. These measurements are used to calculate the size
distribution, the phase function and the aerosol optical.

RESULTS AND DISCUSSIONS

Transmission of the direct solar beam through a vertical slice of the atmosphere can be calculated with
the eq. (1).

d 2
V =V, ( ﬂ)(FOJ al-mz(2) (1)

where: V is the digital voltage, in V,
V, - extraterrestrial voltage, in V,
A —wavelength, in nm,
m — optical air mass,
do - the average earth—sun distance, expressed in astronomical units (AU),
d - the earth—sun distance on the day of observation, expressed in astronomical units (AU),
T; - total atmospheric optical thickness (AOT).

The air mass is calculated as function of the solar zenith angle.
The accuracy of the AERONET aerosol optical thickness measurements is 0.01 - 0.02 for the
wavelength > 440 nm and the uncertainty in measured sky radiances due to calibration error is ~ 5 %

(Dubovik O. et al., 2000 )

Table 1 presents the AOT and transmission average in June 2011, at different wavelength.
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Table 1: AOT and transmission average for June 2011

Wa‘(’rf:f];‘gth 1640 | 1020 | 870 675 500 | 440 380 340
AOT 0231 | 0262 | 0277 | 0339 | 0.443 | 0507 | 0588 | 0.662

Transmittance | 79.42 77.01 75.86 71.32 64.29 60.32 55.64 51.68

Figure 3 show the AOT variation in June 2011, within the 0 — 2. It is evident that AOT presents large
day to day variation. According to the Cloud Modification Factor (Figure 4), it was cloud free and the
atmosphere was relatively clean from 1 to 6, 13 to 18, 20-23 and 26 to 27 June. On 10 - 11, and 23 —
25 June was rainy days. The maximum value for AOT was recorded on June 9, being over 2. The
aerosol life time is short. The aerosol always accumulates for a few days, and then breaks down due to
a passing cold front or to precipitation. In addition, the large day to day variation of AOT is also
driven by many other meteorological factors.
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Figure 3. AOT variation in June
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Figure 4. Cloud Modification Factor (a number between 0 and 8)

A typical aerosol optical thickness value for visible light in clear air is roughly 0.1. A very clear sky
may have an AOT of 0.05 or less. Very hazy skies can have AOTs of 0.5 or greater. It may be easier to
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understand the concept of optical thickness when it is expressed in terms of the percentage of light that
is transmitted through the atmosphere, according to this formula:

%T ransmission =100 *e** 2)
This calculation gives the percentage of light at a particular wavelength that would be transmitted
through the atmosphere if the sun were directly overhead. For an optical thickness of 0.1, the percent
transmission is about 90.5%. The transmission depends on the type of clouds and aerosols (Figure 5).
Cloud Modification Factor for different cloud types and amounts of cloud it is from 0 to 8 (0 octas
representing clear sky, 8 octas representing overcast).
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Figure 5. Transmission of sunlight through the atmosphere in June

Figure 6 illustrates the average aerosol thickness of MODIS satellite data (Moderate Resolution
Imaging Spectroradiometer) for June 2011. This image was acquired using GES — DISC Interactive
Online Visualization and Analysis Infrastructure (GIOVANNI) as part of the NASA. The MODIS
retrieval (v4.2) of the AOT over land employs primarily three spectral channels centred at 0.47, 0.66,
and 2.1 mm. AOT is derived at 0.47 and 0.66 mm, and interpolated to 0.55 mm. The average AOT at
wavelength 550 nm is between 0.2044 and 0.2392 for Timisoara. The temporal correlation between
MODIS and sun photometer is good. The AOT average from sun photometer at 440 nm is 0.507.

MYDO8_M3.051 Aerosol O&tfcglo?f?tn at 550 nm [unitesa]
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Figure 6. MODIS - average aerosol thickness during June 2011[http://aeronet.gsfc.nasa.gov]
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CONCLUSION

Aerosol properties can be analyzed in the whole column atmospheric using a sun photometer. This
instrument gives important data, but can only be performed when the sky is totally clear.

An optical thickness of less than 0.1 indicates a crystal clear sky with maximum visibility, whereas a
value of 1 indicates very hazy conditions. In June the value of transmission was high, only in June 9
with value over 12 % meaning hazy condition (dust, biomass burning or urban pollution).
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ABSTRACT

The process of rapid urbanization and city the growth of industrial production in them are directly proportional
to the concentration of pollutants in the air. The aim of this paper is to point out the differences in the air quality
caused by some air pollutants in the industrial environment in terms of full production; when the production is
stopped; and the projection for the future, when the production is restored. The results of the testing of the
impact that air pollutants have on the air quality in the city have shown that the application of appropriate
measures and activities in the environmental protection, provide a satisfactory quality of life.

Key words: air pollution, industry, air quality.

INTRODUCTION

Atmosphere — a layer of a mixture of gases around the globe spreads to three thousand kilometers in
height and contains: 78% nitrogen, 21% oxygen, 0,9% argon and variable amounts of water vapor and
carbon dioxide, and other gases account for about 0,04%.

By continuous discharging of huge amounts of pollutants into the atmosphere, man has significantly
changed the composition of the atmosphere above the densely populated areas. The presence of
pollutants in the air has a number of direct and indirect impacts on the health of all living beings.
There are more pollutants in the air at the same time, and an exponentiation of the effects is often
possible. Pollutants in the air can act in a form in which they are emitted or as new compounds
resulted from physical-chemical processes in the atmosphere. Local effects of pollutants from the air
are reflected in cities where there is an increase in average temperatures, reduced humidity, of
excessive rainfall, reducing soil pH and specific toxic effects of each substance individually. [4]

Air pollution implies the presence of gases and other content in the air that is not unique for its natural
composition. Constituents of the atmosphere in trace in the gaseous, liquid or solid form can have a
significant impact on wildlife and /or climate.

The biggest source of pollution is certainly industry, so that adverse effect of the air pollution depends
on the type and capacity of the industry, the number of motor vehicles, the number and density of
individual pollutants whose impact depends on the amount and the type of fuel.

Sulfur dioxide causes very dangerous air pollution. The sources of pollution are industrial processes,
primarily sulphite ore smelting and combustion of fuels with high sulfur content. In addition to
harmful effects on human health sulfur adversely affects the plants by destroying the green fund,
increases the corrosion of metals and so on.
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Soot contains very fine, small particles, whose size is around 5ug and they suspend in the air in the
form of aerosols.

The sources of nitrogen dioxide are, apart from industry, traffic, boiler houses, individual furnaces,
and spontaneously occurring chemical reactions in the atmosphere, where there is an increased
presence of other polluting substances.

Sedimentary particles of matter are solid fuel ash, street dust and other materials in excess of 20ug
which are frequently spontaneously deposited near the emission sources. The total deposited materials
depend on the measurement area and the meteorological conditions. In winter months, the wind
direction is from the industrial zone to the city.

The highest contamination results from ammonia production of mineral fertilizers.

Hydrogen fluoride is released into the atmosphere during the production of phosphoric acid and
fertilizers. Harmful effects are manifested in the form of acute poisoning.

In addition, an increasingly important source of air pollution is the contamination of pollen, which
amount represents an essential indicator of the air quality.

THEORY

In literature and in practice, a number of models is known upon which it is possible to get knowledge
of input parameters to the concentration of pollutants in the production point in space. Gaussian
diffusion model for point sources has proven to be the most reliable model so far. [2]

For assessment of possible environmental threats caused by the harmful substances from an emitter
and delimiting endangered zone or range of concentrations (X ax) above the GVI in the environment,
we use the following formula:

1 [Klg—(Cq, —-C
xmax - [g ( GVI O)]QH (m) (1)
Y Ws (CGVI - Co)
where:
Y — dimensionless parameter that characterizes the turbulence of the atmosphere near the source:
K'W,
Y= *+b,zaW>1,K’=0,05b=0,05, (2)

1
K - coefficient that depends on air flow patterns,
g - emission hazards in mg/s,
Qy - the amount of air, the fan capacity in m%s,
Ws - mean wind speed 2,5 m/s,
Co - a natural fon of total particulate matter 0,010 mg/m?®.

The expansion of the dust cloud from the emitters is done in the form of Gaussian plume in the
direction of blowing wind, and the clouds make the sedimentation (I - immission) of larger particles
of dust on the ground, which can be determined by the formula:

| = (Cevi—Co)W; -3600- 24
X2y

(mg/m? / day) 3)

At a distance H from the source of airborne, the dust will remain to float in what is a natural fon of
areas.
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The calculation of ground concentrations of pollutants in the environment is based on the equation by
Teverovski [11] which says:

MxZ
Crex =34 x———(mg/m?®
><VX > (mg/m?*)

v H (4)
where:

M —the amount of the gas (g/s),
V, — the wind speed (m/s).

Z=f (E) (a function of stack height and distance measurement points for which is the calculated

concentration)

The value of Z is determined from the diagram in Figure 1, which gives the dependence of the Z - axis
stack (X) and the emission level of H.
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Figure 1. Diagram of correlation between the height of the chimney and the measuring point

The maximum concentration of pollutants in the ground layer of air is achieved for X = 20H, which in
this case for the emitter height is 11 m is 20H = 220 m, therefore Z = 9,2 H.

The emission level is the sum of the height of the emitter and Hy and increase in height due to the
speed of the gas leakage from the emitter:

Do xV,
H=Hg+19x———=(m) (5)

Vv
where:

Hgy — the emitter’s height (m),
V, —the speed of the gas in emitters (m/s),
D, — the diameter of the emitter (m).

If contamination occurs, the analysis can be derived from Gaussian gas equation [Pavlovic, 2002]
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where:

C(x,y)- the concentration at the country level t = 0 at some point with coordinates (X, y),
X — the distance along the axis of wind (m),

y - the horizontal distance from the axis of flow (m),

oy - normal dispersion coefficient (m),

o, - vertical dispersion coefficient (m),

H — the height of the center line flow (m).

The three - dimensional coordinate system shows the change of nature and concentration along the
directions of wind flow and its scattering along y and z. The concentration of spreading contamination
and its elevation is given for z = 0.

The height of the chimney that emits a variety of polluting components is determined by the
components that require the highest level.

The effect of air pollutants on human health can be acute and chronic. Acute are possible only at much
higher concentrations of pollutants. Chronic effects of air pollution on humans can be divided into:
irritant, allergic, fibrogenic, teratogenic, mutagenic and carcinogenic effects.

Only a small proportion of pollutants that the body is exposed to is absorbed. It is known that adults
breathe about 20 m? per day and the children about 5 m® of particles from the environment. By law the
Robert Brown (1773-1858) | quote: “Colloidal particles remain dispersed in the dispersing agent
partly due to random collisions with other molecules and atoms” most of the particles PM, s flows out,
but most of PMy, particles gets swallowed up. Because of this, while analyzing the state of the air
quality and its impact on human health and the environmental quality, we must be guided by the
principles of precaution and worst-case scenarios.

METHODS

The sources of pollution can be considered as stationary and mobile. According to the character of
emission sources are classified as: continuous, discontinuous and accidental.

On the territory of Sabac, there has been a multi-year continuous monitoring of the air quality at five
sampling locations by accredited and certified laboratories and automatic measuring stations of the
Agency for Environmental Protection. All tests are performed according to the applicable legislations
harmonized with EU legislation, with the standard appliances and the result is expressed as the mean
daily value. The average number of samples analyzed for all the pollutants is approximately 1000. The
network of measuring points in the town is defined by the following criteria: population density,
emission sources, urban solutions, methods of heating, and uses of space. Systematic measurements of
basic and specific pollutants are carried out continuously.

The concentrations are monitored by measuring: sulfur dioxide (SO,), nitrogen oxides: NO,, NO, NO,
ammonia (NHs), hydrogen chloride (HCI), soot and sediment materials. From 2010, the monitoring of
the ground-level ozone O; fraction of suspended particles PM,s and PMy, started.

The examination of the products of combustion from the district heating plant was made: RBR ECOM
J2KN, in accordance with SRPS M. E3.432 t. (6.6.2) (1990). Reference document Q3.04.10. —
Instruction for testing the products of combustion. The capacity of Benska Bara boilers is 8.2 MW.
The boilers in Benska Bara are of recent date (the year of production is 2003), while the boilers on the
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other side of town are little older (the years of production are 1986, 1991). Natural gas and crude oil
are used as fuel.

The emission measurements were made in the heating season (October, November and January) for
each energy source.

The examination of the SO, gas in 2006 on the emitter of the fluidic furnace, shown in Figure 2, is
conducted through flue gas analyzer TESTO 350XL, Germany, in compliance with the Regulation
30/97, QMS ME 13.01.

Figure 2.Furnace for the roasting of zinc concentrates in the fluidic layer: 1 - floor, 2 - brener for the
ignition of the furnace, 3 - chamber charge, 4 - hull furnace, 5 passage for allowing gases, 6 -
overflow threshold, 7 - cooler (caisson), 8 - air chamber, 9 - valve for air supply, 10 - furnace owall,
11 — furnace vault[13]

FINDINGS

In late 2004, when the production was launched and intensified in two industries-ferrous metals and
fertilizer, tests showed that in the moments of movement, until the production stabilized, there were
increased concentrations of sulfur dioxide, soot, ammonia, and partially hydrogen fluoride, which can
be seen in the results of the analysis shown in Figures 3, 4, 5 and 6. [4, 5]
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Figure 3. The values of the average monthly
concentration of SO, per month and measuring
points for 2004 (ug/m>)

Figure 4. The values of the average monthly
concentration of soot per month and measuring
points for 2004 (ug/m>)
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Figure 6. The values of the average monthly
concentration of Hydrogen Fluoride by month

38




I International Conference ,,ECOLOGY OF URBAN AREAS 2011¢, 30th September 2011, Ecka, Serbia

| measuring points for 2004 (ug/m") | and measuring points for 2004 (ug/m"°)

The trend of pollution, despite the opinion that it would be increasing, decreased from year to year,
although they were productive years. In 2005 - 2006, after implementing measures to protect the
environment, changing the catalytic mass in the section for sulfuric acid, the test results showed that
the pollution was reduced to the limits of the permissible concentration. Regular testing in the factories
within the HC ,,Zorka" Sabac, and seeking solutions for the future given in the study by BCconsulting
showed the following results, shown in Figures 7, 8, 9, 10, 11, 12 and 13. The data are from 2006. [10]
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In year 2007, there was only a slight pollution, mainly soot from the district heating plant and
individual furnaces, so the question was the use of fuels for combustion. In Figure 14 and 15 the
comparative average quantity of products of combustion of natural gas and fuel oil are shown.

350
300
250
200
150
100

50

ppm

CO [NOx | NO | NO2

CO |NOx | NO | NO2

14

12

10

[= RN SN

u

Natural gas Fuel oil co2 02 coz2
Average amounts of the Natural gas Fueloil
combustion products in the Average amounts of the
2007, ppm combustion products, %
M BENSKE BARE Boiler 1| 3 58 | 55 3 1 1285/285| O M GEHCKE BAPE, Boiler 1 9,4 4,2 12,2 4,7
& BENSKE BARE Boiler 2| 3 53 | 48 4 1 1294 294 0 i GEHCKE BAPE, Boiler 2 9,8 3,8 12,2 4,7

Figure 14. Average amount of district heating
products of combustion

Figure 15. Average amount of district heating
products of combustion

After production years 2004 - 2006, there was a reduction in industrial output and results of pollutant
emissions for 2009 are shown in Table 1.

Table 1: Results of monitoring of air pollutants during the 2009[3,9]

Measurement . . Benska Bara PUC
points Fire Station ATD Barracks Heating Plant Stari grad
Mean | Max Mean Max Mean Max Mean | Max Mean | Max

Parametres, ug/m

SO,

GVI =150ug/m3 15,47 | 38,69 | 14,66 51,00 | 14,24 40,69 | 14,27 | 45,4 16,98 | 44,15

NO

GV)I<:150ug/m3 15,98 | 28,74 | 13,67 23,76 | 15,95 28,74 | 12,78 | 25,62 | 18,82 | 33

NH

GVi:ISOpg/ms 12,93 | 29,81 | 12,31 30,95 | 11,79 23,48 | 10,86 | 27,46 | 11,81 | 32,14

Soot

GVI=50ug/m3 22,74 | 78,30 | 19,07 76,60 | 20,74 78,70 | 14,17 | 47,00 | 1451 | 46,2

gS:/II:SOpg/m3 51 111 5,14 11,66 | 4,67 11,87 | 4,52 10,98 | 5,40 11,4

Sediment

Matter 2029 \ege | 14741 | 320 | 20878 | 3°0F

GVI = 450 pg/m°
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Statistical data on the number of patients suffering from various diseases obtained by breathing poor
quality air are shown in Table 2.

Table 2: Data on the number of patients with inflammation of bronchi, emphysema and other
obstructive pulmonary diseases (J40-J44) on the territory of Macva region in the period of 2001-2009.

2009 8.867
2008 6.847
2007 7.659
2006 9.286
2005 10.156
2004 11.952
2003 9.075
2002 4.028
2001 4.306

DISCUSSION

By monitoring and analyzing the results obtained by continuous monitoring of pollutants, we can see
that the air quality in the city which has developed chemical industry, a large number of individual
furnaces and a heating plant, a large number of motor vehicles (for which there are no valid data on
carbon emissions), a large area with developed weeds, depends on all of them as far as we keep them
within tolerable limits.[6,12]

The biggest air polluter, and indirectly the soil and water is industry. [Morag - Levine, Noga, 2003]
The results showed that:

- During the time when the production started, the value of the pollutant in relation to the GVI
increased: 532% = SO2, NH3 = 40%, soot and HF =200% (2004, see Figure 3-6.)

- Implementation of environmental protection measures (changing the catalyst mass, the
revitalization of certain plant parts, repair gas tract or reconstruction and modernization of
plants...) predicts the emission levels allowed by law (2005-2006, see Figure 7-13.) Quantities
of polluting materials compared to GVI1 in this period were: SO2 = 80%, NH3 = 14%, HF =
90%.

- When the production process was stopped, there was no pollution from the industry (2007 to
2009, see Table 1).

For the district heating plant and individual furnaces results show the advantages of combustion of
natural gas as the environmentally most acceptable fossil fuel (see Figure 14 and 15). The amount of
nitrogen oxides emitted by using fuel oil compared to natural gas increased by about 5 times, while the
amount of CO: and O, increased 1,2 and 1,1 times.

The air pollution cannot be considered as the only cause of people getting ill. The most exposed part
of the human organism from the air pollution is the respiratory system. [1] There is a global trend of
increased number of patients with respiratory diseases, but in their creation there are many associated
factors, and it is difficult to determine how much of an impact has the state of the air quality. The fact
is that air containing a higher content of pollutants strongly influences the worsening of symptoms and
respiratory diseases. The available data show that the number of cases doubled, and that the chronic
obstructive lung disease from 5 to 7, entered the list of the four most common diseases.

Modern man spends the day indoors more than 16 hours, so that this indicator is of great importance.
Indoor air can have very different compositions of ambient air and features a number of specific
indicators:

- Combustion of fuel for heating and cooking,
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- Presence of harmful substances in the construction of facilities, as well as in furniture,

- Increased concentration of allergens in the air compared to ambient (feathers, dust mites, ...),

- The possibility of an increased number of microorganisms, especially if there is an increased
moisture content in the room,

- The possibility of harmful substances from the air through the system for ventilation and
cooling,

- Unhealthy human habits (smoking),

- The possibility of the radioactive radon presence.

The importance of the quality of indoor air tells about verified existence of the pathological condition
of “sick building syndrome". Previously exhibited problems in the town do not have monitoring and
valid data based on that.

CONCLUSIONS AND IMPLICATIONS

Every human activity in space involves some negative impacts on the environment and it is inevitable
interactivity. Since the elimination of pollution entirely is impossible, it is necessary to focus all
available opportunities to reduce pollution emissions of harmful substances and keep them within
acceptable limits. All limits represent the current categories and therefore more attention should be
paid to adverse health effects of pollutants that are below the permitted values “low-level exposure®.

It is not the goal by stopping the production in the chemical industry, to attain the air quality, but
various measures to improve, repair, reconstruct and provide safe and quality work, and as a
consequence, the quality of life in a production environment.

The results of research on effects of air pollution on the quality of life in the city showed that in non-
productive years, the only pollution that exists, and that there are valid results for it, is the soot
pollution from the burning of fossil fuels in winter months and sedimentary materials. By applying
partial protective measures and activities in terms of production, pollution is reduced, and the
downward trend is going to limiting values only if all the planned adjustments are executed. By
changing the fossil fuel, the pollution of stationary emitters is reduced about 5 times for nitrogen
oxides, and about 1.2 times for the carbon dioxide.
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ABSTRACT

Animal wastes are removed in special plants — rendering plants, where high-value protein and mineral nutrients
are obtained from raw materials for animal nutrition. Unpleasant odors and harmful gases, resulting from the
decomposition of organic material, are one of the important problems characteristic for this plant.

Aim of this study is to determine the intensity of odors in the air from the rendering plant with a conventional
dry batch process in the surroundings of the plant. The work is based on empirical data of the concentration of
polluting components in this plants, from the critical areas that can be seen as sources of pollution. Using
calculations values of emission and imission were derived, which is the base to determine the "air pollution
index" and the intensity of odors.

These results suggest a monitoring program to reduce air pollution and negative impacts on people in the region.

Key words: air pollution, rendering plant, odors, monitoring.

INTRODUCTION

Nowadays, the products obtained in processing of dead animals and slaughterhouse waste require high
quality, not only in absolute hygienic products and chemical composition, but also by their biological
value. That is why there is growing interest in quality use of waste from livestock production and
slaughter industry in the world. They, as a very valuable carriers of proteins, minerals and energy, are
important raw material for producing fertilizers, which are used as components in forage mixtures for
all types and categories of animals (Ristic et al, 2001).

The necessity of utilization of these raw materials is derived from the knowledge that the non-edible
parts of slaughtered animals and dead animals are potential source of infectious diseases in animals
and humans. Therefore, the optimum opportunity must be found to turn these wastes into raw
materials, whose recycling will reduce their quantity, and in addition, receive a new usable products.
Technological methods of safe disposal of dead animals and slaughterhouse waste emit odors in the
environment, since the biological decomposition of their raw materials generate harmful gases.
Therefore, there is a need to predict air quality in the vicinity of these plants based on the emissions of
harmful gases, measurement and calculations on the odors with and without treatment of gases (Ristic
et al, 2001).
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THEORY
A method for processing animal waste

Processing of inedible by-products of slaughter industry and dead animals is aimed at obtaining high-
quality livestock feed and products for the chemical industry. The most important things are that
certain actions destroy microorganisms found in raw materials; raw materials have to maintain its
biological value; and the raw materials lead to revised state suitable for use in animal feed and other
uses. In most rendering plants throughout the country is present conventional batch dry process, which
is also known as Dry rendering process. The technological process starts with chopping raw materials.
Fine-grained material is filled destructor to about 60% of the total volume. The destructor is done
cooking, sterilization and drying of raw materials. After cooking and sterilization, the material is dried
and degreased with the press. Pressed material is cooled and crushed into flour. Dehydrated filtered fat
is purified and stored. The whole process is schematically shown in the following figure 1 (Ristic et al,
2001).

Indices on the picture: 1. Box for the raw material 2. Conveyor belt with a metal detector 3. Grinder
4.Screw conveyor 5.Top 6. Destructor 7. Fat drain 8. Press 9. Screw cooler 10. Elevators 11.Hammer
Mill 12. Sievel3. Cell flour 14. Bagging scale 15. Decanter 16. Grease Reservoir

9
IFLVAWLAT.AN

Figure 1. Schematic view of dry rendering process
Unpleasant odors from the plant for processing animal waste

Odour can be defined as an organoleptic attribute perceptible by the olfactory organ on sniffing certain
volatile substances. The substances which stimulate the human olfactory system so that an odour is
perceived are named odorants. The World Health Organization defines health as: "a state of complete
physical, mental and social well-being and not merely the absence of disease or infirmity". Odour and
odorants may affect well-being as well as health. Depending on the type and concentration of odour
and odorants, the influence may be positive as well as negative. Air pollution is regarded as an
environmental stressor and psychological impact and depressive effects are possible. Odorants may
also have physical impact on individuals. Long-term or repeated exposure to an odorant typically leads
to a decrease of sensitivity to that odorant. This adaptation makes it possible for individuals to react
primarily to changes in stimulation (Nimmermark, 2004).

Odour sensitivity in humans can be determined by the use of olfactometrs diluting the sample.
Another method is olfactometer tests where various concentrations of odours are attached to sticks
presented to the person being tested. Most studies of environmental odours, like odour from livestock
and poultry, have been using olfactometry and the human nose for measuring concentration, intensity
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and offensiveness. It has been stated that disadvantages with olfactometry are the expense of the
operation and difficulty in collecting representative samples (Nimmermark, 2004).

According to Ristic et al. (2001) unpleasant odors at the plant for processing animal raw materials
result with decomposition of organic material (dead animals and inedible products of slaughtered
animals). Decomposition of organic material result in emitting of ammonia, hydrogen sulfide, sulfur
dioxide, carbon dioxide, carbon monoxide, lower fatty acid, acrolein, aldehydes and phenols. Types of
gases and vapors which are causing unpleasant odors and their quantity that appears depends on the
type of raw materials, processes with the raw materials, processing technology and other factors. The
gases that create odors are: Acetaldehyde, Ethyl Mercaptan, Ammonia, Hydrogen Sulfide, Butyl
Amine, Indole, Butyric Acid, Methylamine, Dimethylamine, Methyl Mercaptan, Dimethyl Sulfide,
Skatole, Dimethyl Disulfide, Triethylamine, Ethylamine, Trimethylamine (Rules of Georgia
Department of Agriculture).

According to Ristic et al. (2001), the more important sources and the location of occurring unpleasant
and harmful gases are:

- Raw materials that decompose under the action of proteolytic enzymes and the action of
microorganisms (tank for receiving raw materials, conveyor belt with a metal detector,
grinder);

- Evaporation from the destructor;

- Evaporation from the oven;

- Evaporation of the condensating Brude vapors;

- Condensate of Brude vapors;

- Tank for draining fat from cooked mass;

- Evaporation when degreasing (pressing, spinning mass);

- Fumes from the conveyor system;

- And the fumes from the waste water.

METHODS

Types of gases and vapors that cause odors and their quantity that appears in the processing depends
on many elements. They are all related to the type of raw material, the procedure for obtaining the raw
material, processing with the raw material, production process management, device status and other
factors. Within each element there are substantial differences in certain sizes, so it is impossible to talk
about exactly certain values.

An odour unit is defined as the number of times a sample needs to be diluted with odour free air to
reach a point at which half of the panel can detect the odour. The European odour unit (OUg) is the
amount of odorant that when evaporated into 1m® at standard conditions, elicits a physiological
response from a panel (detection threshold) equivalent to that elicited by one European Reference
Odour Mass (EROM) evaporated in 1m? of neutral gas at standard conditions. One EROM, evaporated
into 1m® of neutral gas at standard conditions, is the mass of substance that will elicit the 50%
detection threshold (Dsg) physiological response assessed by an odour panel in conformity with this
standard and has by definition a concentration of 1 OUg /m®. For n-butanol (CAS-Nr. 71-36-3) one
EROM is 123 pg. Evaporated in 1m® of neutral gas, at standard conditions, this produces a
concentration of 0.040 ppm (equal to 40 ppb by volume). The relationship between OUg for the
reference odorant and that for any mixture of odorants at the Ds, concentration:

1 EROM = 123 png n-butanol = 1 OUg (for a mixture of odorants)
By definition odour units are expressed as n-butanol mass equivalents (Entec UK Limited,2010).
An odour concentration level of 1,5 OUg/m? as 98" percentile in the built-up areas or other objects

sensitive to odours involved may not be exceeded. Where odour abatement measures are taken this
value must be met or improved on. Where the odour concentration is between 0,5 i 1,5 OUg/m® as 98"
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percentile the competent administrative body must decide whether measures aimed at further reduction
are necessary. Below a calculated odour concentration of 0,5 OUg/m® as 98" percentile measures are
not necessary. The value of OUg/m® as 98" percentile is considered to constitute the borderline
between that which is desirable from an environment protection point of view and that which is
feasible from a business economics point of view (Netherlands Emission Guidelines for Air,
September 2004). Therefore, in subsequent calculations of indicators it will be used 1,5 OUg/m® 98"
percentile as the maximum allowed pollution of unpleasant gases.

Highly developed European countries apply the method to assess air quality based on the calculation
of "indicators of air pollution” ("air pollution index') which represents the ratio statistically processed
measured concentrations of pollutants and the emission limit values, shown by Equation 1 (Djordjevic,
2008):
C
_ o8
API (aordors) — ELV D

where:

API - air pollution index (annual or daily or short-term);

Cos — 98" percentile shows that 98% of cases in recent years has not exceeded the corresponding value
(mg/m?);

ELV - emission limit values (mg/m°).

Based on indicators of air pollution is determined the degree of pollution. Five classes are
distinguished for level of air pollution:

- Class I - affordable - from 0 to 0,4,

- Class Il -slight —0,5t0 0,9,

- Class I - medium —1,0 to 1,4,

- Class IV - unhealthy — 1,5 to 2,0 and

-V class - a very unhealthy - greater than 2 (Djordjevic, 2008).

When the data on the intensity and concentration of unpleasant gases are available then we can apply
the Weber-Fechner's law to determine the mathematical relationship between intensity and
concentration. Intensity levels are qualitative descriptions of an odour sensation and are defined
numerically in the German standard “Olfactometry — Determination of Odour Intensity” (VDI 1992),
as indicated in Table 1(Jiang, Sands,1998).

Table 1: Odour intensity categories

Odour strength Intensity level
Extremely strong
Very strong
Strong
Distinct
Weak
Very weak
Not perceptible

OFRINWA~OIO

The VDI (1992) standard gives the Weber-Fechner relationship (Equation 2) between odour
concentration and odour intensity as (Jiang, Sands,1998):

| =292-log(C/C,)+0,5 )
where:

C = odour concentration(mg/m?)
Co = odour threshold (mg/m?).
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Gas concentrations will be calculated every 50 m up to 500 meters from the emission source using the
Gaussian dispersion model for concentration in the lower layer (Equation 3):

10°M 1(HY
oo 18] :

-0, 0, Vy 2 \ o,

where:

H - stack height (m);

M - the intensity of emission sources (g / s);

oy and o, - numbered coefficients (-);

vy - wind speed (m /' s) (Zivkovic, Djordjevic, 2001).

Parameters oy and oz are a numbered coefficients which monitor changes in concentration in the
horizontal and vertical directions. It is assumed that the coefficient oy represent the horizontal
deviation of a cloud of pollutants, and oz its vertical deviation. Determination of the coefficients can
be done based on atmospheric stability, ie. state of the atmosphere by its turbulence by the following
Equations 4 and 5:

o, =F X' (4)

o,=G-x° )
where: x - distance from emission sources to the place where the concentration is determining (m)
(Zivkovic, Djordjevic, 2001).

Values of coefficients F, f, G and g with the effective chimney height below the 50 m for the
appropriate class of stability are taken from the Table 2 (Zivkovic, Djordjevic, 2001):

Table 2: Values of coefficients F, f, G and g

Category F f G g
V(Very unstable) | 1,503 | 0,833 | 0,151 | 1,219

IV(Unstable) 0,876 | 0,823 | 0,127 | 1,108
11/2(Neutral) 0,659 | 0,807 | 0,165 | 0,996
/1 (Neutral) | 0,64 | 0,784 | 0,215 | 0,885
Il (Stable) 0,801 | 0,754 | 0,264 | 0,774
I (Very stable) | 1,294 | 0,718 | 0,241 | 0,662

FINDINGS AND DISCUSSION

For the calculation of emissions for the rendering plant facility the data from the following source will
be used: the BREF document Best Available Techniques in the slaughterhouses and animal by-
products Industries, European Commission, May 2005. The survey showed that the average emission
of odors are between 108-1010 OUE/t of raw material. Assuming that the rendering plant capacity is 2
t / h of raw material and the amount of air output from the plant is 30000 m3 / h we have sequential
odor emissions.

Calculations of odor emissions: 1080U% 2t h= 216OU%

10100U% 2y = 20200U%

We will approximate the mixture of odors with n-butanol (ie with the OUg) and calculate the mass
odor emission: n-butanol:

1 ppm = 3,03 mg/m®

1 OUg = 40 ppb (n-butanola) = 0,123 mg/ m®
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216-0,04-3,03=26,1792mg/m® 2020-0,04-3,03 = 244,824mg/m®
26,1792mg/m?-30000m*/h-1/3600s = 0,229 /s
244,824mg/m? -30000m?* -1/3600s = 2,049 /s

For the calculation of immissions, air pollution index, the intensity of odor concentration and its
distribution is used software US EPA ALOHA 5.2.3. The following obtained data and figures 2 and 3
are copied from the ALOHA program.

Calculations of immission for minimum pollution of 108 OUg/ t of raw material:

CHEMICAL INFORMATION: Chemical Name: n BUTANOL, Molecular Weight: 74.12 kg/kmol,
TLV-TWA: -unavail-, IDLH: 1400 ppm, Footprint Level of Concern: 0.06 ppm, Boiling Point:
117.66° C, Vapor Pressure at Ambient Temperature: 0.0064 atm, Ambient Saturation Concentration:
6,403 ppm or 0.64%

ATMOSPHERIC INFORMATION: (MANUAL INPUT OF DATA)

Wind: 1.5 meters/sec from 0° true at 3 meters, No Inversion Height, Stability Class: C, Air
Temperature: 20° C, Relative Humidity: 50%, Ground Roughness: urban or forest, Cloud Cover: 5
tenths s

e
/
/

SOURCE STRENGTH INFORMATION:

Direct Source: 0.22 grams/sec
Source Height: 10 meters s0
Release Duration: 60 minutes e
Release Rate: 13.2 grams/min SeECOet SEGEeSRees Hoesy
Total Amount Released: 792 grams °°
FOOTPRINT INFORMATION:

Model Run: Heavy Gas 1s
User-specified LOC: 0.06 ppm (1,5 OUg) \
Max Threat Zone for LOC: 249 meters \

V100 o 100 200 300 400 500
\
\

meters

Figure 2. Distribution of odor concentration with emission of 0,22 g/s

Calculations of imission for maximum pollution of 1010 OUE/ t of raw material:

1

SOURCE STRENGTH INFORMATION:

Direct Source: 2.04 grams/sec

Source Height: 10 meters o s
Release Duration: 60 minutes

Release Rate: 122 grams/min

Total Amount Released: 7.34 kilograms
FOOTPRINT INFORMATION:

Model Run: Heavy Gas

User-specified LOC: 0.06 ppm (1,5 OUE)
Max Threat Zone for LOC: 807 meters

0.5

0.5 a 1.5

folad
)
0

kilom eters

Figure 3. Distribution of odor concentration with emission of 2,04 g/s
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Based on the submitted calculations of immissions, we see that at the lowest possible emission of 0.22
g / s odors have an effect up to 249 m, while with the maximum emission we have a spread of up to
807 m. With this data we see that there is a possibility of odor effects on the surrounding population
near the rendering plant if there are residential buildings. Factory for production of poultry meat and
meat products throughout the world, are mainly located in the vicinity residential areas, and also near
the cities due to reduced transportation costs.

Also by using ALOHA will be determined a class of air pollution with including meters of each class.

Calculations of API for emission of 0,22 g/s:
Class | - affordable - > 494 m

Class Il - slight — from 494 m to 363 m
Class Il - medium — from 343 m to 288 m
Class IV - unhealthy — from 277 m do 239 m
V class - very unhealthy — < 239 m.

Calculations of API for emission of 2,04 g/s:
Class | - affordable - > 1,6 km

Class Il - slight — from 1,6 km to 1,2 km
Class I - medium - from 1,1 km to 922 km
Class IV - unhealthy — from 891 m do 766 m
V class - very unhealthy — < 766 m.

The data for the air pollution index shows that in case of odor emission of 2,04 g / s we have far-
reaching impact and it could cause negative impacts on human populations if the plant is located near
inhabited places. With the emission of 0,22 g / s we have lower concentration and air pollution index

for this case is less and therefore the pollution is much less.

Calculations for odor intensity with emission of 0,22 g/s:

Distance from
source (m) 50 100 150 200 250
Concentration
(mg/m3) 0,1740 0,0880 0,0471 0,0291 0,0198
-0,71739 -1,32788 -1,81607
0,93985 0,075283 Not Not Not
Odor strength Very weak Very weak perceptible perceptible perceptible
Distance from
source (m) 300 350 400 450 500
Concentration
(mg/m3) 0,0144 0,0109 0,0086 0,0070 0,0058
-2,2209 -2,57349 -2,87413 -3,13507 -3,37478
Not Not Not Not Not
Odor strength | perceptible perceptible perceptible perceptible perceptible
Calculations for odor intensity with emission of 2,04 g/s:
Distance from
source (m) 50 100 150 200 250
Concentration
(mg/m3) 1,6137 0,8156 0,4364 0,2696 0,1834
3,764318 2,89882 2,10595 1,495254 1,006555
Odor strength Strong Distinct Weak Weak Weak
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Distance from
source (M) 300 350 400 450 500
Concentration
(mg/m3) 0,1333 0,1015 0,0801 0,0649 0,0538
-0,54863
0,60614 0,256353 | -0,04395 -0,31087 Not
Odor strength | Weak Weak Not perceptible Not perceptible perceptible

Based on the value of the odors intensity it can be seen that there is no major impact on the
surrounding population.

CONCLUSIONS AND IMPLICATIONS

These calculations of environmental pollution are taken from facilities in which they are embedded
systems for air purification. Such systems may include neutralization of gases in scrubbers, biofilters,
activated oxygen, ozonisation and incineration (burning). One strategy is to set the windscreen (high
walls) to a few meters away from the exit from the building ventilation. The effectiveness of these
treatment systems is 75-99%. So, if rendering plants do not use the best available technology, they will
emit odor and odorants which can be a big problem for the surrounding population. They affect the
quality of life of nearby residents, causing disturbances and complaints of neighbors on this kind of
facilities is very big problem.

Annoyance has been defined as a feeling of displeasure associated with any agent or condition
believed to affect adversely an individual or a group. Studies suggest that malodour may cause stress
and that pleasant rated odours may be used for relaxation. The short time effects of stress may be
positive, but in the longer perspective illnesses may be the result, and perhaps then especially heart
and blood vessel diseases together with diseases depending on a decline in the immune defence
(Nimmermark, 2004).

To take adequate preventive measures for environmental protection from air pollution around the
rendering plant should be provide a system for monitoring air quality in order to gain an accurate
picture of air pollution on the territory of the observed area. A credible odor monitoring program
requires four main components (McGinley, M., McGinley, C.,2004):

1) qualified odor observers (trained inspectors/investigators);

Any odor monitoring program must first start with available personnel becoming odor observers.
These personnel must receive training related to odors and odor observation. The essential elements of
the training curriculum provides the students with a basic understanding and working knowledge of
nasal anatomy, odor chemistry, odor parameters, odor observation technigues, meteorology, standard
field procedures and documentation formats. The training prepares the odor observer to be consistent
in observations and to be aware of and adjust to variable field conditions. An odor observer’s olfactory
sensitivity is a factor in making observations of odor strength in the ambient air. A standardized nasal
chemosensory test method determines the olfactory threshold of an individual and allows comparison
of the individual’s olfactory sensitivity to normative values.

2) objective observational methods (how to describe and measure odors);

Trained odor observers need to describe and measure ambient odors using standard terminology and
measurement practices. When the odor observers are proficient in quantifying (describing and
measuring) ambient odors the odor monitoring program will be successful and credible.

3) standard monitoring practices (routine survey/inspection routes);
Standard odor monitoring practices include four elements: 1) monitoring protocol, 2) area map, 3)
monitoring route, and 4) data form. The odor monitoring program incorporates these elements into a
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working plan that is clearly understood and used by the observers and can be easily explained to the
general public.

The monitoring protocol is a written document that describes the purpose of the odor monitoring
program (e.g. proactive to improve community quality of life), the scope of the odor monitoring (e.g.
eighteen months), resources required (e.g. dollars and personnel hours), references (e.g. previous
enforcement actions), geographic area (e.g. parts of the community involved), detailed procedures
(e.g. when and how frequent to conduct odor monitoring), and outcomes (e.g. how the data will be
summarized and the results used).

The area map of the community will need to clearly show the geographic extent of the odor
monitoring and the key community features (i.e. buildings, parks, streets, rivers, ravines, etc.).

The odor monitoring route is the path that the odor observers follow as they carryout their odor
observation activities. The odor monitoring route needs to include a list of each odor monitoring
location, details of each location (including GPS coordinates if possible), and a location code number.
The area map will have the location code numbers identified.

4) standard data collection and reporting forms;
An odor monitoring program will have standard data collection forms constructed in a format that is
convenient to use by the observer and easy to read by others.

Odors are one of the top causes for air pollution complaints from citizens. Facilities must address
odors through complaint response and proactive monitoring. With a credible odor monitoring program
in place, a facility will be addressing odor concerns of the community while collecting valuable
information that will assist in implementing odor control alternatives and evaluating/monitoring the
effectiveness of these controls (McGinley, M., McGinley, C.,2004).
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ABSTRACT

This paper reviews the impact of sulfur dioxide and other harmful substances emitted by power plants Nikola
Tesla and power plant Kostolac ( EPS), on air pollution and their impact on human health, plant and animal
world. Besides sulfur dioxide, the table presents measurement results for other harmful substances emitted by
power plants, such as CO,, CO, Nox, and microparticles of soot and ash.
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ITRODUCTION

Most of the atmosphere gases are concentrated at the earth's surface, in a thin layer of about 12 km
height (troposphere). This layer, containing about 80% of the total mass of the atmosphere, makes life
on Earth possible. The layer of the atmosphere, which height is about 200 km, is very diluted, but
regardless that it represents only very small part of the total atmosphere mass, it powerfully protects
life on the Earth from the solar radiation and high energy particulars that constantly penetrate into the
atmosphere. In this layer of diluted gases, chemical reactions happen during which electromagnetic
radiations of high energy are absorbed (of wavelength over 300nm). The radiations of higher
wavelengths penetrate into the troposphere, which main components (nitrogen, oxygen, carbon
dioxide and aerated water) don't absorb them. However, some of the components that are present in
very small quantities absorb part of the radiation. During this process photochemical reactions are
happening, which main products are the biggest air polluters. The quantity of these substances can be
locally increased due to human activities and then they represent the danger for human health and
material goods. The main sources of air pollution are residential heating, industrial activities and
traffic, (Nikolic, Sokolovic, 2005;, Nikolic, 2008; Report EPS, 2008).

POWER PLANTS AND AIR PROTECTION

During the work of the power plants and mines of the ,,Electric power industry of Serbia“ (EPS), the
emission of harmful substances into the environment occures. In recent years, EPS has started the
modernization of existing measures for air protection in power plants, by adjusting the functioning of
electrical filters to requirements of EU legislation for emission reduction, replacement of the transport
technology and disposal of ashes to landfill.

Among all plants and facilities of the EPS, power plants are the biggest polluters of air, because they
use lignite from open pits as primary fuel. Power plant flue gases are discharged into the atmosphere
through chimneys, and they contain SO2, NOx, CO2, CO and ash particles.

In aligning work of these objects with the requirements of the legislation, the priority is given to the
decrease of particles emmision by the oldest blocks and reducing work of electrical filters (EF) to EU
requirements (50 mg/m3).
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The condition of electrical filters influences the particle air pollution in the vicinity of these blocks,
that are near settlements. Therefore, it is expected that the reconstruction of this EF will have special
effect on improving air quality, (Prvulovic et al., 2007).

The second phase in introducing protective measures ie. introducing desulphurization plants to reduce
emissions of sulfur oxides into air, are planned at these facilities after 2009.

The concentration of sulfur oxides in the air in the vicinity of power plants is within the allowed
values (GVE) due to dilution effect because of high chimneys.

Electrial filters

Electrical filters installed on the objects which construction started before 1970, had efficiency of ash
separation from 98% to 98,5%, while filters installed on objects built afterwards had efficiency from
99% to 99,83%. Since 2004, aligning EF functioning with the requirements of the legislation has
started and today, after EF reconstructions done, we have 6 blocks whose particles emissions meet the
legal standard of 50 mg/m°.

The concentration of particles in flue gases in case of not aligned electrical filters is within:
— Forolder units .........cceoveunnne. from 800 to 1500 mg/m®
— For newer units .........ccccceevenen. from 80 to 400 mg/m?

Emission of harmful substances from POWER PLANTS EPS-a

Emission of pollutants into the air is mainly done by the power plants. In Table 1, there are data on the
total quantity of harmful substances from power plants except public company Kosovo.

Table 1:The amount of harmful substances emitted by power plants

Thermal Power t/ years
TPP particles SO, NO, CO,x10°
TPP Nikola Tesla 15,125 140,253 32,555 21,042
TPP Kostolac 4,097 88,188 8,336 4,968
TPP Panonske 159 1,354 527 256
Total 19,381 229,795 41,418 26,266

The results of measuring the concentration of sulfur, nitrogen oxides and carbon monoxide in the flue
gases of tested boilers (reduced to 6% 02), are shown in Table 2.

Table 2:The results of measuring harmful substances on boilers

TPP Kolubara — Kolubara processing

Emissions the object HEATING PLANT

Cauldron Probe number SO, NO, CcO
mg/m® mg/m® mg/m®

1 1802 390 228
1 2 1843 425 209
3 1850 434 163
1 2271 319 137
2 2 1151 265 388
3 1502 262 100
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GVE Emissions by Regulations (SI.
Gl. RS. br. 30/97) 1450 800 250

Monitoring and influence on the environment

Characteristics of measuring emission of harmful substances from chimneys are given for each PP
separately and based on measurements results carried out by authorized institutions within the
program of periodic testing of measuring emissions of harmful substances into the air. In Table 3, the
results of measuring air emissions by blocks of PP (Power plant ) Nikola Tesla.

Figure 1: Power plant Nikola Tesla A

Table 3:Emission of harmful substances — periodical measurements

TPP Nikola Tesla

Emissions of harmful substances - periodic measurements

A branch of the company / TPP Nikola Tesla A TPP Nikola TeslaB GVE
Object
Blocks Al A2 A3 Ad A5 A6 Bl B2

(mg/m°)
SO; 1282 1800 1577 1346 1374 1539 2031 2200 650
NOy 345 360 387 378 390 443 445 440 450
CO 47 130 87 88 81 76 26 220 250
Powdery substance 73 50 70 92 42 340 50 32 50

TPP Kolubara A TPP Morava

Blocks Al-Ad ELV A5 A GVE

(mg/m®)
SO; 1.370-2.055 1.450 2.032 2.059 650
NOy 395-495 800 530 389 450
CO 22-65 250 77 41 250
Powdery substance 850-1400 100 259 793 50

Based on the presented measurement results, it can be concluded:
- Emission of SO2 on all TE blocks is above GVE
- Emission of NOx is within GVE, except in case of block A5 Te Kolubara A
- Emission of CO is within GVE
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- Emission of powdery substances is significantly above GVE except for blocks A2 and A5 of
the PP Nikola Tesla A and blocks B1 and B2 of the Nikola Tesla B

Continuous measurements of harmful substances

In accordance with the requirements of the Regulations on emission limit values, methods and
timeframe for measuring and recording measurement data, installation of the equipment for measuring
the emission of harmful substances in flue gases is continued at certain blocks in addition to already
installed equipment with embedded calibration of particle analyzer.

Table 4 gives an overview of annual particle emissions of SO2, NOx, CO and CO2

Table 4: Annual emission of harmful substances

TPP Nikola Tesla

Emissions of harmful substances on an annual basis

A branch of t/year

the company/  Particles SO, NO, co CO,x10°

Object

TPP Nikola Tesla A

Block Al 2,502 2,876 659 206 571

Block A2 335 8,796 1,762 872 1,213

Block A3 455 10,037 2,515 567 1,962

Block A4 758 11,115 3,129 720 1,848

Block A5 332 12,446 3,535 734 2,031

Block A6 2,340 10,513 3,025 521 1,924

Total 6,227 55,783 14,624 3,622 9,549

TPP Nikola Tesla B

Block B1 829 33,306 7,295 422 4,442

Block B2 496 35,135 7,038 3,943 4,320

Total 1,324 68,441 14,333 4,365 8,762

TPP Kolubara A

Block Al 2,202 2,614 173 203

Block A2 1,256 1,799 311 133

Block A3 518 831 241 19 1,875

Block A4 550 1,139 269 10

Block A5 702 5,584 1,457 212

TPP Kolubara B — building under construction

Total 5,227 11,966 2,452 577 1,857

TPP Morava

Block Al 2,346 1,861 1,147 121 778

Total 2,346 1,861 1,147 121 778

Total 15,125 142,253 32,555 8,685 20,946*
21,042*

In the vicinity of the Kostolac basin, measuring concentrations of air pollutants: soot, SO2, CO, CO2,
NOXx, suspended particles and sediment matter is conducted. Measurements were done according to
the Regulations on limit values, emission measurement methods, criteria for the establishment of
measuring points and data collecting (Sl.gl.Rs.br.54/92) on five stationary places (Cirikovac,
Klenovnik, Prim, Drmno and Bradarac). Measurements are done quarterly, spring, summer, autumn,
winter,( Steiner et al., 2003; Tolmac et al., 2005).

Daily average concentration of sulfur dioxide does not exceed the GVI on any measurement point.
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On the MM-1 (Cirikovac), the average monthly concentration of sulfur dioxide is <5pg/m3, while the
maximum measured average daily concentration of sulfur dioxide was 4.5 ig/m3.

On the MM-2 (Klenovnik), the average monthly concentration of sulfur dioxide is 7,7 pg/m* while
the maximum measured average daily concentration of sulfur dioxide was 21,8 pg/m®.

On the MM-3 (Prim), the average monthly concentration of sulfur dioxide is 10,5 pg/m*> while the
maximum measured average daily concentration of sulfur dioxide was 19,6 ng/m° .

On the MM-4 (Drmno), the average monthly concentration of sulfur dioxide is 12,2 pg/m* while the
maximum measured average daily concentration of sulfur dioxide was 22,0 pg/m° .

On the MM-5 (Bradarac), the average monthly concentration of sulfur dioxide is 15,9 pg/m* while the
maximum measured average daily concentration of sulfur dioxide was 25,8 pg/m° .

Periodic measuring emissions of harmful substances

Characteristics of emissions from the chimneys are given based on the results of periodic tests
conducted in power plants annually by authorized institutions. Table 5 present the results of measuring
emissions of harmful substances for the blocks B1 and B2, and the results of measuring particles for
block A2, which were conducted within the performance tests for electrical filters.

TE KOSTOLAC B -

Figure 2. Power plant Kostolac B

Table 5:Emission of harmful substances — PP(Power plant )Kostolac

TPP Kostolac
Emissions of harmful substances
A branch of the TPP Kostolac A TPP Kostolac B
company
Parameters Al A2 Bl B2 GVE
mg/m®
SO, 6.061 4.381 4.259 650
NO, Block is 370 449 440 450
not working
Co 88 89 41 250
Powdery substance 35 184 81 50

From the presented measurement results it can be concluded that:
- Emission of SO2 on all TE blocks is above GVE
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- Emissions of Nox are within GVE
- Emission of CO is within GVE
- Emission of powderysubstances is above GVE

Continuous measurements of harmful substances

In accordance with the requirements of the Regulations on emission limit values, methods and
timeframe for measuring and recording measurement data , measuring emission of harmful substances
in flue gases is conducted on block B2 PP(Power plant) Kostolac B, measuring SO2, Nox, CO, CO2
and other particles.

Table 6 gives an overview of annual emissions of mentioned particles.

Table 6:Annual emission of harmful substances in PP Kostolac

TPP KOSTOLAC

Emissions of harmful substances on an annual basis

A branch of the t/year

company Particles SO, NO, CcO COx10°

TPP Kostolac A

Block Al 0 0 0 0 0

Block A2 1,962 18,359 1,157 274 941

Total 1,962 18,359 1,157 274 941

TPP Kostolac

Block B1 1,487 35,656 3,653 740 1,993

Block B2 648 34,172 3,525 333 2,013

Total 2,135 69,829 7,179 1,073 4,006

TPP Kostolac Total 4,097 88,188 8,336 1,347 4,947*
4,968*

In 2006, work on preparing the documentation and applying methods for flue gas desulphurization in
TE Kostolac started, that would have the influence on reducing the presence of sulfur dioxide in the
air.

CONCLUSION

Based on the measurement results and the conducted analysis, it can be concluded that emissions of
CO2 and other harmful substances from power plants that use lignite coal as fuel, have a major impact
on environmental pollution besides other pollutants. For this reason, in accordance with the laws and
regulations of the European Union, activities that will reduce emissions of harmful gases from power
plants into the atmosphere are being conducted, that include installation of new and more modern
electric filters on chimneys, as well as desulphurisation of flue gases from the power plants chimneys.
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ABSTRACT

Suspended particles have a big influence on people’s health and bring to pollution of the environment. Their
concentration in the environment depends on where they come from,asictance of industry, adsorption of gases in
the air like SO2 or NO2 into the solid particles existing in the air their physical and chemical criteria.

Key words: PM10 1, BS —smoke 2, TSP-total suspended particles 3.

BASIC FEATURES

In the atmosphere there are a number of suspended particles(solid and liquid), which occur in many
different shapes, sizes and chemical composition. They are constantly circulating in the air, controlair
currents and gravity. These particles are known collectively as aerosols.

Aerosols, their formation and reactions involving strongly associated with gases present in trace
amounts in the atmosphere with their homogeneous and heterogeneous reactions.

The origin of the particles may be from natural or man made. Table 1 [1]. Provides estimates of
quantities of particles with a diameter of less than 2 x 10-5m, which is emitted into the atmosphere
annually.

Table 1: Annual quantity emitted or formed particles in the atmosphere

From The amount of particles 106 tons / year
natural:

The remains of rock and soil 100-500
Forest Fires 3-150
Sea salt 300-900
Volcanic activity 25-150
Emissions:

Sulfates from H2S 130-200
NH4 + NH3 salt from 80-270
Nitrate NOx from 60-430
Hydrocarbons from plants 75-200
Total natural emissions 773-2800
Anthropogenic sources:

Direct emissions, smoke and so on 10-90
Sulfates from SO2 130-200
Nitrates from NOXx 30-35
hydrocarbons 15-90
Anthropogenic sources total 185-415
Total particulate 058-3215
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SOURCE OF AEROSOLS

The primary sources of aerosols are: forest fires, who can be a great source of very fine particles
(0.05um), with several tons of material per hectare.

Another major source are volcanic eruptions, which can insert into the stratosphere large amounts of
very fine particles who are retaing the in the atmosphere about five years before precipitate Earth's
surface.

Sulfated aerosols are certainly the most important component of the population representation and
visual effects that are attributed to many fields aerosols. Sulphate component is30-50% finer (from 0.1
to 1 microns) aerosols. By some measurements, in rural areas the total suspended particles finds
concentration of 27.9 mg / m 3, of which the particles are less than 10 um represented with 22 mg /
m3ili 79% and fine particles (<1UG) from 15.9 pg/m3 of which about 50% Another important
component of the finer particles of organic carbon,which is the main source of combustion of fossil
fuels, which makesan average of about 8% of the total aerosol mass, although in some places may be
significantly higher .

Table 2: The composition of the particles on the three measuring points in rural areas

Composition pg/m3 pg/m3 pg/m3
Organic C 3,7 3,6 2,9
Elementary C 1,6 1,6 14
Sulfur as (NH4) 2S04 9,7 10,0 79
Aerosols 28,8 27,8 20,4

It is estimated that about 70% of particles that enter the atmosphere is calm again, the direct
deposition under the influence of gravitational forces or the rain, washing out the atmosphere or
incorporated into droplets as condensation centers. Aerosol deposition rate largely depends on their
physical characteristics (mass, shape). Division of aerosols on the basis of these characteristics is
given in Table 3.

Table 3: Physical distribution of aerosols

Title Features criteria

Ejected particle diameter of particles smaller than 0.1microns

Large particles particle diameter between 0.1 to 1 microns
particles having a diameter greater than 1

Giant particle .
microns

particles that fall from the solid material and

Dus .
air are you start

Fog solid or liquid substance withdrawn money
condensing

Products of combustion smoke ejected from the chimney

Mechanism of stratospheric aerosols
Mechanism of stratospheric aerosols is carried out by the reactions (1), (2) and (3).

S02+0H+M-----HSO3+M (1)
S02+H02------S03+0H )
SO3+H20------H2S04 (3)

Bisulfital radical formed in reaction (1) is easily oxidized to sulfuric acid. Although reaction (2) and
(3) shown as a homogeneous gas reactions, though they are faster as a heterogeneous place in the
presence of moisture or metal oxide reaction (4).
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(Fe,Mn)
HSO3-+H202----------- SO4-+H+ (4)

When SO2 is oxidized and dissolved in drops containing sodium chloride, evaporation from water
drops of HCI loss and form particles of mixed composition NaSO4/Cl, which are often found near the
sea coast.

Also: Hydroxyl radicals react with other biogenic sulfur compounds:
H2S+OH------ HS+H20 (5)

Bisulfid-radical (HS) is further oxidized to SO2 in a series of reactions.

The reaction of OH radicals with CS2 intermediate is formed that stabilizes the collision. This is
shown by a simple reaction speed with increasing total pressure, if the partial pressure of O2 held
constant. In addition to speed of reaction increases with decreasing temperature. Among the reactions
of identified products are carbonyl sulfide and sulfur dioxide.
OH+CS2+M------ (CS2-OH)+M (6)
(CS2-OH)+02------- products (COS,S02) @)

Sulfur dioxide absorbed in the UV range with a maximum absorption at 294 nm coefficient e=10 atm-
1 cm-1, there is another very weak absorption band between 340 and 390 nm (I=374nm e=0.004 atm-1
cm-1). None of these areas has enough energy for photo dissociation SO2 molecules, because its
energy dissociation 564kJ/ml corresponding wavelength of light of 218nm.

It is believed that absorption in 374nm translations molecule of sulfur dioxide in the lower triplets are
3502, and 294 leading to the first excited singlet state 1SO2 (k=103S-1). Triplet has a relatively long
lifetime (about 103 seconds). It is believed that this has been most responsible for most of the
homogeneous photochemical oxidation of SO2.

Humid atmosphere in which SO2 is quickly shows the effect of light scattering, indicating the creation
of sulfuric acid and sulfate aerosols (3). In polluted atmosphere in the presence of particulate matter
and NOx, SO2 photo oxidation is much faster, probably because in this case most catalyzed
heterogeneous reactions:
3S02+NO-----SO+NO2 (8)
NO2+S02------ SO3+NO 9)

These reactions do not happen between SO2 molecules in the basic singlet state and illustrate the
importance of photochemical excitation, even without direct photodisotiation molecules.

CS2 can absorb UV radiation in the area from 290 to 320 nm,(ie in the stratosphere), but it is not

accompanied by photolysis already excited molecule reacts with oxygen, giving COS andSO2.
CS2+hv(313nm)-----CS2* (10)
CS2*+3/202-----COS+S02 (11)

There are many factors that control the rate of heterogeneous chemical reactions, but also a finite
amount of data, so it is difficult to give a detailed interpretation of these reactions would be based on
measurements in real conditions. Still most of the conclusions related to the heterogeneous chemical
transformations of the data is based on laboratory results.

Experiments show that the simulated flue gas stream of plants (and other plants that burn coal and oil),
in addition to gas is a large amount of soot particles and metal oxides. The total area of these particles
is sufficient for a noticeable adsorption of gases (up to 200mg/g of solid phase) and measurable
reducing their concentration in the gas phase. The degree of conversion from gas to solid phase
depends on many factors, among which are the most important types and sizes of particles, the contact
time and relative air humidity . Clearly noticed an increase in the degree of adsorption with increasing
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humidity. At low relative humidity in order of decreasing rate of adsorption of gases in the order:
MgO> Fe203> CaO-TiO2> AI203> SiO2, and at high humidity is slightly changed:
MgO> CaO> Fe203> AI203-SiO2-Ti02.0d these oxides TiO2 and Fe203 only show a higher
velocity of SO2 adsorption in the presence of UV radiation.

Inhalation of particulate matter can enter the human body and deposit in the respiratory system. Entry
and depositing particles in the human respiratory system depends on the particle size, the defense
mechanism of the respiratory system and breathing patterns. In late 70th-and early 80th-of the results
indicated that exposure to high concentrations of particulate matter can cause adverse health of man.
Studies carried out in mid-80th's, have shown that long exposure to particulate matter increases the
risk of disease respratornih roads, changes in work and lung function and other adverse health effects.
Recent studies have focused on the health effects caused by short-term, acute exposures of particulate
matter. Both types of studies show that both chronic and acute exposure to particulate matter result in
significant negative effective on human health, although the toxicological mechanisms for these
effects less well-known [2]. Study presentations suspended particles, based on daily variations in
concentrations and various health effects, have shown that short-term variations in PM10
concentrations lead to short-term changes in acute diseases [3].

Health effects caused by short-term exposure include lung inflammatory reaction, respiratory-related
symptoms, adverse effects on the cardiovascular system, increased medication, hospitalization and
mortality.

Prolonged exposure to suspended particles has a greater impact on public health than short-term
exposure. Exposure to PM2.5 particles shows a high correlation with mortality, so the increase in
long-term PM2.5 concentrations by 10 um/m3 indicated a 6% increase in risk of death when it comes
to all causes [4], 12% for cardiovascular disease and 14% of lung cancer [5].

Prolonged exposure to high concentrations of suspended particles can lead to shortening life
expectancy due to cardiovascular disease and lung disease.

The increased concentration caused by the reduction of lung function in children and adults
obstructive pulmonary disease, and reduction of lung function.

INFLUENCING HEALTH

Research confirms that, in the domain of mortality, cardiovascular and pulmonary
disease, fine particles (<2.5um) is much more harmful than the large particles. In
toxicology and human exposure studies found several physical, chemical and biological properties of
particles that cause lung disease. Among the significant metal content, the presence of polychlorinated
aromatic hydrocarbons (PAHSs), other organic compounds, endotoxins, and particle size (small
particles<2.5um and extremely small<100nm).

Toxic-features that are crucial for negative health effects are: particle size (ultra fine, fine and coarse
particles), the size surface, the geometric shape and other physical characteristics.Also, a great impact
on the health effects and composition of the insoluble and soluble components (metals, organic
compounds, endotoxins, and residues of nitrate and sulfate). These properties have an equally strong
impact on human health.

Particle size-Numerous studies have shown that suspended particles, regardless of size, cause adverse
health effects.

Fine particles are responsible for inflammation, given the size of area that is available to interact with
the respiratory tract and the absorption of biologically active substances (the smaller the particle is,the
surface area for absorption of metal organic compounds, acids, higher). Large particles have a greater
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potential to cause inflammation due to variability of chemical composition. Experiments have shown
that fine particles reach the bloodstream causing thrombosis [6,7,8].

Metals-An increasing number of studies that show that the metals responsible for the toxicity
suspended particles [9,10]. Metals soluble in water, originating from the fly ash particle residues of
petroleum origin, contribute to inflammatory lung [11]. Transition metals also form a component that
contributes to the toxicity of suspended particles [12]. Metals that are considered to be relevant for this
property are suspended particles: iron, vanadium, nickel, zinc, copper and to a lesser extent [13].

Organic compounds are common components of suspended particles resulting from the combustion
process. Be sure that the particles from this source made up the largest share of all particles contained
in the air. From the suspended particles can extract many organic substances, especially PAH's, which
together with some of its nitrocontent show mutagenic and carcinogenic propertie[14].

DATA

The data (PM10, BS, TSP) in summer and winter,in the town of Zrenjanin are shown in Table 4.
Seasonal variations (PM10, BS, TSP) pg/m3 [15].

Table 4: Seasonal variations (PM10, BS, TSP) ug/m3 [15]

Summer | Summer | Summer | Winter Winter | Winter
season season season | season season | season

parameter PM10 BS TSP PM10 BS TSP
Number of measurements 411 329 49 263 403 28
Mean concentration 27,95 2,95 120 42,68 12,35 117,75
The minimum concentration 2,75 0 43,0 6,2 0 17,0
The maximum concentration 81,60 24,00 236 206,8 134,0 2410

Number of measurements

exceeds GV 31 0 25 75 11 12

BS-smoke, TSP total suspended particles.

All measurements of total suspended particle concentration shown in the work were carried out during
2005. During the period measurements of total suspended particles were recorded 35 days exceeding
the GV of 120 mg /m3 of which 54% was recorded in winter. The mean concentration was 119,2 mg
m-3.

CONCLUSION

It can be concluded based on these data, citing increasing concentrations in winter than in summer,
this is a direct consequence of the configuration environment, the interaction of other pollutants to
which the above was the word of SO2, NOx or metal oxides and climatic conditions in the observed
region.

From these data we can see that the maximum recorded values for PM10 and smoke, which can be
seen in Table 5 exceed the GV.
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Table 5: maximum registered values (PM10, BS, TSP) GVug/m3 over for summer and winter

summer winter
PM10ug/m3 81 206,8
BS ug/m3 - 134,0
TMS ug/m3 - -
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ABSTRACT

The sources of air pollution in urban areas may be divided into:

- Mobile sources emission (traffic and agricultural treatment by aircrafts)

- Stationary source emission (industry, power plants, warming processes of individual premises).
The following are the dominant components of air pollution: soot, carbon monoxide, carbon dioxide, nitrogen
compounds, sulfur compounds and ozone.
The paper shows the results of air pollution testing in the city of Zrenjanin at the measuring locality “Veljko
Vlahovic¢®.

Key words: Air pollution, immission, city of Zrenjanin.

INTRODUCTION

By Constant releasing of huge amount of pollutants into the atmosphere, a man has notably changed
the atmosphere composition above the most densely-populated territories in the world. Presence of the
pollutants in the air has a number of direct and indirect impacts on the health of all living beings in
biosphere as well as on the material goods. The presence of different types of pollutants in the air,
makes their influence even more complex. Pollutants can pollute in the form in which they are emitted
or the new compound can be created as a result of the physical-chemical process in the atmosphere.
Local effects of the air pollution are in most cases manifested as a change in the microclimate of the
area.

Air pollution sources can be divided into three groups:
— Central heating
— Industrial activities
— Traffic

Measuring point VeljkoVlahovic Boulevard is situated in the main thoroughfare Zrenjanin-Novi Sad
and it is the transit for Romania, Kikinda, Vrsac and the other towns around the city. The population
of this part of the city is around 30000 people, and more than a half live in blocks of flats. The
influence on the air pollution of the FSK , which is 8 km far from the spot, cannot be ignored.

AIR POLLUTION SOURCES
Pollutants can be emitted through:
— emission
— imission

Emission is a process of air pollution by releasing and emitting pollutants into the atmosphere out of
the natural or artifical sources. Emission can be general and special. General emission presents a
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process of releasing pollutants out of all sources on Earth. Special emission presents a process of
polluting of certain area from one or more single sources ( Nikoli¢, 1992, Ramzin, 1996).

Imission, as a term opposite to emission, presents process of reception of pollutants into the
atmosphere and also can be divided into general and special. General imission presents reception of all
pollutants into the atmosphere, while the special one refers to reception of pollutants from single
sources.

General imissiom is propotional to general emission and is constantly increasing due to increase of
industraliazation, urbanization and traffic. Finding solution to the problem of air pollution comes to
reduction of the amount and the harmfulness of emission, which can be achieved by the choice of fuel,
raw materials, better technological processes and improvement of the processes of waste gas
purification.

POLLUTANTS

All air pollutants can be in the can be in the form of liquid droplets (aerosol) and particular matters,
depending on the size and chemical composition (Nikoli¢, 1992, Ramzin, 1996,
http://www.zdravlje.org.rs/ekoatlas/indexsa.htm,26.04.2010.)

Composition of the pure air is presented in the table 1.

Tabel 1: Composition of the pure air

GASS Mass % VVolume %
Oxygen 23.01 20.93
Nitrogen 75.51 78.10

Argon 1.286 0.935

Carbondioxide 0.04 0.03
Hydrogen 0.001 0.01
Neon 0.0012 0.0018

Helium 0.00007 0.0005
Krypton 0.0003 0.0001

Xenon 0.00004 -

In certain areas and weather conditions there is a certain amount of Ozone (from 0.003-0.1 mg/m?).
Problems occur when the given parameters become disrupted by release of pollutants into the air.

Air pollutants can be classified into:

- Basic pollutants come from many different sources of pollution.

- Specific pollutants which come as a consequence of different types of human activities,
are in most cases of industrial origin and have a local influence on the environment.

Basic pollutants

Sulphur compounds

There are series of sulphur compounds in the atmosphere starting with the pure sulphur, through with
its oxides (SO, i SO3), their compounds with aereted water of sulphurous and sulfuric acid,as well as
their sulphite and sulfate. In the environment it is often found as sulphur hydride H,S.

Sulphur oxides stay in the atmospehere for two days and can be transported by wind up to the 100 km

distance. The most important way of removing sulphur compounds from the atmosphere is
precipitation which causes acid rains.
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Nitrogen compounds

In the atmosphere, Nitrogen occurs in the form of oxides, acids and their salts, as well as in the form
of ammonia. Major source of Nitrogen oxides are motor vehicles which use liquid fuel. Nitrogen
compounds can be removed from the atmosphere as acid rain (oxides) and salts (ammonia).

Carbon monoxide

Carbon monoxide is produced from the partial oxidation of fuels. The largest source of this pollutant
are motor vehicles, and its concentration depends on traffic frequency and regualtion as well as on the
speed and wind direction..

Carbon dioxide

The largest source of carbon dioxide are processes of combustion and decay of organic matters.
Human beings and animals produce Carbon dioxide through the process of metabolism which is
emitted into the atmosphere as exiled air. Increased concentration of Carbon dioxide created the
phenomenon called greenhouse effect whose consequence is a treperature rise and snow and ice melt
on the poles as well as drought periods on Earth.

Ozone

Ozone, as an allotrope of oxygen is present in higher layers of atmosphere and has an ability to absorb
large amounts of UV rays.Ozone at the ground level is produced in small concetracion in certain areas
and weather conditions and contributes to the freshness of the air.

Soot

Ash is produced in the process of fuel combustion of inorganic parts, while the combustion of
organic parts produces soot. Soot has an ability to condense with sulphur and nitrogen compounds as
well as with vapour producing toxic fog-smog.

Particulate matter

Particulate matters are pollutants which occur in the air in the form of aerosol. The largest source of
particulate matters are solid and liquid fuel furnaces.

MATERIAL AND METHODS

Labaratory researches were held in the air of the measurng point VeljkoVlahovic in accordance with
the standard air analysis methods (JUS 1SO 4219, 1997; 1SO 9835, 1993; Nitric oxid and nitrogen
dioxide method, 1994; Regulation, 1992).

RESULTS AND DISCUSSION

Measurements were performed in February at the measuring point Boulevard Veljko Vlahovic, which

belongs to the city of Zrenjanin. Concentrations of sulphur (1) oxide, soot, Nitrogen (IV)oxide and
ground level ozone were tracked. Results of the research are given in the table 2.
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Table 2: Research results

Dayinamonth | SO, (ug/m°) Soot(pg/m°) NO,(pg/m®) Particulate. Ground level
Matter.(ug/m®) | Ozone(ug/m®)
1 24 6 22 2
2 22 5 17 136 1
3 37 7 13 132 1
4 32 20 16 198 2
5 20 24 27 213 3
6 26 8 24 275 1
7 16 13 19 - 3
8 33 5 19 - 1
9 28 10 25 101 1
10 19 20 26 147 2
11 15 9 16 136 2
12 14 9 15 61 3
13 3 8 14 72 2
14 4 10 11 - 3
15 14 8 10 - 2
16 14 12 15 - 2
17 16 19 21 - 4
18 28 8 13 85 3
19 13 9 2 73 3
20 21 23 19 210 2
21 29 16 14 138 1
22 15 27 18 292 1
23 38 23 22 - 1
24 14 23 26 - 3
25 21 26 24 - 3
26 8 25 28 - 7
27 22 10 10 - 4
28 15 15 16 - 1
Max.meas.time 38 27 28 292 7
Min.meas.time 3 5 2 61 1
GVI 150 50 85 120 85

Concentration of sulphur(IV)oxide (fig.1) did not exceed GVI, daily maximum was 38ug.
The concentration of soot did not exceed GVI (fig. 2). Maximal measured value was 27ug.
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Figure 2.Level of soot

The concentration of nitrogen(IV)oxide did not exceed GVI (fig.3). The level of particulate matters
exceeded GVI during ten days. Maximal measured value was 292ug (fig. 4). The concentration did not
exceed GVI. Maximal measured value was 7ug (fig.5).
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Particulate. Matter.(ug/m3)

350

300
250
200 ‘//
150
100 TJ
50

i N A U A v

1 3 5 7 9 11 13 15 17 19 21 23 25 27

—&— Particulate. Matter.(Jug/m3)

Figure 4. Level of particulate matters
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Figure 5. Level of ground level Ozone

CONCLUSION

In the work are presented methods and results of the analysis of the concentration of the air pollutants
in the open space.Results of the research showed that the concentration of acidic pollutants as SO, did
not exceed GVI. Maximal value was measured on 23 February and was 38ug. Soot concentration was
within the GVI limits. Maximum value was measured on 22 February was 27ug. Contretation of
nitrogen oxides did not exceed GVI. Maximum measured value was 28ug recorded on 28 February.
Content of particulate matters had value higher than GVI in the period of 10 days, and the
measurements were obtained 15 days. Maximal measured value was 2.5 times higher than GVI.
Concentration of gound level Ozone was within GVI levels.

In the conclusion, it can be said that air pollution on the measuring point Boulevard Veljko Vlahovic,
is periodical and depends on winds and increased level of traffic on the highway. Solving problem of
air pollution is based on reduction of fuel consumption, usage of better techological procedures or
improvement of the existing ones by adding appropriate elements for waste gas cleansing. Urban
development measures are also very important and include appropriate planning and zoning settlement
as well as providing enough of green space which are the key elements in forming the micro climate
and the protection of air pollution.
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ABSTRACT

Atmospheric pollution is a major problem facing all nations of the world. Rapid urban and industrial growth has
resulted in vast quantities of potentially harmful waste products being released into the atmosphere. The
atmosphere is the largest imaginable chemical reactor in which pollutants may be converted into more harmful
or harmless substances. The four major groups of gaseous air pollutants by historical importance, concentration,
and overall effects on plants and animals (including people), are sulphur dioxide (SO2), oxides of nitrogen
(NOx: NO, NO2), Carbon dioxide (CO2) and ozone (0O3). Sulphur dioxide and nitric oxide (NO) are primary
pollutants — they are emitted directly from sources. This paper describes these technologies for measuring air
quality parameters.

Key words: Air quality, Atmospheric pollution, Technology measurements.

INTRODUCTION

Atmospheric pollution is a major problem facing all nations of the world. Rapid urban and industrial
growth has resulted in vast quantities of potentially harmful waste products being released into the
atmosphere. The atmosphere is the largest imaginable chemical reactor in which pollutants may be
converted into more harmful or harmless substances. Societies have been reluctant to accept, or have
simply failed to recognise the limitations of the cleaning properties of the atmosphere and self-
adaptation of the ecosystem Planet, with no remnant damages or preventing a non-equilibrium status.
The consequences has been that air pollution has affected the health and wellbeing of people, has
caused widespread damage to vegetation, crops, wildlife, materials, buildings and climate, and has
resulted in depletion of the scarce natural resources needed for long-term economic development.

The chemical pollution of the atmosphere is a consequence of the chemical compounds input, over
the natural air constituents and is of natural and artificial origin. However, the natural chemical
pollution sources like volcanoes eruption, natural decomposition of organic substances or fire
(naturally occurred) are not of major concern as they are part of natural environment equilibrium.
However, the anthropogenic chemical pollution is of major concern as their sources are increasing in
number and concentration with the increase of global human population and our continuously
increase of energy demand.

The anthropogenic chemical pollution has no borders and no matter where the pollutants are released
into the atmosphere will have an impact over global environment. The most relevant sources are the
incineration of fossil fuels to produce energy (heat and electricity), major industrial processes (like
metallurgy industry or cement/construction industry) and transportation. We will classify the
anthropogenic chemical pollution sources into two major groups: stationary and mobile sources.
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The four major groups of gaseous air pollutants by historical importance, concentration, and overall
effects on plants and animals (including people), are sulphur dioxide (SO2), oxides of nitrogen (NOx:
NO, NO2), Carbon dioxide (CO2) and ozone (O3). Sulphur dioxide and nitric oxide (NO) are primary
pollutants — they are emitted directly from sources. We shall start by looking at the main sources of
these and other primary gases, and also consider some of the methods of control that can be used to
reduce emissions and concentrations when required. The most important groups of anthropogenic air
pollution sources are defined by industrial processed, residential heating systems, transportation
(terrestrial, naval and aerial) and agricultural systems. The majority of the pollutants are the direct
result of the combustion process in large power plants and piston engines so that the first steps to
reduce the pollutants concentration from atmosphere is to control and reduce the emissions from those
source groups.

In a figure 1. Is shown short and simplified relation between fuel, combustion, combustion products
(pollutants) and air quality is given.

Combustion instalation
Boilers
Steam generators
Furnace
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Gas turbines

Fuels:
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Residential (carbon based fuels)
... Other
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*s 0y + CO + 50,50
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< Operational

of exhaust gases

Atmospheric conditions
Pressure fields

| EMISSIONS ‘4—{ other sources
Temperature fields

wind TRANSPORT

Humidity

...other
Atmospheric reactions

AIR QUALITY

‘ Effect on environment |

Figure. 1. Sources and products of anthropogenic pollution
CHOISE OF MEASURING METHOD

For a given pollutant, there may be a number of measurement methods, each having its own
advantages or disadvantages in terms of performance, reliability and cost-effectiveness. Broad
classification can be made into direct-reading (usually automatic) methods and indirect (usually
manual) methods. Direct measurement techniques are those where the air is sampled and the
guantification stage of the pollutant analysis is performed in-situ virtually instantaneously. Most
direct-reading analyzers provide a continuous readout of the pollutant concentration or have a
relatively short sample time-average period. Indirect measurement techniques are those where the air
is sampled for a fixed time and the pollutant is captured, by for example evacuated flask, cryogenic
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trapping, absorption in a liquid or adsorption onto a solid resin. The analysis is then carried out on the
pollutant in this form or after further pretreatment of the sample.

Table 1: Common direct-reading measurement methods for gases

Method CO | SO, | NOy | Oy Organlics
NDIR L

NDUV o

UV fluorescence b

Chemiluminescence ®

Flame photometric b

FID, PID @
DOAS ° ° @ °
DIAL @ ° ° °
FTIR °
UV absorption ®

SAMPLING LINE

An important part of the measurement container is the sampling line. The way how to suck the sample
into the container (to the analysers) can already influence the measurement. Therefore national
standards have been developed for the sampling of gaseous samples and particulate matter. The intake
line has to be designed in a way that rain or snow can not enter the sampling system and sedimentation
does not take part. Chemical reactions and deposition on the walls have to be avoided. This requires
short tubes, the time between inlet and analyser must not exceed 10s. The whole manifold system has

to be built using chemically inert materials (i.e. Borosilicate glass or Polytetrafluorethen (PTFE)).
1]

{\1\
M/j |
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Figure 2. Sampling line
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CO MONITORING IN AMBIANT AIR. REFERENCE METHOD

The reference measurement method for CO in ambient air is Non-Dispersive Infra Red detection
method.
Reference standard: EN 14626:2005

NDIR instruments are primarily used for emission measurements; analyzers are mainly suitable for the
determination of the gases CO, CO2, NO, SO,, H,0, CH4, C,Hs, and many other hydrocarbons.

For CO and CO,, NDIR photometry is the most commonly used measuring technique, which is also
unrivalled in its application for the measurement of these gases in the ambient air range.

As it is shown in the Fig. 3, the instruments for CO measurements uses the modulation effect that
occurs with infrared absorption of sample gas itself when sample gas and zero gas are alternately sent
to its cell at a certain flow rate using a solenoid valve which is actuated at a frequency of 1 Hz. Unless
the gas concentration of the measured component is changed in the cell, the output from the detector
essentially becomes zero, therefore, the zero drift dose not occur. Since the instrument also uses the
AS-type detector, extremely high-accuracy results are obtained without any effect of the interference
component.

The radiation source is an infrared radiation emitter. The radiation - modulated by a chopper - passes a
chamber containing the probe and in parallels a chamber containing a reference gas. To reduce the
influence of interfering gases optical filters are used. The content of the measurement cell receives
periodically infrared radiation with different strength, which results in different temperature and
pressure effects. The pressure effects are hence transferred to electrical signals by a sensor, and this
signal correlates to the measured CO concentration. Some systems use the pressure waves for
detection, while others use directly the IR receiving an optical detector to measure the CO
concentration.

Pressure
Sensar

Preamplfier
R patecter [ _]
Gag inlet NO \' e — S‘;%:]l‘
: E e
Zerp Air NC SE—— —
Bardpass Filter ©

% | @ | GasFiterwheel
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Irframed,
Swrcrl:l Chopper Motor
- _
o O
to Pumg Capiiary

Figure 3. Flow diagram of CO module

73



I International Conference ,,ECOLOGY OF URBAN AREAS 2011¢, 30th September 2011, Ecka, Serbia

SO2 MONITORING IN AMBIENT AIR. REFERENCE METHOD

The reference measurement method for SO2 in ambient air is UV Fluorescence detection method.
Reference standard: EN 14212:2005

UV fluorescence is a measuring technique related to photometry. The measuring gas is also exposed to
radiation. However, it is not the radiation absorption which is measured but a luminous phenomenon
(fluorescence) which is caused by the excitation of molecules through UV radiation of a certain
wavelength. The measuring principle is, e.g., applied in SO, ambient air measurement, presented in
Fig 4.

Gas inlet
Condensmg Interference filter

Ve

Pulsed uv ‘ + ; ‘ Flourescence
radiation, radiation,
190... 320...380 nm
Se0.rm Gas ouﬁel
Interference filter

I ™ Photomultiplier
il

Amplifier v @ Electric signal

Figure 4. Principle of UV fluorescence measurement (Zolner, 1984)

The air sample is exposed to UV radiation in the wavelength range of 190-320 nm. If present, SO,
gives off a fluorescence radiation of 320-380 nm. Due to an interference filter only a radiation of this
wavelength is recorded by the detector (photomultiplier); thus, the measuring principle is strictly
selective.

When a sample is irradiated with ultraviolet ray (215 nm), SO, emits the light of a different wavelength
(peak: 320 nm, range: 240 nm to 420 nm) from that irradiated. The former, irradiated light is referred
to as excitation light, and the later, emitted light is referred to as fluorescence. The method to obtain
sample concentrations by measuring the fluorescence intensity is called the fluorescence method. In
the fluorescence method, fluorescence, which radiates in all directions, is usually detected at the right
angles to the excitation light in order to' prevent interference by the excitation light.
When excitation light is irradiated and absorbed following processes take place:
Process 1: SO, + hv; -> S0,*
There are three ways by which the S0,* loses its excitation energy.
Process 2: Fluorescence process: Excitation energy is emitted as fluorescence.

* Kk
SOZ —)SOZ + KV2
Process 3: Dissociation process: Excitation energy is used for dissociation.

so,"—* ,s0+0

Process 4: Quenching process: Excitation energy is lost by collision with surrounding molecules, M.
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SO,” +M —9 550, + M

Practically, the excitation energy is lost resulting from the confluence of these three processes.

..... Photodetector
(feedback)
iample Lam ]
P Mirrow ——
Assembly Transducer
Hydrocarbon Kicker )[c apllary

Flow

Transducer
to Pump

Figure 5. Flow diagram of CO module
NO, NO2, NOx MONITORING IN AMBIENT AIR. REFERENCE METHOD

The reference measurement method for NO and NO2 in ambient air is Chemiluminiscence detection
method.
Reference standard: EN 14211:2005

Reaction ! U

Chamber
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Figure 6. Flow diagram a‘ NO, module

Chemiluminescence is related to UV fluorescence. The difference between the two is that in
chemiluminescence molecules are not excited by UV radiation, but are excited by a chemical reaction.
Thus, the measuring principle is a chemo-physical one. The intensity of the radiation created is a
measure for the concentration of the reacting gas in a mixture of gases, if the external conditions
(pressure, temperature and volume flow of the measuring gas) are kept constant. Just as is the case in
UV fluorescence, the radiation created is recorded by a photomultiplier acting as radiation detector
and is transformed into an electric signal. This method is used mainly for measuring NO, NO+NO,
(i.e., NOy) and Os.

The instrument must provide continuous and unattended monitoring of NO, NO, and NO, with
individual determinations and high reliability and accuracy. An internal NO, to NO converter permit

75



I International Conference ,,ECOLOGY OF URBAN AREAS 2011¢, 30th September 2011, Ecka, Serbia

NOy analysis and an integral ozone supply system which puts filtered, dehumidified ambient air
through an ozonator to generate the ozone necessary for reaction with NO to give
chemiluminescence’s reaction. The instrument must have a flow-chopping modulation system to give
continuous NOx and NO analysis. With this system, the sample gas is divided into two separate lines.
One sample gas line passes through the NO, to NO converter, while the other leads directly to the
detector. Also a permeation tube in which only moisture is passed through is used for the sample line
is needed. This tube functions so that an influence from the moisture is reduced by minimizing differ-
ence of moisture concentration between sample gas and reference gas.

Inside the reaction chamber NO reacts with ozone to form NO,. The NO, is excited to a higher
electronic state. This chemiluminescence’s is measured through an optical filter by a photodiode. The
modulated hybrid signal from the detector is demodulated to give continuous NOy and NO signals at
the same time. The NO, concentration is given by subtraction of NO from NO,.

NO + 03—> NOZ* + 02
NOQ* — NO, + hv

Filtered sample gas is divided into lines 1 and 2. In line 1, the sample gas flows through an integral
converter which reduces NO, to NO. In line 2, the sample gas remains as it is. The sample gas is
switched to NOx line, reference line, NO line and to reference line again by the solenoid valve with
0.5 sec interval. Then it is introduced into respective reaction chamber. Luminescence due to reaction
of the sample and O3 occurred in the chamber is detected by a photodiode. By electrically processing
the output of photodiode, it is possible to take out continuous signal in NOx line and NO line
respectively. Flow to the detector unit is controlled by capillaries. Ozone is supplied to the reaction
chamber at a constant rate by an internal ozonator which uses dehumidified ambient air as feed gas.
The dryer unit has two dryer cylinders. When one cylinder is under operation, the other is regenerated.

CH4, NMHC AND THC MONITORING IN AMBIENT AIR. REFERENCE METHOD

The reference measurement method for CH4, NMHC and THC in ambient air is Flame ionisation
detection method (FID).Reference standard: EN 12619:2002 and EN 13526:2002

The so-called flame-ionization detector (FID) was originally developed for gas chromatography.
Nowadays, it is also used as the most important measuring device for the continuous recording of
organic substances in exhaust gases or in ambient air.

The measuring principle of the FID is classic and will be summarized here with the help of Fig 7.
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Figure 7. Diagram of a flame ionization detector (FID) (Kaiser, 1965)
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The hydrogen flame burns out of a metal nozzle which simultaneously represents the negative
electrode of an ionization chamber. The positive counter-electrode is fixed above the flame, e.g., as a
ring. Between the two electrodes direct voltage is applied.

The ion current is measured as a voltage drop above the resistor W. The measuring gas is added to the
burning gas shortly before entering the burner nozzle. The air required for combustion flows in
through a ring slot around the burner nozzle.

For stable measuring conditions it is essential that all gases - combustion gas, combustion air and
measuring gas - are conducted into the flame in constant volume flows. For this, all gas flows are
conducted via capillaries. Constant pressures before the capillaries ensure a constant flow. Sensitive
pressure regulators for combustion gas and combustion air are used to achieve this fine-tuning. The
measuring gas is pumped past the capillary in the bypass in a great volume flow. Pressure is kept
constant by the back pressure regulator, so that a constant partial flow reaches the flame via the
capillary. Most FID’s operate with overpressure, i.e., the measuring gas pump is located before the
capillary. To avoid condensation of the hydrocarbons to be measured almost all instruments can be
heated to 150-200 °C. Heating includes the particle filter and the measuring gas pump; in most cases,
particularly with warm exhaust gases, a heated sampling line is also used from measuring gas
sampling to the measuring instrument.

TSP, PM10 AND/OR PM 2.5 MONITORING IN AMBIENT AIR. REFERENCE METHODS
EN12341

Suspended particulate matter (SPM) in air generally is considered to be all airborne solid and low
vapor pressure liquid particles. Suspended particulate matter in ambient air is a complex, multi-phase

system consisting of a spectrum of aerodynamic particle sizes ranging from below 0.01 pm to 100 um
and larger. (US-EPA).

Respirable particles are attributed to growth of particles from the gas phase and subsequent
agglomeration; most coarse particle (sizes 2.5-10 um) are made of mechanically abraded or ground
particles. Particles that have grown from the gas phase, either because of condensation,
transformation, or combustion, occur initially as very fine nuclei (0.05 pum).

These particles tend to grow rapidly to accumulation mode particles around 0.5 pm which are
relatively stable in the air. Coarse particles, on the other hand, are mainly produced by mechanical
forces, such as crushing and abrasion.

These coarse particles therefore normally consist of finely divided minerals, soil, or dust that result
from entrainment by the motion of air or from other mechanical action within their area. Since the
mass of these particles is normally >3 um, their retention time in the air parcel is shorter than that of
the fine particle fraction. These smaller particles penetrate deeply into the lung, where the potential for
health effects is the greatest. In addition, the smaller particles typically are man-made. TSP typically
has a bimodal distribution, with naturally occurring particles centered at about 10 um and man-made
particles centered at about 0.4 pm (US-EPA).

Sampling options for PM10 compliance monitoring fall into two categories: "reference” methods and
"equivalent" methods. In this moment the gravimetric method is the reference method and there are 3
“equivalent” methods accepted by regulations: Beta-radiation attenuation,oscillating pendulum and
light scattering.

The beta attenuation monitor samples at ambient temperatures, relative humilities, and gas
concentrations to minimize particle volatilization biases. These monitors operate at a low-volume flow
rate (nominally 16.7 liters/minute [L/min]) using either a virtual impact or cyclonic flow operating
principal to determine the 50% cut-point. For beta attenuation monitors, low-energy beta rays (i.e.,
0.01-0.1 MeV electrons) are focused on deposits on a filter tape and attenuated according to the
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approximate exponential function of particulate mass (i.e., Beer's Law). These automated samples
employ a continuous filter tape. Typically, the attenuation through an unexposed portion of the filter
tape is measured, and the tape is then exposed to the ambient sample flow where a deposit is
accumulated. The beta attenuation is repeated, and the difference in attenuation between the blank
filter and the deposit is a measure of the accumulated concentration.
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Sinuitaneous 4Kr-85 gaseows Scuce
Particulate smpling 5 Conpensation Chauber T
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Figure 8. Flow diagram of PM module

The reference method monitors are so called “LSV”, Low Volume Samplers and are used for PM10
and PM2.5 measurements indoor and outdoor. The particles retained on the quartz or glass filters can
be analyzed gravimetric but also chemical, in the laboratory, to analyze the content of the deposited
particles. The working principle of the LCV is: the sample air is aspirated with a vacuum pump
(maximum flow is 3 m*/h). The glass or teflon/quarz filter is stored inside the inlet. The inlet is build
so that only particle below the given aerodynamic diameter (2.5 pm or 10 um) will be deposited on the
filter. The air will be exhausted through a paper filter in order to retain the particles that could be
generated by the vacuum pump.
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Figure 9. Flow diagram of PM10,PM2,5 module

SET-UP OF AN AIR QUALITY MONITORING STATION

The next figure shows a scheme of a set-up of such a measuring station. The measuring gas suction
hoods and different meteorological measuring instruments are installed on a 10 m high altitude. The
management and working methods are respecting the international standards SR EN ISO/CEI
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17025:2005 (General features and competences), according to the fundamentals and definitions
imposed by SR EN ISO 9000:2006. In addition to the instruments for the specific measurement of
pollutants there are numerous other instruments for the recording of meteorological parameters such as
wind direction and wind speed, temperatures, global radiation, duration of rain and bedewing, amount
of rain etc., as well as an electronic controlled computer, to record, calculate and memorise the values.
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Figure 10. Set-up of the sampling system of an air quality station with air suction through tubes and
with calibration gas switching
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ABSTRACT

Over the years, in terms of character and intensity, the level of air pollution has been changed. Prior to the
Second World War, sulfur dioxide and soot were reported like the most important pollutants in urban areas. The
origins of these two pollutants were linked to the use of fossil fuels in different industry branches, mostly in the
production of energy for heating. The problem was partially solved by using of “cleaner” fuels, increasing the
height of the chimney for the discharge of waste gases, and installation of the exhaust gas cleaning systems.
During the following years, in urban areas, increase in the number of vehicles, resulted in higher concentrations
of nitrogen oxides, volatile organic compounds and suspended particles. The aim of this paper is to show
ambient air quality, as well as the traffic impact on the air quality. Detailed analysis and the dynamics of
concentration levels of the suspended particles, with a diameter smaller than 10 microns (PM10), will be shown
for the several cities in APV.

Key words: Air Quality, Traffic, Suspended particles (PM10).

INTRODUCTION

Since the mid-twentieth century to the present, world has seen a dramatic CHANGES. The world s
population is currently growing approximately 75 million a year “’The combination of population
growth, greater per capita income and economic activity, and urbanization is beginning to place
intolerable stress on both the earth s own natural resources carrying capacity and our own
manufactured physical and social infrastructure’’( Matthew J. Kiernan 2009) .

Air pollution is one of the most serious environmental threats in the global world. 71% of the world s
cities nitrogen dioxide emissions, often associated with automobile use exceeded WHO maximums.
(World Bank, World Development Indicators 2003)

Although air quality has improved in the industrialized world in relation to the concentration of sulfur
dioxide and soot, problems with the concentrations of nitrogen dioxide, volatile organic compounds
and suspended particles, originating from traffic, are increasing (Fenger, 2009)].

Air pollution is creating increasingly serious health problems in both the developed and developing
worlds at a cost of hundreds of billions dollars each year. In the United States, estimates of the annual
human health costs of outdoor air pollution range from $14 billion to $55 billion annually (Ostro et
al., 1997).

NETWORK

Serbia made tremandous efforts to fulfill all requirements on path to join European Union. In the filed
of environemntal protection many activities are complited. One of these requirements is to harmonize
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legislation with the EU directives and standards. Conserning air protection, a great progress in
harmonisation was made. Low on air protection and majority of baylows are adopted.

According to the Low on air protection there is obligation for establishing national and local air
monitoring network. There are 18 automatic stations for air quality monitoring in Vojvodina, and more
than 40 sites where manual measurements are performed. Withn the the automatic stations network
there are 11 stations on local level and 7 stations on national level.

The automatic stations for air quality monitoring are situated in major industry centers such as:
Kikinda, Novi Sad, Subotica, Sombor, Zrenjanin, Pancevo, Beocin, Sremska Mitrovica. Two stations
are situated in protected areas (Obedska bara and Deliblatska pes¢ara) where all activities, which
could led to the air pollution, are forbidden (Regulation on protection of Special Nature Reserve
“Obedska Bara”, Regulation on protection of Special Nature Reserve “Deliblatska pescara”)

Each of these stations are classified according to European standards (Eol Directive), so there are 6
air quality atomatic station clasifies as straffic, 3 industrial an 9 basic stations.
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Figure 1. Air Quality Monitoring network in AP Vojvodina
METHODOLOGY

Results obtained from the diferent periods, including 2008 and 2009 for Subotica and Sombor
(www.eko.vojvodina.gov.sr), and 2009-2011. for Novi Sad (www.sepa.gov.rs), have been used in this

paper.

Sampling system for suspended particles in Subotica and Sombor: TEOM - filter papers placed on the
oscillating microbalance. The decrease in the oscillation frequency caused by particle settling is
directly proportional to the mass of the sample. Measurement principle: Filter sampling, direct
measurements of the mass, continuous automatic measurement. Precision:+ Sug m-3 for 10-minute
mean; + 1.5ug/m3 for 1- hour mean Measurement range: 0—5000p pg m-3 (Manual for TEOM 1400A)

Sampling system for suspended particles in Novi Sad- is in accordance to the bylaw which regulates
all requirements concerning air quality monitoring: The reference method for the sampling and
measurement of PMy, is that described in EN 12341:1999 ‘Air Quality —Determination of the PMy,
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fraction of suspended particulate matter — Reference method and field test procedure to demonstrate
reference equivalence of measurement methods’ (Bylow on air quality monitoring requirements).

RESULTS
The dynamics of concentration levels of PMy,

Daily variations of the PMy, concentration — A detailed analysis of the data showed that the PMy,
concentration varies during a day. An increase in the concentration is characteristic of the morning
hours (morning peak) from 7 to 10 h, followed by the stagnation from 11th hour and a mild decrease,
but with still high concentrations registered to 18 h, when another increase is observed to 22 h in all
tree cities. The mean concentrations in the interval from 18 and 22h were above the maximal tolerable
daily value of 50 ugm-3 in Subotica and Sombor. During the night, the PMy, decreases to the early
morning hours, when a new cycle begins (Figure 2).
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Figure 2. Average PM10 concentracion (ug/m3) during the day

It is important to point out that the distribution of certain PM;, concentrations varies during a day.
Statistical treatment of the available data leads to the conclusion that during 24 h the percentages of
particular PMy, concentrations show daily variations. During the early morning hours (from 1 to 7 h)
the highest percentage makes the concentration of PMyo up to 30 ngm-3, during the major part of the
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day (from 7 to 18 h) the highest concentrations are of the particles of 30-50 ugm-3, whereas later (after

18 h), an increase is observed in the percentage of high PM,, concentrations (Figure 3).
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Weekly variation of PM;, concentrations. In addition to the observed dynamics of daily PMy,
concentrations, there is a certain difference in concentration during the week. Namely, the average
daily concentrations during weekdays (Monday-Friday) are close or slightly below the limit value.
During the weekend (Saturday and Sunday), the average daily concentration decreased and are below
the limit value (Figure 4).
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CONCLUSION

Air pollution is recognized as one of the most important among major sustainability challenges. Man
can live without food for days, without water for hours, but only few minutes without air. In average,
man inhales about 15,000 liters of air daily. Although, the air is essential for life, exposure to air
pollution can cause significant health problems. Pollutants present in the air inevitably affect the
respiratory tract, since all air is filtered through the alveoli with the total area between 70 and 100 m?,

This paper provides an analysis of concentration levels of suspended particles with a diameter smaller
than 10 pm. Detailed analysis clearly shows significant impact of human activities on the
concentration of PMyg.
For more extensive and comprehensive analysis of the traffic impact on ambient air quality, at a given
micro locations, it is necessary to include next steps:
1. Performing correction factor for suspended particles concentration measured by different
methods
2. Taking in consideration other parameters originating from traffic (NO,) with significant
contribution to air quality
3. Traffic Quantification and qualification
4. Analyzing of meteorological parameters which have an important role in air pollution
distribution.

Information on air pollution originating from traffic, either the data that are obtained by measurements
or modeling, as well as information about the propagation of this pollution are important starting point
for planning effective measures to improve air quality in urban areas. That kind of information can be
used by certain institutions in the urban planning, the traffic regime planning, and for forming warning
system of the high pollution concentrations impact on public health.
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ABSTRACT

A number of the environmental characteristics of the city as the special biospheric urbanized taxon, including
important issues of inventory collection, recycling and the development of closed technological systems were
analysed in this article.

Key words: biosphere, city, energy, garbage, man, nutritional, trace elements, urbanized taxon, wastes.

INTRODUCTION

Formation of a town as enclosed (alienated territory) to developed crafts known since antiquity. Under
profitable conditions (the availability of adequate sources of food and energy) increased area of the
city, absorbing the areas of land suitable for development. Currently, the city can be seen as urbanized
taxon biosphere that consumes enormous amounts of water, food and energy (Fig. 1) and tending to a
relative autonomy. The city as an ecosystem is significantly different from natural ecosystems [6, 12].

Water

Drains
Energy The city Garbage
Technology as Food waste
Food an ecosystem Machinery
Fertilizer Technology

Figure 1. Incoming and outgoing flows of matter, energy and information to the city as
urboecosystem

However, dependence of town on suppliers of energy and food is great. The desire of the city for
independent functioning is relative, but it exists in relation to the presence of food processing. A city
can have chicken farms, greenhouses, but this is insufficient to ensure urban food. As a megalopolis
city often suffers from a lack of quality of air, water, greenery, and a modern fleet of personal use of
the scale aggravates the ecological situation of the city. In addition, the manifestation of the epidemic
in this metropolitan area is associated with greater risk for its inhabitants [1].

PROBLEM “HERBAGE” AND WASTE PRODUCTS

Functioning of the biosphere is always accompanied by processes of formation of detritus - excrement,
dying and decay products of organisms that are best used in biogeochemical cycles. However, during
the period of man-made transformation of the biosphere people establish and implement a habitat a lot
of substances that negatively affect not only humans, but also on other organisms, accompanied by a
decline of biodiversity and the blocking of some biosphere functions (Fig. 2). Basic kinds of pollution:
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fertilizers, use of carbon and oil, use of atomic energy, the modern technologies of preparing food,
wide application of detergents, dust or debris, biological and other waste, products of Industry and
metallurgy, building materials, drugs.

This list is quite large, but in concentrated form, is primarily a production and consumption waste.
Common questions technological evolution of the biosphere is closely related global problem of
“garbage”, which is solved by the international community slowly.

BIOSPHERE - TECHNOSPHERE
€ :
Whole organisms, Hu fB an
besides man Field filtration, precipitation,

crematory, mdustrial waste: the
products of burning oil, coal, gas,
detergents, plastics, tineral odls,
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J substances, radionuchdes.
Mlamma utihzation of

matter m the cycles

Froducts of die off
and decomposition,
EHCrEmEnts

1
~lr Isolation of substances from

Dommated by scattering the cycles with predommance

processes of life waste metals, radionuclides,

organic chemicals

Figure 2. Some signs of urban and natural ecosystems

Waste production can be divided into: radioactive, medical, biological, construction, waste transport
sector, industrial.

With regard to the identification, assessment and remediation of the ore and mining companies, there
are numerous technology recycling dumps, heaps, tailings content, quarries, etc. At this stage, such
local area in need of localization, accounting, periodic monitoring and transformation. It is necessary
to identify the main types of waste and guidelines for their disposal.

THE PROBLEM OF POLLUTION AND ITS SOLUTIONS

By the early 1990’s, in Russia, there had been disposed about 70 % of the total amount of toxic
industrial wastes of the Soviet Union, including all types of largest-volume wastes (used forming
mixtures, slate processing wastes, oil slimes, galvanic slimes, oil wastes etc.). At that, over 1.6 billion
tons of toxic industrial wastes had accumulated in Russia. Every year, this amount increased by 50
million tons, and only 20 % of it was recycled. Today, about 80 thousand types of chemical wastes are
produced in the world at a total rate of about 300 million tons per year [14, 19].

New Yorkers throw away in the day, a total of about 24,000 tons of material. This mixture, consisting
mainly of various junk, contain valuable metals, glass containers, suitable for further use, as well as
waste paper, plastic and food waste, which are essential for fertilization. But along with them in this
mixture contains an even greater number of hazardous waste: batteries, mercury, phosphorus,
carbonates of fluorescent bulbs and toxic chemicals from household solvents, paints and fuses wood.
A growing amount of waste and lack of recycling is typical of many cities.

Military actions make considerable contribution to the process of environmental pollution. As a result
of World War 11, thousands of tons of metals were piled on battlefields. The comparatively small-scale
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military action of NATO in Yugoslavia in 1999 resulted in the growth of consumption of such toxic
elements as lead (Pb), cadmium (Cd), arsenic (As), mercury (Hg) and uranium (U) caused by air,
water and soil pollution in Serbia, and by improper quality of imported foodstuffs or products supplied
as humanitarian aid [3, 12, 13].

According to assessments of the RF State Commission for Ecology (Goskomekologia), the integral
impact of military forces on the environment in peaceful time is comparable to the effects of one
medium-size industry (about 4 % of the total effluent discharge and 1.2 % of atmospheric emissions).
In the opinion of the Directorate for Ecology and Special Protection Facilities of the RF Ministry of
Defense, actual emission and discharges of military sites (garrisons) are comparable to those of small
and medium enterprises [19].

Particular concerns among civilization-related changes to the environment are caused by its pollution
by industrial and household wastes. As has been mentioned above, the greatest risk is posed by
different-type toxic substances.

In our opinion, a pollutant is a substance or a mixture of substances of technogenic or natural origin,
which disturbs the cycles of migration of chemical elements and energy conversion and interferes with
the functioning of ecosystems in general.

Pollution is a process of inflow and integration in the ecosystems of technogenic or natural substances
in amounts toxic for the ecosystems or promoting formation of new dangerous compounds.

They can be classified according to the chemical structure, source, type of production, mechanism of
affecting organisms, migration and transformation features.

In order to prevent environmental (soil, ground, water) contamination from taking an irreversible and
catastrophic form, one needs to revise the strategy of nature utilization, and eliminate ways and
sources of further pollution of the geological environment, on the one hand, and to develop and
implement methods and technologies to suppress toxicity and clean up different constituents of the
geological environment from such pollutants, on the other [15, 16].

Cleanup technologies are an intermediate step on the way of technosphere-to-noosphere
transformation. These will be used until the mankind does not develop environmentally clean closed
technologies.

One of the key tasks in this area is to develop recycling technologies. Disposal of toxic wastes is a
forced practice of limited use. This potentially hazardous tradition should be replaced with waste
reprocessing technologies, concentration, inactivation with secondary utilization in closed cycles.
Wastes of different productions (effluent, tailings, slimes, non-utilizable waste, sewage tanks etc.) are
products of imperfect technologies that need to be rejected as soon as possible and replaced with
improved ones, including closed cycles [13-15, 18].

According to V.A.Korolev [14], three major methodical approaches can be used for preventing
pollution. The first is to clean soils by direct removal of hazardous components through their
withdrawal from an object, by cleaning or by other methods. The pollutants thus removed from the
soil body need to be recycled outside the soil body. The second approach rests upon in situ
detoxication, instead of removal, of a pollutant, directly in the soil body, for example, by its
neutralization, decomposition (destruction), binding etc. The third approach is based on the
construction around an anomaly of a shield to prevent further propagation of contamination (the
Chernobyl’ “sarcophagus™) [16].

One also makes use of natural self-purification mechanisms. This approach rests upon the processes of
abiotic and biotic transformation of chemical pollutants.
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The following in situ processes can be used as applied to pollutants incorporated in solid-state rock
(soil) or absorbed by it: 1) chemical neutralization + leaching (or dilution) + removing products
together with solution; 2) treatment with desorbents (physical and chemical processes) +
biodegradation + removing products together with solution; 3) in situ chemical or physical (thermal)
hardening + biodegradation + constructing a shield; 4) thermal destruction + leaching + removing
products together with solution, containing the polluted area and removing earth [10, 14, 15, 22, 23,
26].

The following chelation processes can be used, if a pollutant is in the liquid phase of the rock body: 1)
evacuation (probably, with thinning) + water purification on the surface; 2) electrotreatment +
evacuation + water purification on the surface; 3) chemical or physical and chemical neutralization
(precipitation) + biodegradation + shield (or removing products with solution); 4) thermal destruction
+ biodegradation + shield (or removing products with solution).

If a pollutant is in the gas phase or it is an absorbed gas, then the following in situ processes can be
used: 1) thermal treatment + vacuum extraction + shield; 2) biodegradation + evacuation + purging; 3)
chemical or physical and chemical neutralization + purging (or evacuation) [14, 24]. In addition to the
above purification processes, one needs to mention electrokinetics, which is widely used for purifying
soils, phytostabilization and phytoextraction. As applied to soils, the inflow of heavy metals is
corrected by means of appropriate fertilizers and additives [4, 10, 15, 24, 26].

A special and quite an independent problem is what should be done next with the pollutant. That is,
the matter concerns recycling of final purification products or disposal of toxic substances withdrawn
from the environment. They should not be simply stored in landfills, because this leads to secondary
pollution of the environment. They should undergo industrial reprocessing, recycling or final
decomposition into non-toxic compounds.

Thermal decomposition (incineration or pyrolisis as methods of recycling — reusing of resources).

First of all, there is a problem of “garbage”, or household wastes. Apparently, two principles need to
be kept in mind at developing strategies for struggling against pollutants: 1) not to establish
productions that disturb relatively natural biogeochemical cycles of chemical elements, 2) give
preference to technologies with closed cycle and minimum interference with natural processes. In both
cases, one should stay within the known migration cycles of substances, which maintain comfortable
life of organisms and normal functioning of ecosystems.

The whole established system of commercial production needs to be restructured in order to make it
non-waste or low-waste based on comprehensive recycling and to ensure environmentally safe and
adequate level of waste disposal [17].

The volume of solid waste (MSW) in Moscow is made up of two streams: from housing and from
public and commercial organizations and agencies (table 1). In quantitative terms, flows up from the
housing stock - 1.9 million tons /year (60% of collected MSW), from public and commercial
organizations and institutions - 1.2 million tons / year (40% of collected MSW).

Sanitation of the city of MSW is currently based on the following proposals: improving the system for
collecting and transporting solid waste, the transition to two-stage removal of solid waste through the
construction of garbage-processing plant, the introduction of industrial methods of processing solid
waste based on the construction new garbage and incinerators factories and reconstruction of existing,
the commissioning of new and restoration of existing solid waste landfills in accordance with modern
environmental requirements [11].

Among the technologies used to correct microelementoses in humans, there should be mentioned
development and application of numerous food additives. Unfortunately, in most cases, they are
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administered irrespective of daily consumption of macro- and microelements and without assessing
their environmental status, which may lead to undesirable effects. In animal husbandry and veterinary,
correction of mineral metabolism is more efficient, because the composition of fodder is known in
most cases. Metal compounds, radionuclides and toxic substances are detoxicated by means of sodium
thiosulfate, derivatives of pyrrolidone, humic acids, zeolites, pectines and various antidotes [5, 13, 14,
21]. However, in order to make timely decision on prescribing prophylactic or treatment procedures,
special diagnosis techniques are needed, for example, diagnosis of microelementoses based on the
chemical elemental composition of hair [9].

AREAS OF ENVIRONMENTAL STRESS

Areas of environmental stress or areas with special conditions of nature utilization and economic
activity were designated formally because of actual technogenic transformation in the most part of
Russia.
Table 1: Disposal of waste products of Moscow
(according to the Department of Natural Resources and Environment) [11]

No Name of the waste type, and company- Adapted / adopted, t / year
processor
1999 2000 2001
Total |.ndL.Jstr|aI waste recycled, 1926707 1601 888 1896 719
including:
- processed . . 301619(15%)  [337222(21%) 1570922(30%)
- han_ded over for processing outside of Moscow 385088(20%)  408666(25%) 80738(25%)
- buried at the landfill, “Salarevo 1240000(65%) 856000(54%) [845059(45%)
1 Electroplating waste 306.75 357.64 514.41
2 Spent fluids and electrolytes 375.35 375.19 836.10
3 Mercury-containing waste 1297.13 1700.00 2005.00
4 Precipitate treatment facilities 6869.76 3182.20 8295.87
5 Petroleum waste 4328.50 5977.66 8751.06
6 Liquid organic wastes, including coolant 1899.05 1798.80 1615.00
7 Chlorinated wastes including perhloretilen 14.40 113.46 109.40
8 Sludge and paint waste 616.10 649.26 827.65
9 Oily rags, sawdust, paper and filters 841.95 1096.00 1230.90
10 Spent lead-acid battery battery — nye 4000.00 6000.00 6465.54
11 \Waste polyethylene 973.00 756.05 1384.32
12 Medications, medical waste, chemicals, 120.11 179.30 212.92
cosmetics
13 Biological waste 3282.00 1911.00 340.80
14 Proven avtorezina and rubber products 6889.70 9063.00 9632.10
15 Window 21600.00 32850.00 35728.00
16 Fotowaste 325.10 756.72 985.60
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17 Construction waste 226728.00 251600.00 465530.00
18 Wood waste 5640.00 1881.00 1036.00
19 Black metal? 15543.00 20046.00 25129.00
20 Colorful Scrap 1227.80 266.30

21 Metal-containing sludge and dust 25129.00

Disturbance of natural balance in most of Russia’s territory, and, consequently, deterioration of health
and living conditions of the population necessitated establishing a legal status of areas of
environmental stress [19]. They differ in conditions and mechanism of origin, procedures of declaring
their legal status, arrangement and practices for mitigating adverse effects of unfavorable conditions in
the area. The ultimate aim of these practices is to ensure constitutional rights of every person for living
in the ecologically safe favorable environment.

In compliance with the RF Law on Environmental Protection, parts of the territory of Russia, where
economic and other activities cause stable negative changes in the environment that threaten human
health, ecological systems and gene pool of plants and animals, are declared areas of environmental
emergency (Article 58).

Territories with dramatic irreversible environmental changes that entailed considerable health
deterioration, disturbance of natural equilibrium, damage to natural ecological systems, degradation of
flora and fauna are declared areas of environmental disaster (Article 59).

According to the Water Code of the RF (Article 116), water bodies, their parts and drainage areas can
be declared areas of environmental emergency and environmental disaster.

In compliance with the Forest Code (Article 46), assigning the above status to forest areas belongs to
the jurisdiction of the RF.

Areas of environmental emergency are declared in accordance with governmental resolutions or
decrees of the RF President based on statements of the state ecological inspection based on materials
and data of area examination against environmental assessment criteria [1, 2, 19].

The Kuznetsk Basin in Kemerovo region and the cities of Nizhniy Tagil and Bratsk were declared
areas of environmental emergency having passed the above state environmental assessment procedure,
and a number of territories were included in the list of recovery and social and environmental
rehabilitation [19].

Unfortunately, most part of a number of regions in Russia (northern territories, Eastern Siberia) proved
to be insufficiently explored in terms of environmental safety, in spite of some radio-ecological and
geochemical assessments made in some sea areas and continental taxons of the biosphere.

Environmental and health assessment is carried out according to the Criteria for Environmental
Assessment of Territories to Reveal Areas of Environmental Emergency and Disaster [2].

Within the framework of the program “Environmental Safety of Russia”, in 1993-1995, the Criteria
were tested in Astrakhan, Irkutsk, Moscow, Perm’ and Chelyabinsk regions, in the cities of Angarsk,
Dzerzhinsk, Mednogorsk, Novocherkassk and Kirovo-Chepetsk, and in the republics of Sakha-
Yakutia and Kalmykia. Relatively satisfactory, conflict, stressed, crisis and disaster territories with
individual environmental problems (general water pollution, disturbed conditions, salinity etc.) were
revealed [19]. Ranking the territories demonstrated the necessity of establishing through legislation, in
addition to the areas of environmental crisis and disaster, of areas of environmental stress (areas of
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environmental threat), where adverse changes in the environment started to occur as a result of
economic activity, and where prevention and prophylaxis actions need to be implemented. Taking this
into account, the Law on Environmental Protection was correspondingly revised and supplemented.

Environmental threat is characterized by an integral value of risk: R = p x y. Risk is determined as a
product of the probability ‘p’ of adverse effects on the public, territory, population, objects of nature
etc. caused by a source of environmental threat (polluted object of nature) and damage ‘y’ caused by
these effects [19].

If necessary, one can determine the status of zones as follows: zones to be emptied or evacuated; zones
where residents can stay, but have a right to leave, zones, where residents have social and economic
privileges.

CONCLUSION

A new form of interaction between the society and nature is being established today; an involved
legal, environmental and economic, and scientific and engineering problem arises: to ensure
environmental safety. A new type of activity is emerging — protection of the population and territories
from natural and technogenic emergencies.

The problem under consideration is closely related with the matters of Earth’s biosphere evolution.
Development of the technosphere and increased amount of technogenesis products are finite, because
they stimulate the development in the biosphere of a noosphere — the era of supremacy of intellect.

There is also a problem of disagreement between society and technology development. The higher
level of technology development should correspond to a new stage of development of society and
humans themselves in their interation with nature. Implementation of the noosphere concept does not
remove the contradictions between the optimal level of society development and smart technologies.
However, under the conditions of the noosphere, such contradictions will become predictable, they
will be monitored and removed most promptly and with smallest energy and information expenses as
against the conditions of the biosphere at the stage of early technogenesis.

Focusing attention on consequences of technogenesis, having negative impact on humans, one needs
to mention positive aspects of the scientific and technical revolution. Making use of new energy
sources, developing high-reproducibility breeds of animals and plants, getting into the space — these
are results of man’s intellectual activity. Due to the scientific and technical revolution, many diseases
in farm animals have been conquered and life expectancy of humans has increased [20].

To solve the problem of “garbage”and wastes should:

1. Conduct an inventory of waste, their systematization and environmental assessment.

2. In the environmental assessment of the territories occupied by industrial waste and its toxic
components, use “The Criteria for assessing of the ecological status of territories”, developed
under the National Russian Programme “Ecological Safety of Russia” [2]. Correct these
criteria are in line with international approaches and provide the the Criteria by
methodological guidance on their practical application.

3. To carry out quantitative evaluation of mineral components of waste production, including
rare and dispersed chemical elements (rhenium, osmium, uranium, tantalum, niobium,
cadmium, etc.).

4. Develop the technologies of detoxification of toxic waste, recycling and recovery of useful
components.

5. In areas of storage of waste containing toxic concentrations of heavy metals, radioactive
materials, pesticides and plastics, to conduct a comprehensive survey of the population and
animals in order to diagnose possible pathologies and microelementoses, their prevention and
treatment.

6. Actively promote a differentiated waste storage for recycling.
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7. Develop technologies for processing waste and closed (“non-waste”) processes.
8. Improving the regulatory framework.
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ABSTRACT

This paper will show results of surveys of floating ash and its use as raw material for obtaining the type 4A
zeolite. Because of its characteristic pores in terms of size, and their active surface, zeolites represent a very
useful material with a wide range of their application, and ion exchangers. Given that zeolite have great
application we decided to synthesize zeolite 4A type of waste material (ash floating) why it was found that
zeolites zeolites is synthesized from pure substances and holds a large amount of the components SiO, and
Al,Os.Will be received low temperature synthesis of zeolites, the product obtained will be carried out structural
and thermal tests.

Key words: Floating ash, zeolite, application.

INTRODUCTION

The rapid development of industrial productivity, increasing world population and expressed more
requirements of the modern man who lives more comfortable and better day by day more face
humanity in need of different purposes. Man as a part of nature, with is activity works and influences
the natural eco-system with historical dimensions. By destroying the natural biocenosis, by depleting
non-renewable natural resources (coal, oil, etc.) that are generated by thousands of years, consciously
or unconsciously has deeply transformed the natural environment. Coal as a (hon-renewable) mineral
resource will always be necessary essential to as man the industrial productivity of each country use it
to produce electricity. Landfills (burning coal) or floating ash is a fertile ground for environmental
problems. Each year in the world the thermal power plants produce large amounts of coal ash. The
world total amount of coal ash is about 500 million tons annuals. And this amount is predicted to be
greater. This large amount released can cover the bottom and degrade the environment with ecological
consequences that are complex and interactive.The of waste material (coal ash) is a global problem
and the question related to the environment is expected to gain importance worldwide, especially in
small countries. The challenge to be focused on is to find the best solution and best technologies for
recycling the coal ash. (Amrhein, 1996) previous attempts to use fly ash as a soil amendment have had
limited success because of its low nutrient value, low cation exchange capacity (CEC), and elevated
levels of toxic trace elements.

The technique for recycling coal ash could be used as the main raw material for the synthesis of zeolite
4A type that gets as much attention over the last decade and the present, according to physical
properties waste materials (coal ash) represents a solid powder material whose color varies, but
usually greyish due to impurities present. In terms of chemical composition due to the high content of
components of SiO, and Al,O3 it represents suitable raw material for the synthesis of zeolite 4A.
Because of its characteristic pores in terms of size, and their active surface, zeolite represent a very
useful material with a wide range of their application as it is used as ion exchanger, as a molecular
sieve, adsorbent of various gases and as a catalyst.
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MATERIAL AND METHOD

Levitating solid powdery ash represents a material whose color varies, but usually is greyish due to
present impurities.

Due to the high content of components of SiO, and Al,Os, it represents a suitable raw material for the
synthesis of zeolite 4A. Zeolites geology is introduced for more than 250 years, but in practice it has
been emerging as a new in the last 30 years. Regardless of this it quickly occupies an important place
among other of practical materials. (Cekova,1983).

Natural zeolites are produced in response to volcanic ash layers of rocks with alkaline groundwater.
Also zeolites crystallize in conditions of deposition in shallow water pools for the period of thousands
or millions of years. Natural zeolites are usually dirty, i.e. they are contaminated to varying degrees by
other minerals, metals, quartz or other zeolites, which mostly are not used for commercial purposes.
(Dimitrievski, 2010).

Zeolites can be extracted by conventional mining methods from open pits. Dug ore is processed
further by breaking, drying and milling (grinding) after they are classified according to the size of the
grains (particles) and packing. Today, world annual production of natural zeolite is 4 million tons. The
largest suppliers of natural zeolites are located in Asia, Australia and Europe. The first experimental
work and knowledge of zeolites are made of natural minerals. By examining the properties of natural
zeolites are concerned RM Barer and his associates, many of the works concerning the synthesis of
zeolite (Barer, 1978).

The methods for the examination of the starting raw material - floating ash and the product obtained
type of zeolite 4A applied chemical, structural and thermal methods. Laboratory studies were
performed in the laboratory of the secondary school " Marie Sklodowska - Curie™ Chemical analysis
of levitating dust test medium was made up to 380 K. The amount of SiO, is determined by alkali
fusion). Alkali oxides (NaOH) with certain flame photometry and volumetric method (Dimeski 1978).

Methods that are applied for testing: x-ray structural analysis and infra red spectroscopy. X-ray
analysis is applied to identify the minerals based on the fact that every substance has a distinctive
crystalline structure and gives a certain image of diffraction (standard) commercial type 4A zeolite
product of the firm VEB COMBINAT BITERFELD of the test material which can determine the
unknown mineral. Differential - thermal analysis provides an opportunity to determine the temperature
intervals that occur during thermal reactions in the test material if continuous and gradually are heated
to high temperatures, and also provides general character and intensity of these reactions. The same
analysis is applied by (Znu, 2011) in his research.

The largest increase has noticed (Hedvall, 1966), where the reaction capability where a crossing has a
modification in another.

The table no. 1 shows the analysis of raw material (floating ash) expressed in percentages.

Table. 1 Chemical composition of floating ash

Substance Percentage (%)

SiO, 52,36
AlLO; 23,92
F6‘203 7,91
CaO 7,52
MgO 2,32
Na,O 0,90
K,0 1,80
SO, 1,20
Loss of burning 1,90
Total 99,88
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In its composition, the levitating dust contains quartz, mullit, feldspar, anhydrite and hematite.
Diffraction listed minerals are characterized by appropriate reflexes corner in the appropriate area.
Quartz is marked with Q, with Mullit E Feldspar with F, Anhydrite A, and with Hematite H. Figure 1.
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Figure 1. Diffraction of floating ash

The IR spectrum of flowing ash is characterized by similar strips from 1200 to 1000 sm -first
The IR spectrum of floating ash phenomenal characteristic bands in the region 1200 to 1000 sm™ so
maximum 1000 sm™ that is characteristic of Si (Al) - O connection in the region 3500-3400 sm™ . The
hidrooksility tapes come from groups that contain components flowing into ashes.

Figure 2. IR spectrum of floating ash
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Figure 3. IR spectrum of zeolite obtained from the floating ash

In general, the synthesis of zeolites consists of preparing aluminosilicate part (hydrogel),
crystallization of the hydrogel, washing and separation of the crystals and drying. The most difficulty
task in the synthesis of zeolites is obtaining homogeneous crystals. Mon composition in structure and
size. Successful resolution of this task depends on the conduct and strict adherence conditions for
synthesis. For performing the synthesis at low temperature, we need the following materials:
Components of floating ash SiO,, Al,0; Components sodium aluminates (NaAlO,) floating ash
Components metal cation sodium hydroxide (NaOH) floating ash component hydratation water. Low
temperature synthesis of molecular sieves type 4A is performed in water suspension; glass reactor
equipped with stirrer and a thermostat fan. Components are taken in such a relationship to provide
moll relationship zeolite type 4A. The calculated amounts of sodium aluminates, sodium hydroxide
and water, and the rest as a starting raw material for the synthesis of zeolite type 4A mixed vigorously
about 1 minute, then the mixtures are left to age 24 hours at room temperature. The process of
crystallization is performed in the same reactor thermostat with temperature deviations = 2 K.
Crystallization temperature ranged of 368 K to 370 K.

Crystallizations are performed during 6 hours. After the crystallization reaction mixture is filtered hot
under vacuum pump and evaporated with distilled water to pH 9.

The final products are dry at a temperature of 393 K. The obtained products under defined conditions
of synthesis have been identified by structural analysis. Laboratory equipment needed necessary for or
product zeolites, is similar to machines and appliances be used in industry for the synthesis of zeolite
from waste material (ash floating). We need the following accessories: reactor (a glass flask with
round bottom or Erlenmeyer), reverse fan, magnetic stirrer with heater, funnel, filter paper and dryer.
There are many ways for the synthesis of zeolite 4A. Which method for the synthesis of zeolites will
be applied depends on the type and composition of the starting components. The most commonly
applied methods in the synthesis of zeolite 4A are: Treatment of natural or synthetic and glass material
with a solution of alkaline hydroxide. Treatment of solid materials that contain SiO, aluminums with
alkaline solutions. Crystallization of the gels obtained by the interaction of silicate solutions or
aluminatni. The synthesis of zeolite 4A from floating ash as a carrier of the major components (SiO2
and Al203) apply the second way TS treatment of solid materials that contain SiO, aluminatni with
alkaline solutions.
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DISCUSSION

The synthesis of zeolites needs strict adherence to operating parameters and conditions to obtain
desired material. Any derogation from the set parameters and conditions can affect the quality of the
zeolite. That s why after the synthesis, tests on chemical composition and structures of the resulting
material are done. Sufficient quality for analysis provides two reliable and accurate methods. In this
case examination of the type 4A zeolite, synthesized from waste material (ash floating) applies two
comparative methods: IR - spectroscopy and X-ray diffraction.

Comparison is made between the IR spectrum diffracts gram the synthesized zeolite 4A and diffracts
gram IR spectrum of commercial zeolite 4A from "Halle" (Germany) which takes in 100 % zeolite.
Obtained crystal product is compared with the commercial product. Cristal is calculated using the
method whereby X-ray calculated surface sun reflex the characteristic distance d - that the type of
zeolite 4A are: (1,226 nm); (0,866); (0,707); (0,582); (0,427); (0,367) ; (0,369); (0,339); (0,327);
(0,298); (0,290); (0,274); (0,268); (0,262 nm). The results are compared with data given in the
literature thus obtained assigning diffracts gram the product of the type 4A zeolite.

Figure 4. Diffracts gram of zeolite 4A from the floating ash

Bar manifested in the IR spectrum region from 3600-3400 sm-1 with a maximum of over 3500 is
result from to vibrations of OH groups from water, and 1655 cm 3 e result of molecular water. In the
area of 1300 to 400 sm3 appear vibrations of Si (Al) O features at 1000 cm zeolite -1 e manifested
asymmetric, and valence vibration, of 670 and 555 cm-1 appear valence vibrations that result from
dual 4 Article ring (D4 R) deformational and vibration to 464 cm -1 of Si (Al) O.
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Figure 5. Infrared (IR) spectrum of products obtained from 2 hours
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3200

Figure 6. IR spectrum obtained from the floating ash zeolite, after 4 hours

Figure 7. IR spectrum of zeolite obtained from the floating ash after 6 hours
CONCLUSION

Based on the tests and results, it can be concluded that, the object of study is the synthesis of zeolite
type 4A from waste material - floating ash and examination of its features: Coal (levitating) ash
physical properties presented by powder solid material whose color varies, but usually greyish due to
impurities present. In terms of chemical composition due to the high content of components of SiO,
and Al,Q;s it represents a suitable raw material for the synthesis of zeolite 4A. Synthesis from zeolites
of waste materials contributes to reducing the waste generated by industry, which uses as raw solid
fuels, which avoids the use of natural resources. To produce these aluminosilicate while preserving the
environment and increasing economic viability and profitability of the technological process.
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ABSTRACT

Romania, as a European Union member state has a high biomass energy potential, estimated at some 7.594
million tons / year (318 PJ / year = 318 * 105 J / year), representing almost 19 % of the total consumption of
primary resources in 2000. Potential reserves are wood waste, agricultural waste (animal and vegetable),and
household waste and energy crops. This study proposes to highlight specific parameters for two varieties of
woody biomass plant of origin, both in terms of determining some of their physicochemical characteristics and in
terms of behaviour along the anaerobic fermentation process, which has as a result the obtaining of biogas.

The two varieties are linden sawdust and beech sawdust respectively, and the paper will highlight the main
parameters of the process variation, meaning temperature, pH and the pressure values that are correlated with the
parameters obtained previously during measurements conducted on a pilot plant that is located in the
Multifunctional Laboratory of the Mechanical Engineering Faculty from ,,Politehnica” University of Timisoara
(http://energieregen.mec.upt.ro/ )

Key words: short rotation plantation (coppice) SRC, biomass residues, biogas, anaerobic fermentation

INTRODUCTION

The interest in using renewable energy resources increases more and more in the past decades. With
exception of hydroelectricity and nuclear energy, the major part of all energy is produced from
petroleum, charcoal and natural gas. However, these sources are limited, and will be exhausted by the
end of this century (Popescu, 2009). Analyzing the existing estimates, it is noted that very short time
remains until the exhaustion of existing resources, at least for oil and natural gas, which require the
finding of immediate and efficient solutions to replace of energy witch is being produced (Cioabla,
lonel, 2010). Biomass is a renewable fuel that is discharged simultaneously by burning heat and
delivers an amount of CO, equal to that consumed in its genesis. It is expected that biomass will play a
major role in replacing fossil fuels contributing to a great extent at the use of renewable resources by
the year 2010 (Demirel, Scherer, 2008).

Technically speaking, energy plantation (short rotation plantations or coppice) means growing select
species of trees and shrubs which are harvestable in a comparably shorter time and are
specifically meant for fuelling energy applications. The short rotation fuel wood may be used either
directly in wood burning stoves and boilers or processed into methanol, ethanol and biogas. These
plantations help provide wood either for cooking in homes or for industrial use, so as to satisfy
local energy needs in a centralised or decentralised manner. The energy plantations provide almost
inexhaustible renewable sources (with total time constant of 3-15 even 20 years only for each cycle)
of energy which are essentially local and independent of unreliable and finite sources of fuel.
The attractive features of energy plantations are: (a) heat content (low calorific value) of wood is
similar to that of coal, even higher, when comparing to Romanian Lignite (b) wood is low in sulphur
and not likely to pollute the atmosphere, (c) ash from burnt wood is a valuable fertiliser, (d) utilisation
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of erosion prone land for raising these plantations helps to reduce wind and water erosion, thereby
minimising hazards from floods, siltation, and loss of nitrogen and minerals from soil and (e) help in
rural employment generation - it is estimated that an hectare of energy plantation is estimated to
provide employment for at least seven persons regularly. Selection of multipurpose species provides a
number of by-products like oils, organic compounds, fruits, edible leaves, forage for livestock, etc. In
view of getting maximum biomass, sustainable de-forestation and forest management systems will
have to be developed. These must include social forestry, silviculture (short-rotation forestry) tree-use
systems, coppicing system, drought, salt-, pollutant - resistant plantations and high density energy
plantations (HDEP). HDEP is the practice of planting trees at close spacing. This leads to rapid growth
of trees due to struggle for survival. It provides quick and high returns, and opportunities for
permanent income and employment.

Silviculture energy farms employ techniques more similar to agriculture than forestry. The chief
objective of energy plantation is to produce biomass from the selected trees and shrub species in the
shortest possible time (generally 5-10 yrs) and at the minimal cost, so as to satisfy local energy needs
in the decentralized manner. This would certainly relieve the pressure on the consumption of fossil
fuel like kerosene and prevent the destruction of plant cover which is one of the primary components
of the life support system (Khoshoo, 1988).

Therefore, annual plants should be grown to meet the demand of energy. Keeping in view the climatic
factors, plantation of deciduous trees should be encouraged, as their growth is faster than the
coniferous ones. The species to be planted should have the following characters: (i) fast growth, (ii)
stress resistance, (iii) less palatable to cattle and other animals, (iv) early propagable, (v) high caloric
value, (vi) absence of deleterious volatiles when smokes come out, (vii) high yield of biomass, and
(viii) disease/pest resistant.

Biogas is the combustible gas produced by the anaerobic digestion of organic material, e.g. animal
manure, human excreta, kitchen remains, straws and leaves through the action of micro-organisms.
Biogas is primarily composed of methane (CH,) and carbon dioxide (CO,), with smaller amounts of
carbon monoxide (CO), hydrogen sulphide (H,S), ammonia (NHs), nitrogen (N,) and oxygen (O,)
(Mateescu, 2008).

In 1776, for the first time, the Italian Physicist, Volta, demonstrated methane in the marsh gas,
generated from organic matter in bottom sediments of ponds and streams. Under anaerobic conditions,
the organic materials are converted through microbiological reactions into gases (fuel) and organic
fertilizer (sludge). The mixture of gases is composed of 63 % by volume methane, 30 % by volume
CO.,. 4 % by volume nitrogen and 1 % by volume hydrogen sulphide and traces of hydrogen, oxygen
and carbon monoxide. Methane is the main constituent of biogas. It is also referred to as bio fuels,
sewerage gas, Klar gas, sludge gas, will-o-the wisp of marsh lands, fool's fire, gobar gas (cow dung
gas), bio energy and fuel of the future (da Rosa, 2005). About 90 % of energy of substrate is retained
in methane. Biogas is used for cooking and lighting purposes in rural sector. It is devoid of smell and
burns with a blue flame without smoke. But promising technologies are supposed to use wood from
short rotation plantations for controlled and centralised energy supply, such as cogeneration. The
calorific value of biogas is equal to that of half litter of diesel oil (6 kWh/m?3y).

Each year some 590-880 million tons of methane are released worldwide into the atmosphere through
microbial activity. About 90 % of the emitted methane derives from biogenic sources, i.e. from the
decomposition of biomass. The remainder is of fossil origin (e.g. petrochemical processes). In the
northern hemisphere, the present tropospheric methane concentration amounts to about 1.65 ppm
(parts per million).

Anaerobic digestion is also a key technology for the treatment of large volumes of bio-waste generated
in industrialized countries (Bagi et. al, 2007).
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By 2007, the German Greens (Griine) commissioned a report on the potential of biogas in Europe. The
Oko-Instituts and the Institute fiir Energetik in Leipzig carried out the study and came to some
startling conclusions: Germany alone can produce more biogas by 2020 than all of the EU's current
natural gas imports from Russia.

The growing interest in the gaseous bio fuel can be easily explained: it can be produced in a
decentralised manner, it is highly efficient - yielding more than twice as much energy per hectare of
energy crops than ethanol from similar crops - and it can be obtained in a straightforward way from a
large variety of biomass resources (organic waste, manure, dedicated energy crops). What is more, the
fuel has two highly efficient uses: as a gas for compressed natural gas (CNG) - capable vehicles
(taking you twice around the world on a hectare's worth of biogas) as well as a fuel that can be used
for the cogeneration of power and heat.

Related to obtaining biogas from waste biomass in Figure 1 is presented the biogas production in
Europe, observing that most developed countries in this regard are France, Germany, Italy, Britain and
Spain, while Denmark and Sweden do not put as much emphasis on the use of biogas, these countries
using other types of renewable energy (wind, solar).
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Figure 1. Biogas production across European countries (Deublein, Steinhauser, 2008)

In Romania there are not in use today any biogas plants for vegetable waste (cellulose) in the absence
of technology, not the raw material that is available in considerable quantities. The amount of heat
resulting from energy recovery of biomass in Romania has different weights in the balance of primary
resources, depending on the type of waste used, or intended final consumption. Thus, 54% of heat
generated from biomass is obtained from the combustion of forest residues. Also 89% of housing
necessary heating and food preparation is considered to be the result of consumption of vegetal waste
in rural areas (Deublein, Steinhauser, 2008). Related with the different types of vegetal biomass,
agricultural waste is the second most common form of waste and includes waste from the raising of
animals and the harvesting and processing of crops and trees (lonel, 2010).

TECHNOLOGY

Anaerobic digestion of organic matter and production of methane is based on A-hydrolytic and
fermentative bacteria; B-acetogenic bacteria (l-acetogcnic dehydrogenation by proton reducing
acetogenic bacteria; Il-acetogenic hydrogenation by acetogenic bacteria); C-methanogenesis by
acetoclastic methanogens (i.e. acetate respiratory bacteria) (I11), and hydrogen oxidizing methanogens
(V) (Figure 2)
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Figure 2. Production of biogas from complex organic matter

According to Ed Burton, the 'chunkettes', once dried (less than 10% moisture), are placed into Ed's
homemade gasifier based on similar devices used in WWII to power cars. The gasifier is composed of
two sections, The upper A section, (a modified garbage can) holds the dried wood 'chunkettes' and
funnels them down the burn zone. The lower B section is divided in two. At the very bottom is a
propane burner which is used to start the wood burning. There is also an access panel for ash removal.
The upper B section features a recessed container cavity extending down into the burner space. The
‘chunkettes' falling into the recessed container cavity are slowly “roasted” consuming all available
oxygen in the process. Once oxygen has been consumed, the remaining gasses, rich in carbon
monoxide, methane and hydrogen exit the furnace and conduct the produced gases to the 'bio-nox’ gas
cleanup box. Contrary to perception, smoke is not released from the open top of the furnace as you
might imagine. In operation a vacuum draw is exerted by an engine, which keeps gasses flowing in
one direction.

Biogas made from grass, straw, wood and leaves — this is currently only possible for very young grass
and a degree of degradation of only slightly above 50% is currently achievable. On the other hand,
wood and leaves are classified as not fermentable. Maxbiogas technology allows for a near complete
fermentation of plant material. A comparison of biogas yields with und without (bp) maxbiogas
technology is shown in the table 1.

Table 1: Comparison of biogas yields with und without (bp) maxbiogas technology [according
Maxbiogas company]

Substrates bp bp+LX-plant Substrates bp bp+LX-plant
for the bp Nm#ftoTS | Nmd/t 0TS for the bp Nm¥toTs | Nm*toTS
Crop straw 250- 370 [ ~ 690 Maize 570 - 600 | - 880
{whole plant)
Leaves 0 - 300 ~ 700 Land conserva- | 130 ~ 650
tion grass
Forrest wood 0 ~ 00 Nawaro 0 F00
residues digestate

Maxbiogas technology is based on known processes from the paper industry. In this processes lignin is
separated from cellulose (Figure 3). The main innovation of the maxbiogas process is based on the
adaptation to the general thermal conditions of biogas plants as well as the recovery of the
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hemicelluloses. Processes which originally needed 150 bar and 200°C are now realised at 70°C and at
normal pressure. This means that in the maxbiogas process no additional thermal energy is required
beside the waste heat from power generation or from gas purification. The easiest application is the
pre-treatment of biogas digestate. The solid parts of the digestate are mainly composed of cellulose
und hemicelluloses which were not available for biogas production. The maxbiogas LX-plant pre-
treats the digestate in such a way that it is transformed almost completely into biogas in the biogas
plant fermenter. The energy used by the maxbiogas process is supplied by the power generation or by the gas
purification of the biogas plant.

CHP/

gas processing bromethane

@
maxbiogas

Figure 3. Schematics of the processes lignin separated from cellulose
Another pilot installation used for obtaining biogas from biomass (wood) through anaerobic

fermentation which is built at the Unconventional Energies Laboratory at Politehnica University of
Timisoara is presented in Figure 4.

Figure 4. Principle scheme for the pilot installation used for
obtaining biogas from biomass (Cioabla, 2009)

The Biogas pilot plant components presented by Figure 3 are: 1 — preparation tank, 2 — pump, 3 —
fermentation reactors, 4 — correction agent tank, 5 - filter for retaining the H,S, 6 - system used for
retaining CO,. 7 - adjacent system for CO, desorption and compression, 8 — consumer , 9 - gravimetric
system, 10 — system for neutralizing the resulting liquid, 11 — heating system, 12 - bubbling system, 13
- small tank for biogas samples. Also, inside of each reservoir there is a bubbling system for assuring a
good homogenization of the used material suspension.
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From the biomass deposit, the used material is passed through a mill, and then it’s sent to the tank
where the preparation of the suspension of biomass is made (1). the biomass suspension is transported
by means of the pump (2), and introduced into the fermentation reactors (3). the correction agent tank
for the ph value assures, through the control system, the conditions for the process of anaerobic
fermentation. the resulted biogas is passed through a filter for retaining the h,s (5). passing through a
desorbtion system the co, is retained up to 90 % by volume (6), thus the quality of the biogas is
considerably improved. further, its compression in the adjacent system (7) occurs. finally the purified
biogas is sent to a consumer (8) or evacuated in vessels or appropriate structure, as it is possible. the
used material is discharged through the means of a gravimetric system (9), and the solid material is
retained for being dried, using normally the natural drying. following it is sent to a compost deposit for
being used as a soil fertilizer. the compost is also a very good combustion matter, subject to new
energy recovery. a part of the resulting liquid is neutralized in same cases in the system (10) and sent
to the sewerage network or, in other schemes, it is transported by the recirculation pump (2) from the
suspension preparation tank (1). the fermentation reactors are heated with thermostatic control, by
using energy delivered from the system (11). for the homogenization of the suspension one uses a
bubbling system (12), realized from polypropylene pipes, in order to avoid the possible corrosion.
also, for depositing small quantities of biogas of the purpose of analyzing, the installation is equipped
with a small tank (13) positioned at the top of the reservoirs.

FINDINGS AND DISCUSSION

The determinations were made on batches containing beech dust and linden dust, as it can be seen in
Figures 5 and 6.

e

Figure 6. Linden dust (Cioaa, 2

009)
In Table 2 are presented some of the general properties of the used sorts of biomass.

Table 2: General characteristics for the used biomass

High Low calor
No Sample Humidity | Ash content calor. '
value
[%%6] [%%6] value [kd/kg]
[kd/kg] 9
1 Beech dust 6.43 0,92 17751 16322
2 Linden dust 8.01 0,54 17705 16263

In the next figures (Figures 7-12) the variation of the main parameters, like temperature, pH and
pressure inside the pilot installation during the two batches are presented.
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Figure 7. Temperature variation for beech dust batch (Cioabla, 2009)
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Figure 8. Temperature variation for linden dust batch (Cioabla, 2009)

Temperature Il Average temperature

pH variation

— - Phi
Ph il
10
9
8
T 7 ™ N — L [N | |
S E=SS=Svave by
6
5
4
S I N N S R S S R P P PRSP
4 S S S S TS TS S S S S S S S S S S
I IO G o S S ST ST S S T T S 8 o o o o S Date
X AT 7 o o o7 7 of 7 T T qF O S AP O O o of
M I N T i N N R I e

Figure 9. pH variation for beech dust batch (Cioabla, 2009)
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Figure 12. Pressure difference for linden dust batch (Cioabla 2009)

The temperature is measured at the level of each of the two reservoirs (temperature 1 for the first
reservoir and temperature 2 for the second reservoir) and in correlation with it, there was studied the
pH variation (pH 1 at the level of the first reservoir and pH 2 at the level of the second reservoir) and
the pressure difference, which represents the biogas production on a daily basis for the entire
installation, with an average value presented in each of the two batches. The reservoirs present the
same characteristics, the heating conditions and the used material suspension are the same, but the
constructive solution implies two reservoirs in order to use a portion of the produced biogas in each
one of them on a daily basis to agitate the material inside the reservoirs with the help of a bubbling
system made by polypropylene and which is found inside the reservoirs in order to have a proper
homogenisation of the material. This aspect is important because in case there is not a good level of
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homogenisation inside the fermentation reservoirs, the biogas production will decrease and eventually
stop. Even if the conditions for the two reservoirs were approximately the same, there can be observed
differences between the temperature in the first and in the second reservoir, thus having an influence
upon the production of biogas and, as a secondary effect, a small difference in pH variation of 0.1 —
0.2 units.

Table 3: Calorific values for the residual material after the anaerobic fermentation process (Cioabla

2009)
No Samnle High calorific value Low calorific value
| P [/ kg] K/ k]
1 Beec_h dust 13195 11750
residue
2 Llnde_n dust 13954 11843
residue

Also, because the used material is high in lingo-cellulose, the links were very hard to break, the biogas
production was low, and the residues had the potential to be used in co-burning processes because of
their calorific value which are presented in Table 3.

CONCLUSIONS

Biogas is a type of unconventional clean and green and CO, lean (even free) energy for the future, one
way to produce energy and still tends to assume a growing impact in the present context related to
reduce amounts of fossil fuels. It can be originated also in short rotation coppice, even the process is in
turn to be optimised.

The paper brings some examples from biogas production on a pilot plant, by using different wooden
species as origin. For the beech dust batch it can be observed from the graphics that there is a
difference between the variations of temperature for the two reservoirs, but the domain remains
established between 30 — 37° C. The pH values are between 6,5 — 7,5 and the small differences from
one day to another are corrected with the help of dosing pumps. The average value for the pressure
difference is approx. 0.2 bar / day; For the linden dust batch it can be observed that there is a similar
variation in temperature between the two reservoirs like for the first batch, the pH values are around 7,
and the correlation between the pressure difference and the biogas production is at a low value, of 0.12
bar, meaning a smaller quantity of produced biogas;

Using this kind of technology with application of all kinds of vegetable residues, it can improve the
recovery of energy potential for materials that usually are not used for any kind of activities, while
obtaining a clean fuel with no dangerous impact over the environment.

Unlike fossil fuel combustion, biogas production from biomass is considered CO, neutral and
therefore does not emit additional Greenhouse Gases (GHG) into the atmosphere. However, if biogas
is not recovered properly, it will contribute to a GHG effect 20 times worse than if methane is simply
combusted. Therefore, there is a real incentive to transfer biogas combustion energy into heat and/or
electricity. Finally, biogas production from anaerobic digester presents the additional advantage of
treating organic waste and reducing the environmental impact of these wastes. It contributes to a better
image of the farming community while reducing odour, pathogens and weeds from the manure and
producing an enhance fertilizer easily assimilated by plants. Implementing a biogas system is in fact
we are not just having FREE energy for ourselves, we also saving the environment and our earth to be
cleaner and greener.
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ABSTRACT

Industrial waste management in Serbia barely exists or it is at the level of individual attempts made by some
industrial enterprises. The volume of the current and new industrial waste is worrying, even though the manner
of waste treatment is defined by law. Problems arise within enterprises that are not ready or not sufficiently
educated to organize particular activities and eliminate detected inconsistencies with legal regulations. This
paper deals with a necessity of creating a strategic partnership between waste processors and the industrial sector
as an imperative transition condition for treatment, recycling or export of waste until conditions are made for the
full implementation of the Waste Treatment Law. The paper presents the results of one such collaboration
between the enterprise MB-Namenska Lucani and the processor SZTR Neda-Plus Lucani and demonstrates how
public/private cooperation can lead to successful waste management.

Key words: industrial waste, industrial landfills, recycling.
INTRODUCTION

Industrial waste includes all waste material produced during the industrial process. Industrial waste is
divided into non-hazardous and hazardous, but although it is disposed to special industrial landfills, or
so called sanitary fields, very often these two types of waste are not separated but they are mixed and
thus become almost unusable and very polluting. U.S. industrial plants generate and accumulate
around 7.6 billion tons of industrial solid waste every year. The data regarding the volume of
generated industrial waste in the territory of Serbia are incomplete and inappropriate. According to the
information provided by the Serbian Ministry for Environment,Mining and Spatial Planning
(http://www.epa.gov), out of 1.8 million tons of industrial waste produced in Serbia annually, more
than a third accounts for hazardous waste. The latest information says that there are 440 industrial
landfills in Serbia, but this seems not to be the final number if we take into consideration that a
number of industrial landfills has not been registered yet for the reason of postponing the reporting
requirement of a polluter about the quantities and properties of non-hazardous and hazardous waste
produced in industrial plants. The current treatment of industrial waste in Serbia is hindered by
regulatory and economic restrictions, education and organization within the industrial waste
generators. Most of the landfills were made haphazardly, with no clear plan about the final destiny of
the waste and with no appropriate technical and technological preparation of the landfill. What is
characteristic for such industrial landfills is that the land area is permanently occupied and degraded.
Besides, they are a very dangerous source of environmental pollution. Due to inappropriate
preparation of industrial landfills, many hazardous materials may penetrate into underground waters or
be scattered by wind on the surface outside of the landfill and its surroundings. They can also generate
methane gas (so called landfill gas) thus jeopardizing health of local population. For that reason it is
very important to motivate generators of industrial waste to cooperate with certified waste processors,
to make conditions for its appropriate disposal, separation and recycling, as well as conditions for the
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remediation and recultivation of current industrial landfills, a part of which has not been registered and
has not met technical and technological conditions prescribed by law. Other more technologically
advanced countries have the same problem. “Generation of tremendous amounts of solid wastes every
day has been a major concern only to a very few people. Recycling of used materials is a good
solution to this problem. Public awareness of recycling has not been very succesful in U.S. Recycling
is yet to be popular among comon people. Initiative on the part of federal and state governments and
several other federal agencies should increase. Parallel federal funding and spending should also
increase in this area. Otherwise pressure will increase on landfill requirements. Other different
problems with solid waste generation will also increase. Indidvidual participation in minimizing the
waste and recycling should be initiated. (Wukasch, R.)

This paper describes a strategic partnership between waste processor SZTR Neda-Plus Lucani and the
industrial enterprise MB-Namenska Lucani and presents the results of waste tratment in the industrial
landfill of the industrial partner. The goal is to demonstarate how public/private cooperation can lead
to successful waste management.

ANALYSIS OF RESULTS OF WASTE TREATMENT IN INDUSTRIAL LANDFILL OF MB-
NAMENSKA, LUCANI

The industrial landfill MB-Namenska, Lucani originated from the sixties of the last century and is
situated within the plant's area. It used to be a sole industrial landfill for the whole chemical industry
plant Milan Blagojevic, which was divided after privatization into a number of separate business
entities that today have their own mini landfills. It covers the land area of around 3 hectares. A part of
the landfill is separated and intended for the disposal of gypsum made in the process of waste water
neutralization in the production process.

Figure 1. Map of Lucani

The cooperation between MB-Namenska and SZTR Neda-Plus Lucani started back in 1995. Within
the project “ Action for the protection of air purity and environment 1997 * (Society for the prevention
of air pollution, Serbia) the chemical industry plant Milan Blagojevic Lucani was placed on a black
list as one of seven largest polluters in the country, while the enterprise Neda-Trade was awarded a
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green list for the environment protection. It was then that the cooperation between the two enterprises
become significant. Neda-Trade, predecessor of today Neda-Plus Lucani was officially the only
enterprise that carried out exploitation and partial remediation of this industrial landfill until 2005.
After many decades of inappropriate waste disposal, exploitation conditions were significantly harder
while recycled raw materials were of much worse quality. As a result, economical and ecological
benefit of this landfill exploitation was not higher. The change in properties and quality of waste raw
materials after their mixing and inappropriate treatment is the fact that implies the necessity of
separation of the industrial waste at its origination source. The division and privatization of some parts
of HI Milan Blagojevic partially brought benefit to the process of collection and treatment of industrial
waste, because the new enterprises have barely used this landfill, but they have disposed their waste
directly to the processor Neda-Plus which carries out separation and further treatment and disposal of
waste in an appropriate way. Although in the previous years such cooperation was only occasional and
adding up the disposal of newly produced waste, the volume of waste has been significantly reduced
after a decade of intensive exploitation of this landfill by Neda-Plus It is estimated that the volume of
deposited industrial waste at this location is around 27,000 cubic meters. The following tables present
the analysis of results of all waste raw materials treated by SZTR Neda-Plus Lucani in the previous 10
years (Table 1). In such volume of waste there is a portion of industrial waste of special industry
Milan Blagojevic Lucani (Table 2).

Table 1: Total raw material waste treated by SZTR NEDA PLUS Lucani (1995-2005)

Total treated

Type of secor)dary raw Average treatment Years of secondary raw

materials by year (t/year) treatment materials by type (t)
Accumulator 30 10 300
Polyvinyl chloride PVC 28,4 10 284
Polypropylene PP 32,7 10 327
Sacks and bags 158,5 10 1585
Used paper 218,7 10 2187
Steel waste 174 10 1740
Total raw materials treated 6 423

Table 2: Non-hazardous industrial waste treated by SZTR NEDA PLUS Lucani (1995-2005)

Total treated

Type o:‘n saetceor?glliry raw A\éerage treatment Years of secondary raw

y year (t/year) treatment materials by type (t)
Accumulator 20,3 10 203
Polyvinyl chloride PVC 25,2 10 252
Polypropylene PP 90 10 900
Sacks and bags 130,5 10 1305
Used paper 90,2 10 902
Steel waste 20,3 10 203
Total treated industrial raw materials 3562

SZTR Neda- Plus Lucani collects and recycles around 10% of total waste generated at the level of
Lucani Municipality which qualifies this municipality among the best in Serbia by the percentage of
recycled waste raw materials. In Table 1 we see that in 10 years total of 6,423t of waste raw materials
were treated, bearing in mind that it is the full capacity of this enterprise. Excluding the treatment of
accumulator which is not included in the morphological composition of industrial waste in the quantity
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of 300t, total quantity of treated waste would be 6,123t. For the same period, Table 2 presents the
overview by types and quantities of treated industrial waste for 10 years in total quantity of 3,562t. We
may conclude that in this period more than a half of treated waste was industrial waste. The following
graph illustrates this comparison.

Graph 1: Comparative analysis of total volume of treated waste and industrial waste in SZTR Neda-
Plus Lucani
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These data are very significant because apart from the quantities of treated industrial waste, they
provide information about the composition of industrial non-hazardous waste at this landfill. We may
assume that there are differences in the composition of industrial waste, depending on the industry
type, so that in this case also we may identify some differences and inconsistencies with regard to the
established composition of non-hazardous industrial waste in the territory of Serbia. (Project, no.
36/09 and 88/10).

Graph 2: The types of waste that have the greatest share of non-hazardous industrial waste
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CONCLUSION

It is natural that long-standing processors have more experience in waste organization and
management than polluters and waste generators. The Waste Treatment Law shall bind the waste
generator to treat waste appropriately, but it will not bind it to manage waste by itself. It is more often
today that solid industrial waste is managed by joint effort of two or more entities and by mixing
public and private sector, through horizontal and vertical integrations. By analyzing the cooperation
between MB-Namenska and Neda-Plus Lucani over decades, more than a third of the landfill has been
remedied. If the cooperation had not been interrupted, the results would have been better. It is
anticipated that a new ten-years' agreement for the remediation of this landfill concluded between
these two enterprises will result in the complete remediation and recultivation of this land, while at the
same time a new industrial landfill will be constructed in accordance with technical and technological
conditions and the Waste Management Law. Measuring and monitoring of results will provide
additional information regarding the requirements of the new landfill and progress management in
order to meet the target of reducing waste. The results presented and historical data may often help us
to plan the future and/or make strategic planning of initiatives with regard to the Principle of Waste
Management Hierarchy (Waste Management Law, no. 36/09 and 88/10). This type of cooperation
should be encouraged because even in hard working conditions results are significant. Until conditions
are made in Serbia to build a number of facilities for industrial waste management (e.g. US Steel
Smederevo that invested USD 22 million: http://www.ocistimosrbiju.rs), these types of strategic
partnerships between the industrial waste generator and waste processor are the only practical
transition solution.
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ABSTRACT

Municipal waste management in Bosnia and Herzegovina, as in most countries in the region, is currently at a
very low level. In such a situation in this area most affected social, economic and financial, political and cultural
reasons. This paper reviews the current situation and considering the possibility of establishing an integrated
solid waste management in Bosnia and Herzegovina. All the facts show that Boshia and Herzegovina in the
future is still a lot of effort to bring waste management at a satisfactory level. All structures of society must
allocate significantly greater financial resources than ever and it is essential that in future we pay special
attention to strengthening environmental awareness among citizens of all ages.

Key words: municipal waste, integrated system.

INTRODUCTION

Municipal waste management is a complex system that is globally focused on reducing the amount of
disposed waste, increase in the percentage of recycled waste, the establishment of rational use of
natural renewable resources and reduce the potential negative impacts on human health and the
environment. Solid waste management system includes the implementation of mandatory measures for
waste management in gathering, transportation, storage, treatment and disposal, including the
supervision of these activities and taking care of waste management facilities after they are closed.
Each procedure for the treatment of waste usually has its advantages and disadvantages. In the
selection procedure is necessary to consider the extent to which the procedure provides for the
protection of the environment and the possibilities for the practical application of the obtained
products.

The problem of solid waste management is a complex and multidisciplinary, and developing
appropriate strategies and its practical application can significantly contribute to preventing further
degradation of human living and working environment. In the world in the application of different
municipal waste management system, a different representation of the management system depending
on the level achieved development, structure, quantity, and a global approach to solving this problem.

Like most countries in transition in Bosnia and Herzegovina municipal waste management lags far
behind the industrialized countries. In Bosnia and Herzegovina municipal waste management was not
adequately resolved until 1992., and the ravages of war are only further aggravated the situation in this
area.

Reaching EU standards in terms of integrated solid waste management requires a relatively high
financial investments and their implementation in Bosnia and Herzegovina is needed some time.
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The European Commission and World Bank have actively participated to improve waste management,
developed a system of environmental monitoring, in both entities and Brcko District agreed on
legislation in the field of environmental protection.

This paper provides an overview of the current situation in Bosnia and Herzegovina in the field of
solid waste management and is considering establishing an integrated system in this area.

CURRENT SITUATION IN BOSNIA AND HERZEGOVINA IN THE MANAGEMENT OF
MUNICIPAL WASTE

In most countries of the region solid waste management systemand organized primary collection is no
different in basic elements. In organizational terms the essence of the process is to involve as many
citizens of waste collection system where the head, in most cases, the utility company owned by local
governments.

Collection of waste from individual users throughout the territory of Bosnia and Herzegovina, at a low
level of concern. Urban areas have a high percentage of the population coverage of organized waste
collection, but the level of service unsatisfactory. Common to all issues is the lack of uniform
containers for waste collection, the lack of recycling yards, obsolete fleet, insufficient training of
workers and others., Resulting in, among other things, is very bad and low service charges for garbage
and municipal waste disposal. In rural areas the problems are almost identical, with the additional
burden that an urban disorder and complexity of housing which greatly complicates the process of
organized municipal waste collection.

In Bosnia and Herzegovina in the system of organized collectionof municipal waste includes about
50% of the population. Moreself-defeating a information that only 30 to 40% of those involvedin
organized system of collecting this waste, regularly pays compensation for his care. The financial
resources obtained in this way are not sufficient to establish a basic system for waste disposal, let
alone for construction management and waste treatment. This financial situation in the utilities does
not optimistic that in the near future to mend the current situation in this area.

Collection system for collection and disposal of waste varies from municipality to municipality and in
most cases is not sufficient for the financial viability of utilities. Inadequate payment systems, such as
billing for collected bag waste, lead to absurd situations that municipalities with 10 thousand
inhabitants covered by organized waste collection service, a monthly payment of only the realization
of a thousand euros. According to the analysis that have been made for the strategy of environmental
protection, every citizen of Bosnia and Herzegovina, on average, annually produces about 270 kg of
municipal waste, whose disposal in principle and should pay.

Table 1 given waste composition and calorific value of the basic components that are found in the
structure of municipal solid waste in Bosnia and Herzegovina in the last few years.

Table 1: Mass fraction and the calorific value of the basic components in the structure of solid
municipal waste

No. Component Mass fraction, Lower ci{](;rki;ic value,
%
1. Paper and paperboard 20 13490
2. Biowaste 40-60 9300
3. Waste from food 40-60 7560
4. Plastic 7 26980
5. Wood 5 16050
6. Rubber and leather 4 19538
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Landfills in which utilities are currently disposed waste dumps mostly classical (dumps), or sites to
which no pre-treatment of municipal waste disposed of nature.

The main reason for this low level of social and personal awareness regarding the proper disposal of
waste. Failure to grasp the basic principles of environmental "polluter pays" and the impossibility of
implementation across all strata of society, is increasingly becoming a major environmental problem.
In Bosnia and Herzegovina has 75 registered landfills for household waste. Municipal landfills are the
most open and most often inadequate site for that purpose. The landfills do not have any systems to
protect soil, air, surface and groundwater. Until recently, no one municipal dump was no quality
control of leachate and gas. The biggest problems are created by an illegal landfill, which in Bosnia
and Herzegovina has about 1100. With these landfills into the atmosphere without any controll and fill
gas that emits green house gases include, in addition tothe flammable and explosive.

In Bosnia and Herzegovina in the last few years have built four relatively modern center for municipal
waste disposal. These centers were built in Sarajevo, Zenica, Bijeljina and Banja Luka.

ESTABLISHING INTEGRATED MUNICIPAL WASTE MANAGEMENT SYSTEM INTO
BOSNIA AND HERZEGOVINA

For disposal of waste is necessary to establish stable organizational, economic and legal framework,
with a gradual attainment of the actual cost of waste management. This would encourage households
and industry to carry out the selection of waste which would increase the share of recycling and reuse
of waste. The funds that get financed in this way to introduce new technologies for treatment of
specific waste components.

The most acceptable method of waste disposal in Bosnia andHerzegovina is a model that is based on
the construction of centers for waste management would be performed where the separation of usable
part of waste. However, in order to solve the problem of this type of municipal waste should first
increase the percentage of population covered by organized waste collection. It is essentially a huge
problem and a major responsibility of local communities. Should take into account the fact that four
million people in Bosnia and Herzegovina, as many as two million of its waste is disposed in nature.
Thus, in Bosnia and Herzegovina each year to the way that rejects about 500 thousand tons of
municipal waste, ie. waste that ends up in river basins, river valleys, meadows, plains, abandoned
mines and others. Currently, the existing system of solid waste management in Bosnhia and
Herzegovina dispose of over 500 thousand tons of waste.

Table 2 given the estimated progression of growth of municipal waste in Bosnia and Herzegovina until
2018. year.

Table 2: Estimated progression of growth in municipal wasteBosnia and Herzegovina

Year Mass Unit

2006. 1.125.450 )
Estimated value

2008. 1.166.477

2011. 1.236.704 t

2014. 1324512 Estimated progression of
growth

2018. 1.465.110

In some countries, the system of granting concessions to companies engaged in the collection and
disposal of municipal waste, which in practice proved to be extremely high quality solution. An
example of such a solid waste management in Croatia, which is a relatively short period of time results
that were achieved at the level of the European Union.
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Today, they need significant funds to Bosnia and Herzegovina has established the primary process of
collecting municipal waste and its final disposal. According to the basic principle of environmental
"polluter pays" principle, bear the costs of this process, only citizens who are in this case and
pollutants. Due to the different social structure of society, the percentage of collection and payment of
these services is different from the middle to the middle and ranges from 15 to 60%. In most cases,
fees for municipal waste collection in Bosnia and Herzegovina is not a commercial rather than social,
so they can work hard to be a system that relies solely on economic performance. Another problem
that arises in the management of municipal waste is to separate the useful from the useless part of the
waste, ie. selection of waste. Today, the world's most represented in the system, selection of
components contained in the structure of municipal solid waste.

The first system is a system of integrated solid waste management. Under this system, responsibility
for products placed on the market is transferred to the burden of the manufacturer or retailer or
importer. Manufacturers and retailers are organized into interest groups that have a priority task to
fulfill the goal related to the amount of collected material (rubber, PET packaging, electrical and
electronic waste, batteries, paper, cardboard, etc.). Relative to the amount of products placed on the
market, set by local legislation or legislation of the European Union. This system has been
implemented in most EU countries and from countries in the region in Austria, Hungary and Slovenia.
The second system, a system of deposit of waste management, accountability and cost of the
procedure is transferred to the consumer as the ultimate pollutants through increased price of the
products involved in the financing of this system. This system guarantees a very good result, but its
function at the end becomes quite expensive because the price of a product packaged in containers
increased to 30%, which directly affects the standard of living. The system has one serious drawback
since it does not recognize other types of containers other than PET, glass and aluminum. This system
is in Croatia gave good results. However, its establishment costs are high, so it was mainly
implemented in industrialized countries.

The third system, the system of separating waste at the site of the primary delay for which the costs of
municipal waste are transferred to the primary collectors to increase the cost of collecting the waste
treatment funded with prior mechanical separation of the components. This system started operating in
Turkey and has proven to be economically justified for this region. Asian part of Istanbul has a
processing factory that day about a thousand tons of municipal solid waste. This system requires a
relatively large initial investment through economic activity back in the long run.

To Bosnia and Herzegovina has established an integrated solid waste management system that meets

the standards of the European Union must take into account the following factors:

- Cultural heritage of the population;

- Insufficient training of the population of all ages;

- Socio-economic condition of society as a whole;

- The state consists of two entities and Brcko District, which has the effect that each unit has its
own legislation, ie. harmonized legislation in certain areas;

- Not performed consistently in practice the application of legislation;

- State and unstable economic entities;

- Utility companies have outdated facilities and equipment;

- Have passed laws and implemented for individual components of which are found in waste (eg.
law on packaging and packaging waste);

- Few companies that can perform processing of individual components of waste in order to re-
utilization for the same or similar purpose;

- A lot of "wild" dumpsites and landfills with the technological aspects do not meet the
requirements for waste disposal;

- Does not respect the basic principles of environmental "polluter pays" principle, and others.

To establish an integrated municipal waste management system in Bosnia and Herzegovina requires
significant financial resources and appropriate period of time. Establishing such a system requires the
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involvement of all citizens, local government, the two entities, joint state institutions, governmental
and non governmental organizations. Of course, these activities require extensive support from the
Fund for Environmental Protection in the European Union.

CONCLUSION

Municipal waste consists of various waste generated in households, waste resulting from the cleaning
of public areasand waste that is in its properties similar to waste from households, which occurs in the
economy, institutions, clubs, shopping malls and services.

Municipal waste management in the whole of Bosnia and Herzegovina is extremely low. To be in this

area resulted incompliance with EU legislation is necessary in future to focusactivities on:

- Educating people of all ages;

- The acquisition and modernization of financial and technical resources for utilities (drums,
containers, vehicles, loaders, etc..);

- Establishment of a strategic state-level or entity;

- Preparation of quality projects for EU pre-accession funds to ensure funding for the rehabilitation
of existing dumpsites and security technologies for recycling and material utilization of individual
components of the waste (paper, cardboard, PET, glass, etc..);

- The adoption of laws relating to the components contained in the structure of municipal waste
(eg. law on packaging and packaging waste, etc..);

- Giving greater importance to this issue in print and electronic media, and others.

To waste management has led to a satisfactory level is necessary in the future in Bosnia and
Herzegovina establish an integrated system that will be acceptable to all entities that generate waste.
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ABSTRACT

At the end of the lifecycle, vehicles represent a potential threat to the environment, and can be an important
resource of materials which can be reused. This paper gives a statistical review of the number of registered
vehicles of national brand “Zastava” which presents one-third of passenger cars in Serbia. The amount of Fe —
metals by vehicle dismantling, and the possibility of their recycling is shown. In this paper is also described the
only shredder plant of that type and capacity in Serbia. The types of gases, water, liquid and solid waste which is
generated in the production process and appropriate technologies which are applied in order to minimize
pollution are listed.

Key words: End of Life Vehicle, Statistic data, Fe-metals, Recyclability, Shredder plant.

INTRODUCTION

The growth of the world’s population has determined the need for faster, simpler and easier
communication. Due to such communication, along with modern social - economic and industrial
development, the number of vehicles has largely increased. In order to minimize the impact of
vehicles disposal on the environment, the End-of-Life Vehicles Directive (2000/53/EC) aims to
promote the collection, reuse and recycling of their components. Generally speaking, there are several
problems if the vehicles are disposed and not recycled, like occupying the landfill space, potential
leakages of fuel and motor oil into water recipient and soil, emissions of volatile compounds, and
possible fires. Some of the components are classified as harmful or either hazardous to the
environment. Those problems are still present in recycling operation, if the dismantling operations are
not handled by regulations (Guidebook for the Vehicle Dismantling and Recycling Industry
Environmental Planning Regulation, 2008; Pavlovi¢ et al., 2009).

AMOUNTS OF FE-METALS AND RECYCLING POTENTIONAL BY VEHICLE
DISMANTLING

The car is a highly complex product that is produced using more than hundred different technologies,
and that consists of about 15.000 parts. Car parts are produced from different materials. The total
weight of the current passenger car is represented by iron and steel (Guidebook for the Vehicle
Dismantling and Recycling Industry Environmental Planning Regulation, 200; Pordevi¢ 2009).

Almost a third of passenger cars in Serbia are the brand “Zastava” (which is about 511.553 vehicles),
which presents models “Koral”, “Skala” and “Florida” by one-third (approximately 170.517 vehicles)
(Pordevi¢, 2005; Pavlovi¢, 2008/2009]
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Potential for recycling Fe-metals from vehicles “Zastava” (see Table 1) is calculated by a formula, as
follows:
Number of vehicles from particular model “Zastava” x vehicle weight

x percentage of Fe-metals in vehicle x rate of recyclability (Djordjevic, 2005)

Table 1: Recyclability potential of Fe-metals in "Zastava" vehicles (Pordevi¢, 2005; Zastava
automobili — Institut za automobile 2004)

ZModeI of Number of Vehicle Percentage of Rate of Fe-Metals
astava car vehicles weight [kg] ~ Fe-metals [%6] recyclability recyclability
(Fiat Auto) ght (kg [%] potential [t]
Koral 170.517 807 73.6 62.0 62.793
Skala 170.517 835 75.0 62.0 66.207
Florida 170.517 950 73.6 62.0 73.920
Total 202.920

In this analysis is shown the potential for recycling Fe-metals only from vehicles brand “Zastava”,
which makes one third of the total number of registered passenger cars in Serbia (according to data for
2008. yr.). The remaining two thirds are foreign vehicle manufacturers with much greater potential for
recycling, because they are more massive and have higher rate of recyclability. Serbia has significant
capacity for processing Fe-metals, so vehicles for recycling are an important resource (Djordjevic,
2005; Pavlovi¢, 2008/2009, Zastava automobili — Institut za automobile, 2004; Pavlovi¢ et al., 2009).

SHREDDER PLANT

Shredder plant consisting of equipment and installations used for the shredding of scrap metal.
Maximum thickness of material that can be processed in the shredder is 2 mm for sheet metal, 5 mm
for steel plates and 10 mm for round parts (Jody et al., 2006; Interni materijal - Analiza uticaja centra
za reciklazu u Beogradu na zivotnu sredinu, 2003).

Shredder plant in one pass completely crushes car body (with engine, gearbox, axles, springs, wheels
and seats). Shredding of motor vehicles must be done only when the following items are previously
removed:

— glass,

—  battery,

— electronics and electrical cables,

—  tires,

—  bumpers,

— gas tank,

— air conditioning,

— waste oil.

After that, the car body, in the original size or compressed to a smaller volume, is processed in
Shredder. Shredder, whose impact on the environment is analyzed in this paper, is the German
production, Metso Lindemann, 2.7 MW of installed power capacity of 35-45 cars per hour, or about 19
t/h of the final product (Interni materijal - Analiza uticaja centra za reciklazu u Beogradu na Zivotnu
sredinu, 2003).
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TYPES OF GAS, WATER AND OTHER LIQUID AND SOLID SUBSTANCES THAT COULD
BE GENERATED IN THE PROCESS OF SHREDDER PLANT

Air pollution

In the stationary work shredder plants as air pollution could be emitted:

— exhaust gases from the engine of machines that perform transport and handling operations,

— dust particles that occur during transport and manipulative operations,

— vapor liquid materials that remained insome parts,

— dust particles contained in the input raw materials, which are due to air in the process of
grinding,

— particulate material in the process of milling fragmented to a size that allows them floating
and scattering into the ambient air.

Production waste water

The shredder plant does not produce waste water because the water is not used in the production
process. Conditionally, the production water may be considered as:

— waste water from the wet purification of air,

— water from fire fighting.

Atmospheric waste water

Atmospheric waste water is:
— atmospheric water that is deposited by washing of accumulated dirt from the car body,
— atmospheric water that is washing transport and handling plateaus,
— atmospheric water that had been in contact with the any material from the shredder plant.

Soil pollution

This shredder plant produces the following types of solid waste:
— unusable material (rubber, plastics, iron oxides, etc.),
— floating sludge from the scrubber,
— sludge from the scrubber,
— saturated coalescent filters,
— sludge from the oil separator,
— municipal solid waste.

This shredder plant produce the following types of liquid waste:
— oil from the hydraulic system of the plant,
— lubricating oil as a result of periodic oil change (Jody et al., 2006; Interni materijal -
Analiza uticaja centra za reciklazu u Beogradu na zivotnu sredinu, 2003; Vuji¢ et al.
2009).

TREATMENT OF AIR, WATER AND WASTE IN THE SHREDDER PLANT
Polluted air treatment

Treatment of air in Shredder facility is provided by system for treatment of polluted air which:
— possesses air and water cyclones which allow the light fractions to precipitate in shredder
and to be ejected effectively through a tube with drum grid,
enables efficient treatment of exhaust gases, because it has a wet scrubber with a built-in Venturi
nozzle in front, where the output exhaust gases are treated and when discharging into the atmosphere

124



I International Conference ,,ECOLOGY OF URBAN AREAS 2011¢, 30th September 2011, Ecka, Serbia

contain a maximum of 50 milligrams of dust per cubic meter, which is much lower than ELV
prescribe by the regulations in this area.

Waste water treatment

Waste water treatment depends on place of origin.

— process water from scrubber — scrubber has closed circulation system. The only water
losses are due to partial evaporation and the assembling of water and dust into mud, which
is stored in barrels. Losses are compensated with pouring of fresh water. Needlessly for
additional processing of process water.

— other process water — in waste water treatment facility (Tehnix separator type 25000)
treated is:
= waste water from atmosphere
= process waste water from facility

Solid and liquid waste treatment

Unusable material (rubber, plastics, iron oxides, etc.) incurred in the process of crushing, as well as
floating sludge and sludge from the scrubber, is delaying in rolling containers. The final disposition of
solid industrial waste is city landfill.

Saturated coalescent filters from oil separators and sludge from the oil separator are disposed in
facility landfill, located within the functional unit of the logistical support of complex.

Oil remain in the replacement process (hydraulic and reduction) is storaged in the steel barrels, each
kind of oil in particular barrel. Barrels are disposed of in facility landfills located within the functional
unit of logistical support of complex. Once collected, large gquantities of used oil are disposed and
treated in Belgrade Refinery. Municipal solid waste is disposed at municipal empty containers (Interni
materijal, Analiza uticaja centra za reciklazu u Beogradu na Zivotnu sredinu, 2003).

CONCLUSION

This work analyses the potential for recycling Fe-metals from vehicles brand “Zastava” and the largest
shredder plant in Serbia, the types of gases, water and waste that are generated in the process and
systems and technologies used for their treatment and care.

The analysis of shredder plant impact can be divided into three groups, environmental impact of
shredder on air, water and land.

Environmental impact of shredder on air

Applied treatment of polluted air provides sufficient filtration efficiency of air, so there is no excess
emission limit values of harmful and dangerous substances which are prescribed by ordinance.

1) Environmental impact of shredder on water
In operating shredder plant, there is no risk of pollution of groundwater and surface water. Sanitary-
sewage water is discharged into the city sewer system and do not affect the quality of surface and
groundwater at the site.

2) Environmental impact of shredder on soil
Direct pollution of the soil of this plant can only arise as a result of improper operation or neglect of
employees working at the plant. Indirect contamination of land can occur only in case of failure at the
plant for waste water treatment or in case of non-technological disciplines that can result in blockage
of drainage canal which leads process water to the plant for waste water treatment.

Analyzing the impact of shredder plant, and with respect to the capacity of the plant and technology
work, which meets high environmental and safety standards, it is easy to conclude that the existence of
such a shredder plant is great benefit for the Serbia and certainly one of the most important link in the
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chain of the national project for the recycling of motor vehicles (Pavlovi¢, 2008/2009; Interni
materijal, Analiza uticaja centra za reciklazu u Beogradu na zivotnu sredinu, 2003).
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ABSTRACT

Discussed in the framework of the issue of recycling of motor vehicles at the end of life cycle. In recent years, in
Serbia there is a need to build a network of centers for the disassembly and recycling at the end of the life cycle
(ELV). The reasons for this are the sustainability of industry, environmental protection, harmonization of
legislation with the EU, and so on. In this situation it is necessary to define the dismantling of the centers have
characteristics of flexibility and adaptability, ie. able to overcome the challenges of business during normal and
emergency situations.

Recycling brings both economic gains, and gains in reducing pollution.Upotrebom recycled to save natural
resources and saves energy. Recycling creates less air and water pollution than the primary production of raw
materials. Recycling saves storage space, create new jobs in companies engaged in the collection, production and
distribution of recyclable materials, saving considerable resources and the environment.

Keywords: recycling, automobiles, automobile tires.

INTRODUCTION

Recycling of vehicles at the end of the life cycle in developed countries is regulated by the process that
led to the development of new industries. It has multiple effects related to environmental protection,
sustainable use of natural resources, energy saving, labor intensive employment, improving economic
performance and the realization of significant profits, as well as the realization of sustainable
development of the entire automotive industry. Real situation of recycling of motor vehicles in Serbia
is far from the situation in developed countries. To overcome this problem in the framework of
technological development, we developed a model of integrated and sustainable ELV recycling
system, which is defined by a network of centers for the collection and dismantling of ELVs, and the
network of centers for recycling materials and substances that come from waste motor vehicles. This
model is made in accordance with the requirements of EU directives relating to the ELV. In this way
the model is expected to offer solutions for the recycling of ELV weight 95% from 2015. year and to
provide significant employment growth in the recycling of motor vehicles (Pavlovic et al., 2011).

Also, the model defines the ELV recycling and the impact on the development of new motor vehicles,
leading to the final goal in the coming decades: ELV recycling without rest and without
any waste (Arsovski et al., 2010). Huge amounts of waste automobile today represent a major problem
in all countries. With these problems facing our state.

It is estimated that in the Republic of Serbia is currently in use around 1.6 million cars, with an
average age between 16 and 17 years. Serbia will soon face the problems and the amount of
approximately 1.6 million tons of waste materials of various kinds, among which there are hazardous
substances. Generation of automotive waste takes place successively, through the dynamic renewal of
the fleet and of course generating waste in the exploitation of maintaining a car. In any case, it is a
very large quantity of waste utilization of which would be the optimal way to plan.
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In Serbia there are not enough system regulations, which create conditions for the development of
recycling cars. The result is a weak development of the industry. World experience shows that
material recycling is one of the most dynamic industries in developed countries (Milivojevic et al.,
2010).

In order to ensure effective recycling of motor vehicles is necessary to create an appropriate legal
framework and basic infrastructure requirements, which would undoubtedly contribute to its
development by attracting investments and establishment of technological resources in accordance
with the regulations. Also, the introduction of system solutions in the field of automobile recycling
contributes to the renewal of the fleet and consequently reduce emissions of harmful substances,
increase road safety and saving energentskih and raw material resources.

The current situation in Serbia can be characterized as a lack of organization in the field of recycling
of metals with the exception of collecting and recycling its initial (selection, cutting and crushing).
Unfortunately, all hazardous materials, plastic parts, rubber and other non-metal parts are not treated
the same and are left to waste or green space (Milivojevic et al., 2008; 2009).

MATERIAL AND METHOD

Recycling industry as a whole is very diverse and includes a wide range of services and productive
economic activities from those of processing and collecting, to those that provide reuse of used parts
or provide new products from recycled materials, (Krstic et al., 2007; Milivojevic et al., 2009).
Recently it was confirmed that the energy consumption for the production of secondary raw materials
from the recycling process incurred significantly lower than those used to obtain materials from ore in
the primary production (Ilic 2002; Guise et al., 2005).

Recycling of used motor vehicles (ELV) in high-income countries is very successful, especially after
the introduction of Schreder in the recycling process of used cars. The rate of recycling in developed
countries exceeds 90% of the total number of used motor vehicles. ELV recycling contributes to
environmental protection (Hempfl 2002; Jovanovic et al., 2008).

ELV recycling reduces the exploitation of minerals from natural environments and makes the source
material for production of new products derived from recycled materials (Kozic et al., 2005; Gareth et
al., 2006).

Besides the economic benefits of recycling system of used motor vehicles, is an important contribution
to protect the environment. Removal of environmentally harmful materials and parts, specialty oils,
brake fluid, antifreeze, airbags, mercury, freon and the like-requires special treatment and expertise in
areas such waste disassembly. In Germany, Centers for dismantling vehicles covered by a circle whose
radius is 50 kilometers. In Serbia there are about 1.4 million passenger and light commercial vehicles.
Estimated number of waste produced per year from 100.000 vehicles a year in Serbia, meaning that a
larger number of operators equipped for recycling, (Afgan et al., 2009; Medic et al., 2011).

A new model of recycling vehicles at the end of the life cycle involves recycling along the entire
lifecycle of the vehicle. In this way, is included in recycling of waste generated from production of
raw materials to the recycling and waste materials from motor vehicles by the end of its life cycle. At
the same time is a very important aspect of the model and design of new motor vehicles, which
involves the use of environmental friendly material and recycling of their complete without the rest.
Also, special attention is paid to energy intensity and energy efficiency as a motor vehicle, and the
whole cycle of production, operation and recycling. Thus conceived model dramatically reduces the
negative impact of motor vehicles on the environment, allows the use of clean and renewable energy
sources, and ensures sustainable use of natural resources. Thus, this model of recycling directly
positive effect on the environment and the use of energy, and indeed significantly improves the
objective quality of life. On the other hand, by ensuring sustainable use of natural resources to secure a
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quality life for future generations, which is an essential condition for the existence of human society
(Milivojevic et al., 2008; Medic et al., 2011).

RESULTS AND DISCUSSION

Recycling of vehicles at the end of the life cycle in Serbia is still in its initial stages and does not
engage a significant number of workers. The research within the project of technological development
is defined by the model of integrated and sustainable recycling of motor vehicles at the end of the life
cycle in Serbia. Thus were laid the basis of development of new industries, thus creating real
conditions for intensive employment in the recycling business. These operations include the collection
and transportation of waste motor vehicles, dismantling them, the selection of components and
materials, recovery of components for reuse, crushing shells and chassis, the separation of materials,
recycling materials, waste disposal of the final. All this requires a different structure of the
professional staff, a variety of different technologies and recycling facilities and the composition of
the relevant requirements for their location (Arsovski et al., 2010; Tsuji 2006).
The paper by (Milivojevic et al., 2010; Aleksic et al., 2011), given the analysis of recycling of motor
vehicles at the end of the life cycle of the Republic of Serbia, and review of integrated and sustainable
recycling of the same that would be a permanent solution based on the principles of sustainable
development. The proposed model includes the entire life cycle of a motor vehicle of its development,
production, exploitation through to its end. The basic principle is the minimization of waste in all
phases of life of the vehicle. In the period of research and development of the basic requirements are
installing "green" materials that are totally recyclable, easy to uninstall, the application of alternative
drive; between the maximum reduction of waste production; between sustainable exploitation of
recycling waste at the end of the life cycle of repair and reuse parts and components and aggregates, to
maximize recycling of materials and final waste minimization. In addition to the above request and
return of energy and maximum energy efficiency. Integrity of recycling is reflected in the
development of complete infrastructure in the country for the full and complex recycling of motor
vehicles at the end of their life cycle.

According to (Pavlovic et al., 2006; 2011), the originality of the project of an integrated system of
recycling of motor vehicles at the end of the life cycle is reflected in the development of the first
national information technology system based on Web-base that seeks to register and monitor the
motor vehicle during the whole life cycle until Check-out vehicles. Serbia has so far not joined any
systemic solution to the problem of environmental and social, economic problems and even when it
comes to preserving the natural resources of our country. The project objective is to waste the
potential diagnoses of motor vehicles in Serbia that can be recycled or used for energy. The most
important thing is to determine the scope and structure of the permanent disposal of motor vehicles in
Serbia, especially hazardous waste and propose measures for their removal or safe storage.
Project (Pavlovic et al., 2011), is predicted to form the corresponding Centers for dismantling of used
motor vehicles to the appropriate regions. Partner on this project and the factory Zastava, which
provides data on the number of cars to be recorded as appropriate models of Zastava to this moment in
the market. At the same time flag gives you instructions how to dismantle it easier for vehicles
belonging to their program.

The importance of the project for Serbia is large, because our country is quite deficient in terms of
resources. If we know now about 120 thousand cars a year check-out, and therefore they are ready for
the recycling process, the weight of each vehicle over 1 ton, of which approximately 70 percent
ferromagnetic materials, there are also non-ferrous metals, plastics, rubber - we can not imagine how it
is stored resources.

CONCLUSION
Recycling of vehicles at the end of the life cycle of the proposed model is based on the principles of

sustainable development. By establishing this model in Serbia, in addition to environmental and
economic effects and provides a high level of employment, which is very important for social policy
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of the state. Thus, the overall number of employees in the cycle of recycling vehicles at the end of the
life cycle ranges from 6.000 to 20.000 employees. Number of employees varies as a function of:

— the available number of ELVs in the current year,

— degree of recyclability,

— dismantling of the vehicle level,

— recycling of existing technologies,

— production of new products from materials provided by the ELV.

Of course, as a factor in employment includes the gross national income per capita because of the
wealth of the country and the population depends on the size of the fleet, and thus the number of motor
vehicles at the end of the life cycle in one year. In addition, the state remains the recycling of motor
vehicles in order and fully in line with the proposed model to develop a new profitable industry
(Arsovski et al., 2010; Gareth et al., 2006).

Republic of Serbia is also facing the problem of used motor vehicles. For now, their recycling is done
sporadically and very unorganized and incidental to the environment. The way to overcome this
situation is the adoption of adequate legislation and implementation of integrated and sustainable
model of recycling vehicles at the end of their life cycle. The introduction of rules in this area, in
addition to improving the quality of the environment, to achieve other important benefits to the state
(MIlIVOjEVIC et al., 2010; Guise et al., 2005).
meeting international regulations for export of motor vehicles,

— achieving economic gains by applying the proposed model for recycling,

— provision of high quality raw materials by recycling of used motor vehicles,

— minimization of permanent, first of all, hazardous waste,

— the development of recycling industries and motor vehicles to create new jobs.

In each of the used motor vehicles are a major problem for the environment, both in volume of waste
and hazardous substances at a number of which have been built. That was the main reason that
developed countries adopt and implement appropriate legal arrangements to run an organized
recycling of motor vehicles at the end of their life cycle. On the other hand developing models for
managing waste resulting from motor vehicle during the entire life cycle, which are based on the
principles of sustainable development. In this way, minimize waste and maximize material recycling
and reuse of parts and components and aggregates (Milivojevic et al., 2008; 2009; Djordjevic et al.,
2004).

Since operators have to be deployed on the territory of Serbia, so that the citizens of their old cars can
be submitted at the nearest recycling center which will be issued the certificate on the basis of which
can be achieved certain benefits when purchasing a new car. In this way, the action will involve all
those involved in recycling batteries, waste oil, antifreeze, glass, plastic and everything that makes a
car, and it is necessary to invest a total of around 20 million Euros, (Medic 2011, Tadic et al., 2010;
Kozic et al., 2005).
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ABSTRACT

In this paper we tried to determine the extraction of several aluminum alloys in post consumer aluminum scrap,
which is contaminated with various impurities, polymers, plastic, rubber, oil and dust. Examinations were
conducted on several samples clustered particularly, with different chemical composition, with or without the
addition of salt to dissolve.

Under the quite modest melting conditions, good efficiency of aluminum extraction was achieved. Also, good
separation of steel, as well as other non-metallic components from aluminum has been successfully achieved.
Good quality aluminum alloys were obtained and can be sorted into two groups: high-alloy aluminum (with
silica) and low-alloyed aluminum. Adverse impact of the recycling process on environmental quality has been
reduced through the reduction of total emissions (organic compounds, pollutants etc.).

Keywords: aluminum scrap, recycling, Auto Shredding, environment.

INTRODUCTION

Sustainable recycling of automotive materials can have a significant impact on the conservation of
materials and domestic energy use. The automobile industry is one of the largest consumers of
different materials. In the case of aluminum, the automotive industry uses about one-third of the total
domestic aluminum consumption. The primary energy consumed in the production of the 33 million
tons of material used in the automotive sector is estimated to be about 1.5 quadrillion Btu, which is
roughly 20% of the domestic industrial energy use. This consumption is equivalent to about 250
million barrels of oil. In comparison, the energy consumed in 1999 to fuel the total automotive fleet,
including cars, trucks and buses, was about 3,500 million barrels of oil equivalent (Ward’s, 2000).

Passenger vehicles are extremely complex products and roughly contain about 10,000 parts consisting
of approximately 40 materials (Gruden, 2008). Table 1 shows typical portions of the main material
groups.

Table 1: Main composition groups of an average passenger vehicle (Gruden, 2008)

Material Amount [mass %]
Steel and iron metals 58 - 70
Light metals (Al, Mg) 3-8
Plastics 8-18
Rubber 3-5

Glass 3_4
Operating liquids 2-5
Others 5-11
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At the end of use, automobiles are usually sold to automotive dismantlers who remove the still useable
parts for reuse or remanufacture, and dispose of the hazardous materials (usually consisting of vehicle
fluids) in an appropriate manner. The remaining hulks, often flattened to facilitate transportation, are
sent to automobile shredders, who use hammer-mills to break them into fist-sized fragments. Most of
the ferrous metals are recovered by magnetic separation, while the lightweight waste material or
“fluff” (ASR), comprised mainly of foam, textiles, plastics and dirt, is removed by air cyclone
separation. The ferrous metal scrap is sent to steel mills for recycling, and the fluff is land-filled.

The remaining mixture of high density, non-magnetic materials is rich in nonferrous metals. It is
usually sent to nonferrous metal separators for the recovery of metals such as aluminum, zinc, copper,
brass, magnesium, and stainless steel. The processes employed by the nonferrous separators are water
elutriation, eddy current separation, and heavy media separation. The waste material that remains,
consisting mainly of dirt and fines, is land-filled.

All the ferrous metals are recovered for recycling, while the subsequent non-ferrous metal separation
processes result in the recovery of the following constituent weight fractions (Dhingra et al., 1999):
Aluminum: 70.0%,
Zinc: 18.5%,
Copper and Brass: 10.0%,
Stainless Steel: 1.5%.

The environmental issues of concern in the End-of-Life stage are:
— Solid waste generated (ASR), which is land-filled; and
— Energy consumed in operating the machinery used in the end-of-life processes.

By weight, about 75% of End-of Life Vehicles (ELVS) is currently recycled in EU countries and North
America. The remaining part, i.e., about 25% by weight is Auto Shredding Residue (ASR) or fluff.
Since the new EU policy for car recycling indicates that by the year 2006 only 15% of the shredding
residue can be sent to landfill and by 2015 this amount shall be reduced to 5% there is certainly need
for considering these facts and try to recycle fluffs. In addition the afore mentioned new EU policy
states that 10% of ASR can be incinerated, which means the composition of the fluff to be combusted
must be good enough to avoid any environmental problem (Manouchehri, 2007).

There are different ways for treating residues from shredding plants which result in material recycling
or energy recovery or both. Most of the treatment methods are chemically oriented methods, however,
there are some physical separation techniques in order to reduce the amount of metals content and
some other reusable materials in order to improve the combustibility of the organic matters and protect
the environment. Due to differences among the density of materials within ASR it should be possible
to separate some components from other by density separation (Manouchehri, 2007).

The composition of a typical car has changed substantially in recent years. For example, ferrous metal
content has significantly decreased as lighter; more fuel-efficient materials such as plastics are
incorporated into vehicle design. Demands for more fuel-efficient vehicles to reduce energy
consumption and air pollution are growing fast which is a challenge for automotive industry.
Aluminum is a good replacement for heavier metals like steel and copper in automotive industry due
to its characteristics regarding high strength stiffness to weight ratio, good formability, as well as good
corrosion resistance and recycling potential. The consumption of aluminum for European automotive
industry reaches to 1.9 million tones, in the year 2005 in comparison with its consumption of 0.675
million tones, in 1994. This means an increasing of 200% within 10 years. Due to recent information
the total consumption of aluminum in a car will rise considerably from 110 kg in 1996 models to 250
or 340 kg, with or without taking body panel or structure applications into account, by the year 2015
(Lui et al., 1998, Field, 2000).

There are strong predictions for aluminum applications in hoods, trunk lids and doors hanging on a
steel frame. With this respect significant increase in sheet aluminum consumption will be expected for
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automotive industry in Europe. For casting aluminum a key trend has been the switching the use of
cast iron for engine blocks to aluminum, resulting in significant weight reduction. It was expected that
more than 50% of motor engines change to aluminum blocks in 2000.This must be noted that although
aluminum has a realistic chance to capture a grater share in car body and motor applications, but, its
penetration in automotive industry has been limited up to now due to factors like, raw material cost,
manufacturing cost, industrial structure, recycling, regulations, etc (Manouchehri, 2007).

Increasing share of aluminum has positive impact on the viability of dismantlers. It means that if more
parts are made from aluminum the dismantling rate will be significantly higher than the today’s 15%.
The profitability will increase to 50% or even more by 55% aluminum substitution. Shredders will
also experience an improved profitability due to lower hulk weight and increased revenue from
aluminum. With 15% aluminum substitution, the profitability of shredders will increase by 40%.
However, the effect of non-ferrous separators is positive but not as high as shredders and dismantlers.
By considering the current technology used for non-ferrous separation, it is assumed that the
aluminum scrap is sold as a mixed scrap. However, if the separation of different aluminum products is
achievable the profitability will be considerably enhanced. Today the recycling rate of automotive
aluminum is estimated to be between 85 and 90%, and the product of recycling secondary foundry
alloy casting constitutes fully 60-70% of the aluminum used on current vehicles. The sheet and
extrusion scraps which form the minority portion of the total weight measured, are recycled into
casting alloys because secondary casting in general have a greater tolerance for alloying elements and
impurities than d sheet or extrusion products. With increasing growth in the use of sheet and extrusion
there will be a need to separate sheet, extrusions and casting during the recycling process. Then sorting
is needed for separating different aluminum alloys (Manouchehri, 2007).

EXPERIMENTS
Samples, used in further analysis, were taken from the shredder plant and represent post consumer
aluminum scrap from the unclean construction waste and from automotive shredding process. In total

there are four samples with different chemical composition, which are classified into specific groups
of aluminum waste, based on the uniformity of the material (see also Table 2).

Table 2: Samples of aluminum waste, classification

Sample Sample type Class of the sample
name

S. 1.1 - small compact pieces

Sample 1 Low alloyed (LA) | S. 1.2 - large, thick pieces

aluminum S. 1.3 - large compact pieces, profile and sheet

S. 1.4 - Lighter, thin, crumpled pieces, painted and oiled
Sample 2 High alloyed (HA) | S. 2.1, 2.2, 2.3, 2.4 - identical shredder granulates without
aluminum (higher | any visible impurities

share of Si)

Low alloyed S. 3.1, 3.2, 3.3 - identical shredder granulates without any
Sample 3 aluminum visible impurities

Zorba scrap of S. 3.4 - silumin, pieces of broken material, oiled
aluminum* (with | S. 3.5 —soft aluminum, crumpled sheets, strips, profiles
Cu, Zn, Fe) S. 3.6 - combined, inconsistent
Low alloyed S.4.1- _clean pieces, wires, rods, tubgs, profiles
aluminum S. 4.2 -irregularly shaped pieces, pamted-
Sample 4 S. 4.3 - crumpled sheet, larger pieces, various forms
S. 4.4 — silumin, smaller equal pieces
High alloyed S. 4.5 — silumin, larger pieces
aluminum * S. 4.6 - combined plate pieces with irregular shapes pieces,

painted, oily
* Manually removed the brass, Zn, Fe, Cu - cables, plastics, rubber, dust
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The impurities, dust, non-metallic fractions (polymers, plastics, rubber, textile), and metallic parts
made of tin, brass, zinc, copper, steel, etc. are removed manually from the samples. Some of the
samples are shown in Figure 1.

After classification, each batch (sample) has a weight of 10-13 kg. Batch is melted in induction
furnace, under the following operating conditions: plumbago crucible with and without salt as
liquefier, open bath, mechanical removal of slag with intensive combustion. Temperature in the
furnace was maintained above 690° C. After melting the samples were cast into molds and cooled at
room temperature.

During intense merging of samples, the smoke of different intensity and colour was released. In more
contaminated samples (oil, paint) the smoke was dense and more intense.

Figure 1. Samples of aluminum waste: a) Sample 1.1, b) Sample 1.4, ¢) Sample 2, d) Sample 3.4, )
Sample 4.6, f) Sample 4.2

Chemical analysis of aluminum castings was performed on optical emission spectroscopy, according
to the standard method: JUS C.A1.011:2004. The results of chemical analysis are shown in Table 3.

Table 3: Chemical analysis of cast aluminum, optical emission spectroscopy

Sample | Al |Si  [cu [Fe [Zn Mg [Mn [Ni [Pb [Sn [Ti
Weight %

S11 [9357 [0.87 [131 [054 [2.00 [035 [0.22 [0.28 [0.20 [0.39 [0.09
S12 9575 [1.07 024 |060 [052 [023 [044 [0.20 |042 [0.34 |[0.05
S13 9681 [093 [023 |050 [0.60 [024 [045 [0.10 [0.10 [0.15 [0.05
S14 [9035 [081 [577 |057 [073 [013 [031 |0.28 |0.36 [0.46 |0.08
S2x? [8283 |757 [291 |062 [2.80 [069 [036 |0.34 |092 [0.67 |[0.15
S3x” [97.49 [134 003 |027 [0.08 [050 [0.12 [0.01 [0.03 [0.05 |0.02
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S34 89.11 | 760 |150 |0.44 |0.20 |1.60 0.20 0.005 | 0.036 | 0.05 | 0.021
S35 97.05 | 086 |0.074|0.31 |092 |0.45 0.16 0.016 | 0.036 | <0.05 | 0.021
S3.6 84.74 |6.78 | 111 |0.73 |543 |0.67 0.21 0.09 |0.10 |0.044 | 0.039
S4x% [9437 [091 |051 |[047 [218 |045 0.28 0.18 |0.18 |0.28 |0.05
S4x?¥ 8285 [694 [204 078 |442 [061 0.39 046 |051 |0.70 |0.14

a) Average chemical composition of HA aluminum S 2.1, 2.2, 2.3, 2.4

b) Average chemical composition of LA aluminum S 3.1, 3.2, 3.3

c) Average chemical composition of LA aluminum S 4.1, 4.2,4.3

d) Average chemical composition of HA aluminum S 4.4, 4.5, 4.6

Melting of Samples 1 and 2 was proceeded without adding of salt as liquefier, while the Samples 3
and 4 were treated with salt as liquefier (type ZDJAR new). Removed slag is rich in aluminum and
other metals, so it is possible to treat and commercialize it. Utilization of aluminum, percent of slag,
burnt and magnetic fractions was measured and results are shown in Table 4.

Table 4: Utilization of aluminum from aluminum waste, share of slag, loss and magnetic

fractions
Sample | Input, Out, Utilization, Slag, Loss, Magnetic fractions,
kg kg % % % %
S1.1 11.00 | 9.46 86.04 11.18 2.82
S1.2 11.00 | 9.56 86.90 11.18 1.91
S1.3 11.00 | 9.35 85.00 13.72 1.27
S1.4 11.00 | 8.90 80.90 16.77 2.36
S2x¥ | 50.68 | 47.70 94.12 3.72 1.69 0.47
S3x? | 39.00 | 3554 91.11 8.23 0.54 0.11
S3.4 11.20 | 9.285 82.90 12.63 0.64 3.83
S35 10.10 | 8.94 88.51 9.45 1.84 0.19
S3.6 11.30 | 9.16 81.06 8.67 10.01 0.26
S4x9 | 3390 | 29.71 87.59 9.62 3.04 0.35
S4x9 | 4150 | 37.98 91.50 7.52 0.96 0.00

a) Sum of HA aluminum, samples: S 2.1,2.2,2.3,2.4
b)  Sum of LA aluminum, samples: S 3.1, 3.2, 3.3
¢) Sum of LA aluminum, samples: S 4.1, 4.2, 4.3
d) Sum of HA aluminum, samples: S 4.4, 4.5, 4.6

DISCUSSIONS

In this paper we tried to, under controlled conditions, determine the possible extraction of aluminum
from post consumer aluminum scrap (unclean construction waste, low economic value of scrap and
aluminum scrap from automotive shredding process). This types of aluminum waste was contaminated
with a variety of impurities (dust, oil, paint, polymers, textile, rubber) as well as other metals and
alloys (steel, brass, Zn, etc.).

Before the melting of waste, manual removal of visible impurity was preformed, but some of the oil,
grease and paint remain on the aluminum filings. This directly affects on aluminum extraction from
waste, which indicates that utilization of aluminum from the sample S 1.4, which is very oiled and
painted, is 80.50 % and utilization of same sort of sample (S 1.2, 1.3, 1.4) is over 85 %, which are
much cleaner and less painted.

In addition to reducing extraction of aluminum from the waste, these types of pollution have very
harmful impact on the environment, so it is a necessary to accomplish a previous treatment of waste.
This treatment can be chemical (e.g., in solution) or physical treatment (e.g., flow of warm air).

On utilization of aluminum from the waste also affects the compactness of sample pieces. Greater
compactness and increased thickness of the pieces lead to a larger excerpt of aluminum from waste.
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Removing the slag was carried out mechanically and batch melting was done in relatively small
guantities (the average weight of the charge is around 12 kg) which led to a high percentage of slag.
Thus obtained slag is very rich in metals so the further treatment is necessary.

Based on these results we conclude that, in the industrial conditions, this type of waste is necessary to
be pre-treated (removal of dirt, oil, paint, dust, rubber, polymers, pressing of pieces etc.) to get as
much utilization of aluminum. Also, larger batch quantities are required as well as better treatment of
slag.

Chemical analysis of aluminum castings demonstrate that it is possible to get several aluminum alloys.
Melting of LA (low alloyed) aluminum we obtained alloys with up to 97 % of aluminum and about 1
% of silica. Melting of HA (high alloyed) aluminum (S 2, S 4.4, 4.5, 4.6) we obtained alloys with up
to 82 % of aluminum and about 7 % of silica. The share of iron in mold of aluminum alloys is fairly
constant and is ranges from 0.27 % to 0.78 %. The share of cooper in mold of aluminum alloys is
ranges from 0.27 % to 0.78 %. The percentage of zinc varies from 0.08 % to 5.43 %, as a consequence
of different share of zinc reach pieces.

Alloying and combination with other aluminum alloys it can be obtained 6000 series and 5000 series
aluminum alloys which are widely used in the automotive industry.

Alloys in 6000 series utilize magnesium and silicon in various proportions to form magnesium
silicide, making them heat treatable. A major alloy in this series is 6061, one of the most versatile of
the heat-treatable alloys. The magnesium-silicon (or magnesium-silicide) alloys possess good
formability and corrosion resistance with high strength. Parts made of this alloys are: body
components (extruded), brackets (extruded and sheet), suspension parts (forgings), driveshafts (tubes),
driveshaft yokes (impacts and forgings), spare tire carrier parts (extruded), bumper reinforcements,
mechanical fasteners, brake cylinders (extruded), wheels (sheet), fuel delivery systems, outer and inner
body panels, load floors, bumper face bars, bumpers reinforcements, structural and weldable parts,
seat shells, etc. (The Aluminum Transportation Group).

Magnesium is one of the most effective and widely used alloying elements for auto aluminum, and is
the principal element in the 5000 series alloys. When it is used as the major alloying element or
combined with manganese, the result is a moderate- to high-strength, non-heat-treatable alloy. Alloys
in this series are readily weldable and have excellent resistance to corrosion, even in marine
applications (The Aluminum Transportation Group).

In our research we obtained different types of aluminum alloys. Processing LA aluminum waste
(samples: S 1, S 3.1, 3.2, 3.3, S 4.1, 4.2, 4.3) less share of silica was derived (up to 1%), and
processing HA aluminum waste (samples: S 2, S 4.4, S 4.5, S 4.6) higher share of silica was derived.
Share of magnesium was various from 0.13 to 1.6 wt. %, and it is extremely dependent of casting
conditions. In industrial conditions of the aluminum waste processing, higher proportion of
magnesium is expected. Mixing of these alloys with small quantities of primary aluminum and the
appropriate amount of alloying elements it is possible to obtain alloy series 6000 and 5000. This is
important because it would achieve closed loop recycling of aluminum in automobiles industries (see
also Figure 2).
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Figure 2. Closed loop recycling of aluminum

Geoff Scamans (2006) suggested obtaining aluminum alloy series 5754 with mixing of secondary
aluminum from automotive recycling industry, secondary aluminum obtained from the UBC (used
beverage cans) and primarily obtained aluminum.

This is important both for the Automotive Industry and Automotive Recycling Industry, because it
would close the loop in flow of the aluminum which has a positive impact on the sustainability of
these industries. In the automotive industry it would be possible to increase uses of parts made of
aluminum-based alloys obtained in this way, due to lower prices. Automotive recycling industry
would produce a greater amount of secondary aluminum (which is several times more expensive than
secondary steel), which directly affects on development of this industry.

CONCLUSION

As the automotive industry is one of the largest consumer of many materials, it follow that the
automotive recycling industrial is a very important source of secondary raw materials. In recent
decades, with technological development, customer demand is increasing so that the complexity of the
vehicle is inevitable. The complexity of the vehicles is reflected in the variety of materials, which
require special treatment after the end of life cycle of vehicles. If the recycling of ELV is not properly
carried out, without major losses in the material and energy efficiency, it can highly affect on the
automotive industry as well as other related industries.

Replacement of steel parts in a car with aluminum parts is inevitable, hereby necessary special
treatment of such waste in the automotive recycling industry is essential.

In this paper it is shown, under controlled conditions, extraction of aluminum from unclean
construction waste (low economic value of scrap) and from automotive shredding process is possible
with efficiency up to 97%. In industrial conditions, with the previous batch preparation and melting of
large quantities of waste, it is easy to achieve aluminum extraction up to 99% (or even more). This
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high usage of aluminum from the waste is attributed to the process of preparing of waste before
melting, and by that is meant to remove ferrous parts, non-ferrous parts as well as non-metal parts
(plastics, rubber and dust) from the aluminum waste. Thus obtained aluminum alloys can be mixed
with other alloys of aluminum (which have also received with recycling procedures), obtaining an
aluminum alloy that is suitable for vehicle manufacturers.

Besides economic benefits, recycling and increased use of aluminum in the automotive industry
strongly influences on the ecology of urban areas. Traffic sector is the most significant emission
source, primarily due to large number of old vehicles and the use of low quality fuel (Ministry of
Environment and Spatial Planning of the Republic of Serbia, 2010).

A large number of cars in urban areas lead to a major environmental problem, which is reflected
primarily in the exhaust gases. This amount of exhaust gas can be significantly reduced by introducing
lighter materials in automobiles, first of all aluminum alloys, which will reduce weight of vehicle,
decrease energy consumption and after all emission of gases. Influence of vehicles powered by
alternative energy sources, to reduce environmental pollution in urban areas, is a great. The
complexity of these vehicles entails the complexity of the recycling process which must be taken
deliberately and without large losses in the material and energy.

Despite this, a problem caused by inappropriate and inefficient procedure of recycling materials from
vehicles or consumer goods is significant. The PCDD/PCDF (polychlorinated dibenzo-p-dioxins,
polychlorinated dibenzofurans) and PCB (polychlorinated biphenyls) released from shredder plants are
from industrial, intentional production and have been introduced with oils, dielectric fluids, and other
materials contained in these vehicles or consumer goods and which are simply set free through this
mechanical process. Sources of dioxin precursors that may result in the formation of PCDD/PCDF
when burnt include PCB-containing condensers, PCB- or chlorobenzenecontaminated waste oils or
textiles, and polymers containing brominated flame retardants (formation of polybrominated dibenzo-
p-dioxins (PBDD) and polybrominated dibenzofurans (PBDF) as contaminants) (Stockholm
Convention Secretariat, 2004).

In our experiments by removing of non-metallic materials (primarily polymers, rubber, oil and dust),
from this types of waste, emissions of harmful compounds (PCB, PCDD/PCDF, etc.) in the
environment are significantly reduced.
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ABSTRACT

Bearing in mind that only small number of the landfills in Serbia are merely controlled dump sites and that good
waste management practice is not widely applied; some difficulties arise when collection of landfill gas (LFG) at
these landfills comes to the question. Regular LFG analysis on gas extraction wells was conducted for several
years at Novi Sad landfill and an idea of gas collection experiment formed. The idea was to connect gas
extraction wells with highest methane concentration to a single pipeline that would collect LFG from these wells
using a vacuum pump and to see what data can be obtained about concentration of LFG constituents and how the
system would behave at non sanitary conditions. The main goal of this paper is to present the problems that
occur with landfill gas collection at non sanitary landfills in Serbia and possibilities of its utilization.

Key words: Landfill, gas, collection, problems, utilization.

INTRODUCTION

Landfill gas (LFG) is a flammable and potentially harmful gaseous mixture consisting mostly of CH,
and CO, together with trace amounts of a number of volatile organic compounds (VOC).

Methane (CH,) is an important green house gas, with a global warming potential of 21-25 times
greater than carbon dioxide (Brasseur, 1998; He 1997). Methane emissions from landfills are
estimated to account for 3-19% of anthropogenic CH, on a global scale (US EPA 1994). The Kyoto
protocol defines the need to reduce imbalance between methane and carbon dioxide emissions, and the
White book of the European Union defines the policy for utilizing renewable energy sources. Methane
from landfills as an energy source became attractive partly in order to prevent atmospheric pollution,
and partly due to energy potential of methane. The policy of increasing proportion of renewable
energy sources in the overall energy production, as well as great dependence of energy imports in our
country, have oriented re searches towards possibilities for utilizing LFG.

Landfill gas is produced by bacterial decomposition, which occurs when organic waste is decomposed
by bacteria naturally present in the waste and in the soil used for landfill cover (Dunfield et al, 1993;
Fornes, 2003; Hanson et. al, 1996; Higgins et. al, 1981; Wise et. al, 2001). When deposited in a
landfill a proportion of biodegradable waste fraction will begin to degrade through biological and
chemical reactions. Waste components that contain significant biodegradable fractions are food,
garden waste, textiles, paper, and cardboard products. Bacteria decompose organic waste in four
phases, and the composition of the gas changes during each phase (Cheremisinoff, 2003).

Permanencies of methane generation rate and concentration level are crucial for determination of
landfill gas energy potential. For achieving optimum energy utilization, composition, and constancy of
land fill gas, the generation level represents the most important factors. However, there are many
factors affecting the composition and generation of land fill gas. The most important factors are
meteorological parameters (temperature, precipitation, atmospheric pressure, and air humidity), age
and type of waste, as well as the site management practice (Akesson, 1998; Mata-Alvarez, 2003).
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Meteorological parameters have great influence on the generation, composition, and migration of
landfill gas into landfill body. Decreases in atmospheric pressure are associated with increased
emissions of LFG and hence methane from landfills. Precipitation, snow cover and ice sheets at the
landfill surface may substantially influence on emission and composition of landfill gas (Meres et. al,
2004, Christophersen et. al, 2001). However, increased precipitation may result in enhanced
generation of CH,. Seasonal changes also affect on landfill gas generation.

LANDFILL GAS GENERATION PROCESS

Methane production is an anaerobic biological process. It occurs naturally in the gut of living
organisms, such as cows and humans, or on landfills in absence of oxygen. In MSW landfills organic
components start to undergo biochemical reactions after disposal. In the presence of atmospheric air
that is near the surface of the landfill, the natural organic compounds are oxidized aerobically, a
reaction that is similar to combustion because the products are carbon dioxide and water vapor.
However, the principal bioreaction in landfills is anaerobic digestion that takes place in three stages. In
the first, fermentative bacteria hydrolyze the complex organic matter into soluble molecules. In the
second, these molecules are converted by acid forming bacteria to simple organic acids, carbon
dioxide and hydrogen; the principal acids produced are acetic acid, propionic acid, butyric acid and
ethanol. Finally, in the third stage, methane is formed by methanogenic bacteria, either by breaking
down the acids to methane and carbon dioxide, or by reducing carbon dioxide with hydrogen (Schwart
R., et. al., 2005).

The process that produces methane is a naturally occurring process that can be managed, and is
compatible with nutrient recycling, waste treatment, and odor control at landfill site. Both temperature
and pH are critical to the production of methane. Methane only occurs in the absence of oxygen
(anaerobic atmosphere), but can occur between 4° C and 60° C. Gas production increases with
increasing temperature and anaerobic bacteria are most comfortable in a slightly alkaline environment
(pH 7.5-8.5) (Schwart R., et. al., 2005).

Methane produced in an anaerobic landfill conditions is similar to natural gas emerging from a gas
well. However, natural gas has a higher calorific value than pure methane because natural gas contains
other high energy hydrocarbons. Methane in the presence of oxygen is a highly combustible gas and it
can be burned in an internal combustion engine to turn an electricity generator or to heat water
(Schwart R., et. al., 2005).

Part of the methane generated in landfills can be captured and used as a renewable energy source. In
contrast, when methane is allowed to escape to the atmosphere, it has a global warming potential that
IPPC estimates to be 23 times greater than that of the same volume of carbon dioxide (Themelis J.N.,
Ulloa A.P., 2006).

The simplest utilization of landfill gas is burning it with flare, which represents better solution to
letting the gas go freely in the atmosphere.

NOVI SAD LANDFILL CHARACTERISTICS

The existing landfill is located 6 km north of the Novi Sad city centre. The distance from the nearest
residential settlements is around 700 m (Vujic, et. al., 2010).

Total area of land fill covers 56 ha of which area covered by waste is approximately 22 ha, with fill
depth of 2.5-15 m. Landfill has been operating almost 30 years and around 2.000.000 m® of municipal
and building-demolition waste have been deposited until now. Today landfill receives 360 tons of
waste per day, while 3.6 tons of recyclables per day is extracted within the waste separation unit
located at the landfill site. Remaining amount of waste is landfilled without any pretreatment. After
closure of this site, waste will be deposited at the new landfill site which is located near operating
landfill (Vujic, et. al., 2010).
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Landfill exploitation started on Field Illa (see figurel), and after closure of that field it continued on
Field I, Field 11, and Field Illb. During closure of Field I, Field Il, and Field Illa in 2001, waste was
covered with inert material. Also, leachate drainage and passive gas extraction system were installed
and collection tanks for leachate were built. These improvements have contributed to elimination of
odors, prevention of water courses pollution and reduced risk of explosion. During closure, installation
of gas extraction wells was also performed in order to enable migration of landfill gas into the
atmosphere and to prevent accumulation of methane in land fill body. The Field | has 29 gas extraction
wells installed, Field Il has 33, while Field Ill consists of two subfields Illa and Illb, with 43 gas
extraction wells. The wells are distributed across entire landfill body but most of them were placed
near land fill boundaries in order to prevent horizontal migration of landfill gas outside the landfill
body (Vujic, et. al., 2010).

Field Il
o e

s

. i <

Figure 1. Position and view of Novi Sad-l‘andfill (Vujic, et. al., 2010)

Installed passive system for landfill gas extraction, passive gas wells, operates on pressure difference
and gas diffusion from landfill body into the atmosphere (Gebert and Groengroeft, 2006). Adopted
standards for passive systems are ventilation openings “wells” which are made from perforated plastic
tubes wrapped with a layer of gravel (see also figure 2). Extraction well diameters are 0.5-1.0 m and
their depth varies 50-90% of the waste depth (Vujic et. alé, 2010).

0.5m
Figure 2. Gas extraction well scheme: (1) — existing garbage, (2) — gravel with granulation over
32mm, (3) — plastic perforated tube @160mm, (4) — protective insulation, (5) — concrete cover
a700mm, (6) — exhoust pipe, (7) — final layer of waste, (8) — foil, (9) — inert cover, (10) - humus
(Vujic, et. al., 2010)
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EXPERIMENTAL LFG COLLECTION SYSTEM

Concentration of methane in LFG at gas extraction wells at Novi Sad landfill had been monitored for
several years, especially in last 3 years, when, whole landfill area had been covered with wells. The
gas analysis was carried out four times per year (one analysis per season) and its results implied that
there are 14 wells with concentration of methane higher than 25%vol, of which 10 are located at Field
Ib.

Flgure 3, Connected gas extractlon wells and main pipeline

This field is most appropriate for building experimental LFG extraction pipeline as it is closed for
garbage disposal for 3 years and there are no machines working at it. Other than that, this field is the
only one that was recently closed hence the methane production is at its beginning phase. Having all
this in mind it was decided that Field I11b is the best option for conducting research.

Based on perennial landfill gas analysis which showed constant high concentration of methane gas at
several wells the decision was made to experiment with connecting these wells on a central pipeline,
to investigate their behavior and possibilities of LFG usage and its benefits at non sanitary landfills.
The idea behind this project is to learn how LFG collection would work on non sanitary landfills and
to use the collected gas for operating a flare, thus reducing the amount of methane gas released to the
atmosphere.

For purposes of this project a main pipeline had been constructed with 8 gas extraction wells, which
fulfilled certain criteria, connected to it (see figure 3). The main pipeline was then connected to the
side channel blower with frequency regulator (figure 4). The criteria for well selection were the
methane concentration and proximity to the pump station. Methane concentration at these wells ranges
from 15-53%vol depending on the well and time of the year (see table 1).

L
Figure 4. Side channel blower
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Table 1: Results of seasonal gas analysis at connected gas extraction wells

Concentration [%vol]

Well | August November December  April July November February July

2009. 2009. 2009. 2010. 2010. .2010. 2011. 2011.
S3-5 24,2 34,1 - 22,7 15,7 29,5 19,5 23,3
S3-6 50,5 30,4 30,2 28,6 25,5 47,1 29,3 25,6
S3-7 42,4 21,5 20,9 43,4 29,1 44,1 30,9 35
S3-13 46,3 34,1 33,1 59,6 21,1 59,8 42,5 34
S3-16 40,5 46 49,4 61,3 53,2 51,5 35,1 35,2
S3-20 40 58,7 59,8 60,9 52,7 58,1 53,8 47,8
S3-21 49,1 49,8 51,3 45,5 - 50,4 38,9 37,4
S3-22 46,5 - 62,9 59,5 25,7 39,9 27,8 24,2

When the pipeline was put into operation first measurements were taken and gas flow adjusted to
avoid excessive gas drainage and with it oxygen infiltration through the landfill surface. Methane
concentration at exhaust of the pump was measured at 35.5%vol with flow rate of 26m%h, but
unusually high concentration of oxygen emerged (7.6%vol). Later inspection of pipeline showed that
this was due to incorrectly built gas extraction wells (figure 5) and too high gas flow through the line.

Figure 5. On the left — incorrectly built well, on the right — correctly built gas well

Modifications to the wells were needed to correct the flaws in their construction. The action consisted
of putting a 110mm wide solid pipe, 3m long with two seal rings into the well. The diameters of the
seal rings are 159mm and 170mm. The purpose of the smaller seal ring is to reduce the amount of
oxygen pulled from the surface part of the perforated well pipe as it is placed 2.5m into the well and
purpose of the larger ring is to hold the smaller solid pipe from falling into the well (figure 6). All the
junctions at the wellheads were sealed with silicone to ensure there is no air infiltration at the pipeline
itself. This action showed little effect because of absence of valve at the wellhead which regulates gas
flow through the well and because there is no way of making a perfect seal at that depth.
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Larger seal
ring (170mm)

Figure 6. On the left — modifications done to the gas extraction wells; on the right — solid pipe drawn
into the well

After the modifications to the wells mentioned above and adjustment of the gas flow another set of gas
analysis were taken. As mentioned above the results of well modifications showed little effect,
methane concentration was unchanged, which was not so unusual, but the oxygen concentration was
unchanged also. Because of high oxygen concentration the only solution to remove its presence was to
further reduce the gas flow rate through the pipeline. When gas flow was reduced from 26 to 13m%h,
oxygen levels in the pipeline dropped to 3.4%vol which is an acceptable value for safely combustion
and methane concentration rose to 47%vol (figure 7).
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Figure 7. Methane, carbon dioxide and oxygen concentrations at different gas flow rates
CONCLUSIONS

This is the first project of this type in Republic of Serbia and this paper is representing operational and
managing problems occurring during project development. There are some modifications to the
pipeline that need to be done before the project is finished. To be more precise, a valve to each
wellhead needs to be installed in order to reduce the oxygen concetration.

The most important part of collecting landfill gas which this project showed is careful gas extraction.
The landfill processes are giving off methane at their own rate and it can be collected at that rate only.
Any excessive gas collection, especially at non sanitary landfills, will result in shutting down of
methanogenic processes and, as direct consequence, a drop in methane production. This happens
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because the oxygen from the surface is being pulled into the landfill body thus creating conditions for
aerobic waste decomposition.

After the modifications are placed and gas flow adjusted at each well it will be time to install a flare
that will combust the collected landfill gas.
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ABSTRACT

A surface arrangement of ecological bridges and used vegetation influenced their usage by animals. The proper
growth of vegetation is subject to suitable groundwater flow regime in the embankments. The paper describes
modelling of water flow with sample of simulation of influence of embankment height, surface arrangement and
vegetation on the distribution of the water content.

Key words: groundwater, green bridges, surface arrangement, vegetation.

INTRODUCTION

The construction of linear structures, which include motorways and highways, are established in
locations selected on the basis of long-term monitoring special ecological structures called ecological
bridges, see example on Figure. 1.

a)

Figure 1. Ecological bridge on highway D11 and motorway R35 in Czech Republic (a), (b), ecological
bridge (c) and ecological tunnel on highway D1 (d) in Slovak Republic and ecological bridge on
highway A4 (e) in Austria

These structures are classified with respect to the design load between buried structures. The human
population is trying using these structures to prevent irreversible changes that come with line
construction gives, among which can include damage to biological relationships, current movement
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restrictions on animals in the landscape, fragmentation of habitat leading to isolation of
subpopulations, as well as well as killing a large number of animal by traffic, with which is directly
related to protecting human health and reduce of material damage.

Design of structure system of ecological bridges depends on several factors such as the construction
time (Foglar et al., 2009) on the technology and materials (Foglar et al., 2010) and the structural
system (Péncik, 2010; Pénéik et al., 2010). Among the factors that affect functionality of these
structures, so their utility for migrating animals, include width, location relative to the linear structure,
surrounding environment, technical equipment, additional measures (fencing, trip arrangements, etc.).
and also arrangement of the surface.

INFLUENCE OF WATER REGIME ON VEGETATION

The arrangement of the surface of an ecological bridges and used vegetation influence usage of
animals. Embankments should be designed to allow growth of roots and trees vegetation. Proper
growth of vegetation is subject to a suitable water regime and water flow in embankments.

Surface humus layer should be covered with turf grass, the underlying compacted layer should be
permeable, and on the back face of the structure should be permeable layer of sand covering
impermeable insulation to prevent moisture penetration into the structure, as described in (Brnusak et
al., 2003). Water witch penetrates by the soil layers to the insulation surface must be drain off using
slopes outside the structure.

On Figure 2 is shown the surface of ecological bridges shown in Figure 1 with root and tree
vegetation. The proposed vegetation in these examples is appear from the surrounding vegetation and
landscape. It can be assumed that it will produce after its growing a perfect image of the natural
surrounding environment.

a)

Figure 2. Surface of ecological bridge on highway D11 and motorway R35 in Czech Republic (a), (b),
ecological bridge (c) and ecological tunnel on highway D1 (d) in Slovak Republic and ecological
bridge on highway A4 (e) in Austria
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FEA MODELLING OF GROUNDWATER REGIME

For solution of prediction of water movement in the embankments of green bridges, where in general
exists saturated/unsaturated porous environment, can be used two-dimensional FEA model. Principal
equation of flow in variably saturated soil environment, assuming incompressibility of water and
porous matrix, and neglecting the influence of air flow to water flow is a Richards' equation (1). This
is a general partial differential equation that arises by putting Darcy-Buckingham law into the equation
of continuity

ﬁﬁ(h,z}_ d8dh 0 dh
TRl i [""(h‘} {E+ 1” 2 W

where 4 is the humidity, h pressure head, z the height, t time, K hydraulic conductivity tensor, S
fall/source such as intensity of root extraction and Jél/ch retention curve. Fall/source member of S
represents the amount of water removed per unit time from per unit volume of soil due to water
extraction by plant roots.

To describe the hydraulic properties of the soil of unsaturated soil environment, i.e. the description of
dependencies between & humidity and h pressure head and between K hydraulic conductivity and h
pressure head can be used Brook-Corey functions, van Genuchten-Mualem functions or modified
Genuchten-Mualem funkce. The functions describing soil hydraulic properties of unsaturated soil
environment are included in the software Hydrus (Simidnek et al., 2006). For presented FEA
simulations was used van Genuchten-Mualem functions state in (Simtnek et al., 2006)

g, —8
6, +——— h<0
B(h)=4"" [1+ |ah|"]™
8 h=0

s

2 @
K(h) = K_S! [1 —(1- sj*’”")m]

m=1—1/n n>=1

van Genuchten-Mualem functions (2) contain six independent parameters: ¢ residual moisture, &
saturated humidity, K saturated hydraulic conductivity, n, « and | (I = 0.5) which are regression
coefficients. These parameters are determined from experimentally observed points of retention lines,
for each part of the soil environment (Bortlova, 2007).

The solution of general partial differential equations that describe the water movement in the soil, it is
necessary to describe the geometric area in which water is transferred, the initial distribution of
pressure heads in the soil profile, soil parameters and soil hydrophysical characteristics depending on
the function describing the hydraulic properties of soils of unsaturated soil environment, the initial
conditions for the system and the boundary conditions that determine the interaction between the
solution areas dealt with the surrounding environment.

To describe the boundary conditions is possible to use pressure head, i.e. Dirichlet boundary condition
or also prescribed flow, i.e. Neumann boundary condition. In addition to these conditions can be
considered as an atmospheric boundary condition that determines the conditions on the boundary of
the land surface and atmosphere in relation to the potential atmospheric conditions.

The solution of nonlinear partial differential equations (1) using the functions describing soil hydraulic
properties of unsaturated soil environment as (2) can be described moisture regime of ecological
bridges depending on the soils used, style of storage and compaction, the effect of sealing and
drainage layers in the embankment and influence the construction adaption which effects the retention
of water in the embankment body.
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CASE STUDY: INFLUENCE OF EMBANKMENT HEIGHT ON THE DISTRIBUTION OF
MOISTURE FIELDS

One of the critical points, which occur in the embankment of ecological bridges insight to the

distribution of moisture fields, is a place in the mid span that is in the top of the arch. At this point
embankment reaches a minimum thickness. At this point there is the watershed.

free dramage / atmospheric boundary condition

| . ke
6 m \ s fi m

\ zero velocity in the direction perpendicular to the
structure

Figure 3. FEA model for solution of case study of influence of embankment height on the distribution
of moisture fields

AN

The analysis model, see Figure 3, consists of the arch surface (geometry was taken from the ecological
bridge on highway D11 in Czech republic, Figure 1a) and parts of the surrounding soil at distance of
6 m from the axis of the arch on both sides. Height of soil at the top of the arch was chosen in 4
heights of 0.5 m, 1.0 m, 1.5 m and 2.0 m; the slope of a terrain was considered according to geodetical
measurement specified in project documentation. The simulations were considered for two typical
homogeneous soils that meet the requirements of water flow described by Richards equation (1)
without the occurrence of preferential flow - mould sand and sand-clay mould. The characteristics
describing the soil and hydraulic properties of soils are listed in Table 1.

Table 1: Hydraulic properties of soils

[

6 a n o Ks |

r S m
[-] [-] [1/cm] [-] [-] [cm/day] [-]
mould sand 0,057 041 0.124 228 0410 3502 05
sand-clay 0,01 0.39 0,059 1.48 0481 31.44 05
mould

In the ground surface is considered an atmospheric boundary condition, course of 6-hour precipitation
in the 14 days obtained from the CHMI (Figure 4). Total rainfall for this considered period is 164 mm.
The calculations are considered, that the surface of the ecological bridge is green or grassy and that
there is no evaporation from the surface. Consumption of water plant roots to a depth of 300 mm was
considered constant over time about the size of 3.0 mm/day.

In the part of a model, which represents the surface of the arch, has been defined the boundary
condition of zero velocity in the direction perpendicular to the structure surface. On model sides were
considered free drainage. Using this condition was model surrounding the soil, which has the same
properties as the hydraulic properties of soil at the calculation model.

The initial pressure and moisture conditions for soils are shown at t = 0 days (Figure 5 and 6). The
initial pressure ratios have a linear change in the height calculation model, the soil thickness 2.0 m is
considered on the upper surface pressure height 250 cm and the lowest point of the model was
considered the pressure height of 100 cm. The derived models were changed to pressure head on the
top surface so that the directive remained constant changes.
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Figure 4. Course of 6-hour precipitation in the 14 days

Overall, 64 simulations were performed, from which they were selected for further evaluation of the
above options structure calculation model. Apart from the results for the initial time t = 0 days were
selected times before and after significant rainfall, at timest=0/0.25/1.0/1.75/3.25/4.75/5.75 /
6.5/7.75/9.0/11.0/12.75/ 13.5 and 14.0 days. To render times were chosen 11.0 and 14.0 days
(Figure 7 to 10).

-250.001 220.102 208.204 -157.308 -186.407 -146.509 124811 -103.712 82814 61818 41017 20,118 0.061 0.070 0.079 0.088 0.087 0.106 0.115 0.124 0.134 0.143 0.152 0.161

| N I | I | || I 1 -

Frecaire Head - hpm], Mn=-250.00 |, Mas=20.118 Water Content - # E], MIn=0.061, Mas=0. 181

Figure 5. The initial pressure and moisture conditions at time t = 0 days for mould sand
(Notes: analysis model with embankment height 2.0 m)

-250.024 -220.785 -209.545 -189.307 -169.088 -148.820 -128.590 -108.351 $8.112 57873 47634 2739 0.179 0.191 0.202 0.213 0.224 0.235 0.245 0.268 0.260 0.280 0.201 0.302

---Ifl--:H:l--- I ——

Fre caure Head -hpm), Min=-250.024, Mas=.27.385 Watr Conent - ti[d, MIn=0.178, My i=0.302

Figure 6. The initial pressure and moisture conditions at time t = 0 days for sand-clay mould
(Notes: analysis model with embankment height 2.0 m)
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Figure 7. Soil moisture at time 11 day for Figure 8. Soil moisture at time 14 day for
different height of mould sand different height of mould sand
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Figure 9. Soil moisture at time 11 day for Figure 10. Soil moisture at time 14 day for
different height of sand-clay mould different height of sand-clay mould
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RESULTS AND DISCUSSION

At Figure 7 to 10 are shown soil moisture for two typical of homogeneous soil conditions, which meet
the conditions of water flow described by Richards equation without the occurrence of preferential
flow - mould sand and sand-clay mould. Total rainfall during the considered calculation was 164 mm.

By comparing the results it is possible to determine significant dependence of the distribution of
moisture fields on the type of soil respectively on their hydraulic characteristics.

Height of embankment in the top of the arch also has an influence on the distribution of moisture and
pressure fields. In the case of low-height of embankment model occurs the concentration of moisture
near the structure of ecological bridge, which could subsequently lead to preferential drainage along
the surface of the structure or along its waterproofing. The results are also influenced by the size of the
selected vegetation transpiration, considering plant roots to a depth of 300 mm. Depending on the type
of vegetation in the case of the lowest size of embankment root system could reach the structure of
ecological bridge and break structure waterproofing.

CONCLUSION

The arrangement of the surface of ecological bridges and used vegetation greatly influence his own
use by animals. Proper growth of vegetation is subject to a suitable water flow regime in
embankments, respectively type of soil that is used for embankment.

In the system "ecological bridge - soil" exist some critical points. One of these places is a place in the
mid span of arches that is in the top of the arch. At this point, reaches an embankment a minimum
thickness. The analysis of presented case study analyzed using HYDRUS shows the effect of
embankment height to the distribution of moisture. The results of simulations show that the height of
embankment has a great influence. Same conclusion applies to type of soil used in embankment.

During analyses was founded that for proper design of e embankments of ecological bridges in terms
of used soil types, their composition and heights are needed to get in addition to mechanical properties
of soil and also hydraulic characteristics optimally founded by in situ measurement. It is also
necessary in the analysis appear from in-situ observation of precipitation profiles identified in advance
before the actual construction of ecological bridges. Depending on the type of vegetation or on the
depth of the roots is then possible design height of soil layers and soil types with suites the local
situation and conditions.
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ABSTRACT

This work focuses on the SCADA control of the biological treatment of rural wastewater conducted in an aerated
lagoons treatment system. Application of SCADA (Supervisory Control And Data Acquisition) enables the
possibility to change the set points in remote controllers, and to conduct measuring and control simultaneously.
Hence, obtained results through the implemented dynamic supervision are presented graphically in correlation to
the main process parameters. Besides scientific value, obtained results from this work have also practical
significance in the area of process’ eco-engineering, which represents one of the main segments in the
sustainable development for cleaner and healthier environment.

Key words: SCADA, aerated lagoons, biological wastewater treatment

INTRODUCTION

)

Choosing the ‘‘Most Appropriate Technology’’ is not an easy task but it could reduce the risk of
future problems and failures. The two key issues in choosing a treatment technology are affordability
and appropriateness. Affordability relates to the economic conditions of the community while
appropriateness relates to the environmental and social conditions. The identification of adequate
wastewater management for small communities is a complex problem as it demands integration of
data from different sources, such as community needs, receiving environment, landscape, or available
and affordable wastewater treatment technologies (Massoud et al. 2008). In this sense, several WWTP
exploiting various technologies (Activated Sludge System, Aerated Lagoons, Trickling filter,
Constructed wetlands etc.) have been installed in the Republic of Macedonia with financial support of
the Austrian Government with special attention to the energy consumption per Population Equivalent
(P.E.), Fig.1., as well as the application of the SCADA System Fig 2-9., is discussed (Kuvendziev S.
2009).

Specific energy consumption in KWh per population equivalent (PE-
CODj) and year

I |

!
Activated Sludge J
System

Aerated lagoons O Actual Energy
Consumption

B Energy consumption
based on calculations of]

Trickling filter business plans

Constructed
wetlands

o
e
(aw]

20 30 40 50
KWh/PE-COD.a

Figure 1. Specific energy consumption of the conventional treatment technologies in Macedonia
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The process of aeration included in the biological stage of the aerated lagoons treatment technology
contributes the most to the total energy consumption. As this process dictates the treatment efficiency
through the nutrient removal efficiency, it is the aeration that is subjected to optimization in order to
establish economically sustainable treatment system in terms of energy consumption (Nowak O. et al.
1999). Properly optimized treatment technology is practically applicable and sustainable only by
introducing automatic regulation. In these particular cases, a SCADA system was implemented
through installation of a SESAME STEP software package.

SCADA (Supervisory Control And Data Acquisition) control

SESAME STEP is a software package for automation and supervision of small and medium-sized
water treatment plants (Coen F. et al. 1997; Kuvendziev S. 2009).
Three main functions are available to SESAME STEP users:
1. Controlling the installation, which includes :
— controlling local or remote equipment (pumping stations),
— displaying operating states and alarms,
— monitoring process variables in real-time,
2. Managing the station, where the following are available to the user :
— events time-stamped at source, maintenance reports,
— alarm, measurement and operating time archives,
— log analysis tools (Comparison of curves or trend diagrams),
— interface with specialized third-party programs,
3. Remote Supervision and Remote Maintenance of the process by means of :
— Pager system remote warning,
— Remote control of the system.

By implementation of the SESAME STEP application from the SCADA system, which provides
continuous computer control and regulation of the monitoring and the menagement of the process, a
complex automatic control on the entire process could be conducted, shown in Fig.2-4.

FXYZ Pump Station
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—~ v‘vl| = = From |
! View Horefield |
A |
IRRIGATION
RETIC
To
Green wunbaer o* Beres Running IR
itange - — —
E--vU:J“ . P _I "1',J Banve D ont C II-O * —"’U'I'-O '-u-lj Dasre X ent | l_"_‘f.”'";"“l

Figure 2. Operator’s interface
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Description Symbol Meaning
- Green arrow : The object is being selected : The
user can then access a Popup
/ window.
y
- Red exclamation At least one alarm is masked.
mark : '
]

- Red frame :

Summary alarm.

- Yellow frame :

Maintenance alarm.

- Red cross :

Communication fault. When this
occurs, other animations are
masked.

- Yellow triangle :

Abnormal operating mode.

- Circle drawn in the
triangle :

X
A
@

@

- Blue when the operating mode
is controlled by the system.
- Brown when in offline mode.
The circle disappears in automatic
operating mode.

- Character string :

XXXXXX

Contains the name of the object.

Figure 3. Symbols common to all objects controlled by the SESAME STEP

« A functional supervisory control level (Popup),
Atftributes are associated with each object, and the user can access these
characteristics via Popup windows after selecting the desired object. The

following icons are used to access these characteristics :

programming

for load shedding.

for operation.

Tabs Meaning PLC object Actuator object | Measurement
object
N | Supervisory Operating mode Switching to
control Up/down loading manual mode
the program Switching to auto
Up/downloading Entering setpoints
data
Time Time programming | Time programming | Time programming

for supervision.

counting, efc).

Maintenance PLC status Preventive Preventive
| Maintenance. maintenance maintenance
{MTBF on (MTBF on
threshold, threshold, timer,

elc).

| ®BE &

Alarms Alarm on Alarm on improper | Alarm on range,
modification of use, maintenance, | levels,
operating mode, etc. maintenance, etc.
maintenance, efc.

_— Y | Setting 1 Access to the PLC | Access to data Scaling and alarm
[— application data specific to the on thresholds
9—=1 actuator and load

shedding
management.

== N | Setting 2 Management of Access fo
[ PLC alarms. parameters of PID
4 _[2 type controllers.

S | Dynamic Electrical energy Measurement
trending contract. dynamic trending.
Y | Information Information about | Information about | Information about
@ the object (Status, | the object (Status, | the object (Status,
Q suppliers, etc). suppliers, etc). suppliers, etc)
Y | RTUSetUp SetUp of RTU
# (phone number)

Figure 4. Defining of Tabulators with-in the SESAME STEP Application
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RESULTS AND DISCUSSION

By application of SCADA control - supervisory control by dynamic surveillance is achieved in the
biological stage of the wastewater treatment in an aerated lagoons treatment plant, shown in Fig.5.

MUNICIPALITY KRIVOGASTANI
WASTEWATER TREATMENT PLANT

OXIDATION POND 1 OXIDATION POND 3
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INFLOW CHANNEL

Figure 5. Scheme of complex control board for SCADA control

In this sense, on — line measurments of various parameters ( Flowrate, pH and others) are performed
by the SCADA System, shown in Fig.6-9.
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Figure 6. Dynamic on-line flow rate measurement
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Figure 7. Control panel of pH value measurement
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Figure 8. On-line dynamic response for closed-loop configuration (for dissolved oxygen
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Figure 9. Control panel of Energy consumption rate measurement

On such a way, the system is enabling to conduct the whole proces all the time under the control with
the preadjusted parameters.

CONCLUSIONS

— SCADA controlled Aerated Lagoons wastewater treatment plant provides optimal rates of
treatment efficiency;

— The application of complex automatic control on the entire process has been performed by
implementation of the SESAME STEP application from the SCADA system, which provides
continuous computer control and regulation of the monitoring and the menagement of the
process;

— Economic sustainability and benefits from the application of SCADA control through the
SESAME STEP application.
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ABSTRACT

In this paper UV radiation intensity distribution in an open plan-parallel UV reactor was studied through an
arbitrary virtual horizontal plane in the water. Sources of UV radiations in this model are approximated as
infinite, cylindrical in shape and they are equidistantly distributed in a parallel horizontal plane above the water
surface. Intensity and flux radiation distribution, near bottom of the reactor, were analyzed both when reflection
of reactor bottom is zero, as well as when it is nonzero.

Keywords: UV reactor, plan-parallel design, water disinfection, water treatment.

INTRODUCTION

Plan parallel (PP) UV reactors were considered in the early stage of its development, [1-4], but later
on they were cast aside and mostly cylindrical reactors were analyzed. PP type of UV reactors have
advantages in some areas of application, i.e. for final water disinfection or for advanced oxidation
processes, such as wastewater or potable water due to their low investment price, simple construction,
easy maintenance, for they do not need quartz sleeves and pressurized vessels, as these are open
reactors, and there is no need to clean the quartz sleeves. Disadvantages, at the very first glance, are
that approximately one-half of UV energy is used for water treatment, while the remainder is wasted if
ceiling of the reactor is not enough reflective for UV radiation. Also the mathematical modeling is not
as simple as it is for cylindrical reactors. Those could be the possible reasons for leaving PP UV
reactors. According to our considerations, PP UV reactors could have similar UV energy efficiency,
and other advantages which will be demonstrated later in this paper.

THEORY

Typical plan parallel UV reactor is given in Fig. 1. In this paper, we will make the following
assumptions:

Al. Lamps will be approximated as the infinite-length sources. This is in accordance to the following
conclusion "For situations where the average intensity within the reactor is adequate to define kinetic
rates, there is no practical reason to use the more complex finite-length lamp model instead of the
infinite-length lamp model. In many cases, especially for reactors with large length to lamp radius
ratios and overall reactor radius to lamp radius ratios, the finite-length model can predict higher
average intensities than can the infinite length model" [5].
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A2. If reflection exists from the flat ceiling of the reactor then the lamps shadowing will be neglected.
Also, UV reactor sidewall reflection is neglected as well.

A3. Laminar water flow is accepted as the worst condition for intensity calculations.

A4. When considering bottom reflection we will calculate only the distribution of radiation intensity
(fluence rate) in the plane near the bottom of the reactor, for on the bottom of the reactor reaches the
smallest amount of UV radiation due to water absorption for laminar flow.

\ W \

Figure 1. Cross-section of an typical PP UV reactor; Hg, H,c, H.w and Hy, are the heights: of the
reactor, lamps from the ceiling, lamps from water surface, and water respectively; Wr is the reactor
width, C is an arbitrary point at the reactor bottom.

A5. In the plane, which is very close to the bottom that reflects UV radiation we can make rough
assumption that intensity will be sum of incident radiation and product of incident radiation and
reflection coefficient of the material from which the bottom is made of.

A6. UV radiation reflection from the ceiling will be treated, in the very first approximation, as a plane
source, in order to obtain rough analytical mathematical model that will include ceiling reflection.

A7. Consequently, surfaces of interest, for infinite length sources (according to Al.) in PP UV reactor
are horizontal (area Sy) and vertical (area Sy) surfaces that have total area S=2-(Sy+Sy), without
vertical surfaces that are orthogonal to the lamps’ axes.

If we would like to make a priori mathematical design of this rector, we are going to apply Modified
Divergence Theorem (MDT, in earlier literature known as Gauss-Ostrogradsky Theorem), described
previously [6]. After applying MDT to all reactor surfaces of interest (A7) one can obtain:

[ﬁCD-d§=ZN:5i,k , (01)

As we are interested in horizontal surfaces, and do not take into account neither influence to the side
parts of the reactor, nor reflections from them, then we can rewrite (01) for reactor bottom and ceiling
respectively in the following form:

N P - COS g; n- P N T.
O, — ik Bik _ 0 . Bi k COS Vg = v +COS Vi i (02)
B ; 5.0 2 7L ; Re, Bi k Bk Bi k
N P, -COSyg nB T
O = ik Cik _ o ., Gk .cosy., =¥, -COSY. : 03
K IZZI: SCi,k 2-m-L, ,Z:l: RCi,k Tk o ek )
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where Pjk is power of i-th lamp that reaches k-th point (line) on a horizontal surface, @ and @ are
fluxes (in this paper we define flux to be power per unit area multiplied by the cosine of incident
angle) at bottom and ceiling surfaces respectively. ¥ is adequate radiation intensity at analyzed
surfaces (here we define radiation intensity as flux divided by the cosine of incident angle).
Sik=2-mLeRi is surface area at point (line) k, from i-th lamp (of N lamps), and R; is radial distance
from i-th source axes line to the k-th point on the appropriate surface.

Pix :77'|30’Ti,k' (04)

T =exp(=a, - Vi —ay - Wiy ) =exp(—a,, - W, ), (05)

where Py is the initial power of every lamp, and T;, transmission coefficient between i-th source
and k-th line, and Pi is power vector from i-th lamp to point k, and yix, wix are UV radiation
paths through air and water respectively. Absorption coefficients through air and water are denoted
as: ap and oy respectively. As oy >>> a,, then approximation (05) is satisfied.

N=1-1k 1 T, (06)
Te = [1_ RFl] ' (07)

where 7 is coefficient of losses, including 7, lamp ageing factor, 7y power transmission factor from
the lamp to the fluid (as described by [5], 7 voltage line factor, which could have great influence to
lamp operation. Tg is Fresnell’s transmission coefficient on air-water interfaces. Re is reflection
coefficient (according to [7]) and aa, aw are air and water absorption factors respectively for air and
water layer depth between source envelope and a point in the reactor. Intensity distribution near the
bottom and the ceiling of the reactor can be derived from (02) and (03):

- P n-R o i
Wo=2 3 =2‘ﬂ_°Le-ZR , (08)
i=1 “Bik i=1 " Bik
N P . P N T
ik 17 Cik
‘PCk:ZS _2%_0 DIt (09)
i=1 ~Cik i=1 TXCik
Wepe =1+ ) Vo + o - Tey - Weaa - €XP(—cyy - Hy ), where (10)
l K
Ve, = E'Z\Pck , (11)
k
L= Lm’z , Fresnel coefficient for plane wave normal incidence; (12)
(ny+ny,

exp(-aw-Hw) transmission loses through the water, for normal plane wave incidence.

Yooo 1S UV radiation distribution near the bottom of the reactor that comes from: direct radiation
(08) plus bottom reflection (having average effective reflection coefficient p; ) and average radiation
that reaches to and reflects from the ceiling (average effective reflection coefficient p. ) (11) [average

value from (09)], treated as plane wave.
Wonek =@+ Pg) - Vo + ¢ - Ty - Py -EXP(—cgy - Wy, ), Where (13)
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Yamck IS radiation intensity in thin film of water near bottom where intensity radiation distribution at
the ceiling ¢ is directly transmitted, after reflection with reflection coefficient poc, as plane wave to
the water surface without losses. As in (10), this approximation is rough approximation too, but could
give us rough picture about radiation intensity in any water layer from surface to the bottom. Tr is
given by (07) and exp(-awWac) is transmission losses through the water, for arbitrary angle of
incidence, where wyy is radiation path through the water.

K
Woen = -Z‘PBMCk , is average value of (13), (14)
k

1
K

Appropriate dose D that is delivered to the water is the product of corresponding radiation intensity ¥
and retention time Tg:

D=¥.T,, (15)

Ly W-H

Ty W where: (16)

F
Lr=L. is reactor length, Wr is reactor width and Qg is fluid flow rate.
FINDINGS (RESULTS)

Now we can apply previous results to a reactor that is to treat potable water, having laminar flow (the
worst condition). Water absorbance is ay=0.04/cm. Eleven (N=11) low-pressure UV lamps are
equidistantly distributed over water surface, in horizontal plane: a) starting 30 cm from the reactor
edge (Fig. 2), b) starting 0 cm from the reactor edge (Fig. 3). Vertical lamp disposition is H c=5 cm,
How=15 cm, Hyw=25 cm. UV initial lamp power is Pp=26 W, and outside radius r,=13 mm.
Length of the reactor Lg is chosen to be the same as length of the UV lamp arc Le=111 cm
(i.e. effective length Le=Lg). Reactor has the width Wgr=3.6 m. Refracting indices for air and
water (at 254 nm) are n,=1, ny=1,376. Parameters for » are 5,=0.8, #t=0.994 for L./(r,)=85,
(according to Suidan and Severin, 1986), n,=1. Reflection of ceiling is pc=0.7, and reflection of the
reactor bottom is pg=0.4. If we would like to determine intensity distribution on the reactor bottom for
laminar water flow (the worst condition), we should apply relations (03)-(07). Results of analysis are
given in Fig. 2 and Fig. 3. At the very first glance it is seen that high reflection of the ceiling could
have high contribution to overall dose effect. Intensity is higher when the first and the last lamps are
shifted 30 cm from the edge of the reactor (reactor A, and another is reactor B). One part of that
conclusion comes from the assumption which neglects the side wall reflection. But in both cases it is
obvious that it is better to have water flow in transverse rather then in the longitudinal direction in
relation to the position of the lamps, for then we have averaging or integrating function in relation to
the intensity and the dose. Calculating average dose for laminar flow for water thin film near the
bottom at the exit of both analyzing lamps disposition over the reactor we obtain results that confirm
the previous conclusion: Dpy~49 ml/cm® and Dgx33 mil/cm?, for flow rate of 60 m%s and given
parameters of water and reactor. From obtained results from Figs. 1 and 2 one can see that results
given by plot G3, even under the unreal assumption of mirror reflection from the ceiling, give us more
reliable results (i.e. estimates) for intensity distribution than plane-wave approximation that gives us
non realistic results.

In the years 2001 and 2002 we designed, built and installed two PP UV reactors for a bottling factory
having a capacity of 30 liters per second each. These facilities had to meet two tasks. The first one was
to apply AOP (interaction UV+H,0,) in order to oxidize existing Ferro bicarbonate in the water to
ferry-hydroxide before sand filters. The second task was to disinfect water prior to entering the sand
filters, for sand filters are breeders for bacteria coming from water wells. Both tasks were successfully
achieved, although before that project commenced we only knew that this was theoretically possible.
One PP UV reactor was installed over existing closed aeration basin with 48 lamps with initial power
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17 W at 254 nm, and another, with 33 lamps with initial power 26 W over a new basin. In both
reactors water depth was varied between 15 c¢cm and 30 cm to obtain the best results. Water
transmittance per 1 cm depth was about 0.87-0.90, because of relatively high concentration of ferrous
ions (3-5 mg per liter). Hydrogen peroxide (H,O,) was added into water in small quantities one drop
per second.
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Figure 2. Radiation intensity distributions near the bottom of the reactor in various cases, when UV
lamps are equidistantly placed a) starting at 30 cm from the reactor edge; G 1 includes bottom
reflection (pg) and reflection from the ceiling (oc) in plane wave approximation; G 2 is only reflection
from the ceiling in plane wave approximation; G 3 includes bottom and ceiling mirror plane wave
reflection; G 4 is average of G 3; G 5 includes only direct lamp radiation and bottom reflection.
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DISCUSSION

Results from this paper are combination of exact calculations for direct radiation and very rough
calculation model for reflecting radiation, especially for the influence of the ceiling. Obtained results
lead us consequently to optimizations that are necessary to apply, in order to obtain maximum dose for
the same energy input. Optimization in this case should be multilateral involving careful selection of
materials for the reactor, choices of reactor geometry and selection of appropriate water quality.

CONCLUSIONS AND IMPLICATIONS

From previous results and practical experience the authors have seen that open PP UV reactors are
capable of having wide application in water treatments where contact with water should be avoided,
especially because of water content. Additionally, they are cheap and do not require high technology,
and over all operator can modify either manually or automatically (if constructed for that purposes)
water depth, lamps vertical and horizontal disposition. Also, it is possible to change the number of
lamps and their type and enable a variety of experimental work at the facility. All of this is not
possible when fixed geometry exists, and then influence to the output dose is possible only by
changing water flow through the reactor. Optimization of PP UV reactors represents a very interesting
area of investigation aimed application. Another very interesting field of investigation should be even
the rough model (at the beginning) of reflection and its influence to intensity distribution and overall
dose in PP reactors as well as use of a variety of other geometries.
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SLAUGHTERHOUSE’S BLOOD
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ABSTRACT

Private slaughterhouses establishments in Bulgaria resulted in increasing the sources of surface waters polluted
with waste animal’s blood. It is emitted with the wastewater of different types. The aim of the paper is to set the
influence of the blood pollution upon the bioindicators in the water of the river of Danube and the river of
Rusenski Lom. For solving the problem modeling method is applied. Analyses of the main parameters with and
without pollution were made. The following characteristics were investigated first: amount of the dissolved
oxygen, pH, transparency, chemical oxygen demand and total nitrogen changes of drink water, used in
slaughterhouse manufacture, wastewaters from different slaughterhouse’s processes and river waters. Drink and
river waters were artificially polluted adding some blood. The changes in waste water characteristics were
defined. It was used as a medium to define the risk for the fish. As a bioindicators were used 10-14 grams
weighted carp fishes. The mortality in different blood concentrations and exposures in the waste river water was
defined. The risk is evaluated and an assessment was given for the criticality of the pollution.

Keywords: river water, animal’s blood, pollution.

The slaughterhouse’s blood is a specific pollutant of the waters. It contains a variety of the main
biogenetic substances — proteins, fats, carbohydrates. After getting into the water they results rot
processes with the influence of the micro flora. The environment gets anaerobic and the amount of the
dissolved oxygen is reduced. The water pH, transparency are changed, ammonia and hydrogen
sulphide are emitted, influencing the flora and fauna [3].

The aim of the investigation is to define the risk of river water pollution with animal’s blood.
The main purposes of the investigations are:

— the influence of the blood upon some main water quality characteristics - amount of the
dissolved oxygen, pH, transparency, chemical oxygen demand and total nitrogen, using
for total protein calculation;

— risk assessment for bio-objects;

For the needs of the investigations was used fresh obtained animals blood from cattle. It was added to
drink and river water with preliminary defined quality characteristics.
It was investigated the change of:

— amount of the dissolved oxygen:

It was added an animals blood to the drink water It quantity was between 0 and 60 g/l with a step of 2
g. The concentration of the dissolved oxygen was measured on every blood concentration increment.
For the dissolved oxygen’s concentration monitoring an oximeter OXI 91-WTW was used. The
environment was continuously mixed with a laboratory homogenizer. The interval of the dissolved
oxygen changes was between 0 and 99 % intensity or between O and 50 in mg/l. The error in
percentage when measure was less than 1 %, and less than 0,1 mg/l when measurement is in mg/I.
Permissible value of the dissolved oxygen is 4 mg/l for 1l category water intakes, used for fish-farms,
water sports, culture needs, drinking pools and etc. [1]

— pH of the water:

A potentiometric method was used.
Permissible value for pH is 6,0-8,5 for Il category water intakes [1].
— water transparency when adding the blood:
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For transparency measurement the method of Snellen’s standard font reading is applied. And the
homonymous device is used.

— chemical oxigen demand — COD:
The bichromate method was applied for the measurements. In a sulphur-acid environment, potassium
bichromate oxidizes reduction components in the water. The excess of potassium bichromate titrates
with a solution of Mohr’s salt with known consternation with indicator of feroine. As a catalyst
AQg,SO, is used.

The permissible value of COD is 70 mg/I [1].

— Total nitrogen concentration:

The Keldal method is applied. It consists of wet burning of nitrogen-containing products with
concentrated sulphuric acid in high temperature with catalyst inserted until receive carbon dioxide,
water, ammonia, that transforms in presence of sulphuric acid into ammonia sulphate. Ammonia
sulphate, upon the influence of sodium base emits ammonia, able to catch in a determinate volume of
sulphuric acid with known concentration, taken in excess and successive titration of the excessive acid
with base.

All the experiments are held on with triple repeat with using different water sample in each
experiment. The samples of drink water were taken from the quarter of “Vazrajdane”, the samples
from the river of Rusenski Lom — from its outflow, and the samples of the Danube River’s water —
from the shipyard east.

c, 10
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1
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M, g/l

Figure 1. Dissolved oxygen change — C depending of
the blood concentrations M: 1 — drink water; 2 —
water from the river of Rusenski Lom; 3 — water from
the Danube river

The criticality is assessed using:
a) permissible values of the water parameters;
0) bio indicator’s mortality.

For each experiment as bio indicators were used 60 numbers of 10-14 grams weighted carp fishes.

For correlation influence of two controllable factors upon the dissolved oxygen were planned and held
experiments with alteration of the concentration of added blood — M and temperature — T of the
environment on 3 levels -10, 20, 30°C and the alkalinity of the environment pH, accordingly — 6, 7 and
8.

The determination of the criticality, using bio-indicators was held with the extent of the pollution of
the water with blood and the exposure of the indicator influenced definition. For assessment of the
pollution result the mortality frequency of the indicators was calculated. The planned experiment B2
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was used [2]. The rest indexes were controlled — total nitrogen, COD, pH and temperature. The blood
pollution and exposure were altered on 3 levels.

When the water is polluted with slaughterhouse blood the dissolved oxygen decreases linearly (fig.1).
For the experiment’s results approximation the software SPSS was used. Using it the following
regression models of the dissolved oxygen — C, were obtained:

C=7,35-0,1174M-for drinking water;

C=7,84-0,1022M- for the water from river of Rusenski Lom; @
C=8,85-0,2401M-for the water from the Danube River,

where M is the blood concentration in the water, g/l.
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Figure 2. Dependencies of the transparency S (a) Figure 3. Dependencies of the total nitrogen NS (a)
and pH (b) from the blood concentration M: 1 — and COD (b) from the blood concentration M: 1 —
drink water; 2 — water from the river of Rusenski drink water; 2 — water from the river of Rusenski
Lom; 3 — water from the Danube river Lom; 3 — water from the Danube river

Increasing the blood concentration decreases the water transparency S more than 10 times (fig.2a). It
affects the light penetration and influences negative upon the biological results and photosynthesis.

Fig. 2b presents the pH change. From the initial value of 6,5-6,9 it grows up to 7,5-7,8. In spite of this
it remains in the permissible values for the second category waters. When pH is above 7,0 the
ammonia cations are transformed into ammonia, strongly dangerous for the fish.

Fig. 3a presents the tendencies of total nitrogen alteration. It is shown that the total nitrogen in the
water alters almost proportionally with increasing the blood added.
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The chemical oxygen demand increases from 18 mg/l when blood is 2 g/l up to more than 87 mg/I
when the blood concentration is 38 g/l in the water from the river of Danube.

Using SPSS some regression models for the rest water parameters alteration were obtained:

a) drinking water:

$=66,2635-5,4380M+0,1653M?-0,0017M>; 2)
pH=6,6626+0,1214M-0,0045M?+5,8.10°M>;

NS=0,0110M°%*%;

COD=26,2095+1,1507M-0,0190M?+0,0042M>;

b) water from the river of Rusenski Lom:
$=33,1235-3,3672M+0,2561M?-0,0052M°; (3)
pH=6,8933+0,16743M-0,0023M?+2,4.10°M?;

NS=0,0293M°*%%;

COD=21,5277+1,2451M-0,02406M?*+0,002 1M?;

c) water from the Danube River:

$=28,9122-8,4255M+0,3252M>-0,0026 M?; (4)
pH=6,4677+0,1542M-0,0053M?+3,3.10°M>;

NS=0,0561M"%;

COD=18,3892+1,0836M-0,00773M?*+0,0032M>,

An investigation was held to establish the influence of the alteration of the initial pH of the water
samples and the blood ability to combine with the dissolved oxygen. The dissolved oxygen in different
pH with constant initial value was defined. With alkalinity increase, the amount of the dissolved
oxygen decreasing upon the permissible value begins at lower blood concentration in the water.

Two-factorial experiments were made.

The blood concentration M was a controllable factor in both the experiments. It was altered on 3 levels
10, 25 and 40 mg/I. During the first experiment the water temperature was altered from 10 °C up to 30
°C with a step of 10 °C. The alkaline reaction during the second experiment was altered from 6 to 8
with a step of 1. The experiments were made under plan B2. After results processing with software for
multifactor regression analyses, the following models for the content of the dissolved oxygen C were
obtained:

a) Drinking water:
C=3,10072-2,40239M-0,23320T+0,47500MT+0,09316M?+0,09316T?; (5)
C=3,40082-2,56352M-0,72118pH+0,08687M*+0,33679pH?;

b) water from the river of Rusenski Lom:
C=2,2783-1,2286M-0,1782T+0,5723MT-+0,0988M?+0,09637T*; (6)
C=3,0275-2,0327M-0,5372pH+0,0628M?+0,36377pH?;

c) water from the Danube river:
C=2,1722-1,0183M-0,3027T+0,5273MT+0,09103M*+0,0830T?; @)
C=3,2677-2,2291M-0,6726pH~+0,0572M?*+0,3018pH>.

For boundaries alterations of the controlling factors when testing, using bio-indicators of the
criticality it was investigated the influence of the exposure time - Ty, The experiments were held with
constant controllable factors — total nitrogen NS=0,07-0,09%, COD=45-66mg/l, pH=7 and T=20°C.
The time Tv of exposure upon the chosen bio-indicators was altered from 0,5 to 4h. The water was
polluted on 3 levels: M=28 g/l (C=3,4 mg/l); M=36 g/l (C=2,6 mg/l); M=44 g/l (C=1,7 mg/l). The
results of the mortality alteration Pmort of the bio-indicators is illustrated on fig.4.
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Figure 4. Frequency change - Prompt of the bioindicator’s mortality in water polluted with animal’s
blood: —— - M=28g/l; - - - - - - M=36g/l; —-—-—- M=44g/l; *, O, ¢ - river of Runski Lom;
0, , +-drink water; X, —, A — Danube river

Based on these results it was planned two factor experiment with alteration of the pollution on the
same levels. The exposure was also changed on three levels-0,5; 2 and 3h. The total nitrogen, COD,
pH and T was held in the boundaries shown above.

The data from the experiments processed using the software for multifactor regression analyses and
the following models of the criticality of the blood pollution were received:

a) drinking water:
Pmort(M,Tv)=0,828695-0,083582M+0,530554Tv-0,011458MTv+0,001854M*+0,000517Tv?,  (8)

b) water from the river of Rusenski Lom:
Pmort(M, Tv)=0,87824-0,07583M+0,463772Tv-0,027182MTv+0,0015266M*+0,000326 TV*; 9)

c¢) water from the Danube River:
Pmort(M, Tv)=0,872882-0,06271M+0,58392Tv-0,016277MTv+0,003522M>+0,000426 TV’ (10)

As a result from the experiments the following conclusions were made:

— A linear dependency (1) of the amount of dissolved oxygen in river waters, polluted with
blood is acquired. When the pollution is increased from 2 to 60g/l the amount of dissolved
oxygen is reduced from 6,8-7,6mg/l to 0,4-0,8mg/I.

— The river water transparency depends hardly from the pollution and for the investigated
interval it was reduced more than 10-15 times.

— The active reaction was also changed but retains in the permissible boundaries.

— The total nitrogen increased more than 5-8 times, but still remains in the permissible values;

— The chemical oxygen demand also was increased, remaining in the permissible values;

— Some regression models of the investigated water quality parameters were obtained —curves
2)-(7);

— To establish the extent of criticality of the water pollution with slaughterhouse blood the
dependency — formulas (8)-(10) of the bio-indicator’s 10-14 grams weighted carp fishes
mortality is defined, using exposure and the concentration of the blood in water. It is
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applicable for danger effects prediction and gives new information for the common influence
of two main factors.

The presented results and those received in our older investigations [3], are data base for a future
extensive experimental investigation with different samples of water, in different seasons, extent of
pollution with chemical agents, different bio-indicators and conditions. They allow defining the
appropriate circumstances for stock water intakes with fish, which has an economical importance.
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ABSTRACT

This paper presents the research of complex relationship between water, soil and vegetation. Among other
factors, forest ecosystem plays mediating role between rainfall and water runoff. Regarding their mediation
capability, different forest types and their soils are more or less hydrologically relevant. Therefore, in terms of
hydrology, beech plant communities stand out as the most important type of vegetation since they secure high
quality water supplies in hilly-mountainous areas.

Key words: forest, water, water yield, forest soil, ecosystem, water runoff.

INTRODUCTION

Water resources are the most appreciated component of the biosphere and important physical and
geographical environmental element on Earth. Beside the fact that the first forms of life evolved in
water and are mostly made up of water, strategically, water presents and very important raw material.
Industrial production growth in the world is increasing every year following a large-scale population
growth on the planet. Water demands have been multiplied especially in the agricultural sector. Water
usage has reached a figure of over 5.130 km® per year, where the largest part (69%) belongs to
agriculture, 23% to industry and 8% to households (Hanneberg, 1993).

High atmosphere temperature and the reduction of rainfall induced by current climate changes
increased water consumption and therefore made the problem of water shortage even more serious.
There is also a growing problem of surface and groundwater pollution which, in addition to the
abovementioned, creates general picture of the world's available water supplies and therefore indicates
global deficit of this essential resource. According to certain authors such as VelaSevi¢ et al., 2002,
“water stress” is to be expected in the upcoming decades of this century.

AVAILABLE WATER SUPPLIES

An area is considered to have a self-sufficient water supply if it is able to provide annually around
3.000 m® per capita, out of which approximately 50% is for consumption and 50% covers biological
minimum in hydrographic network (Pordevi¢, 1993). The total of available water supplies in the
territory of Serbia is about 5.671 m* s™ or 178.662-10° m®, out of which 91% belong to transit water,
and only 9% to its own water.

In the territory of Serbia, the supplies of indigenous water or its own water are very modest and their
specific runoff of 5,7 1-s*-km™ provides annually only 1.500 m® per capita. Therefore, in terms of
water, Serbia is classified as one of the poorest countries in Europe. Considering the fact that
indigenous water supplies in Serbia are not sufficient to satisfy growing water demands, it is necessary
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to use transit water which is usually of a lower quality. However, it is even less favorable that low
water quality cannot be directly affected.

FOREST WATER RESOURCES

Forest vegetation plays very important role in mediation between rainfall and water runoff during
ground phase of water cycle in nature. On spatial-ecological unit, catchment, complex processes of
water mass exchange take place and the incoming rainfall is distributed in space and time. The
hydrographic network consists of one portion of rainfall that returns to the atmosphere through
complex process of evapotranspiration, one portion that goes into soil water supply, one that becomes
part of living organisms cells, and one portion that forms runoff (partly forming surface and
subsurface runoffs and partly forming underground aquifers). In addition to hydro-geological and
other catchment features, the relationship water-soil-plants has positive effect on retention and water
runoff since it reduces harmful surface runoff and increases useful subsurface runoff. The physical
characteristics of soil, in terms of water and air, humus content and quality and the presence of the
layer of fallen dry leaves contribute to favorable infiltration characteristics of (structural) forest soils
which are therefore the best runoff regulators and reservoirs of significant high quality water supplies.
In addition to favorable hydrological characteristics, forests and forest soils are also a natural filter for
(mechanical, chemical and biological) water purification which is a very complex process that takes
place as atmospheric water passes through the forest ecosystem.

Therefore, the forest areas in Serbia, which are primarily in hilly-mountainous areas, with high rate of
forest coverage (over 27%) and low population density still have pure water supplies and represent
natural reservoirs of significant high quality water resources.

r' Nadui * o

s _’! .| " wf'ﬂ,.a’." ;[‘;

Figure 1: Water and Beech Forest Ecosystem
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The estimation of average water quantities that can be expected from certain types of forests in
Serbia’s hilly-mountainous regions are presented in Table 1 (Leti¢ et al., 1995; Leti¢, 1998; etc.). The
table includes basic spatial distribution of forest types by altitude zones above 200 m. In addition to
data regarding area and average rainfall per given altitude for mentioned forest types, the analysis
presents experimentally measured coefficients for certain forest ecosystems.

Table 1: The estimation of total runoff from hilly-mountainous forest region of Serbia

Area Altitude | Average rainfall | Runoff coef. Runoff (W)
Forests

ha-m* m mm cm my - 107
oak, oak-beech and OTL 1.150 200-600 717 0,27 2.226,3
beech, beech-oak,
beech- hornbeam and OTL 925 600-800 825 0,37 2.823,6
beech-fir-spruce 80 800-1400 969 0,36 279,1
spruce and other conifers 110 >1400 1.077 0,27 320,0
total 2.265 5.649,0

Source: Leti¢ et al., 1995

The analysis of expected water quantities from forest ecosystems points out that the beech forest zone
is expected to provide the largest quantities of water. The expected yield from homogeneous beech
forests is around 3.000-10° m*y™' or 55% of total water quantity from forest areas in Serbia that is
estimated to be 5.649-10° m® per year ( Leti¢ et al., 1995). If stands also contain beech are calculated
in the estimation, this percentage increases to significant 85%. The analysis points out that beech is
hydrologically most significant species since it creates life structure with characteristics that are
optimal for useful water yield i.e. improved high-quality water.

CONCLUDING REMARKS

Having regard to pervious analysis on estimation of water yield from forest ecosystems of hilly-
mountainous area in Serbia, the following conclusions can be made:

- It is estimated that available water supplies from forest areas range from 5.000-10°- 6.000 -10°
m?'y'. This amount of useful water can be increased by appropriate useful water yield-
increasing management measures (forest management planning is also a "water management"
in forest areas);

- In terms of hydrology, beech is the most favorable species since it creates optimal conditions
(spongy structure and deep soil) for maximum rainfall infiltration and the accumulation of
significant water quantities, or, in other words, it creates the optimal conditions for slow
water discharge from springs;

- Favorable soil characteristics in terms of water and air, humus content and quality and the
presence of the great layer of fallen dry leaves point out forest soils as the best natural filters.
Water obtained from forest ecosystems especially from beech forests, represent the highest
quality drinking water, suitable for improvement of industrial conditioned water.

Therefore, the natural reservoirs of significant high-quality water quantities are located in hilly-
mountainous regions of Serbia and their use is conditioned by special forest management method.
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ABSTRACT

Using new electromagnetic method, a hydro-geological and geo-chemical prospect has been done, in order to
spread the water source of Laktasi water supply. Sites with the best filtrating characteristics have been defined
by horizontal prospect while using the vertical prospection lithologic units of soil saturated with water have been
specified as well as the content of pollution until the depth of 100 meters.

Key words: ground water, new method RADIJAN-2001SF.

INTRODUCTION

During the first phase of hydro-geological researches, applying electromagnetic geophysical method
by RADIJAN-2001SF apparatus, geometric characteristics of soil levels saturated with water were
defined by the depth of 100 meters (humber, way of spreading, thickness of levels) as well as the level
of pollution of various polluters.

The final goal of this research is to define the conditions that cause accumulation of the ground water,
of such chemical content that is suitable for the creation of the new water source for water supply and
spreading existing exploitable capacity of JKP "BUDUCNOST* in Laktasi.

METHODS

In Laktasi, at the water source for water supply, a new electromagnetic method of geo-chemical
prospect has been applied, RADIJAN-2001SF, invented by Zvonimir Jankovi¢. Emitter of low
frequent electromagnetic waves with the regulator of emitting ray is used by directing the emitting
arrow which irradiates emitting beam in wanted direction, while with the beam regulator we can adjust
the size of the beam in order to discover the subject i.e. chemical element. The author set the
frequencies of the all chemical elements in Mendeleyev system as well as of the substances defined as
the most often polluters of the ground water and soil. The low frequent field (from 2 to 20 Hz) can
discover the profile of ore deposit or underground infrastructure, which can be applied in mining,
archeology, in search for missing people during the natural catastrophes, but in ecology as well: in
discovering the damaged underground objects containing dangerous substances, which can pollute
environment, wild trash heaps, cattle graveyards etc. The range of detection with this instrument can
reach until 3 km in both horizontal and vertical prospects.

At several water sources for water supply in Laktasi, littoral content, the degree of saturation in soil
level containing water, direction of the greatest ground water filtration and polluters were qualitatively
defined.
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THE RESULTS TAKEN OUT OF GEOPHYSICAL RESEARCHES

To set the priority of research at the water sources, during the first phase the vertical and horizontal
prospect have been made with RADIJAN-2001SF instrument, at five sites determined by the
representative from JKP ,,Buducnost” — Laktasi (see also Figure 1).
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Figure 1. Location of exploration with the new method RADIJAN-2001SF for water supply system in
Laktasi Legend: 1-current spring—way to Mahovljane, 2-location of ,, Sljivik*, 3—old spring that is
periodically activated, 4—future spring Maglajani.

Location at the water supply Laktasi: Using horizontal hydro-geological prospect, the dominant
direction of underground water’s flow has been set, in southeast part of the protected area, because
other two directions have been used for the exploitation with the existing wells. The analyzed area is
approximately 160 ha. Using vertical prospect until the depth of 135 m, three pebbly-sandy like layers
partially containing water were defined at measuring point MT1, with the frequency set on the
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accumulated underground water of 60 Hz in the first and the third layer, while in the second one is 40
Hz. Polluters or dangerous substances have not been found.

MT-1 Lp! Lp2 Lp-s  MT2 Lp-a

s

YELLOW SAND
I GREYCLAY (UMA)

B RoOcK

Figure 2. Extension of the water supply Laktasi with the location points MT1, MT?2 and lithologic
profile

Location No. 1: (MT1 and MT2, see also Figure 1, 2) it is found in the extent of the existing water
source, towards north, i.e. Mahovljani brook. By vertical hydro-geological and geo-chemical prospect
until 140 meters, five pebbly-sandy intervals were found which thickness vary from 2 m to 4 m, while
the intervals saturated with water are even smaller. It is assumed that the years of intensive
exploitation have caused pouring of ground water from all pebbly-sandy layers and lenses in alluvial
sediments in the wider zone of the water source. This assumption should be confirmed by setting the
experimental well.

Considering the polluters, (the natural content as the consequence of geological content and regional
geo-stratographic conditions) non-convenient ions in the soil, there are manganese with 5 units at the
depth of 53-55 meters and sulfur with 10 units at the depth of 14-16 meters. Starting from the surface,
the littoral profile contains the next ingredients: potter’s clay/argil and the sandy clay until 9.4 m, then
the first layer containing water in the interval from 9.4 m to 11.1 m, homogeneous clay and sandy clay
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till 22 m, the second sandy layer containing underground water till 23.4 m, clay till 35.4 m, the third
sandy layer from 35.4 to 37.3 m, and the gray clay till 50 m. The profile is completely different
comparing to littoral profiles of the exploited wells. At the transversal profile, the first sandy layer is
continually extending in the zone of the existing water source. Other identified sandy layers are
suddenly laterally replaced with sandy clay or marl and they do not continually develop in such a
small space. At the last measuring point LP-4, littoral profile is different because the layer of gray clay
begins at the depth of 11.6 meters, while the interval from 25 to 28 meters is the homogeneous plaque
of gray clay determined by geophysical measuring, and in continuation there are tied sand-stones until
the depth of 50 meters. Layer of deluvial sediments (clay containing marl) in the zone of the water
source begins approximately at the depth o 43 meters.

Location No. 2: ( MT3, see also Figure 1,3) it is placed across the existing water source in a plum
orchard. Its approximate area is about 160 ha. An investor gave up from the former location 4
(highway in future) so this location was set later on, because of the possibility to join it to the existing
water distributive system very fast at the very source. It is found with geo-chemical prospect that the
soil contains increased level of sulfur in some layers from 50 m to 79 m with 5-20 units. The
appearance of sulfur at the deeper levels in zone Laktasi, can be the consequence of the sedimentation
conditions and geological area, as well as the consequence of the diffuse pouring of thermal water
along the dislocated zone.

Location No.3: (MT4, see also Figure 1,4) near the old well, which is again in use. The well is used as
the additional supply during the extra-water consumption, joining it directly to the system for water
supply. This location is in the centre of LaktaSi near a spa and it is the nearest one to the river course
of Vrbas. However, even this well has lower capacity comparing it to the measured and predicted
capacities done during 1974. The figure no. 4 shows micro-location with the future experimental well
and littoral profile till 90.00 m. At this location a layer of alluvial sediments is also found at 54 m, and
water repellent layer of rocks at the depth of 87 m. At the profile of the old well (Turalija, 1974, 1976)
diabase hornfels debris was found at 14.7 m. If this is correct, then this source is also in the splitting
zone. There is a natural thermal spring of the spa Laktasi, very near, which is drained over the canal of
the spa in Vrbas river.

In general, all natural thermo-mineral springs appear at the cross-section of two splitting systems,
when on one side are systems of cracks with ground water, and on the other side of the split at the
same hypsometric height is water repellent barrier (maybe diabase hornfels debris or formation).
Groundwater source is moved under the gas pressure of carbon dioxide or sulfur dioxide upward along
the splitting zone, towards the surface, where it pours out diffusely to the river alluvium or above the
river. To confirm this, there is also a spring that contains sulfur in the spa Slatina, which is also an
upward type and it is placed in the splitting zone. It is assumed that the best hydro-geological
parameters of the alluvium are at this location because it is additionally fed by the spa spring or the
ground water.

By geo-chemical prospect till 19 m, the next polluters have been identified: ammonium with 5-15
units of strength, manganese with 5-15 units, nitrates with 10-30 units and sulfur with 10-50 units.

Location No. 4: (MT5, see also Figure 1,5) it is placed in the new built water source of the water
supply Maglajani, on the left side of the international road, near the sawmill. By horizontal hydro-
geological prospect, two dominant directions of ground water currents were set and the micro-location
of the experimental well was placed at the cross-section. The alluvial sediments are 57 m with four
intervals of sandy layers thick from 2 m till 4 m. In the older clay layers containing sand or marl, three
sandy intervals were detected thick from 2 m till 4 m. At the depth of 85.4 m till 96 m was found a
rock, probably a sand-stone, with a sandy interval from 90 m till 92.5 m. Neither one water level is
completely saturated with water. By geo-chemical prospect, the next polluters were detected:
ammonium (15-20 units), mercury (5 units), manganese (15-30 units), and nitrates (15-30 units) till
10.00m of depth in various intervals and sulfur in the zone of water-repellent level of basin Field
Lijev¢e at 85.4 m of depth and with 15-25 units of strength.
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Figure 3. Extending of the water source “Sljivik” with the location MT-3 and lithologic profile
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Figure 4. The old water supply Laktasi with the location MT4 and lithologic profile
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Figure 5. The new water supply Laktasi- Maglajani with the location MT5 and lithologic profile
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CONCLUSION

Considering hydro-geological and geo-chemical prospect done with geo-physical method of the
RADIJAN- 2001SF apparatus, as well as the analysis of available documentation, it is concluded that
at the six locations which were proposed by the investor, using horizontal prospect, the main current of
the ground water was set, then by vertical prospect the layers full with water were defined in the soil
profile with the strongest frequency set on ground water and finally the potential polluters were
detected in soil and water.

At all locations, in lithologic profiles, the most present are: sandy clay or yellow and gray plastic clay,
clay with marl. At two locations, near the prolluvialy delluvial cones and alluviums, the hard
limestone-siliceous rocks were detected or the diabase hornfels debris at the existing exploited wells.
The clay is laterally replaced by sandy clays, clay sand, then pebbly clay or weakly tied clay-sandy
pebble, and only in thin lenses-like layers without continual spreading, the yellow fine sand.

According to the lithologic content, there are three types of layers: alluvial or proluvially deluvial
sediments till 52 m of depth or 57 m (depending on location) with sand or pebble of various
granulation near Vrbas, developed in the river bed and more or less clay-like sediments near the edge
of Field Lijev¢e, i.e. in the zone of the present water source. It is replaced laterally with sandy-pebbly
clay; the second one represents the layer of alluvium till 140 m or less if it is spread over the hard
rocks. It is represented by the various types of clay from that with marl till that with sand thick
sometimes even 60 m within which there is inter-stratified sand thick 2-3m at the location plum
orchard, and till 6 m at the location near the old water source; the third one represents the hard
limestone-siliceous rock which is detected at the location near the old water source at 87 m, and near
the old well, the diabase hornfels formation was found at 14 m of depth. At the location of the present
water source near the measured point MT2, a rock has been found, probably the sand stone at 25 m of
depth. At the new water supply that is being built, Maglajani, a limestone-siliceous rock was found at
85 m of depth.

According to the frequency strength set on the ground water accumulation, and number of the sandy
layers, the most perspective location is the one near the old water source, and then the other ones.
Hydro-geological conditions are inconvenient for the exploitation with the separate capacities of the
wells, which are being exploited in water supply.
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ABSTRACT

World energy crisis encourages the development of alternative energy sources. Among others, as a promising
direction seems to be the production of bioethanol from different raw materials. Lignocellulosic raw materials
are widespread in large quantities and the cheapest, but on the other side they are the most complicated to
implement. It is necessary to remove pectin, lignin and other ballast substances from lignocellulosic materials in
pretreatment procedures after which cellulose could be degraded to glucose from which the yeast produces
bioethanol. One of the raw lignocellulosic materials existing in significant quantities in our country are sugar
beet shreds. This paper analyses the wasteflows that obtained during the pretreatment of that raw materials.
These are the wastewaters from pectin and lignin remowal and wastewaters from washing, which were analysed
separately. It was found that wastewater from pretreatment is middle contaminated. Wastewater from the pectin
removal is acidic and has COD value of about 4500 mgO,/L while wasteflow from removal of lignin is neutral
having about 8500 mgO,COD/L. Based on the particular composition, the paper discusses the different
possibilities of processing of these wastewaters.

Key words: Sugar beet shreds, Pretreatment, Wastewater, Pectin, Lignin

INTRODUCTION

The rising price of fossil fuels, its limited quantities and influence on environment bring economical
investments in development of alternative, renewable fuels. One alternative fuel that has great
potential to become cost-effective and ecologicaly acceptable fuel of future is bioethanol. Almost all
bioethanol today is produced from starch-based agricultural crops, but lately there is a great interest in
bioethanol production from lignocellulosic biomass, especially from crops residues and wasted crops.
Lignocellulosic materials are the most abundant renewable biomass with estimated annual production
of 1x10" MT worldwide (Alvira et al, 2010) while total potential bioethanol production from crop
residues and wasted crops is 491 GL year™, about 16 times higher than the current world ethanol
production (Seungdo and Dale, 2004). However, the bioethanol production from lignocellulosic
biomass is still not economically viable using existing technologies in the context of current petroleum
price. Unfortunately, this step demands large quantities of energy, water, chemicals and enzymes, and
produces large quantities of wastewater that should be purify before discharging back to the nature.
Promissing option for meet this challenge, among others, is valorisation and reuse of by-products,
especially wastewaters obtained during pretreatment processes. Namely, pretreatment is first step in
bioethanol production from lignocellulosic biomass, which makes it susceptible for further steps,
enzymatic hydrolysis and fermentation, and removes all substances that could have any kind of
negative influence on those processes.

Worldwide (as well as in our country) availability and low cost among with its great potential made
sugar beet pulp suitable for bioethanol production. Sugar beet pulp in form of shreds containing pectin
(24-32%), cellulose (22-30%), hemicellulose (22-30%) and lignin (1-3%) (Zheng et al, 2011). They
could be pretreated in order to remove pectic substances and lignin because of fermentative
microorganism's (S. cerevisiae) inability to ferment its degrading products. Beside that lignin causes
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non productive binding of enzymes which increase enzyme consumption and process cost (Borjesson
et al, 2007).

The aim of this study was to analyse and, base on that, consider utilisation and treatment of
wastewaters obtained after pretreatment of sugar beet pulp shreds. Within pretreatment acid extraction
of pectic substances and alkali delignification followed by solid/liquid separation by filtration were
done. Obtaned filtrates as well as liquids obtained after washing filter cake are wastewaters that were
further analysed.

MATERIALS AND METHODS
Substrate

Sugar beet shreds were kind gift from A.D. Sajkaska factory, Helenic sugars, Serbia, as a dryed. First
step in order of preparing the sugar beet shreds for experimental usage was milling on Miag laboratory
cone mill. Sieve analysis was performed on the Biihler laboratory sifter (gyratory in a horizontal
plane), model MLU-300 (Uzwil, Switzerland), using the entire milled stock. Samples were sieved and
part of the stock having particles in the range 224-400 um was subjected to pretreatment.

Pretreatment

In order to remove pectic substances sugar beet shreds were suspended in HCI solution having pH 1.5
at 0.81% solids load (w/v dry weight) (Sun and Hughes, 1998). Mixture was heated at 85°C for 4
hours with occasional stirring. After cooling down mixture was filtered through laboratory filter paper
Macherey-Nagel MN 651/120 and filter cake was washed in order to remove residual HCI.
Delignification was achieved using 0.1 g Ca(OH),/g substrate (dry weight) at 90°C for 3 hours (Chang
et al, 1998). After that mixture was cooled down, filtered through mentioned laboratory filter paper
and washed. Obtaned filtrate and water from washing filter cake were further analyzed separately,
while filter cake was used as substrate for enzymatic hydrolysis.

Analytical methods

A wastewaters that obtained during the pretreatment of sugar beet shreds were analysed. Wastewater
from pectin removal and wastewater from washing were analysed separately. After that the
wastewaters from delignification and washing were analised. Dry matter, ash, pH, chemical oxigen
demand (COD) and total nitrogen were determined according to Standard Methods (APHA, 1989.).

RESULTS AND DISCUSSION
Wastewater analyses

The amounts of wastewaters obtained during pectin removal, washing after depectination, lignin
removal and washing after delignification, calculated on 1 T of sugar beet shreds, are about: 124 m?,
84 m*, 360 m® and 120 m® respectively. As can be seen this pretreatment require large amounts of
water which is followed by generation of large volumes of wastewaters. In order to reduce wastewater
volume we tried to decrease water volume required for pretreatment. However, that changed physical
properties of substrate and negatively reflected on the enzymatic hydrolysis. Due to this, method
proposed by Sun and Hughes (1998) was retained and carried out.

Wastewaters were analysed separately. Additionaly, parameter values for mixed wastewater were
calculated in order to determine if it is better to process each water separately or as mixed wastewater.
Results of analyses of wastewaters obtained after the pectin removal are presented in Table 1.
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Table 1: Results of analyses of wastewaters from pectin removal

Wastewater from Wastevyater from Mixed

Parameter pectin removal washing after wastewater
depectination

pH 1.49 2.34
Dry matter (mg/I) 3740 530 2442
Ash (mg/l) 330 150 257.2
Organic dry matter (mg/l) 3410 380 2185
‘{? of organic dry matter 912 717 83.3
(Yoom)
COD (mgOy/1) 4 880 655 3172
Total nitrogen (mg/l) 70 35 55.85

As can be seen from Table 1, wastewater from pectin removal is acidic. Dry matter is high with large
percentage of organic matter, as evidenced by high COD value. Also total nitrogen content is high.
Based on shown results it can be said that these wastewater is middle contaminated. Dry matter
content in the wastewater from the washing was lower by about 85% in comparing with wastewater
from the pectin removal. As well as COD, total nitrogen content in this wastewater is lower only

twice. Except acidity, the wastewater from washing is pretty similar to urban wastewater.

Results of analyses of wastewaters from lignin removal are shown in Table 2.

Table 2: Results of analyses of wastewaters from lignin removal

Wastewater from Wastevyater from Mixed
Parameter liani washing after
ignin removal R wastewater

delignification
pH 6.99 6.89
Dry matter (mg/l) 1875 170 1449
Ash (mg/l) 325 40 253
Organic dry matter (mg/l) | 1550 130 1195
5 -
/(? of organic dry matter 826 76.5 81
(Yoom)
COD (mgO,/1) 8572 170 6471
Total nitrogen (mg/l) 98 49 85.75

As can be seen from results presented in Table 2 wastewater from lignin removal is neutral. The dry
matter content is twice time lower than this content in wastewater from pectin removal. Percentage of
organic dry matter is slightly lower, but nitrogen content is significantly higher. Dry matter content in
the wastewater from washing was lower by about 90% compared to wastewater from delignification.
Wastewater from washing is significantly lower loaded compared to wastewater from treatment.

Applied method of delignification did not give considerable results to the point of substrate treatment
for enzymatic hydrolysis and therefore is abandoned as method of pretreatment. Because of that,
processing of wastewaters from delignification will not be considered. Since that delignification step is
abandoned, proposed scheme for pretreatment of sugar beet shreds is shown on Figure 1.
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SUGAR BEET SHREDS

MILLING

Heat > Y
Wat — Wastewater from treatment
ater —»
R DEPECTINATION 1 Wastewater from washing
HCI >
A\ 4
Enzyme —> ENZYME

DEGRADATION

Polyethyleneglycol —

PRETREATMENT

Yeast > FERMENTATION » Stillage

l

Bioethanol

Figure 1. Proposed scheme for pretreatment of sugar beet shreds
Wastewater processing

Considering the results of analyses, it can be said that wastewaters from pretreatment should not be
disposed in recipient without previous treatment. On the basis of presented parameter values in
wastewaters from pretreatment, from cake washing and mixed wastewater it can be sad that separate
processing of wastewaters is better. In order of valorization of by-products and decrease overall
process cost, pectin recovery from waste waters should be part of treatment of those waters because of
high pectin content in sugar beet pulp (24-32%). Method that is usually used for obtaining pectin from
solution, Ca?* gelation, can not be used in case of sugar beet pectins due to its specific structure.
Namely, lower molecular mass and presence of acetyl groups in molecule of sugar beet pectins results
in low viscosity and poor gelling properties. There are works that indicate that treatment with mono-
electron salts (ammonium peroxysulfate), peroxidase/hydrogen peroxide (Oosterveld et al., 1997,
Thibault and Rombouts, 1986) or enzymes such as laccase and arabinofuranosidase (Micard and
Thibault, 1999) can induce cross-linking of feruloyl groups of sugar beet pectin and improve its
gelling properties. For now most used method for isolation of sugar beet pectin from solution is
precipitation with alcohol, especially ethanol. Drawback of this method is volume of alcohol that must
be used to precipitate pectin. Namely, amount of ethanol should be four volumes of solution in which
pectin is dissolved (Sun and Hughes, 1998). This, with ethanol cost and large amount of wastewater
from pectin removal makes this method non viable. This problem might be solved by
preconcentracion of this wastewater, for example by employing membrane filtration (Yapoa et al,
2007). Effective filtration through proper membrane will give purified water as permeate and
concentrated pectin solution as retentate. For this method it is crucial to determinate type of membrane
and process parameters, such as optimal pH of solution, flow rate of feed and volume concentration
factor (VCF) in order to prevent leaking of pectin through membrane due to linearity of its molecule.
Retentate contains large amount of pectin which could be used after purification.

189



I International Conference ,,ECOLOGY OF URBAN AREAS 2011¢, 30th September 2011, Ecka, Serbia

Obtained wastewater (permeate) should be processed further along with wastewater from washing of
filtercake after depectination. Depend on quality and quantity of this mixed wastewater, either
convencional method of aerobic biological treatment or membrane technics (nanofiltration or reverse
osmosis) could be apply. Waste flows of these processes (surplus of active sludge from aerobic
treatment or retentate from membrane filtration) could be treated along with stillage obtained after
bioethanol production. Purified water could be discharged in natural recipient or reuse after detailed
analyses. On the basis of the above, proposed scheme of wastewaters processing is presented on
Figure 2.

Wastewater from  —>| ULTRAFILTRATION — Retentate (concentrated
depectination pectin solution)

l

Permeate

Wastewater from washing

after depectination 'l

REVERSE

OSMOSIS
Purified +—— AEROBIC OR — Purified
water BIOLOGY NANOFILTR water

l ATION

Active sludge surplus Concentrate to
to treatment treatment

Figure 2: Proposed scheme for wastewaters processing
CONCLUSIONS

Pretreatment of sugar beet shreds which is discussed in this study is very demanding from the aspect
of quantity and content of wastewaters regarding following wastewaters treatment as well as spent
energy. Obtaining an additional product from the waste flows from pretreatment procedures might be
a promising way to reduce above mentioned costs. One of the possible solutions can be the separation
of pectin, as valuable product, from wastewater from pectin removal by membrane filtration as it was
suggested in proposed scheme.
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ABSTRACT

The row ground water in urban zone in town Kovin containe greater contents of contaminants (0,5-2 mg/I
of Fe, 0,5 mg/l of Mn and 0,5-1 mg/l NH3) and less COD 4 mg/l , compared to Law regulaive defined
maximal allowed content (MAC) of iron (0,3 mg/l) , manganese (0,05 mg/l), amoniac (0,1 mg/l) and
COD(8). The most economical purification method of raw ground water from urban wells is aeraton. In this
paper thermodynamic aspect of aeration of ground water from urban wells enable stationary polarisatuion and
depolarisation Gibbs free energy on the contact surface between liquid and gas phase to be determined. The
thermodynamic method is usefull for identifying of components which decrease aeration effect in the water
with different chemical composition on the base of its Gibbs free energy change.

Key words: Water Purification, Aeration efficiency, Contact surface, Coupled Processes, Polarisation.

INTRODUCTION

The effects of purifications of ground water in aeration plant in the town Kovin is of great interesse for
the health of people which consume drinking water, as well as for the other towns which has the same
problem. The thermodynamic aspect could be usefuill for identifying the course of decreased aeration
effect for the water with other chemical composition in proposing the adequate stages for improved
technological process. Microbiological water quality correspond to the MAC, but iron, mangan and
amoniac ion has to be purified (acc. to Law regulative) Mean project for purification of groundwater
plant in Kovin was realized by Water Technic from Belgrade. By the analysis in laboratoriy of
Waterwork in Kovin parameters of rivers water quality are monitored (by Standard methods of
drinking water analysis, 1990.). For the each part of aeration plant and for each examined component
vant Hoff equation is used the Gibbs free energy of chemical or phase transformation to be
calculated, on the base of components contents inclouded in stationary irreversible processes, after
chemical potentials between the two phase is achieved.
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Figure 1. Aeration in the work, with the one part and with the two parts

F G

Figure 2. The plan of the aeration plant:

A — The tower for the raw water distribution from wells

B - Aeration,Mixing of water and air, blowing

C - retension, aggregation of higher oxyde of iron and mangan
D - Filtration and biological degradation of ammonium ion

E — Reservoar of the clean water

F — blowing pump for filter washing with air

G — pump for filter washing with water
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Figure 3. Filter in the work

MATERIAL AND METHODS

The temperature and water quality parameter by Standard analysis methods of drinking water were
measured in laboratories of Waterwork in Kovin to found influence of temperature on polutants
content in four months, January, April, July and October according to Vant hoff equation for the three
parts of aeration plant (fig. 2):

- Aeration basen, prior aeration

- Retention basen after aeration

- After filtration and chlorination

By using By Van' t Hoff equation, standard Gibbs free energy, AG® change of components between
two phase in chemical egiolibrium were determined in this paper. The obtained results show the
influenece of water treatment on the Gibbs free energy change of components dissolved in water, as
indicators of chemical equilibrium achieved by coupled active and relaxation process prior and after

194



I International Conference ,,ECOLOGY OF URBAN AREAS 2011¢, 30th September 2011, Ecka, Serbia

aeration treatment. Examined aerated water contain law organic matter content measured as about 4
mg/l oxygen demand by KMnOQ, titration (COD).

RESULTS

The result obtained with the best correlation coefficients enabled the standard Gibbs free energy
changes to be calculated in the examined conditions in aeration plant. The calculated sum of calculated
Gibbs free energy active in endothermic processes and passive exothermic processes enable the
relaxation processe of indicators of coupled processes to be identify which enable thermodynamic
equilibrium to be achieved. Measured average values of water quality parameters for the whole year
are given in the table 1, as well as the results obtained on the base of thermodynamic aspect, in the
table 2.

Table 1: The average water quality parameters in aeration plant period from January to october

Parameter / T O,m Fe Mn cr ClI" apil, Rez. NH; CO,
part Of K gll mg/l mg/l January July, October CIZ! mg/l mg/l
aer,plant mg/l mg/l mg/l
Raw water 2875 | 1,78 | 1,07+ | 0,76 | 28,8, 16,93 0 0,59+ 26,7
prior aeration | +03 | +0,7 | 0,26 | 0,1 +0,17 0,04 +3
6
Clean filtrated | 287,7 | 6,99 0 0 25,3 15,8 0 0 19
water +09 +1,1 +0,5 +2
After 287,3 | 6,96 0 0 25,8 16,4 0,51+ 0 18,6
desinfection +1,3 +1 +0,4 0,05 +2.3

Table 2: Total endothermic and exothermic Standard Gibbs free energy changes for analiesed water
components and polarisation and depolarisation Standard Gibbs free energy changes

AG’ kJ/mol / Taverage | El. Cond. pH Y AendG’ | TAeG’ + | ApoiG’
part of aer. plant K uS/cm kJ/mol kJ/mol (el
Jan; the other months

Raw water prior 2875 | 705;662+40 | 7,70+0,1 | 545,1 -455,82 89,31

aeration +0,3

Clean filtrated water | 287,7 | 722;656+40 | 7,83+0,05 -228,3 -130,3
+0,9

After desinfection 287,3 | 714; 651+40 | 7,83+0,05 | 56,03 -33,9 22,13
+1,3

CONCLUSION

The water aeration enable stationary purification efficiency to be achieved in retention basen and after
filtration and chlorination, with 100% removal of iron, manganese and ammoniac and 30 % carbon-
ioxide at stationary chloride content, by 300 % forced enhanced stationary oxygen content.

In aeration basen, prior aeration (with 1,8 mg/l O,), transported raw ground water from urban wells
in the tower was analiesed in turbulence state after the chemical potentials equilibrium of the each
dissolved component was achieved on the contact surface. By thermodynamic consideration the active
surface polarization work was obtained: A,G"(el) = 89,31 kd/mol . Depolarization of active polarized
contact surface enable spontaneously dissolution and hydration Fe * and Mn ** and nitrogen reduction
by hydride to gas amoniac.

In retension basen (with 7 mg/l O,), the passive surface depolarization work was obtained by coupled
processes: AdepGe(eI)=-130,3 kJ/mol. The stationary exothermic Gibbs free energy change on contact
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surface between gas bubble and liquid water enable spontaneously oxydation and aggregation of
small soluble hydroxide of iron and manganese.

After equilibrium is achieved in retension basen by gas chlorinator surface polarization work on
contact surface between gas phase and water (with 7 mg/l O,), correspond to the sum of entropy
heat changes of component with the most content in liquid and gas phase A,G"(el) = 22 kd/mol.

Thermodynamic aspect of urban ground water purification in adiabatic conditions show the ions
content during turbulence of transported un-aerated water as well as flocculation and aggregation
effects are dependent on Gibbs free energy change, afterchemical potential equilibrium of components
is achieved on contact surfaces between liquid, solid and gas phase.
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ABSTRACT

Using data published by the Republic Hydro meteorological Institute of Serbia from measure stations Raska,
Usce and Kraljevo, there is analyzed the river Ibar water quality in the ten years period, from 2000 to 2009 year.
The analysis includes observing different parameters values, frequency of extreme values occurrence and
comparing water quality parameters with other river parameters. This work includes considering human activity
to the river Ibar water quality change.

Key words: water quality, measure stations.

INTRODUCTION

As the biggest and the most important tributary of Zapadna Morava, quality of the river lbar is of great
significance to the quality Zapadna Morava water as well. The river Ibar comes to Serbia from a
neighbor country, there is a “foreign” as well as a “domestic” human but geological impact to its
quality too. During the ten year period, according to the data selected and published by the Republic
Hydro meteorological Institute of Serbia, there was noticed a big influence of human activity to the
river Ibar water quality.

CHARACTERISTICS OF THE ANALIZED AREA

As it was previously said, the river Ibar is the largest and the most important tributary of Zapadna
Morava. The surface of the area covered with this river is 8.059 km? and its length is 276,0 m up to the
mouth to Zapadna Morava by Kraljevo. Average flow of Ibar is 60 m*/s that indicates that the river is
not navigable. Ibar rises in Monte Negro at 1.360,0 m.a.s. The river basin width is 12,0 m in the higher
region up to 30,0 m in its middle streaming.

Ibar has very developed hydrographic basin. It collects water from very high mountains like
Kopaonik, Cemerno, Rudna Glava, Golija which provides Ibar and to its tributaries torrential
mountainous character (http://sites.google.com). Ibar has a plenty of water rich tributaries, whirlpools
and cascades and is famous for its rich fish stock. Slopes of the Ibar’s gorge are steep, often exposed.
The largest right tributaries of Ibar are Gvozdacka river and Maglasica and the left are Studenica,
Dubocica, Pivnica and Lopatnica (http://sr.wikipedia.org).

In this work are used results of measuring from 3 measuring stations placed at the river Ibar: Raska,
Usée and Kraljevo. RagSka is a small city situated where the river Raska flows into to the river Ibar.
This dense water flows network is consisted of Raska, JoSanica, Rudni¢ka river, RadoSicka river,
Trnavska river and Brvenicka river. One of the main industrial branches for this municipality is
agriculture. UsCe is a settlement placed in wooded area, in the middle region of Ibar valley, at 335
m.a.s, where the river Studenica flows into Ibar. There is a still active coal mine and a privet economy
»Ekofarm®. Even though relatively small settlement, US¢e has constructed water supply and sewage
system. Kraljevo is a city of Raska region placed where Ibar flows into Zapadna Morava. It is situated
at 206 m.a.s., in a valley surrounded with mountains. It lies at three rivers: lbar, Zapadna Morava and
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Ribnica. The city has developed industry, and its wider region is famous for agricultural production
(http://www.kraljevo.com/kraljevo/geografija).

DESCRIPTION OF THE APPLIED METHOD AND MEASURING STATIONS

The analyzed area is placed along the river Ibar and in this work are used results from three measure
stations at this river: RaSka, US¢e and Kraljevo. Distance of these three measure stations from the river
Zapadna Morava mouth is 93,3 km, 58,0 km and 0,0 km, respectively.

All data used in this work were published annually by the Republic Hydro meteorological Institute of
Serbia as a part of their reports (Republic Hydro meteorological Institute of Serbia Annual reports
from 2000. to 2009. year). In this work are analyzed hydrological and water quality parameters and
they were tried to be correlated, as well as to be correlated with known human impact to water quality
of the river Ibar.

The measure station Raska (47260) is placed 93,3 km distant from the mouth of Zapadna Morava. The
river basin area up to this measure stations is 6.270 km? and the place of the water sampling is
positioned at the left side in the profile. The measure station Us¢e (47290) is 58,0 km distant from the
mouth of Zapadna Morava, the river basin area is spread up to 6.883 km?, and the location of water
sampling is at the right side of the profile. The measure station Kraljevo (47299) is placed right at the
mouth of the river Zapadna Morava and at this point water sampling is done at the left side of the
profile.

RESULTS

For the river Ibar basin there is typical for flow to achieve maximal values in March that is common
for all measuring profiles, while the minimal value is typical for summer months. While the period of
the maximal flow is the same for all three measure stations, while the minimal values for the MS Us¢e
is July and for other stations later months (august, September). In the following graphs there are
shown values of flow along the river Ibar in 2001. and 2009., according to the data from the
mentioned three measure stations (See Figure 1).
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Figure 1. Flow values at the measure stations Raska, Usce and Kraljevo in 2001. and 2009.

The parameter dissolved oxygen is required not to be under value of 5,0 mg/I (the Regulation on water
classification of inter-republic water flows, interstate waters and waters of Yugoslavian coastal sea)
for the required category of water Il. This parameter, in the referent period, was never measured under
6,8 mg/l (July 2005., measure station Raska). Generally, maximal values of this parameter in 87% of
analyzed samples was registered during winter period (December — February), while the summer
period is typical for the smallest concentration of dissolved oxygen.
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In general, for all measure profiles (Raska, USc¢e, Kraljevo), there is typical occurrence of minimal
values of dissolved oxygen at the same period when there are minimal flows (usually period from June
to September). But comparing these two parameters values at the measure stations Usce, there is a
significant number of cases (usually in march) when even though there were great values of water
flow, the concentration of dissolved oxygen was less than average.

According to the Regulation on water classification of inter-republic water flows, interstate waters and
waters of Yugoslavian coastal sea, concentration of suspended matters in water of the second class
should not exceed 30 mg/l (IIA: Usée, Kraljevo) or 40 mg/l (IIB class: Ragka). But this GRANICNA
values were exceeded several times, most at the measure station US¢e. At the measure station Raska,
in more than 15% of samples the concentration of suspended matters was above the maximal
recommended. These samples were usually taken in March, April, September and October. There is
obvious that during minimal flows in autumn, there are maximal concentrations of suspended matters,
but during summer period when flows are small, samples of water contain very high concentrations of
suspended matters. The suspended matters content monthly values during ten years period at the MS
Raska, is shown at the Figure 2.
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Figure 2. Monthly values of suspended matters concentration in period 2000 — 2009
at the measure station Raska

The measure station Usce is typical because there were more than one third of samples of water in
which the concentration of suspended mater was over the recommended value. The river Ibar at this
profile is obviously very often overloaded with suspended matters of different origin. Also there was
noticed that the average value of this parameter from 2000. to 2009. was increased and the percentage
of samples with exceeded content of suspended matters was bigger as well. The suspended matters
content monthly values during ten years period at the MS Us¢e, is shown at the Figure 3.
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Figure 3. Monthly values of suspended matters concentration in period 2000. — 20009.
at the measure station Usce
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Figure 4. Monthly values of suspended matters concentration in period 2000. — 20009.
at the measure station Kraljevo

For the water quality of river Ibar at the measure station Kraljevo during summer period, there is
typical occurrence the greatest number of water samples with extremely high concentration of
suspended matters. Comparing values of flow and suspended matters content there was noticed that
the period of maximal flow values is the same with the period of maximal concentrations of suspended
matters occurrence. The suspended matters content monthly values during ten years period at the MS
Kraljevo, is shown at the Figure 4. For this profile is typical matching of extreme values (low or high)
of flow and suspended matters content which can help in this pollution origin determination. This
could be applicable to the whole river Ibar. The suspended matters content monthly values during ten
years period at the MS Kraljevo, is shown at the Figure 4.

In the following graphs there are shown values of suspended matters concentration along the river Ibar
in 2003. And 2008., according to the data from the mentioned three measure stations (See Figure 5).
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Figure 5. Suspended mater concentrations at measure stations Raska, Usée and Kraljevo
in 2003. and 2008.

Chemical oxygen demand (COD), according to the Regulation on water classification of inter-republic
water flows, interstate waters and waters of Yugoslavian coastal sea is recommended not to exceed
12,0 mg O,/ for the required class of water and this value was never exceeded during the referent ten
years period. According to COD, quality of the river Ibar is satisfactory, but from 2000. to 2009. there
was noticed that the average value of this parameter was increased.

Biological oxygen demand (BOD) in the river lbar was exceeded several times during the referent
period. The recommended value that should not be exceeded, according to the legislative is 4 mgO,/I.
The greatest percentage of samples with exceeded COD was at the measure station Raska. The highest
values of this parameter are typical for February and March. During small waters there is small COD
and there was noticed that during winter period and presence of dissolved oxygen, very often COD
reached extremely high values. This parameter is not determined regularly, so there are periods of a
few months without data about COD value. According to this and to significant number of cases with
exceeded value of this parameter, there is reason to assume that this parameter value was exceeded
even more often. Values of COD at measure stations Raska, Usc¢e and Kraljevo, for a several months
during the referent period, are shown at the figure 6.
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Figure 6. COD at measure stations Raska, Us¢e and Kraljevo
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According to the values of nitrogen parameters (ammonia, nitrates, and nitrites), quality of the river
Ibar at measure stations RaSka, US¢e and Kraljevo is adequate to the required quality. MAC for
ammonia is and the Il class of water id 1 mg/l, and this value was exceeded only once - December,
2002., measure station Raska, 1,55 mg/l. MAC for nitrates and nitrites is 10,0 mg/l and 0,05 mg/I
respectively, and these values were not exceeded in the examined samples of the river Ibar during the
referent period. The highest concentrations of nitrates and nitrites were most often in September and
October. All three measure profiles have in common the same period of extreme values of nitrogen
parameters occurrence, during the year (nitrates during winter months). Nitrate concentrations in the
river Ibar for a several months during the referent period are shown at the figure 7.
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Figure 7. Nitrates concentration at measure stations Raska, Us¢e and Kraljevo
Heavy metals are not determined regularly at these three observed measure stations at the river Ibar.

Iron was determined very rarely (three to four measuring during the year) and there are a few years
when there is no result about the dissolved iron concentration. According to the The Rules book o
dangerous matters in water (“Sl. Glasnik SRS”, br. 31/82), the maximal allowed concentration (MAC)
for the iron is 0,30 mg/l for the 1l class of water and it was exceeded in several samples. The highest
charge with this contaminant is at the profile Raska where the MAC was exceeded in 7% of examined
samples, plus there were approximately one fifth of all samples in which this parameter value was
much closed to the MAC. The least concentrations of dissolved iron were noted at the measure station
Usée. Comparative review of iron concentration in Ibar, for a several months during the referent
period, is shown at the figure 8.

Manganese was determined at these three observed measure stations as often as iron. Maximal
allowed concentration of dissolved manganese for drinking water is 0,05 mg/l, was exceeded in
greater percentage of samples than iron. While for the water at the measure station Raska there is
typical that high concentrations o iron occurred at the same period as high concentrations of
manganese, for the river Ibar water quality at the measure station Kraljevo there is a significant
number of samples with high concentrations of iron but manganese presence was not detected.

Copper was determined very rarely and MAC that is 0,1 mg/I for the first class of water and 0,2 mg/I
for the second class of water, was exceeded only once at the measure station Kraljevo (August, 2009.
0,114 mg/l).
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Figure 8. Iron concentration at measure stations Raska, Us¢e and Kraljevo

Mercury in Ibar, at the observed measure profiles, was determined four times during a year, but there
are some years completely lacking in these data. Beside a few samples with concentrations of mercury
close to MAC (0,001 mg/l), there were not cases with this parameter value over MAC. Similar to
mercury, zinc was determined very rarely and there is hard to determine eventual regularity of extreme
concentrations occurrence. MAC for this metal is 0,2 mg/l according to the valid legislative and this
value was exceeded in two samples (March, 2009., MS Raska, 0,274 mg/l and august, 2009., MS
Kraljevo, 1,000 mg/l). Even though the cadmium concentration in the river lbar was not determined
very often during the referent period, there was noticed that at the measure station Usée in 2008. in 5
of 11 samples there were measured concentrations of dissolved oxygen over MAC (0,005 mg/l).

DISCUSSION

On the included three measure stations at the river lbar — Raska, Us¢e and Kraljevo, there is organized
analyzing of water quality parameters, but sampling and analyzes are not undertaken regularly. There
are even whole years without information about some parameter value at the measure profile. Hence it
is hard to notice and confirm eventual regularity among different parameters of water quality,
hydrological parameters and climate conditions.

According to available data, there is obvious that the river lbar is often charged with high
concentrations of pollutants of different origin and type. There are several hundred of industrial plants,
smaller or larger, and even 40 cities and settlements that pollute the river lbar with sewage, heavy
metals, oils etc. There are only a few factories with proper plant for waste water purification.

Phenols, that haven’t been observed in this work, since there are no official results about this
parameter values, but represent a serious pollutant, are very often present in the river Ibar. Namely,
there are a numerous sawmills all along the river bank, from Kosovo area to Kraljevo, which release
waste water with saw dust that contain phenols. There are several tailings disposal in Kosovo that
represent enormous sources of phenols as well.

Fortunately, thanks to a great number of tributaries that come from high mountainous and are rich with
great amounts of fresh water, dissolved oxygen and aerobic organisms, the river’s Ibar water quality is
still not irreversibly impaired. The highest water flows are typical for winter and spring periods during
the year and in the same samples there were detected the highest concentrations of dissolved oxygen.
In more than 30% of samples, minimal flows match with minimal concentrations of dissolved oxygen.
It is normally, according to the fact that mountainous tributaries of lbar bring more fresh water after
the snow periods. Only the measure profile at Usée had the characteristic, usually in spring, that even
flow was very high, the concentration of dissolved oxygen was minimal, which can be a result of
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uncontrolled releasing of some waste water, probably charged with organic pollutants somewhere
above Usc¢e. These contaminants can also come from a numerous wild landfills at river banks.

To all profiles observed in this work there can be noted that extremely high concentrations of
suspended matters occur when there are the greatest values of flow — it is typical for the period March
— May. That fact can indicate what the origin of such contaminants is and that they are perhaps the
result of the torrential flow of rivers, main stream and tributaries as well. Suspended matters in water
can derive from the river bed, as a result of strength of water in Ibar as well as in its tributaries, but
they can get into the main stream from the river bank as well. They usually care organic matter on
themselves.

According to values of nitrogen parameters, water quality of the river Ibar at all analyzed measure
stations is adequate to the required quality for determined class of water, according to the valid
legislative. The greatest source of nitrogen pollutants in rivers, in general, as well as in Ibar are
slaughterhouses and plants for textile treating that are present in a huge number in Novi Pazar and
Raska at first. Highest concentrations of nitrates are typical for winter period, period of big waters and
large amounts of precipitations, but they can derive from a numerous farms and cultivated areas placed
along river banks (Ibar and its tributaries).

For all three measure stations Raska, Us¢e and Kraljevo there are small flows usually followed with
small values of COD. The extent of organic pollution, which is specially emphasissed in water at the
measure station Raska, is represented with extremely high values of COD even when there are high
concentrations of dissolved oxygen. At the same time, COD at the measure station Raska during the
referent period was usually greater than at the measure station Kraljevo, but other circumstances and
water conditions contribute to the general impaired quality of the river, even thoug values of COD
didn’t exceeded MAC. BOD determined in the river Ibar was several times detected in concentrations
over MAC and the most often it was registered at the measure station Raska. COD and BOD, as
parameters that represent the organic type of pollution, can be increased in water samples as a result of
enormous number of households, even whole settlements and cities, that release their sewage water
directly to the river Ibar, or to some of its tributaries. Very high concentrations of organic pollution,
implied through COD and BOD are matched with periods of high flows during cold period of the year
(autumn, winter, early spring) since low temperatures contribute to more slowly organic matter
decomposition.

Water of Ibar at the measure station Raska is the most charged with pollution with dissolved iron. The
fact that the most often occurrence iron concentrations over MAC for dissolved iron was registered at
Rasgka and Kraljevo measure stations, and that the river Ibar water quality at the measure station Us¢e
was not loaded in that high extent with iron, indicates that this contaminants come from above parts of
Ibar stream, then are diluted to Usc¢e, but then are fed from some new source of pollution. Dissolved
manganese concentrations were detected over MAC in more samples of water than iron, and often
extremely high concentrations of iron are matched with high concentrations of manganese. Only at the
measure station Kraljevo there were samples of water from Ibar with very high concentrations of iron,
but there was no manganese at the same time. Iron can be a result of anthropogenic impact to the river
Ibar quality, but can be of geological origin as well.

Copper, mercury, zinc and cadmium probably derive from the coal mine. Since their presence was not
determined regularly and their concentration exceeded the maximal allowed concentration in a few
samples, it is hard to confirm such assumption about their origin as the only one, because they can
derive from some other sources like various chemical plants, municipality plants for waste water
treatment, plants for sewage deposing, landfills, plants for incineration of municipal waste. Also farms
and economies with intense breeding poultry and pigs, as well as intense fishing, can be a cause of
high concentrations of copper and zinc.
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CONCLUSION

The Republic Hydro meteorological Institute of Serbia measuring results about water quality of the
river Ibar indicate that this great river is under permanent danger of pollution, primary as a result of
human activities along its stream. In purpose to conserve its current state, to prevent potential
pollution in the future and to protect the river in general, there are many serious steps needed to be
undertaken. All effluents from different plants should be purified prior to their discharging to the river
stream, all wild landfills should be cleaned up and conserved etc. Prior to all that, people
consciousness should be increased and penalty policy should be equally and fairly implemented. The
river lIbar is contaminated permanently and enormously, and only thanks to the nature of its
mountainous aerobic tributaries, its water quality is not completely destructed.
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ABSTRACT

This paper represents the feasible surface water analysis, through Rough Sets Theory. One of the practical results
of rough sets theory application is the generation of if-then rules from tabular data. These can be obtained by
measuring the surface waters, and it is possible to generate decision rules in if-then form. Those rules can depict
the relations existing between various measured water parameters. It is possible to predict the value of still
unmeasured water values based on these relations, with calculated probability. This would ease the monitoring of
certain impact factors on the surface water condition. As the example, surface water parameters measured on the
territory of Zrenjanin municipality have been monitored, as well as the opinions of the Centre for Hygiene and
Human Ecology, in the Department of Public Health Zrenjanin. Based on Serbian Water Quality Index,
parameters viable for rule generation have been extracted. This was shown how to be done using software based
on the rough sets theory.

Key words: Surface Water, Zrenjanin, Rough Set Theory, If-Then rules.

INTRODUCTION

Today's state of surface waters is extremely alarming. It is the everyday fact of every one of us,
regardless of our profession. Surface waters are clearly visible pollution part. According to the Report
on Environmental State in the Republic of Serbia for 2009, written by Agency for Environmental
Protection and Ministry of Environment and Spatial Planning (Ministry of Republic of Serbia, 2010),
our country sees the wastewater discharge in watercourse without prior treatment. Analytic study
conveyed by the Institute of Public Health of Serbia ‘Dr Milan Jovanovic Batut’ (Analytic study Batut,
2008; Statistical Office of the Republic of Serbia, 2010) in the period 1997-2007, shows that the
period 1999 — 2005 recorded the settlement and industry wastewater quantity increase. Mechanical
purifiers are present only the small percentage. The biggest centers, Belgrade and Novi Sad, did not
have the wastewater treatment plants (EPR, 2007). In the region of cities, where there are several
rivers, lakes, ponds and sand ponds, the need to control the surface waters is big. Numerous
measurements conveyed daily indicate the polluted water. The data are stored and tracked, and are
publicly available (Ministry of Republic of Serbia, 2010; Statistical Office of the Republic of Serbia,
2010; Report on Environmental State, 2010; Monitoring, 2010).

In Agency for Environmental Protection and Ministry of Environment and Spatial Planning (Ministry
of Republic of Serbia, 2010), were defined parameters that describe the condition of surface water.
This paper presents the possible analysis of surface waters based on the rough sets theory.

Section two gives the review of the basic definitions which the Theory of Rough Sets is based upon.
The basic set features and the correlation between the theory and developed rules are given. Various
software tools, enabling automatic rule generation, were developed based on rough sets theory.
Section three reviews the SSCO system.
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Section four represents the material obtained through measuring the surface waters on the territory of
Zrenjanin municipality (Monitoring, 2010). According to the results from Chemical laboratory and the
Hygiene Specialist opinion, Centre for Hygiene and Human Ecology in the Department of Public
Health Zrenjanin, and based on Serbian Water Quality Index (Report on Environmental State, 2010),
the measuring parameters were shown. A certain number of parameters, important for water
classification into categories, were extracted.

Based on these extracted parameters of measured values of surface waters, Section five addresses the
ways of rule generating by SSCO system. It has been shown how the prediction can be made.

The conclusion is in Section six, while the References are at the end of the paper.
ROUGH SET THEORY

Rough Set Theory (Pawlak 1982, see Pawlak et al., 1995; Pawlak, 1997) was developed as the result
of analysis and presentation of data in various domains. In order to obtain data from large databases, it
was necessary to develop the tools which would automate this task. “A significant advantage of
methods that yield decision trees or if-then rule sets is that the models are directly inspectable and
interpretable, and the results of decisions are explainable” (Komorowski and @hrn, 1999). This is the
exact reason for utilizing Rough sets theory in various domains, in order to cope with problems of
uncertain, incomplete or approximate data, especially in conducting analyses of unknown phenomena.

Every object of the universe is described by certain amount of information expressed by means of
some attributes used for object description.

The indiscernibility relation

The indiscernibility relation is the mathematical basis of Rough sets theory. Formally, as in [4], let U
be a universe (finite set of objects), Q ={q;,0,,...,d,} is a finite set of attributes, V, is the domain

of attribute g and V = quQVq .

An information system is the 4-tuple S =(U,Q,V, f) where f =U xQ —V is a total function
such that f(x,q) eV, for each qeQ,xeU, called information function. To every non-empty

subset of attributes P is associated an indiscernibility relation on U , denoted by | :

lo ={(x,y) eUxU : f(x,q) = f(y,q),vVqe P} €

The relation (1) is an equivalence relation — reflexive, symmetric and transitive. The family of all the
equivalence classes of the |, is denoted by U|I » and class containing an element X by 1,(X).

Set approximations

If there is (usually) one attribute called decision attribute while other attributes are called condition
attributes, an information system is called decision system. Let X be a non—-empty set of U and
J#PcQ.Set X isapproximated by means of P-lower (2) and P-upper (3) approximations of X:

P(X)={xeU :1,(x) c X} 2

P(X)=J1,(% ©)

xeX
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The P-boundary of X is denoted by Bn(X):

Bn(X) =P(X) - P(X) )
Reducts

Another issue of practical importance in reduction is to keep only those attributes that preserve the
indiscernibility relation and consequently, set approximation. The rejected attributes are redundant
(superfluous) since their removal cannot worsen the classification. Let @ =P cQ and aeP.

Attribute a is superfluous in P if 1, =1, ,, otherwise it is indispensable attribute. The set P is
orthogonal if all its attributes are indispensable. The set P —{a} is a reduct of P if it is orthogonal

and 1, =1; (.

An example

In the Table 1, there is a universe of six objects U ={Xx,,..., X;} and each object is described by means
of four attributes: pH value, oxygen saturation, Escherichia coli and Pollution.

Table 1: Simple example of information system

Object | pH Oxygen Escherichia | Pollution
value saturation% | coli (D)
(PH) (O%) (Esch)

X1 low high low Low

X2 high medium low High

X3 high medium low Low

X4 medium | medium low High

X5 high high high High

Xs low medium high Low

In this particular case, the object X, is described by: pH=low, O%= high, Fat%=low, Esch=low and so
on. If P ={pH, 0%, Ecsh} then, by (1), we have:

lp = {0 X 0% % 310G, X 3% %o 3% X o {Xy X, 3 %6, X 3 {X6, X 3

Ul = {306 6 xs 633

Let us consider a case when set X contains only those elements where Leptin Level is low:
X ={X, X3, X;}, (see Table 1). Now, we can approximate set X using only the information contained
in P by constructing the P—lower (2) and P—upper (3) approximations of X: P(X)={x,, X},
P(X) ={X., X,, X3, Xs}. The P-boundary (4) of X is: Bn(X)={x,,X;}. The reader may notice
that objects X, and X, (P-boundary of X') have exactly the same values of condition attributes but

different value of the decision attribute. If R={ pH, 0%}, S={pH, Esch}, and T={0%, Esch}, then it is
obvious that Ig=I; and Is=Ip while I+#I,. This means that R and S are reducts of P, while T is not.
Attribute pH is indispensable, but attributes 0% and Esch may be mutually exchanged.

SSCO SYSTEM

According to the rough sets theory the software tools enabling automatic rule generation were
developed. One of them is SSCO system. This system was developed in the period 2007-2008 as the
result of Vladimir Brtka's research (Brtka et al,, 2007; Brtka, Stokic et al., 2008). His theoretical
foundation is based on rough sets theory and the classical state space search. SSCO system is based on
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original algorithm, giving the results similar to the systems solely based on the rough sets theory
(Brtka, Berkovic et al., 2008).

There are several versions of SSCO system. This paper presents the version 3.4. Apart from the
versions developed for single-computer use, SSCO method was used with the aim to create and
achieve functionality of web portal for data analysis and consulting (www.tfzr.uns.ac.rs/dawp).

SSCO system — version 3.4

The main menu of this program is divided into four parts: File, Task, Output and About. File display
option can be seen on Figure 1, offering the ability to download entire databases, as well as rules for

the training set.
@ Rough $Sets State Space Search Engine V3.4

File Task Cutput  abouk

Load disrete universe
Close all

Load Rule Matrix
Save Fule Makrix
Save outpuk

Exit

Figure 1. SSCO system — File option

A special feature offered by SSCO system is generating a smaller number of rules, which enables
faster and easier work in practice. This was especially successful in working with medical data [2, 5].
Task option, depicted in Figure 2, enables the choice of generation of desired results.

@ Rough Sets State Space Search Engine ¥3.4

File | Task OQutput Abaouk

Generakte Rule Makrix (Complete)
Generakte Rule Makrix (Short)
Generate Confusion matrix
aenerate IF ., THEN Form

Figure 2. SSCO system — Task option

SSCO system — IF THEN rules

The system generates the results with probability display, hence the reliability of the obtained data can
be clearly followed. Within the generated IF THEN form:

[4,0.75] IF (al,1), (a2,6), (a3,4), (a4,1l) THEN (a6,1)
beginning [4,0.75] represents the number of objects supporting the rule and accuracy probability of the

rule itself. Conditional attributes and their values are listed within the IF part, while after THEN part
there is the decision attribute with its own value.
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SSCO system — Confusion matrix

The previously described rule set is accompanied by so called confusion matrix. Confusion matrix C is
a [\/d|><[\/d| matrix, where V, is the set of possible values of decision attribute. This matrix with
integer entries summarizes the performance of rule set while classifying the set of objects. Entry:

C., =[kkeu dx =i.de = j}.

where d(x) is the actual decision and a(x) is the predicted decision, which counts the number of

objects that really belong to class i, but were classified to class j. Classification percentage can be
calculated based on total amount of the diagonal matrix, compared to the total number of objects. It is
important to notice that confusion matrix SSCO system was formed without any voting system so that
one object could be classified to more than one class by some inexact rules.

SURFACE WATER MEASURING PARAMETERS

Surface water analysis depends on measured parameters. As the example, results of surface waters
measuring conveyed on the territory of Zrenjanin municipality will be given.

Example: Surface water measuring reports on the territory of Zrenjanin municipality

Apart from the developed monitoring system, Zrenjanin municipality has the developed system of
public information through the official web portal: (Monitoring, 2010). The data on state of surface
waters in 2009 and 2010 can be found at this portal. Complete reports are given, based on the results
of Chemical laboratory and the opinion of the Hygiene specialist, working for Centre for Hygiene and
Human Ecology in the Department of Public Health Zrenjanin. The reports contain the microbiology
laboratory results, chemical laboratory results, as well as the Hygiene specialist's opinion and
interpretation of specific values of measured parameters. The Hygiene specialist gives his opinion by
classifying the water into one of five categories.

Since the reports have to be reproduced in their total, for easier tracking of the monitored parameters,
one day's completed report (4th August 2010 was chosen) is presented on Figure 3 — Figure 6 string:
Figure 3 shows the Microbiology laboratory result, Figures 4 and 5 results of Chemical laboratory,
while the Figure 6 gives the Hygiene specialist's opinion and interpretation of specific measured
parameter values.
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Republika Srbija

Autonomna Pokrajina Vojvoding
ZAVOD ZA JAVNO ZDRAVLJE ZRENJANIN:Dr Emila Gavrila 13. 23000 Zrenjanin

Telefon:

Centar za mikrobiol

+381 3 565 345;

ogiju

Fane: #2381 23 560 156; Wab: www.

rs;  Email: mikrobi ij i jars

REZULTATI MIKROBIOLOSKE LABORATORIJE

PROTOKOL Il 285 | MIKROB. BROJ 187 Trazena analiza:
DATUM UZORKOVANJA 04.08. 2040 3:20 MIKROBIOLOGLIA bl
VRSTA UZORKA: POVREINSKA VODA | RECIPIJENT: FEMUA 4]
WLASNIK: OPSTINA ZRENJANIN
MESTO ZRENJANIN
MESTO UZORKOVANIA: KUPALISTE TISA - TALPA
UZORAK DOSTAVLIA: RADNIK ZAVODA | UZORAK UZEC: MILOS SRDANOV
QSTALI PODACI SM1
PROTOKOL: Il 285 MIKROBIOLOSK] BROU 197
Parametar Rezuttar Jediniea Meod Klasal Klasall Klasa W Kiasa IV
MPN 24000 1000 mi do 20000
Esherichia coli POZITIVAN
Rezultate zdao

DR PREDRAG RUDAN

Napomena: lzveétaj se mode kopirati i reprodukoviti iskljuéivo u celosti. Rezultati ispitivanja se odnose na ispitivani uzorak.

Strana 1od 1

Figure 3. Microbiologic laboratory results

Republika Srbija
Autonomna Pokrajina Vojvodina

ZAVOD ZA JAVNC ZDRAVLJE ZRENJANIN:Or Emila Gavrila 135, 23000 Zrenjanin

Telefon: +381 23 566 345; Fax: +381 23 350 136; Web: www. ljars; Email: h dravijars

Centar za higijenu i humanu ekologiju

Odeljenje hemijske laboratorije

REZULTATI HEMIJSKE LABORATORLIE

PROTOROL: I 285 | HEMIJSKI BRCU: 170 TraZena analiza

DATUM UZORKOVANIA 48210 920 MIKROBIOLOGLIA

VRETA UZORKA: POVRSINSKA VODA | RECIPLIENT: HEMIA

WLAZMIK: OPSTINA ZRENJANIN

MESTO ZREN.JANIN

MESTO UZORKOVANIA: KUPALISTE TISA - TALPA

UZORAK DOSTAVLIA RADNIK ZAVODA | UZORAK UZED: MILOS SROANOV

OSTALI PODACH SM1

PROTOKOL 11285 HEMIJZKIBROJ: 170
Parametar Rezular Jedinica Merod Kiaza | Kiasall Klasa Hlasa IV
Temperatura vazduha 212 °C
Temperatura vode 223 °C
Boja sveticduthasta MHI-05-003 Bez Bez Slabo primetna !
Mirs bez MHI-DE-004 Bez Bez Elabo primetan !
Vidljive otpadne materje (prozimest) mutna MHI-08-005 Bez Bez Bez Bez
oH wrednost 77 MHI-08-006 AE-35 G6EB-85 8.0-00 60-00
Suseni filtrirani ostatak | migl 350 1000 1500 1500
Suspendovane materjs 38 mgl MHI-08-007 10 30 =) 100
Hemijska potrodnja kiseonika (EPRiz K, Crd,) 135 mal MHI-D5-008 10 12 ] 40
BioloZka potrodnia kissonika [CEh 325 mg 2 4 7 20
Rastvoreni kiseond B8 gl 3 g 4 3
MNapomena: lzvestaj se mode kopirati i reprodukoviti iskljuéivo u celosti. Rezultati ispitivanja se odnose na ispitivani uzorak. Sirana 1od 2

Figure 4. Chemical laboratory results - page 1
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PROTOKOL 11285 HEMIJZKI BROJ: 170
Parametar Rezular Jedinica Metod Kiasa | Kiasall Kiasa N Klaza ¥
Zasitenost kiseonika u procenty 10z % 20-105 TE-80 50-75 30-80
. . Rezultats odobrio
Rezultate fzd3o: &af hemijske laboratorje

WESMNA MAKSIMOVIC, spec.dipling tehnologije Mr Ph Olivera Grozdanowic,

Specualsta rspmu'ua i konn'nle lekova
13-avp-t| I] 13 5146

Napomena: lzwestaj se moZe kopirati i reprodukoviti iskljugivo u celosti. Rezultati ispitivanja se odnose na ispitivani uzorak. Slrana 20d 2

Figure 5. Chemical laboratory results - page 2

Republika Srbija
Autonomna Pokrajina Viojvodina

ZAVOD ZA JAVNC ZDRAVLIE ZRENJANIN.Dr Emila Gawrila 135, Z3000 Zrenjanin

Telefon: +381 23 366 343;  Fax: +381 23 560 136; Web: www zastitazdravijars; Email: higijena2@zastitazdravijars

Centar za higijenu i humanu ekologiju

Izjava o ispunjenosti zahteva [ specifikacija
Misljenja i tumacenja

NALAZ BROJ: I 285

Vode koje se u pi 1 stanju mogu L § kreau]u gradana, sportove na vodi, gqenje dn.lglh wrsta riba [ciprinida) ili koje se uz uobitajene metode obrade-kondicioniranja
[knagulau]z ﬁllracl]a i dezinfekeija i s1.) mogu mambl]anh za pice | u prehrambenoj industriji moraju da ispunjavaju zahteve |l klase (1. List SFR.J br. &/78).

Ispitani uzorak ne odgovara uslovima za klasu Il {dva) u pogledu tzv. “najverovatnijeg broja™ koliformnih klica (MPN).

MNapomena:
Neaphud.an je nadzul nad merama Ilcne i Ivnlekl:lvne hlg]ene ‘IUSIIMJE pre i posle kupanja, dlspcmcua Dl:pada i s}
Prep: lje se p P u pogled ih uslova, kao i sagl broja korisnika imajuéi u vidu kapacitet kupalista.
Macelnik Centra za higijenu i humanu ekologiju
Miljenje izdac: o otogi
Lo =ttt C°
Dr Sasa Pethowic
Spec_higijene
23-awg-10 BAT-H
Napomena: lzvestaj se moZe kopirati i reprodukoviti iskljuive u celosti. Rezultati ispitivanja se odnose na ispitivani uzorak. Strans 1od 1

Figure 6. Opinions and interpretations
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Serbian Water Quality Index

Agency for environmental protection has developed the environment indicator called Serbian Water
Quality Index (SWQI). According to (Report on Environmental State, 2010), it is aimed to inform
the publicity, experts and political decision makers (local self-government, state authorities). The
indicator is based on Water Quality Index method (Development of a Water Quality Index, Scottish
Development Department, Engineering Division, Edinburgh, 1976.), according to which ten
parameters of physical-chemical and microbiological quality are monitored:

oXxygen saturation

BPK;

ammonium ion

pH value

total nitrogen oxides

orthophosphates

suspended matters

temperature

conductivity

coliform bacteria

cCcoxNoar~wNE

[

These ten parameters are aggregated in a composite indicator of surface water quality. Since all these
parameters are not equally significant, they are described with weights (w;) and the points assigned
according to the share in their quality jeopardize. Sum of the product (gix w;) gives the index 100 as an
ideal sum of quality shares of all the parameters. Apart from the classification, values for descriptive
indicator of the quality has also been adopted. These are shown in Table 1.

Table 2: Surface water classification by Serbian Water Quality Index method

WQI-MDK WQI-MDK WQI-MDK WQI-MDK
I class Il class 11 class IV class
85 - 84 78-72 63-48 38-37
100 - 90 89 -84 83-72 71-39 38-0
Exceptional Very good Good Poor Very bad
Serbian Water Quality Index (SWQI)

According to the Serbian Republic Hydrometheorogical Service data and the Serbian catchment area
analysis, including 16745 samples from 143 measuring points in the period 1998 — 2009, the worst
quality of waters are in the canals and rivers in VVojvodina. The profince has 47% samples in the 'poor’
and 'very bad' category, which are I1l, IV and outside of the class.

SURFACE WATER RULES

According to parameter analysis shown within the monitoring example in the Zrenjanin municipality,
as well as the Serbian Water Quality Index parameters, the following can be noticed:

All ten parameters (oxygen saturation, BPKs, ammonium ion, pH value, total nitrogen oxides,
orthophosphates, suspended matters, temperature, conductivity and coliform bacteria) have their
numeric values, but the parameter 'coliform bacteria', apart from the numeric value (number of
bacteria in 1000ml) has its descriptive value (bacteria name) as well. Therefore, the condition
attributes should, apart from these first nine parameters, be extended with each bacterium individually.
Their number could be limited to a smaller number of important bacteria (such as Escherichia Coli). In
order to facilitate the rules, the decision attribute should be descriptive, based on Serbian Water
Quality Index: Exceptional, Very good, Good, Poor, Very bad.
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The Example of the Rules Based on Chosen Parameters

According to already presented rule entry obtained through SSCO system, the following entry:
[89,0.73] IF (al,102), (a2,4), (a4,8), (a1l0,30000) THEN (ad,2)
would mean:

I. 89 measurements confirm this rule with the probability 0.73.
Il. If the oxygen saturation is 102%, BPKs = 4 mg/l and pH value = 8 and if there is Escherichia
coli in quantity of 30000/1000ml, then the quality of water is good (l1 class).

Surface Water Rule Interpretation

Compared to the total number of parameters, the previous example contains only four of them: oxygen
saturation, BPKs, pH value and Escherichia coli. This means that the rule with the probability of 0.73
offers the possibility to monitor only these four parameters, regardless the rest of them. The rest do not
have to be measured in case of such values of these four parameters. In this way the rules could
facilitate decision making and reduce the number of measuring. Interrelation between certain
parameters could be tracked thanks to these rules.

CONCLUSION

The paper presented the rough sets theory application in assessment of surface waters. Based on the
theory, it has shown the possibilities offered by the software developed by one of the paper's authors.
The ways of measuring the surface waters have also been shown, as well as the way of determining
the parameter set for SSCO system (on the example of monitoring in Zrenjanin municipality and
Serbian Water Quality Index)

Specific surface water can be described more precisely with the if-then rules. They would enable
decision making on water classification with less measuring and thus enable to save money and other
resources. This paper showed just the basic application of rough sets theory. The rules could be
checked by testing the same water. In case of missing data, the rough set theory could give the result.
Generating if-then rules on the large database would create actual rules.
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