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Above the shield of the national emblem of Colondita condor with a laurel wreath and
a gold ribbon with a Spanish inscription "Freedamd arder." Do condor wings expanding

above the capital of Colombia see the promisedr@rde




Annotation

Abstract:

This thesis deals with a waste management andrtesatof wastewater in the city of
Bogota and related issues of the environmentaleption. Bogota city is the capital of
Republic of ColombiaRepublica de Colombialn South America. The motive of the
thesis is putting principles of sustainable develept into the practice. The aim of the
thesis is to determinate the current status ofevastnagement and water pollution in the
city of Bogota, assess the potentional impactdherenvironment and local agriculture and
to find any appropriate solutions to remedy. Inigding the problem involves the study
of the legislation, available information from ciielé sources and personal on-site survey,
which was adapted to the possibilities and conadlitiof movement of foreigners in this
country. Author of the thesis studied the histofytlte city and recognize the natural
conditions of Bogota city and its surroudings. Tdghor visited state and municipal
institutions responsible for the examined areaiatetviewed local people. The status was
investigated by personal fieldwork and the photpgradocumentation was taken where it
was possible because of the personal safety. Imtfueluction of the thesis is summarized
basic knowledge of Colombia, Bogota city, naturahditions, demographics and the
character of local agricultural activities in thHgogota city and surrounding. The
knowledge of these facts is necessary to understthrdnnections. The thesis focuses on
findings of how works a system of disposal of mipat solid waste and how is ensure
cleaning of the wastewater. It was also examinedtldr this issue affects agricultural
activities and how citizens perceive the problematithe given topic. The author prepared
and organized a survey among local residents teermate their motivation to
environmental issues and their willingness to pgodite in potentional improvements of
the current situation. The author deals with aytmh of the river Bogot4 which runs
through the capital of Colombia. The thesis inchideproposal to reduce water pollution
in the river by finding a suitable wastewater tneant system of Bogota city and proposal
of better waste management. In conclusions theoagtimmarizes the basic knowledge on

the matter.
Keywords:

Colombia, Bogota, environment, wastewater, munloi@este, agriculture



Anotace

Abstrakt :

Tato diplomova prace se zabyva nakladanim s odpaisténim odpadnich vod v &st
Bogot a s tim souvisejicimi otdzkami ochrany Zivotnihosgiedi. Bogota je hlavni ésto
Kolumbijské republiky (Republica de Colombiay Jizni Americe. Motivem préce je
uvacni zasad trvale udrzitelného rozvoje do praxe.r@ifgace je zjistit saiasny stav a
zhodnotit mozné dopady ukladani odpadznegisténi odpadnich vod v #8s& Bogo€ na
Zivotni prostedi a na mistni zefdélstvi a pokusit se najit vhodn@seni k pipadné
napra¥. Zkoumani problematiky zahrnuje studium legishkatidostupnych informaci z
duvéryhodnych pramein a osobni zjifovani na mist prfizpasobené moznostem a
podminkdm pohybu ciziriicv této zemi. Autor diplomové prace studoval historésta a
poznaval pirodni podminky résta Bogoty a jeho okoli. Nawsval statni a @stskeé
instituce zodposdné za zkoumané oblasti, dotazoval se mistnich ZjiBt'oval stav na
mis€ osobnim Séenim v terénu a gzovanim fotodokumentace tam, kde to twaldu
osobni bezp®osti bylo mozné. V Uvodu diplomové prace jsou styrzakladni poznatky
o Kolumbii a o m¢st Bogot, o pirodnich podminkach, demografii a o charakteru
zemedelské cinnosti v okoli mésta Bogota. Znalostéthto skuténosti je nezbytnd k
pochopeni vSech souvislosti. Prace seétajm na zjistni, jak funguje systém likvidace
pevného komunalniho odpadu a jak je pr@wadcisSteni odpadnich vod. Bylo dale
zjisStovano, zda tato problematika ovliye zentdélskou ¢innost a jak je vnimana
obyvateli nésta. Autor sdm zpracoval a zorganizoval anketu nmmégtnimi obyvateli za
Gcelem zjiséni jejich motivace k otdzkdm ekologie a jejich aghpodilet se naifppadném
zlepSeni sotasné situace. Autor se zabyva &gsgnim ifeky Bogoty, kterd protéka
hlavnim ngstem Kolumbie. Prace obsahuje navrh na omezeniist@ vody v fece
hledanim vhodného systéntisténi odpadnich vod #sta Bogoty. V z&ru prace jsou
shrnuty zékladni poznatky autora k dané probleraatic

Kli ¢ova slova:

Kolumbie, Bogota, Zivotni prasdi, odpadni voda, komunalni odpad, zetstvi
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1 Introduction

This diploma thesis originated from the autor'siest of Colombia, which he had the
opportunity to visit several times in the years 2002011, out of the respect for its history
and immense natural richness, as well as an ackdgement to citizens of Bogoté city,
who had been instrumental in gathering informatroterms of which are demanding for a
foreigner from Europe. The purpose of this thesisoi find out how big impact has the
capital of Colombia, Bogot4, on the environmentyh® solved the problem of wastewater
treatment and waste management. The author trigdetatify problematic areas and
suggest improvements. Furthermore, the author wikedto thanks in this place to the

supervisor of this thesis, who enabled him to harlgils work.

1.1  Political geography of Colombia

Colombia is a country located in the South Ameeal is a part of Caribbean South
America. Colombia is a gateway to south americamticent and certainly part of the
route, by which came first humans migrating from rtNoand Central America
(Babkova,2008). This South American county is nanadtér the famous explorer
Christopher Columbus who, however, never reachddnilma (Babkova,2008). Colombia
has an area of 1.138.910 kihexikon,2003, s.100). In terms of biodiversitgriicularly
flora, Colombia occupies together with Mexico amdidnesia first three places in the
world (Staikova,2008).

Colombia has as the only South American countrgasitine on both oceans, the Atlantic
Ocean and Pacific Ocean. Colombia borders with ¥eela, Brazil, Peru and Panama.
The population exceeds 43 millions (Landmann,200%e capital city is Bogota and
official language is Spanish (Svetdnes,2010).

Colombia is a democratic presidential republic @nsla unitary state with a decentralized
management. The current political system camebptog by adoption of the Constitution
in 1991 (Kolumbie, vnitropoliticka charakteristikdZV,2012). Under the rules of
national constitution is elected president, vicesptent, Congress and the regional council.
With a onset of the president Alvaro Uribe in 20G&s improved Colombian international
status for his uncompromising military approach solve the international political
situation. His government is associated with amagrened struggle against the FARC and
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ELN guerrillas, pressure on human rights and thgatfagainst drugs and its associated
terrorism. Politics of Colombia is characterizeddyinterest on social sector (Kolumbie,
vnitropoliticka charakteristika, MZV,2012).

The governing authority in the country is dividedoi tree spheres: executive, legislative
and judicial. The judicial represent the Constdnél Court, Supreme Court, Office of the
Attorney General and the Council of State. The hehdhe Colombian government,
composed of thirteen ministers, is the presidenthefRepublic. The head of each of 32
departments (spanistepartamentpis governor. Congress consists of Senate andeéHoius
Representatives. Regional authorities in Coloml@geha partial autonomy. For public
administration are important Colombian territorsglf-gorverning corporations (CAR
deC), which are always set by law, These corparatare responsible for implementing

laws.

1.2  History of Colombia

History of Colombia according to excavations andhaological finding date back to

around 3000 BC. In the 15th and 16th century thretdey of present-day Colombia was a
Chibcha empire, which disappeared after the arrigél the Spaniards in 1528

(Lexikon,2003, s.100). The first conquistador whateeed a Colombian land was a
Spaniard Alfonso de Ojeda in 1499 (Babkova,200@)antards began conquering the
territory of Colombia and established some citieshsas Cartagena, which became their
main commercial center. Thence, along the river d4égna, continued colonization

further inland. Bogota, the capital of present-dRgpublic, was established in the year
1538 (Saldarriaga,Gomeéz,2011). In the year 1549 weis up a Spanish colony

(Lexikon,2003, s.100).

In 1717 originated from Colombia, Panama, Venezaeld Ecuador, the new viceroyalty
of Nueva Granadar New Granada. At the end of the 18th centuryubegpen protests

and rebellions against the Spanish domination.hin ¢arly 19th century country had
declared independece, but subsequently the coum&ty re-occupied by Spaniards
(Babkova,2008). Spaniards were defeated by battBogaca on 7th August 1819, the
large part of New Granada was liberated and incatpd into the newly formed

Federation of Great Colombia, which as well inciidéenezuela (Lexikon,2003, s.100).

Independence was reaffirmed and venezuelan ges@madn Bolivar, became a hero
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fighting for freedom and was elected as a presidérGreat Colombia (Babkova,2008).
Colombia along with Venezuela formed the Republi€olombia. In 1821 Panama joined
Republic of Colombia and Ecuador joined in 1822e Phesident was again elected Simén
Bolivar. Colombians definitely defeated SpaniamdslB24 by battle of Ayacucha and
Sucre. The centralized system was not able to goserextensive and diverse territory,
and therefore the Great Colombia was split intoeghrseparate states in 1830
(Babkova,2008). After the disingration of the feateon on January 1831 was declared the
Republic of New Granada (Now Colombia and Panawmhigch in 1886 adopt the name of
Colombia. Whole 19th and 20th century is charakéetiby civil wars. Between years
1863 and 1885 were in total eight civil wars andrendhan 50 anti-government
insurrections. One of the best known war is soedallOne thousands day war” (1899 —
1902) in which were killed nearly 100.000 peopleeTperiod of unrests and bloody wars
ended in 1903 when Panama seceded from Colombiak@re2003,s.100). Colombians
recognized the secession of Panama canal in 1921.

Modern history of Colombia is full of coups andduent alternation of governments. In
the year 1948 the assassination of liberal palitige Eliécer Gaitan led to the civil war
known as J].a Violencia“. In 1957 an Agreement was signed, which was aoefit by
referendum known asFyente Nacional“or. During the term of this Agreement political
parties were exchanging the presidency in fourgeartervals (Babkova,2008).
Nevertheless in this relatively quiet period appdaromplications in connection with the
emergence of guerrilla groups. These groups arelttest rebel forces in Latin America
and still continue with armed struggles against glogernment. In Colombia is about
twelve guerrillas groups. Each group has own idgpland its own political and military
strategy (Babkova,2008).

The political situation in Colombia has improveddan the presidency of Alvaro Uribe
between years 2002 and 2010. The current presafeBiblombia is Juan Manuel Santos
Calderon, who continues the policy of forceful stggsion of the drug mafia (dlk,1010).

The country is a member of the UN, Oas Aladi afgtpinternational organizations.

1.3 Natural conditions of Colombia

Colombia lies in the tropical zone, on the shofeSaribbean Sea and Pacific Ocean. West

coastline border three ridges of Andes, reachinghte of approximately 4.500 m. In the
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valleys between ridges of Andes flow two importa&wlombian rivers - Cauca and
Magdaléna. The highest mountain of the country duomslie in the Andes but in the
Caribbean plateau, known as Cristobal Colén with dititude 5.775 m AMSL
(Starkova,2008).

In the Southeast are tropical forests of Amazd#rliara reminds at the altitude of 4.000 m
AMSL flora of temperate zone.. In the interior, ainiis located in the precipitation
shadow of the Andes, are located biotops of sersert® and grassy moorsparamos
(Ottav ilustrovany atlas sita,2009).

The climate of the country is generally influended altitude. Total precipitation in the
north of the country is minimal, in the centralasdhe precipitation increases to 1.050 mm
and at the Pacific areas precipitation reache07ifd. The rainiest days are from April to
May and from October to November. Average tempeeasi higher altitudes of central
areas reaches 14°C and in other areas of Colorhboaughout the year is 28°C. The
average temperature in Bogoté city is 18°C, dutsthigh altitude (Allmetsat,2012).

Colombia is ranked with its 25.000 — 30.000 naspecies of plant among the top three
countries in the world in absolute diversity ofrlo Just for interest, Czech Republic has
about 3.000 plant species of which 500 were impldatk (Stéikova,2008). So, Colombia

could be with a little exaggeration marked as aswey of nature of Earth. As every real
treasure is often in danger, the Colombian natsirasi well endangered — population of
Colombia is constantly increasing and the pressureuse of natural resources for

commercial purpouses is high (&itava,2008).

2 Literature Review

How the city of Bogota copes in the issues relatedvaste management, wastewater
decontamination, environmental protection and healsl with a problematics in specific
cases, was determinated from available literatndeby the presonal conduct in Colombia.
In the cooperation with local authorities were ®yed experience of real projects. The
survey was also realized among residents of Bogitya This survey examined how
people perceive the issues related to waste maragenvaste water management and
their interest of this problematic.The diploma tkesclude the study of existing

legislation.
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2.1  The capital of Colombia - Bogota D.C.

The city of Bogotd is the capital city and the &sgcity of Colombia. Bogoté city and
surrounded arreas form together Bogota D.Bogota districto capitalBogota capital
district) which lies in the region of Cundinamarc@olombia has 32 regions and one
capital district. According to the Statistical @#i,Departamento Nacional de Estadistica
— DANE" from 2005, the population of Bogotd D.Ceached 6.778.691 inhabitants
(Pliego 001 de 2011). In 2017, on the base of tdes® Bogota D.C. will reach 8.112.294
inhabitants, according to annual population grov#8% (Pliego 001 de 2011). The city
was founded in the year 1538 at the altitude o#i@.fhetres AMSL and carried name
Santafé. The city was based on the place of thdl sm&genous settlement dfluiscas a
large group ofChibchaspeaking indigenous cultureSantafé was from the beginning the
capital of the New Granada. In 1819 Santafé waamenl to Bogota after when Simon
Bolivar had become the president of a new Republid821 Bogota was chosen as the
capital of the Republic. Bogota is a center ofumalkt and social life in Colombia and every
year many people come to the city look for the w(Bkldarriaga,Goméz,2011} is a
center of cultural and social life in Colombia aawery year many people come to the city
look for the work. It is logical that the life obgopulated city has an adverse impact on
the environment, producing large amounts of wastel @onsiderable amount of
wastewater discharged into the river Bogota. Bogotar forms a boundary between
Bogota D.C. and region of Cundinamarca {@ftustrovany atlas s\ta,2009).

As in all Colombia, inhabitants of Bogota D.C. dreided into six social classes, castes -
.Estratos* (Figure 5). These social classes are classifieztbrding to the property
intended for housing withing the municipality orgr@n, based on characteristics of
housing and socio-economic status of the populaksitratol means the lowest level, ie
poverty, andestrato VI represents the highest level, ie rich citizens. ohdimg
to“estratas” are determined fees for public services in the fafrcontributions from
curators and focus of urban social programs. Cautions represent a percentage relief
from public utility charges (edestrato | pays up to 50% less from the real priestrato |l
25% less anéstrato 111 15% less)Residents of the upper classes pay losses fromelieé

of lower classes. Social classes to some extewdaffisct property taxes, valuation of real
estate, ect. (Websites IEU,2012). Classificatiomo“@stratos* is governed by the
applicable national legislation (Decreto 970 de 1199ecreto 990 de 1992 and Decreto
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2220 de 1993) . Municipalities and cities classdgidents intgestratos* according to the
methodology issued by the National Planning DepamntniMapa e informacion de estratos
en Bogota,2012).

Bogota city is administratively divided into 20 marFigure 2), 19 parts is urbanized
(Figure 3). These urbanized parts are: Usaquérpitdi@a, Santa Fé, San Cristobal, Usme,
Tunjuelito, Bosa, Kennedy, Fontibdn, Engativa, SuBarrios Unidos, Teusaquillo, Los
Martires, Antonio Narifio, Puente Aranda, Candelafafael Uribe Uribe, Ciudad
Bolivar). Only one fully rural part is Sumapaz @80 001 de 2011). More then half of
Sumapaz is national park and rest of the arearisudigiral. Sumapaz lies in the South and
belongs among poor areas (Figure 4).

2.2  Ecological problems of the city

The city of Bogota is located in the plateau, i flocation of formed swamps and
wetlands. The city is squeezed between the alpssifisa which limit an area where urban
constuctions can be realized. The climate in tiea af Bogota D.C. has a character of
temperate zone, but with torrential tropical ramkich carry risks of erosion, landslides
and floods (Svetdnes,2010, Figures 14,78).

Environmental problems are caused by overpopulatimh by specific natural and social
conditions. Nature in Bogota D.C. is in many waysque, but it is often destroyed by
construction of houses without planning permisgBigure 26). In these houses people
live in substandard sanitary conditions, often withpotable water, sewerage, ect.

One of the greatest environmental problems of ityeix heavy pollution of surface water
(Figures 22,30), Bogota river is black, stinkingvee and in some places with a white
foam on the surface (Figures 23,25,27). Based anymesearches Bogota river is without
aquatic life (CAR,2012).

Everyday life of the city of millions citizens caugroduction of large quantities of solid
waste. Storage of solid waste in the landfill dedsanse of land. Solid waste is brought to
the walley, which during the operation of the lalhdias completely disappeared. The
amount of waste annually rise up and the landfddastantly expanding. Environmental
problem of landfill is a soil erosion (Figures 7B,78) and landfill gas (LFG), which

contain a substantial amount of methane and cadimdde. This gas always originate at

municipal waste landfills. The highest productidnL&G is between 5 and 13 years after
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the deposit of waste, but the gas is generatin@@to 30 years. LFG, if is not pumped
from the landfill, uniformly migrates through lageof deposited waste in the landfill in all
directions. Thereby threaten a danger of creatmgxplosive mixture with air, even in a
distance of several hundred meters from the ldnoifitly (Simersky, 2012). Pumping of
the gas is not only necessary because of the dafigeplosion of accumulated gas but
also for the protection of the environment, maipkgvention of pollution by greenhouse
gases, which demage the protective layer of thesphere. Methane emissions are limited
by combustion of LFG, which generate waster vapud aarbon dioxide. (Simersky,
2012). LFG also reduce the oxygen concentratiotihénupper layer of the landfill cover,
which prevents the implementation of biologic réiealtion (Websites Biomass
technology,2012).

2.3 Agriculture in the neighborhood of Bogota city

In Bogota D.C. is one fully agrictulture distriadéiseven urban districts with agricultural
activities. These districts are Cuidad Bolivar, dsr8an Cristobal, Santa Fé, Chapinero,
Usaquén and Suba. Agricultural zones has a low t#veublic services and are located in
mountainous areas, in some parts reaching over @@d@&s AMSL. Only district Suba is a
lowland. Agricultural land is under the expansiohroral areas mainly in Usme and
Cuidad Bolivar districts through still emergingrsis. Rural areas cover land of 122.689 ha
in Bogota D.C. which represent 76,8% but only 31.6@ ( 25,7%) is agriculturally used.
Rest 91.182 ha (74,3%) are protected or abandoresss.aThe largest and almost only
economic activity in rural areas is a farming. Wi82h9% of agricultural land is used for
pastures, represented mainly by cattle for millatgdiorses. Only 15,1% of land is used
for cultivation of crops. Potatoes are widely awdted (64%) following by peas (23%),
beans, corn, fruit, onion and other vegetable (Web%Icaldia Mayor de Bogotéa, 2012).

Bogota river forms a west boundary of Bogota D.@d aegion Cundinamarca. This
neighborhood of Bogota D.C. is predominantly adtical zone with pasturage and
cultivation of crops and ornamental flowers, sushi@ses, orchid, callas and other flowers
for national use and international export. Thisaamrecludes La Ramada” irrigation
district with intensive cultivation of crops andiit. The composition of crops cultivated in
this part of Cundinamarca region is identical tonposition of cultivation in Bogota D.C.
(Websites Alcaldia Mayor de Bogota, 2012).
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2.4  Bogota river

Bogota river drains an area of 5.859%amd measures 365 km. Bogota river rises 3500
metres AMSL in the Paramo de Gacheneque in themegfi Cundinamarca, northeast of
Bogota D.C. and flows into Magdalena River 300 ee#MSL in the town of Girardot in
the region of Cundinamarca (Figure 20) The ardhefiver basin is complex combination
which mixes urban, industrial, power generatiormrjlaginess with agriculture irrigation.
The water quality of Bogota river is characterizgda high degree of pollution (Figures
22,23) which can be seen all the way. Despite,cagrmized feature of the Bogota river
basin, especially in the region of Bogota D.C., i@ extensive and important wetlands
(Figures 12,15,16). These areas have been hidtgricaportant as habitats for many
species, for its recreational potential and moretheir potential to act as an integral part
of the regional strategy for management of watelityu As recently as 1950, there were
about 50.000 hectares of wetlands included in tbgoBa river system. At present, these
areas have been reduced to less than 1000 he&#restlands have the potential to serve
different purpose and are recognized by various BlG@tive in the area. Besides
economic, social and environmental importance & Watershed, it is important to
recognize the significant risk that cause recurfi@aiding in the area. The combination of
heavy rainfall, high water tables and limited runiof the Bogota river basin means that
many part of the basin are subjested repeatedgsflooding. These floods exacerbate the
problems of high water tables in many parts of ltilasin near Bogota city and cause
widespread damage and affecting livelihoods strestuThe current level of flood
protection is based on a designed standard forsfleith a return period of 25 years. The
new works for flood control will be developed withdesign suitable for flows with a
return period of 100 years (Documento del Banco dialf2010). The average flow of the
Bogota river during dry season before entering Bégity is 12n¥/s and the average flow
of the river after Bogota city is 368 (Documento Conpes 3631,2009).

241 River basin sectors

Basin of Bogota river is divided into 3 sectorseTHsector,Cuenca Alta“ is located at
the north of the Capital District. In this sectood®ta river receives wastewater from 21
municipalities with a urban population of aroundd@®W0 habitants and contribution of

360.000 t of annual sediment mainly from the basdithe Checua river flowing into the
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Bogota river. In this sector the impact of the ripellution generates and impairs quality
of soil and crops under the irrigation. Pollutidntiee river starts seriously affect health of
the inhabitants of the regions through river pas@dsmoria general programa de

saneamiento Rio Bogota,2011).

The 29 sector,Cuenca Media“ of basin has approximately 90 kilometres of theni
lenght and recieves wastewater directly from Bod@f@. In this region Bogota river gets
daily about 300.000 tons of organic load comingrfnparalel rivers Torca, Salitre (Figure
46), Fucha and Tunjuelito which flows through they of Bogota D.C. 50% of the
pollution is from the industry and Bogota riverviery polluted in this region (Memoria
general programa de saneamiento Rio Bogota,20h&)land use on the left bank of the
middle basin of Bogota river (basically Bogota D.{S.predominantly urban and includes
residential, commercial, industrial, recreationsdas and some illegal settlements in the
river bank area. The right bank is predominanthalrwith irrigation district La Ramada,
where polluted water from Bogota river is intengmesed. While Bogota river itself does
not flow through the city of Bogota, many of thibttaries flowing into it from the city are
heavily contaminated as a result of discharges faensely populated urban areas.
Coming out of Bogota D.C., the river descends $ye2P00 meters in a short way made
up of rapids into the valley of the Magdalena Riverthis part of basin Company Emgesa
has built a hydroelectric power plant of two traqdd24 MW of installed capacity)
downstream from Bogota to take advantage of the #ad the gradient of the river. The
other track of the power station is the reservoufisl, of 853 hectares, which is also
heavily polluted and produces heavy odor (DocumdetdBanco Mundial,2010). The area
of rapids is terminated by 132m high spectaculatevfalls called Salto de Tequendama
(Figure 19) but unfortunately this waterfall hasbeancorporated into the hydroelectric

scheme, so the water cannot flow consistently y@and and often is dry.

The 3° sector,Cuenca Baja“ has a longitude of 110 km and terminates in the ddbmna
river, one of the main rivers in the country. Tlwer is used for power generation and
irrigation in agriculture. The river is very poled and seriously affects human health of
the inhabitants of the region (Memoria general prota de saneamiento Rio
Bogota,2011).

In summary pollution of the Bogota river startgtie upper part of the river and affect all

habitants along the river basin. The pollution lvé surfacewater cause intensive use of
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groundwater and the progressive depletion of ebtoggpion and consequent destruction of
the wetlands and limits recreation areas for theufagion (Memoria general programa de

saneamiento Rio Bogota,2011).

24.2 Chararacter and monitoring of pollution

For many years Bogota river was used as an opeersiw large part of the city of
Bogota. Since 1950, the rapid urban developmentirhpact on destruction of wetlands
caused by growth of low-income communities along tiver which are susceptible to
flooding (Documento del Banco Mundial,2010). Theimmaver quality problems are
associated with high organic load from househotlgagie discharge from municipalities
in the basin. Other big source of pollution is isttial contribution equivalent to an
additional 5 million inhabitanst (Memoria generalograma de saneamiento Rio
Bogota,2011). The main source of pollution are bitzeats of the Bogota D.C - 6.778.691
inhabitants of Bogota D.C. (Pliego 001 de 2011) abdut 10.5 people with suburbs.
People discharge all their sewage water into therrBogota through its three main
tributaries: Salitre, Tunjuelito and Fucha (Documtoeettel Banco Mundial,2010).

In the year 1961 was by the law 3 of 1961 (Ley 3 1@61) established
Regional Autonomous Corporation of Cundinamarca REA CAR has issued law
agreement (Acuerdo 43 de 2006) which set the watality classification for the Bogota
river basin and the objective of the river decontetion which has to be achieved no later
than 2020. The water quality classification is dd/into five levels depending on the type
and quantity of the pollutants (Acuerdo 43 de 200®)ke water quality classification was
extended of two more Ilevels for internal uses andojept planning
(Adecuacion,CAR,2011).

The Bogoté river basin exhibits varying degreeshef water quality degradation (Figure

51) depending on where and when samples are tdkendegree of pollution depends on
the season levels of rainfall. Overall, water gwaiincreasingly deteriorates as the river
moves from the upper catchment towards the midd&enb densely populated, and to the
lower basin. Throughout the length of the Bogotéeni the data collected through

monitoring activities of water quality indicate ggh organic content and large amounts of
the nutrients, low level of dissolved oxygen andghhievel of waterborn pathogens. The

level of pollution increases as the river approacted crosses the region of Bogota city,
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situated in the ¥ sector of basin (Documento del Banco Mundial,20B@yota River and
its tributaries have received domestic wastewatamtaining organic and inorganic
minerals, heavy metals, pesticides, fungicidesbibeles and sediments in amounts that
greatly exceed the dilution capacity and self-peaition of the river. Residents of the
banks of the river channel are affected by serfmadth risks and aesthetic effects resulting
from water pollution. Bad odor and aesthetic qyabi the river is considerable in many

places of Bogota D.C.

2.5 Wastewater treatment system

Separate legislations refer at the wastewatermtresatt in Colombia. These legislations are
issued at the national and regional level. Howetleir compliance is not consistently
monitored or controlled. The result of inadequatatml of compliance of legislative,
caused the unsatisfactory state of the environmmeBbgota city. This is the most evident
on the pollution of the Bogota river, where is ecs presence of aquatic life. In recent
years is a significant increase of the intereghefcity goverment to improve the situation
of the contamination of the river. The main intiatis CAR (Herrera Herrera,2011).
Treatment of industrial wastewater is regulatedibgree (Decreto 3930 de 2010), which
imposes duty to any industry clean wastewatersabwn expenses before release into the
environment. Permission for industrial activitississued after prove of confirmation that
the manufacturer built a WWTP. Confirmation hasdigf for ten years, after this time,
company must apply for new certificate which evesahe quality of treated wastewater
(Decreto 4728 de 2010). CAR inspects the qualitytreited wastewater. In case of
exceeding the pollution limits, CAR has a statumgwpr to impose fines (Herrera
Herrera,2011, Acuerdo 43 de 2006). Rain water flokwectly into surface waters. Rain
water is discharged directly or through a shortataystem to the tributaries of Bogota
river, which flows through the city (Figures 353B). This has resulted in massive
pollution of the river Bogota by municipal solid sta (Figures 30,43,66,67), which are
washed out into the river during rain (Herrera ldeaj2011). Sewer system of domestic
wastewater is in Bogota city inadequate. In theémaof the city is built up insufficient
amount of sewers. The main truck of sewage systemncallectors (Figure 50). These
colectors collect water from sewers and bring thi® Salitre WWTP (Figure 48), which is
the only one WWTP in the Bogota D.C. The rest & sewers has a wrong conection to

the system and discharge a big amount of wastewlatstly into the rain water system,
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which is river Salitre (Figure 46) and its tribués and all wetlands around. The biggest
problem of wrong conection is within illegal urbaonstruction. In the rest of the city, as is
the basin of the river Fucha and Tunjuelito, iseklof sewer system and waster water is
discharged directly into environment. Direct disgjiag and wrong conection of sewers
cause high pollution and serious health risk inlihsin of Bogota river (Guia conceptual
sobre la Ptar Salitre,2012).

25.1 WWTP Salitre

WWTP Salitre was built in the year 1997 after matydies and projections which are
dated since 1906 (Memoria general programa de saer® Rio Bogota,2011). Salitre
WWTP is the only one municipal sewage plant opegain Bogota city located north of
the city on the one of tributaries of Bogota rivealled Salitre (Figure 47). Bogota city
discharges 241¥s of sewage water of which only 20% is primaryteel in Salitre WWTP
(Documento Conpes 3631,2009). Salitre WWTP hagadity of 4ni/s (Memoria general
programa de saneamiento Rio Bogot4,2011) and cleamage water of north part of
Bogota city with a small amount of water from rivBalitre (Herrera Herrera,2011).
WWTP Salitre is conected to three colectors of witlze one around the river Salitre is
under the construction (Adecuacion, CAR,2011).

In the WWTP Salitre is used only primary treatmehtdomestic wastewater which is

divided into three stages. In the first stage is Wastewater treated by big and small
screens, which separate a solid waste as botdpsrg wood and other floating material in
the wastewater. WWTP catches 60t per month of sedte (Guia conceptual sobre la
Ptar Salitre,2012). Second stage is a removal sbluble solids such as sands and
materials such as fat and foam. The water is tledtap to 12 minute and chemicals are
added into the water to accelerate sedimentatitre fhird stage is sedimentation of
organic matter, bacteria, parasites and other sedary solids. WWTP Salitre has eight
sedimentation tanks where are added other chemicalsiccelerate the proces of

sedimentation. After the sedimentation the watetissharged into the Bogota river (Guia

conceptual sobre la Ptar Salitre,2012).

Sediments are moved into two tanks of thickenintge Water from this process is moved
back in the beginning of the all process of clegrand the thick sediments are moved into

three digestion tanks, where the sediment is weadetween 17 upto 22 days in the



25

temperature of 35°C. In this process is accumulbi@ghs which is used for heating of the
digestion tanks and the rest of biogas is combusibd digestate is dried and used as
fertilizer and the water is pumped back in the bemgig of the cleaning process. WWTP

produced 4950 t of digestate per month (Guia cdoeépobre la Ptar Salitre,2012).

2.5.2 Projects in the field of wastewater treatment

The intolerable situation of the surface water guand high frequency of floods mainly
in the region of Bogota D.C. has forced mayor og@®a city and other govermental
institutions to find a solution how to clean up tier pollution. The main reason for this
decision comes from the high helath risks causedhbyriver pollution for habitants of
river banks, disappearing flora and fauna of welkaand huge contribution of pollutants
on agricultural yield through the irrigation fromo&ota river. Various regulations
established at the national level are applied @nutgency of the decontamination of
Bogota river. The two mains are: Artide 79 of th@dnbian constitution which saig:all
people are entitled to enjoy a healthy environmerit is the duty of the state to protect the
diversity and integrity of environmen#éind law 99 of 1993 (table 1, p. 36). There are two
projects in the field of wastewater treatment within goal to achieve the presence of
aquatic life in the Bogotd river (Memoria generalograma de saneamiento Rio
Bogota,2011).

253 Bogota river sanitation project

Bogota river sanitation is very important projeittiated into the,cuenca media“where
the river forms a boundary of Bogota city with eesth of about 68 km. This sanitation
project has two main purposes. The first goal ef pinoject is to improve the quality of
Bogota river and reduce the flood risk, the secgadl is to build up a multifunctional
areas along the river basin of Bogota D.C. (Docum@&onpes 3631,2009).

This project will develop flood control with a dgsisuitable for flows with a return period
of 100 years by reconsturion of restoring meandaed wetlands. Further, projects
consider landscape design and multifunctional asdasg the river. The project will
generate 8 multifunctional areas with an approxenaea of 175 hectares. The land of this
areas will be recovered and intended for uses ateption and ecological conservation,
flood zones and areas of public entertainment. griogect will return ,life“ on the river

banks by construction of parks, playgrounds, resteg and other entertainment zones.
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Cycleway will be built all along the river basin Bbgota D.C.. Project expects increase of
living standards in neighborhoods of Bogota riido¢umento Conpes 3631,2009).

Work plan considers a deepening of the riverbedexpansion of the flood zone with new
embankments protecting the city and agriculturabdlagainst floods. This will cause a
massive destruction of illegal neigborhoods alohg tiver basin and relocation of
aproximetly one hudred houses and two hundredanoiflies. The government will buy the
land from the owners which is included to the riwanitation plan. Furthermore, this
project counts with a recuperation of the rain watmals and river canals in Bogota city

(Documento del Banco Mundial,2010).

254 Project of the wastewater in Bogota city

Because of the insufficient wastewater treatmedgota city, lack of sewage system and
many realized independent studies the governme@bltimbia decided to support a huge
project to build up a proper wastewater treatmgatesn in Bogot4 city. This project has
many steps of realization to create a proper sewadavastewater treatment system. Steps
of this project are realized independently to eamher (Documento del Banco
Mundial,2010).

The first plan is an extension of WWTP Salitre. W/ Balitre has a capacity only of
about 4n¥/s and it is not conected to proper sewage sydtethis plan the WWTP Salitre
will be extended of other 4is to total capacity of about 8% of wastewater. During this
reconstruction will be add a conventional secondagatment (Documento Conpes
3631,2009). The secondary treatment is a convealtibiological process which uses
aerobic bacteria that consume an organic mattesepted in the waste water. In this
process is very important aeration to achieve & iyel of dissolved oxygen (Guia
conceptual sobre la Ptar Salitre,2012). The sequad is a construction of the new
WWTP called Canoa. This WWTP will be located outha Bogota in the south and treat
wastewater from south of Bogota city and one of iggest suburbs Soacha. In this
WWTP will be implemented new technologies for cheshiand biological treatment with
a capacity of about 16ts. WWTP will be built in three stages. First stameolve primary
treatment. Once primary treatment will be operatisigrts a construction of secondary

stage, which involve conventional biological prace3hird and last stage will be a
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construction of third treatment, which removesagén and phosphorus. In the project of
WWTP Canoa is not considered any use of biogasdqéateon, CAR,2011).

Next plans involve construction of five huge coltes of wastewater. These collectors
collect sewages and bring the wastewater into WWTB#ectors are built mainly around
the river canals in the city to separate sewagemiedm the river water and rain water. By
this project city wants to stop direct dischargwfgwastewater into rivers and starts the
process of cleaning up the city rivers. WWTP Salig connected to three collectors of
which one around the river Salitre is under the stmttion (Documento Conpes
3631,2009). The project involve one collector i thorth of the city with a longitude
about 4.230 m and pipe diametre about 1,8 m, wiilllcollect the waste water between
rivers Fucha and Salitre. This collector is nowadagder the construction. In the south of
the city are projected four huge collectors. Onldector will be located around the river
Fucha, second collector will be located aroundriter Tunjuelito, third will connect all
system with WWTP Canoa. This collector has a ladgtabout 8 km and pipe diametre
about 4,25 m. Fourth collector will connect systeith Soacha. The connection between
collectors of river Fucha and Tunjuelito belongghe project ,collector river Fucha® and
has a longitude about 9,8 km and pipe diametreta®@® m (Figure 50). Nowadays it is
under the construction (Principales obras del menyagto de Saneamiento del Rio
Bogota,2012).

By these projects is expected coverage of capatigewage water produced in Bogota
city and bring it to the WWTPs for its decontamioat Separation of the rain water and
wastewater will contribute on the entire decontation of Bogota river (Documento del

Banco Mundial,2010).

2.6 Waste management

Separate legislations refer the waste manageme@wlombia. This legislation is issued at
the national and regional level, therefe the situais in each area quite different. Waste
management in Bogota city is included in the pubétvices provided by the municipality
of Bogota, which ensure collection and landfilliagmunicipal waste, green maintenance
and care of cleanliness of the city. Possibilibésvaste sorting and subsequent recycling
exist in the region of Bogota D.C., but are not geite common. The waste sorting

currently works more at the level of the collectioihsecondary raw materials, which is
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beneficial to collect and deliver in the places vehmaterials are bought up. This method

of waste management means for many people souinearfie.

Until 1993, was in Bogota D.C operating the onlg atate-owned compangmpresa de
Servisios Publicos Distrital — EDIS"which was canceled due to financial problems.
Subsequently government of Bogota D.C. issued #iqoigmder, on the basis of which was
in October 1994 signed a nine-year’s contract fer period 1994 - 2003 with four
companies, which provide maintenance of varioussprthe city of Bogota. The city was
divided into seven zones, which included 1.522.2&2ses. Upon expiration of this
contract was issued a new tender, seven — yeanteacbwas signed with four companies
for the period of time from 1Bof March 2003 to 3 of June 2010. Bogota city was
divided for this purpose into six partéas Areas de Servicio Exclusivo - ABiEh a total
amount of 1.760.210 houses (Pliego 001 de 2011).

In December 2011, government of Bogota D.C issueevatender (Pliego de condiciones
licitacion publica, 2011), a nine - year’s contrfactpublic services for 30.736 hectares of
urbanized parts of the city of 6.778.691 citizeascprding to data from 2005). These
urban areas are divided into six zones in totaé #nder will select three companies of
which each one cannot take care of more that tvobh sones at once. The tender was
annulled by court decision (Corte Constitutionalité\No 275 de 2011) and new tender
will be issued. The tender was canceled becauseadin¢ upheld the objections of those
who criticized the unsufficient security of wastetsg and recycling. The objections were
not motivated by protection of the environment, butfear of the loss of profit from the

collection of secondary raw materials, which aradid up. Existing contracts are renewed
on the basis of Resolution 2012 (Resolucion de ai2which is declared in Bogota D.C.

a state of urgency to ensure continuous hygieredsief the city.

2.6.1 Waste sorting and recycling

Start of recycling is dated in Bogota D.C. betwgears 1940 and 1950 due to the large
immigration of 3.6 million people into big cities'his immigration was caused by
Colombia’s inner conflict in the countryside. Thiggh immigrantion caused a high level
of unamployment and people started to work in dlegctivities and informal economies
such as waste sorting and recycling. Nowadays,0020d poor people works in informal

waste sorting in Bogota D.C. and it represents thigiin or only one economic activity.
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Into the waste sorting are very often involvedfathily members including small children.
In average 3000 poeple are aged between 15 ancd8,y19% are illiterate and 81%
reaches the basic education of the Colombian l&ely 11% is formally organized in

groups and rycycling companies (Corredor,2010).

In the year 2006 was established Special AdmiriggdJnit of Public Service (UAESP)
in Bogotd D.C. UAESP created a formal waste sortiegter La Alqueria for right
utilization of sorted waste for the reason of higttume of solid waste exported to landfill
Dofia Juana (Corredor,2010). La Alqueria is nameer ats location which is the
neighborhood of Alqueria in the southwest of Bogatg. Sorted waste is received in the
center, classified and sold to the recycling congm(Figures 62,63). La Alqueria has 55
permanent employees and organizes trainings ancagdoal programs for around 150
people who want to know about waste sorting angiatery process and companies (La
Algueria,2012). Truck of La Alqueria has a specmlte for each day and collects sorted
waste of 15 rural districts of Bogota D.C. (Figuéd3. Nevertheless, this route covers only
33% of potentially recyclable waste produced orsé¢hdistricts. La Alqueria receives in

average about 10 t of sorted waste daily (CentrBetgyclaje La Algueria,2012)

Most of the waste sorting is made by the informalywvhich contributes to pollution of
the environment. People collect recyclable wasimfrubbish bags which are left prepared
to be picked up by a dustman in front of houseser®©those people pick up all rubbish
bags to sort the waste later on the river bankge®af wetlands, under bridges, green
zones or on the empty streets. Those people caltewtruction waste, cardboard, paper,
plastic, glass and metal and he rest of non-rebiglaaste is left on the place and causes
pollution. The sorted material is transported bgrfas” - cars pulled by horse (Figure 64)
- or “zorros” - cars pulled by a human - to caltes who store and classify the material by
type. Often the odor and some diseases are fousecitors where these houses are located.
This kind of informal collectors is not permited aydistrict's law. Nevertheless, there are
many of them as there is not substantial contrioésg collectors sell potentially recyclable

materials to middlemen, reteailers or recycling panies (Corredor,2010).

The most sorted materials are plastic, paper, paped, glass, metal and clothes. The
technological and electric waste is not sorted gods directly to the landfill. (La
Algueria,2012).
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2.6.2 Projects in the field of waste collecting

Under the Resolution 2397 of 2011 (Resolucion 237 2011) of the Department
of Environment of Bogota D.C., the recycled condinn waste must be used in the new
constructions since year 2012. In the private ssctoust to be 5% of used materials
comming from recycled construction waste and in plubdlic construction 10%. This

percentage will grow up of 5% every year in botbtees until it reaches 25%.

In the end of the year 2011 assembly of the citydal to support UAESP and process of
waste collecting and recycling. On"ldf January 2012 newspapers El Tiempo published a
new program of the mayor of Bogota D.C. with cooation of UAESP, called ,zero
basura“ (zero waste). This program is focused assiying the waste from the source
because there is found a main problem in the rewychain. The objective of the program
will be achieve by three main activities. First gty will be a massive education
campaign in the public and private schools withacaation of 1.600.000 students how to
classify the waste. Another campaign will be présgras official visits of houses in
residential parts of the city. In the second paudyor expects creation of tax reduction of
public services for those who will recycle and thed activity would be a creation of
penalties for those who will not recycle. Furtheremdhe program considers that collection
of recyclable waste could be made by static boresfar each type of recyclable material

would be defined a specific color (Figure 60).

2.6.3 Municipal landfill Dofia Juana

In 1988, the city of Bogota established municipalste landfill Dofia Juana (Figures
69,70). Landfill is located at the altitude of 2574 2.800 metres AMSL and cover area of
592 hectares (Rodrigues,2011) where, based onfrdata2010, is stored 185.910 tons of
solid waste per month (Websites CGR,2012). Thiswuarhoepresents 15% of all waste
generated at the national level (Guerrero,2011)y@dout 800 trucks (of capacity about
eight tones) bring in average 7.000 tones of mpalcwaste to the landfill (Websites

CGR,2012). The river Tunjuelito flows through theea of the landfill, into which is

discharged treated wastewater from the landfilisTiver enters the city of Bogota and

flows through the southern urbanized parts of thye ¢
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The operation of the landfill is ensured by the pamy CGR Dofa Juana (CGR), which
ensures technical support and operation of landfidl also organizes training of the

population, excursions at the landfill and otheanatees. (Guerrero,2011).

2.6.3.1 History of the landfill Dofia Juana

The municipal landfill Dofia Juana is located in soeitheastern part of Bogota city, near
the main communication Boyaca. Establishment of lémelfill dates back to the®1lof
November 1988. Initially, the waste was formed ifve metres high mounds, without any
secure against leaks and without any wastewateiment or drenage of the water coming
out of the landfill. At the time the landfill opdgran occupied area of 14 hectares and
disposed waste was covered only with plastic shgékigure 71). This technical situation
cause odors, seepage of rainwater into the wast¢hanwaste was an accessible source of

food for vectors (Guerrero,2011).

On 27" of September 1997 occurred at the landfill to tmessive explosion of
accumulated LFG and a significant amount of pollureastewater was realesed into the
environment (Figure 68). With this explosion waB(®.000 tones of solid waste ejected
into the environment, what resulted, inter aliamdang the river bed of Tunjuelito with
500.000 tones of municipal solid waste. In the tzdpvas immediately declared a state of
emergency. After this incident was built sewagetireent plant and was implemented
process of landfill degassing to prevent futurelesipns (Websites CGR,2012).

CGR is now also focused on social assistance iasaegljacent to the landfill. The
company tries to improve the living conditions afople living near landfill sites. The
company accept responsibility of the impact of afieg the landfill on surrounding
residents. The landfill signifies income for margople (Triana Delgado,2011).

It is interesting that: CGR Dofa Juana has estagdis program called ,man’s best friend*“
for adoption of dogs and cats which enter the lidinwf find a food (Figures 79,80,81).
Dogs were hitherto regarded as vectors and wereregpand killed. CGR states that dogs
and cats are pets and must be protected. CGR warlig this program give to these
animals another chance and better life (WebsiteR QG 2).

Currently, management of CGR nor government ofcttyedo not consider a construction
of municipal waste incineration, in duscussion im@dernization of the sewage treatment

plant, due to the finding of heavy metals in thectlarged water. After closure of the
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landfill in the future will be established an exdare natural park of planned planting of
43.000 trees at least (Rodigues,2011).

2.6.3.2 Structure of the landfill

The landfill is divided into 13 technical zones, ieh are further divided into fields.
Currently two zones are in operation, ,pathogensez@nd ,zone of optimization®. In the
landfill is not sorted or recycled any waste. Taedfill Dofla Juana has projected life of
ten years until 2021 (Rodigues,2011).

The structure of the landfill is as follows:

—  Zone lis the historically first part of operating of thendfill, which was in the
operation from September 1988 untill September 19B8is zone is closed,

recultivated and transfered into a meadow.

-  Zone |, field VIl was in the operation from September 1993 untiptS&mber 1995.

This part is currently closed and under the recaiibn.

-  Zone ,Mansion* was in the operation from February untill Octolr 1995,

currently closed and under the recultivation.

—  Zone llwas in the operation from October 1995 until Seytter 1997. A massive
explosion of LFG took place in this zone in 199drn@ntly closed.

—  Zone lll is located at the lower part of the landfil, nBayaca communication and

large cemetery cerafin. Currently closed.

—  Zone Vs currently closed and under the recultivatiohisTzone was under the

operation bewteen September of 1997 and Janudr§9¥.

- In the Zone V is situated WWTP of wastewater from the landfilecontaminated
water is discharget to the river Tunjuelito, befergering the city of Bogota.

—  Zone Vlis prepared as an emergency capacity in exceptocamstances.

—  Zone Vil was in the operation from March of 2000 until Noweer 2002. This zone
is currently closed and preparated for recultivai@/ebsites CGR,2012).

—  Zone of hospital waste is operating under the teahmame ,Zone of pathogens*.
This zone was in the operation between years 198982804, then the zone was
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temporarily closed until the decision of extensiGuourently operating with planned
capacity until 2015 (Rodrigues,2011).

- Biosolids zonewas designed to receive all biosolids from thattreent of WWTP

Salitre until the year 2007. This zone is curredégommissioned.

—  Zone VIl was operating from April 2002 to September 201@ anrrently is

decommissioned.

-  Zone of optimizatiorwas inaugurated on July'bf 2011 since when is operating.

This zone is dividend in two fields of operatiorhelfield | is in operation and the
field Il is being constructed for more disposalvadste from the capital (Websites
CGR,2012).

2.6.3.3 Technical security of the landfill Dofia Juana

Before filling by waste, the zone is dug up and tiwtom is prepared by modern
technologies against seepage of wastewater, sugaamsembranes and drainage network,
which will drain off wastewater (Figure 73,75) frotihe landfill body (Rodigues,2011).
Gas wells and drainage system is set up. The wasten bring and put in layers, which
are always covered with soil and geotextiles (Garer2011).

Stored waste is ultimately covered to prevent tkegpansion into the neighborhood and
not become a source of food for vectors. The ldndfprotected against rain water, which
can be significant in rainy season, by dense dgainsetwork so that rain water run off
quickly and without contact with waste and leakade the landfill body. Ground water is
collected and ran off from the landfill body quigkb minimalized leachate from the waste
and subsequently treated in WWTP located in ZoneCwllecting of LFG is ensured
(Figure 74). It is ensured that the landfill haves tleast impact on the environment
(Websites CGR,2012).

LFG is not pumped from all area of landfill. Coliieg of LFG is implemented in zone
VIII and part of the zone Il. LFG is collected bgggwells, which are evenly spaced and
connected to the piping. Production of LFG in thedfill is 14.000 riYh, of which 50%
creates methan. The gas contaminated, so at thefahd main piping is installed filter
(Rodigues,2011). LFG is disposed by incineratiorcakding to communications with
director of the landfill operation (Guerrero,2014 planned use of LFG for energy supply

of the landfill. The drilling of gas wells in alrdg closed areas is not considered.
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All waste water is drained from the landfill intioet tailings and then to WWTP (Websites
CGR,2012). Physical, chemical and biological padlutis controlled in the water. The

WWTP strictly monitors and cleans 22 kinds of heawgtals and other toxic substances
(Rodigues,2011). However, according to CAR surveydected in November 2011 and

published in Colombian TV was found considerableoants of heavy metals and other
toxic substances that are discharged into the rivenjuelito after the process of

decontamination (CAR,2011). The river Tunjuelitowis into Bogota river and then into

the river Magdalena. Municipal landfill Dofia Juahscharged 21 I/s of treated wastewater
into the river Tunjuelito (CAR,2011).

The landfill is covered with a special cap contaisoil to prevent the spread of flies and
odor. The cap also compresses the waste. The llaindfhis way reduces the amount of
insect vectors, mainly flies. Before flies nestslemperforated plastic films, which were
previously used. Nowadays, the amount of flies addr is significantly reduced due to
new technological processes of covering the wasebgites CGR,2012). The author can

attest reduced odor and amount of flies by persasdlof the landfill.

The entire area of the landfill is not secured &ycke against intrusion of human or animals
(Figure 72). The fence is built in the length & and only in areas adjacen to slums near
by the landfill. Residents of these slums very ofs¢eal this fence around the landfill

which allow access into the area of the landfitl domestic animals. People and domestic

animals very often become vectors by themselvegi®ro0,2012).

2.6.34 Operation of the landfill

The landfill is in operation 24 hours per day ari &ehicles brinking municipal waste
enter the landfill during the day. Once the vehielgeres the lanfdill is weight and
checked. The vehicle is directed depending onype bf waste to the appropriate zone.
Each vehicle spends at area of the landfill in ager35 minutes. The soil erosion and
landslides of entire slopes occasionally occur o recultivated zones due to recurring
tropical rainfalls. These defects of landslides ar@mptly fixed and additionaly secured
(Rodigues,2011).
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2.7  Environmental legislation of Colombia

Statutory regulations of Colombia, which are ralate the topic of the thesis, were
studied. Laws of Colombia are publicly accessiblsp via internet. All legislation is in
Spanish. According to the decentralized governaridbe country the legislation is also
issued at regional level. Lawisey) are denoted by number and year of publicationyeds

as implementing regulations of these laws - de{eereto).Publicly accessible are also
Agreements(Acuerdo) and Resolution(Resolucion)issued by state organizations and

which are binding.

Environmental protection is enshrined in the Cdustin of 1991 (La Constitucion
Politica, las Leyes de la Republica de Colombidens is determinated the state’s duty to
protect environmental diversity and integrity, me® areas of special ecological
significance and promote environmental educatiahamareness to ensrue the right of all
people to a healthy environment and allow the ds®atural resources in accordance with
the practice of sustainable development, so tredetltesources were preserved for future
generations. In the Constitution is also formulaigtt of the State to monitor compliance

with these principles, make sanction and to claamages.

In 1993, the Ministry of Environment (Ministerio Ideledio Ambiente). was established
by Law 99 of 1993 (Ley 99 de 1993. The Colombianttaial self-governing corporations
(CAR deC) have the responsability for enforcing taers and relevant regulations of

environment, renewable natural resources and sastai development.

The Law 2811 of 1974 (Ley 2811 de 1974) is an irtgodrregulation, which includes a

national code of natural resources for environmentatection purposes.

2.7.1 Wastewater treatment

The wastewater treatment covers a number of cutegmntlation. The Law 142 of 1994

(Ley 142 de 1994) is one of the most important |amswhich were set up rules of the
delivery of public services. Implementing regulatito this Law is Decree 1713 of 2002
(Decreto 1713 de 2002). Decree 4715 of 2010 (Deerél5 de 2010) sets up rules for the
allocation of funds for the provision of subsidi®s construction and maintenance of

public water and sewer system.
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2.7.2 The river Bogota

The river Bogota is a very significant river andreimportant laws and other documents

are related to it, some of them are shown in rebiet

Table 1. Legislation of Bogoté river

Legislation Regarding
named

Law 9/1979 (Ley | uses of water and liquid waste and other provisions
9 de 1997, title |

Law 2811/1974 | national code of natural resources
(Ley 2811 de
1974)

Law 99/1993 Art.2 The Environment Ministry will lead the magiag of the environment
(Ley 99 de 1993) | and renewable natural resources

Art. 30 The Regional Autonomous Corporations wilpgort the
implementation of policies, plans, programs anggmts on environment
and renewable natural resources

Art.31 parts 10 and 11 responsibility of the Reglodutonomous
corporations, set in the area of their jurisdictitthre allowable discharge
limits, transport or storage of substances, prejuampounds or any othe
matter that may affect the environment or renewahteral resources and to
prohibit, restrict or regulate the manufacturetribistion, use, of disposal of
dumping substances that cause environmental ddgrnada

Decree 3100/2003 Government regulated the remuneration rates foditleet use of water as a
(Decreto 3100 de| recipient of the dumping point and took other daiaations

2003) Art 3. the competent environmental authorities ghdrby dumping the

effluent charge made at specific water bodies énaitea of jurisdiction

Art. 6environmental authority must among other atpestablish quality
objectives for water bodies according to their inseccordance with the
Plans Water Resource Management

Art 12 determined that for purposes of establishimgindividual goal of
reducing the pollutant load, users sewerage sepriméaders subject to
payment of the fee shall submit to the environnlemithority, the Plan of
Sanitation and Management of Dumping in accordaittethe regulations

Decree 3440/2004 partially modified Decree 3100 of 2003

(Decreto 3440 de

2004)

Resolution Modification of Decree 3100 of 2003 in Article 1Ranitation Plans and
1433/2004 Management of Dumping — PSMV- Planes de Saneamyjeltanejo de
(Resolucion Vertimeintos-., constitute the set of programsjgmis and activities, their

1433 de 2004) timelines and investments needed to advance itasianm and treatment of
effluents, including collection, transportatioredtment, and disposal of
wastewater discharged into public sewerage sydieth,sanitary and storm
which must be coordinated with the objectives apagof quality and use
to define the competent authority for the curregmsent or water body
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Resolution Modification of Resolution 1433 of 2003 about terofigresentation the
2145/2005 sanitation plans

(Resolucion

2145 de2005)

Agreement By which sets the water quality objectives for Bagota River Basin to
43/2006 (Acuerdg achieve in 2020

43 de 2006)

creates 5 water quality classes with different bhémical compositions

established ranges through the river on the clast have each section

D

Decree 3930/2010 By which is partially regulated by Title | of thecf9 of 1979 as well as Titl¢
(Decreto 3930 de| VI Chapter 11del-11del Part 111-Book Decree - L&& P of 1974 in terms
2010) of water use and waste liquid and other provisions

2.7.3 Waste management

Solid waste management is handled by a number wémulegislation, laws, decrees,
binding agreements and resolutions. This arreaiellsas wastewater treatment is covered
by Law 142 of 1994 (Ley 142 de 1994), by which agdldown the delivery of public
services. Implementing prescription for regulatiomder this law is a Decree 1713 of 2002.
Resolution CRA 482 of 2009 (Resolucion CRA 482 @69, which specifies methods for
calculating discounts on charges for the use ofipgkrvices hence from this law. Decree
1505 of 2003 (Decreto 1505 de 2003) changes a Pecig3 of 2002 (Decreto 1713 de

2002) with regard to new plans for integrated solaste treatment.

Law 632 of 2000 and 689 of 2011 are another impoitavs about maintenance of public
areas and integrated system of solid waste manageiipey 632 de 2000, Ley 689 de
2001) and Decree 891 of 2002 (Decreto 891 de 20@#xh change article 9 of Law 632
of 2000.

The master plan for solid waste management in itiyeo€ Bogota was adopted by Decree
312 of 2006 (Decreto 312 de 2006), this Decrearisraled by Decree 620 z roku 2007
(Decreto 620 de 2007). This Decree adds masterfpltasolid waste management in the
city of Bogota and lays down urban and architet¢tstandards for the construction of

infrastructure and system for storage of municgmhild waste in Bogota.

The program for organic solid waste is subjectethéoAgreement 344 of 2008 (Acuerdo
344 de 2008). Modes of price regulation for perspagorming public services and the
methodology for calculating rates for cleaning sggs of municipal waste lay down CRA
(Resolucion CRA - 351 de 2005).
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2.7.31 Landfill Dofia Juana

The landfill Dofla Juana is subjected to the lawd dacuments which are listed in the

following table:

Table 1.  Legislation of landfill Dona Juana

Legislation named Regarding
Decree 190/2004 Recognizes the landfill Dofia Juana as the current
(Decreto 190 de 2004) site for the disposal of solid waste from the aty
Bogota

Decree 312/2006

(Decreto 312 de 2006) Determined to be used the soil as protection in th

expansion of landfill Dofia Juana additional 130
hectares

11

Create 500 hectares as reserve for adecuatioe in|th
future of the Landfill Dofia Juana

Decree 2474/2008 About regulation of contracting with the government
(Decreto 2474 de 2008)

Law 83/1993 (Ley 83 de 1993)
Law 1150/2007

(Ley 1150 de 2007)
Resolution CAR 2791/2008 Fencing the area of Dofia Juana landfill in an #rea
(Resolucion 2791 de 2008) 7 km
Resolution of adjudication 662 | Operating conditions and maintenance of the landf

(Resolucion 662 de 2010) in terms of solid waste and Leached
Contract 344/2010, New contract to operate and maintained the landfill
with CGR, Dofa Juana for period of 11 years.

(Contrato 344 de 2010)
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3  Objective of the Thesis

The objective of the diploma thesis is determire ¢hrrent situation of the capital city of
Colombia, Bogota, in terms of waste management \aastewater treatment and their
possible impacts. The objective of the thesis $® dind out how management of Bogota
city protects the environment and whether citizeh8ogota city are interested in these

issues.

Determination of the state in the given environmeas difficult, since it is the South
American country with different living conditionkdt was the experience of the author of
the thesis. It was necessary to respect the safgtgcts of the movement in the field of
local investigation for reasons of personal safetplaces where is not recomended entry
for foreigners due to high crime. Author made ataonwith local residents, authorities
and representatives of Bogota city responsible tfar studied area, indicated their

willingness to cooperate and provide information.

The form of questionnaire was made to identify te&ationship of the population of
Bogota city on issues of ecology, identification tbkir motivation and willingness to
participate in any improvement of the current gibra The questionnaire contained
questions designed to determine how residents sksgiie waste, whether they sorte the
waste and use biologically degradable materials @mhics. An important part of the
questionnaire were questions of subjective progoshlesidents for improvement of the
waste management. These questions are an integtalfgghe evaluation of this study. The
guestionnaire was developed by the author himself author personally addressed the
people in public spaces and private building asl vesl personaly visited several

universities and high schools.

The introduction of the thesis summarizes the blsawvledge and natural conditions of
Bogota city and made a summary of factors that affgct the environment in and around

the city. The diploma thesis deals with possilgtitof improving the current situation.
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4 Materials and methods

4.1 The used terminology and explanations of terms

Biogas Biogas is produced by the anaerobic digestw fermentation of
biodegradable materials such as sewage, green,wadatd material etc.
Biogas contains primarily methane (@Hnd carbon dioxide (C (CBA,
2012)

Decentralization system of the allocation of corepetes and powers to several
organizational units, transfer of competence anelgos of the institutions
of higher to lower (Kraus, 2009, s.152)

Infrastructure urbanism term - all utility faciés underground and over it (Kraus, 2009,
s.348)

Regulation  State regulation of economic activitytig private sector (Kraus, 2009,
$.688)

Respondent interwieved (Kraus, 2009, s.696)

Resolucion  Fundamentals decision, in which amnédated requirements arising from

the collective action (Kraus, 2009, s.699)

Landfill gas (LFG) gas formed spontaneously by anlsie decomposition in landfills. It
is a mixture of methane and carbon dioxide {CKD,) and various
admixtures (Sotek, 2012)

Pathogen Any disease-producing agent, escpeciallyg,\bacteria or other

microorganism (Websites Dictionary.com,2012)

Slums The poorest quarters with makeshift buildingsome big cities (Kraus,
2009, s.735)
Tendr invitation to public competition, call fordhmost advantageous proposal for

a contract (Kraus, 2009, s.793)
Trend basic line of the observed phenomenon (Kr2Q39, s.818)

Vector transmitter, animal agent transmitting imif@as disease (Kraus, 2009,
s.847)
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4.2 Method of the own observation

Own observation was based on an exploration otifye Observation was not restricted
only to parts of the city, where it was safe toeeniWhen traveling by public transport,
buses are passing with passengers through poa, garits possible to explore the city.
Small buses,busetas” (Figures 6,7,8)are the most suitable for this way of exploring,
because these busses do not have stops and stebeaayon their way on the request of
passengers. This form of transport in Bogota isy yespular and with these buses is
possible pass through a large part of the city.séhpusetas” can occasionally deviate
from the original route during the trafic jam too&V a stopping of the servise. Bus lines
~Transmilenio” (Figure 9)replaced the underground, these buses run ortlyeirspecial
corridors and stop only in designated stops. THasges are used mainly for quick
movement in the city, not suitable for observingy dife. This way of transport is
unpopular (Figure 11) and criticized because farstmction of corridors are cut down
rare trees and some buildings are demolished. ,Th@nsmilenio” system capacity is
insufficient to cover the number of passangers.eBustations and their surroundings are
often crowned with people and built corridors farsbs are overloaded and not enough to
accommodate all traffic. In these cases, peopleérapped in long queues of buses (Figure

10). Another criticism of Transmilenio® is due to the massive air pollution of Bogota..

When riding,buseta“ it was observed that the behaviour and habith®fpbpulation are
not the same everywhere. In some streets of thiescitlative order and bins are placed on
the streets. Elswhere, however, is a visible medgsish is strewed across the street and
often smell is presented in such a place. This fgsa warning for foreigners against
entering such places.

The behavior of people on streets, schools, puplaces and offices can be seen that there
is quite normal to throw unwanted things on theugah Maintenance of public spaces are
only contractually obligated to the companies, ¢hizens themselves do not support the
purity. People almost do not even use own shoppagg, because the shopping centers
and shops packed goods on the till automaticaly many plastic bags (HDPE, LDPE)

after a few pieces of goods.

During the stay in Bogota author spoke with mangpbe and discussed the topic of the
thesis. According to personal communication witbalopeople is obvious that people are
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aware of the negative impact of non-ecological b&ha, however, is difficult for them to

overcome their habits. They often do not have eckatitable conditions to change their
habits. The main problem that people perceive tlstris the contamination of Bogota
river and other rivers and streams in the city.sTiopic is often subject of media reports,

especially television and the internet.

On the request of the author of the thesis was raadexcursion of Dofia Juana landfill, at
which was possible to see the operation of thefihatd operating and closed zones. For
hygienic reasons (landfill workers have specialcuzations) the visit of the landfill took
place only in a closed car from which was not a#dwto leave, but the
photodocumentation could be done.

4.3  The method of questioning residents

Behavior and relation of residents of Bogota ciytlhe environment was surveyed by
opinion survey. The method of a dedicated quesdmanwas used to determine the
information from the surveyed population. The syrvevas distributed in 200
questionnaires (Annex 1), each contained 27 questiof which three were open-ended
and rest of questions were in a form of close-endedinal questions, where the
respondent has more than two ordered options. Tibstignnaire was anonymous and was
divided into two parts. The first part of the queshaire was focused on the knowledge of
residents about solid waste management in the Thtg. second part was focused on the
knowledge about wastewater treatment system incihe Original wording of the

questionnaire in Spanish is showed in the Annex.

Presentation of the questionnaire was made of a&kvadministrative methods

(Questionnaire administration modes). The first enatlas Face-to-face questionnaire
administration, where an interviewer presents ths orally. In this mode of questioning
the author of the thesis addressed inhabitantkeotity commonly on streets, in areas of
public transport and shopping centers. Anotherareseng was made by Paper-and-pencil
questionnaire administration, where the items amsgnted on the paper. This mode
ensured the author personally by visiting educafiamstitutions such as universities and

secondary schools, and discussed on the givenwogiaespondents.

The questionnaire was designed for two age categoup to 30 years and 31 years and

over. By this author wants to find out differendegtween older generation and students,
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who now have the environment education in the culum and who are more commonly
encountered with the theme of environmental praiactonnected with an increasing
trend towards a healthy lifestyle. Older generaidierming the second group of
respondents consists primarily of working peoplel geople with already established
lifestyle. The purpose of the questionnaire wasandétailed examination of the opinion of

different age groups.

The survey was conducted in the northern part efcity and norteastern part of the city
center, where occurs most universities and ingiitgt Survey was not conducted in the
southern and western part of the city, mainly duthé personal safety of the author. In the
southern parts of the city live poorer inhabitasft8ogota, where occur also slums, where
is a high crime rate. Entry for foreigners into teeuthern parts of the city is not

recommended, visit of southern parts of Bogotalmafor foreigners life-threatening.

According to the arrea in which research was cotatdljcwe can suggest that most
interwieved people belong to the group of educaiédens and therefore represent the
population which belong from third to sixt castadg of Colombia (Figure 5). The poorest
and less educated citizens living in the southhefdity may have a significant financial
problems, so we can expect a lack of personalasten protecting the environment, which
is rather the secondary issue for them. Howevercavenot exactly say that people from
south have a lack of interest on the environmenfarge group of people who work and
study in the north and city center, where the doeshaire was implemented, lives in
southern parts of the city because of lower reRtebably were not only interviewed

residents who belong to the first and second aasige of Colombia.

The author is aware that the data are identified bgrtain degree of uncertainty due to the
fact that the respondents do not come from allltegethe caste system of Colombia. The
caste system is based on social and economic @mwliand is not related to the

environmental problems. It is certain that the wghess of poorer people to conform the
questionnaire could be different than among thaseeyed, but due to the security was
not possible to come into contact with people kivin the poorest parts of the city. The
author is aware of this problem and during realwabf the survey tried to address a

widest amount of respondents occurring in placerersarvey was realized.
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5 Results

It was found that Colombia publishes laws, agredmemd resolutions, by which is
controlled an operation of state administration gnblic services in the field of
wastewater treatment and waste management. CARotorihe compliance of the
legislation applicable to the subject of the the$ise author discovered that the state of
controlling the compliance of legislation regulaisas not very effective. Perhaps it would
be necessary to set appropriate control mechan@snerivironmental protection, e.g.
establish such an institutions with power of ingjge; which would be able to require

correction of identified deficiencies and imposees.

Companies providing public services have websitbsres currently inform about their
activities. The media, especially television, pd®s information about the given topic of
the environment. The author of the thesis met Wélpfulness during a personal visit of
offices and institutions, in addition, the authoassalso surprised by the willingness of
local residents to respond questions of the surbis helped to get so much information,
from which the author of the thesis tried to harepecially those, that are most relevant
to the topic.

5.1 Results and evaluation of the questionnaire

The questionnaire was answered by 52% of women 48% of men. The age of
respondents was represented as follows: 55% waks age 30 years and 45% belong to
31 years and over. The survey was anonymous andetasvestigated in which part of

the city respondents live.

5.1.1 Waste management

63% of respondents knew that the municipal wastdejgosited at the landfill. 66% of
people search for information on the internet,dekd by promotional materials and
media reports. 76% of respondents said that incttyeis not enought bins for waste.
91,5% considered that the waste management systethei capital of Colombia is

insifficient, 40% of them found the system very bad

Respondents answered on the open-ended questianhthvely would improve on the waste

management, that should be improved the way ofensmting angoromote importance of
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recycling. Waste sorting would lead citizens toagee accountability, but respondents also
admitted that people must first learn.

97% of respondents is interested in the wastengptiut only 50% of respondents are
actively trying to sorte the waste, of which moaper and plastic. 43,5% of addressed
people sort the waste occasionally and also maajyer and plastic, only 6,5% of the
respondents said that never sort the waste.

Respondents agreed in the ,open-ended” questiory .8 you think is the recycling
important®, that the recycling protects the envir@ant and reduces the impact of human
on the environment. Most of respondents also stereiew that active recycling reduces
environmental contamination and allow more effitigmotection and preservation of

natural resources.

Half of respondents of ,face-to-face” questionnaimncerned that one day will not be
more space in the Earth to storage a solid wastereeycling is one of ways how to
prevent this. 100% addressed citizens, includirgsghwho are not recycling (6,5% of

total) said that recycling is important.

65% of respondents recycle and always use desigaghl for the waste disposing, 15% of
them recycle only partially, but consider themsslaes actively recycling. (evaluation from
the 29 question). These 15% of the population probablyaieconly if the recycling
system is available, when they have access to din®cyclable waste (offices, near
homes, on the street, ect.) 96% of those survegspbndents said that is a great shortage

of containers for recyclable waste.

Interviewed poeple said that should increase thehau of places where is possible to
recycle the waste as well as the number of contaifioe sorted wasté-urthermore, people
report that should raise awareness among residdmast the benefits of waste sorting,
which need to be more integrated in the househalolsitment houses, offices, but also in
public spaces such as streets, parks, recreatbs@ort areas, public transport as well as
government institutions and public schools and ersities, etc.

98% of respondents said that they know what arddgmdable materials, of which 56,5%

is trying to purposely use them.

80% of respondents reported knowledge of matetigs are toxic to the environment, of
which 43% are those who do not use biodegradableriaks.
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89% of respondents reported that they know thatesomaterials in nature spread for
several hundred years, of which 40% reported tleapite this knowledge, does not use

biodegradable materials.

51.2 Wastewater

The second part of the questionnaire focused onvéstewater. It was found that 87% of
the surveyed population is interested in the quatit surface water. 85% of the

respondents is aware that the quality of the sarfeater affects the quality of agricultural
products and potable water, 10% of them are thdse ave not interested in the surface
water quality. All respondents (100%) would likeah water in river canals of Bogota city

and decotamination of Bogota river.

45,5% of respondents answered on the questioreyf tise non-toxic detergents for the
environment ( washing, cleaning, ect.), that tryuse this products at home, the same

percentage of respondents reported that rarelyhese.

85% of respondents considered that is a lack c&fetipeoducts in chain stores and 72% do
not know where to buy these products. 28% of theasgeyed who knows where to buy

these non-toxic chemical products reported, thasdhproducts are accessible in special
stores or big retail chains. In addition, they dhiak is not enough of these products on the

market.

28% of those surveyed said that the barrier tormrytoxic products for the environment
is their higher price. The barrier of buying thegeducts see 52% of poeple in
inaccessibility. Only 6,5% does not believe in tinectionality of environmentally friendly

products. 13,5% of respondents said another reagitimsut any specifics.
6  Discussion

This thesis deals with assessing the impact otiyeof Bogot4, the capital of Colombia
on the environment and agricultural activity. Atien is paid to methods of solid waste
management and wastewater treatment. The work agséa more in theory than in
practice and is familiar with a given environmeotused on a survey of local conditions
and personal contacts with inhabitants of the ditye thesis includes the collection and
sorting of documents with an effort to maximizeitheredibility and completeness. The

goal of the thesis is to find appropriate solutiassvell as possible improvement.
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In every state is elected a separate policy toeptdhe environment, however, principles
of sustainable development are global, so any cguntthe world cannot be isolated in
this topic. Colombia has the environmental protcttnshrined in the Constitution, laws
and regulations. Compliance with legislative rutegst be carefully controlled, but audit

institution, except the judiciary, are not commnorCiolombia.

Waste management and wastewater treatment systenitesl by technical and economic
possibilities and is handled differently in eveuatry. This is subjected to specific local
historical, natural, geographical, political andmbgraphic conditions and to the different
economical, technical and social aspects. The safidesolution of these problems
depends on many factors, some of them can be peddand affected by the right
decisions, but not all of them. Some of the factoeshistorically conditioned and for their
change we must considered long-term horizon, &g.education of citizens to change
their habits can take many years. Other factorgmgmn natural conditions. For example
landslides and floods in Bogota city are very commimowever, their size can never be
accurately determined in advance. It is also alwscessary to consider if the economic
costs of specific measures to avoid environmerdalatje or risks will be outweighed by

their expected benefits.

It should be also seek to introduce the best availtechniques and avoid repeating of
mistakes that have already been technically oveecdlandfill gas explosion, etc.).
Integration of systems for the waste managementtandater purification into the city or
land should be as much environmentally friendly possible. Very difficult is the
elimination of old environmental burdens, and ramaif earlier inadequate interventions
into the nature or the countryside. More effectivgprevent the environmental damage

than dispose the damage with the large financist atterwards.

The author is aware that during his short stay alo@bia he could not identify and
describe in detail all problems in the country. Wal, historical and political conditions
are very different from existing knowledge and eigrece of the author. Access of
completed information was chosen as objective asiple to eliminate this weakness. In

addition to literary sources was used personaliten+s/estigation.

Questionnaire was conducted among citizens of Bogady and should show how are
citizens interested in environment issues. Respunrdeere asked questions related to the

waste management and the wastewater treatmentoXipmately equal numbes of women
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and men were interviewed. The willingness to ansther question was not different
between men and women. It was found that the awasetowards the environment is

same between the sexes. For this reason, the ansfwespondents are not divided by sex.

The ratio of people under the age of 30 years dnglears and above was approximately
the same. The questionnaire found that people 8terears are more interested in
environment issues. The group of older people sdoavgreater knowledge of the waste
management system of Bogota city and greater awssenf environmentally friendly
products than younger people. This finding contidi author's expectations because a
greater concern for the environment was expecte@ngmyounger generations in
consequence of influence of modern trends of hedilth style and education in schools.
This finding may indicate that ecology is a negiectopic in Bogota city and projects
focusing on education of the citizens, particuldig education of pupils and students, are
missing. Definitive conclusions in this sense cano® done from the realized survey,
since the questionnaire did not include questidrkis nature.

6.1  Field of the waste management

A majority of respondents considered waste managemsgstem in the capital as
insufficient. Many people reported that in the dgynot enough bins for municipal waste.
The opinion of respondents is supported by thealstiobservations, which verified that in
the public places, public transport and on theestrés inssuficient amount of bins. In
general bins occure rarely in the city. It is qustammon that people throw waste on the
street. Scattered garbage is seen almost everywheeegeason for this state author see in
a lack of motivation and education to maintain plsblic cleanliness and in the failure to

create satisfactory conditions for waste collection

The questionnaire identified a obvious need faopbe to improve waste management
system, especially the way of the waste separadioth recycling. The questionnaire
showed that people do not consider the state igith@s sufficient and they are interested
in improving of the current situation. People kninat all depends on the responsibility of
each individual and that all depends on how thdyabse. If the answers of respondents
reflected their actual behavior or were rather ntheeexpression of their wishes could not
be evaluated. At first sight when walking round ¢ty of Bogota is clear, that the system

of environmental responsibility of individuals dasst work in practice yet.
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Most of the interviewed residents of Bogota cityreviterested in recycling, but only half
of them is actively trying to sort the waste. Othesidents sort the waste only if they have
the opportunity, only a small portion of respondetid not sort the waste at all. The most
sorted material is paper and plastic. Respondegresed with the opinion that recycling
reduces environmental impacts. The awareness ofern# of Bogota city about the
usefulness of the recycling is substantial, alttotige system of the sorting and collection
of the sorted waste does not work properly . lorpareas of city this system is not

implemented.

The survey suggests that people separate the waktavhen containers for recyclable
waste are available. People would probably sorteenidhey had more suitable options to
do so. Most respondents said that there is a ceraite lack of containers for waste
sorting and that should be increased number oktlbestainers, where the sorted waste

could be put.

The author founds out that residents do not puth ¢égoe of sorted waste separately, but
together in one basket for recyclable materialstheg combine glass, paper and plastic. In
order to improve and make waste sorting more e¥ffecthould be each type of waste
collected into different types of trash bins, whicbuld be distinguished by colors or
otherwise significantly labeled. The current sitoitis not satisfactory because must be

made further waste separation in order to usenhgte for standard recycling.

In front of family houses are located wire baskekt®re people put bags of rubbish, place
for recyclable waste is not located. In the redidérouses are located containers for
sorted and unsorted waste in the basement. Bdferedllection of waste these containers
are put on the street and taken back again intobdsement afterwards. Before the
collection of waste poor people are passing thraigrets with carriages pulled by horses,
called "zorras" or pulled by human ,zorros". Thgsmople separate and colect materials,
which they could sell in the collecting yard. Thgs=ople stop and sort waste in front of
houses or carry all backs away and sort it elsesvifeesorting on spot is made mostly in
front of family houses, where they have the timeskeparation. Before residential houses,
which often have a doorman or guard service arsetip@ople expeled, because they leave
scattered garbage after the separation. In this, casriage passes slowly through streets
and small children run around and throw the whalgshbon the carriage. "Zorras" then stop

at river banks, parks, streets or under bridgesreithey sort the waste."Zorras" often
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meet in these places and exchange different mited@pending on the type of collected
material. At these places is left a lot of scatlemaste because these people leave the rest

of unneeded waste.

At these places is often not only a garbage megssdmetimes also a criminality.Waste is
spreaded around by the wind or washed by rain waterthe river canals and washed
away into the river of Bogota. The current systeimwaste sorting is used mainly by
people, who has the only income from the collectbisecondary raw materials and it is
not actual preparation of waste for recycling. Gitgnagement should focus on places
where "zorras" exchange the waste and prohibit dcisvity. This would prevent the
spreading of waste and limite the pollution of pelareas of the city and surface water.
Prohibition would also save subsequent expendiagsociated with disposing of this

illegally collected waste.

Sorting of waste implemented in Bogota city hakeathe opposite effect than it should
have. The positive is that people are aware andldp\pressure on the city government to
improve this system. Tender for selection of castties for public services, which was
listed in the end of the year 2011, was cancelethbycourt because of the criticism of

waste sorting methods.

The city of Bogota has one big landfill for muniaipvaste called Dofia Juana, which in
operating 24 years. After the explosion of LFGha tandfill is paid a great attention to
safety issues. The city learned from the mistakekstey to operate thiandfill in a modern
way. The landfill is covered up and closed parts @cultivated. LFG is collected and
combusted and all landfill water is cleaned. Thanmm@mponents of LFG are carbon
dioxide and methane, which are the most importatihhrapogenic emission substances
acting on the global warming and the greenhouseceffFree LFG leakage into the
surrounding atmosphere cannot be accepted. Inwhysis possible to rate the current
dump security positively, because landfill gas esnbusted and greenhouse gases are
therefore restricted.

Problems of the landfill remains in its old pan#jich are not technically well secured.
Another big problems are connected with naturaldd@ms, particularly heavy rains
causing massive land slides. This is always imntelyialealth and damaged landfill sites

are fixed.
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Dofa Juana landfill is not well secured againstahiey of people and animals. Most parts
are not fenced and where the fence is located, beareasily overcome. A common
phenomenon at the landfill is the number of pe@pld animals entering the landfill and
even on sites that have not been recultivatedB@mestic animals, especially cows, can
be seen eating deposited waste. People and araneal'ecoming vectors and can become
agents of infectious diseases. The current sitnasiaggests that a landfill operator is
unaware of this problem or does not know what cgmeeces can be connected with this

problem, otherwise CGR would have better tendeaseture the landfill.

It is gratifying that the company CGR, which opegthe landfill, focuses on social
assistance in areas adjacent to the landfill. C&tRying to improve the living standards of
people living near the landfill. The company asssimesponsibility for the impact of
operating the landfill on the surrounding resideritsseeks to contribute sustainable
development by promoting balance between its ecangnowth and social areas. CGR
expressed effort to show people the importancé@fdandfill and its necessary operation,
that use all available options to reduce impactshenenvironment. The company is open
to the public and includes environmental educatvareness and organizes excursions as
well as is open to the media. Operation of the fillrglves employment to people from
poorer areas of Bogota city. Residents of the ddynot protest against its existence and
location. Residents are probably aware of its retyesThe concern is the possibility of
over-expansion of the landill and its large spaaguirements. The landfill occupies the
former valley that people remember and therefoxe lracomparison with the original look
of the valley. The media brings regular informatadyout the operation of the landfill and
its problems and openly deal with this issue. Imynaays, we can say that the state of the

landfill is better than in some more eveloped caasat

6.1.1 The proposed improvements in the field of the waste

management

The city should expand the routes of collecting soeted waste and unify the system.
Containers for recycling should be located outsidehe streets, where people could bring
and dispose the waste. Containers should be loga¢ed residential houses, schools,
institutions, parks and public transport, so thedgde could sort commonly on the street

and not just at home. City leaders are aware effifoblem and this probably promotes the
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plan of placement of bins on the streets, whicH laél included in the future tender for

selection of companies for public services.

The author of the thesis proposes to modify thégdesf bins for sorted waste located on
the streets, to be protected against the steafingaste, in order to be possible to throw
waste into the container and not to be taken dut. dontainers could be built underground
and above the ground would be situated only theepfar waste dispose (like some
containers in the city center of Prague). This wiquievent stealing and taking the waste
away. Placing containers underground is expensivéhese underground containers could
be placed only in the city center, close to parkd @laces of the rest. Underground
containers would eliminated waste spreading anthegsally would not disrupted the
environment of public places, streets or parkselsedwhere, where the appearance of bins

is undesirable.

Because the waste could not be used by sociallk wéezens due to secured waste
containers, the author proposes that people whe flem waste sorting would be
integrated into the waste sorting system effegfivaeld organized, not spontaneously as
nowadays. The current system of waste sortingesotily source of financial income for
many people. If those people, who are economiaddigendent on the waste collection
would not be included in the waste management sysitewould lead in increas of the
poverty and crime. Requirement for integration ledse people into the system of waste
sorting was the main reason of cancellation of testler, which was listed in the end of
the year 2011. The tender was cancelled becausteedear of losing the livelihood for

these people, not for the reason of improvemettte@tystem.

The city should promote the importance of the wastéing more and consistently educate
people to maintain cleanliness in the city. By peed contact with citizens, the author
discovered that people often do not see city ofd@@s their home, but only like a place
where they work and spend the working week. Atweekend people leave the city to
their original towns and municipalitiea around Bagota D.C. Certainly would be helpful
if the city government donated funds for educatiaaanpaign to show to people that the
city of Bogota is not only place where they cardfthe work. People would be able to
develop a better relationship to the city whichass well their permanent or temporary
home. The home should be well-cared and kept @eadrtherefore beautiful.
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A majority of respondents know what are biodegréelabaterials, but only about half of
them are trying to use them. The second half oféspondents are not interested in using
of these materials, although they are aware of tingbortance for reducing the risk of
environmental pollution. The reason of disuse @sthproducts is their higher price and
their common unavailability. Probably there sholoddpay more attention to the promotion
of naturally degradable products for the purposentggration into the current consumer
system. It would also be appropriate to ensuretgreavareness of residents about the
impact of the materials on the environment, sucteabzation of campaigns on the use of
environmentally friendly materials. Alternativelyake pressure to reduce consumption
and the use of non-biodegradable materials. Frosrprspective would be also necessary
to change the current way of goods packaging, é&petor large retail chains, which is
done very inappropriately. All goods are packedonof plastic bags (HDPE, LDPE),
which are so greatly wasted. It would be usefdbtaus on the education of people to reuse
their own bags, because the vast majority of peapleot using own bags. The author
suggests, that HDPE and LDPE bags would be availably on purchase at retail
channels and not free to take as nowadays, sodineiiation would be greatly decreased.
This would eliminate the massive consumption of HDBnd LDPE bags, because
certainly people would not want to pay extra fogsaby this they would learn to carry
their own shopping bags when going shopping. Itldalso be suitable to allow the use of
only bio-degradable wrapping papers and bags irersugrket chains. The commercial
promotion could be included in the sale of prommaicbags stimulating people to re-wear
them. In this project, which promotes ecologicahdeor, could be included e.g. art
schoolsuniversities and educational institutions and a@lgblic so, the production of these
bags could be combined with teaching. The govermmérBogota D.C., for example,
could list an art competition on the design of ¢hbags. It would more easily contribute to
engage people in environmental issues and wastagaearent. The author of the thesis
himself offered several people so called greenljbggs that are folded into a small bag
and so, can be constantly carried in the handbagyder to test their applications. The
author met with a positive attitude towards thesmlpcts. People said that these bags are
.very smart®, but the city does not offer such tf8sn Environmental education is usually
financially demanding and time-consuming and thy government would have to
participate in it. The result of such education iddoe a smaller production of waste and

its more favorable composition.
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City of Bogota disposes waste on the landfill Dddana, where LFG is combusted. LFG
is also a highly valuable energy source and cavebg versatile and effectively used. It is
therefore pleasing that is planned its use fortetgty production, even only for the

purpose of the landfill operation. With regard e tquantity of gas production, could be
used not only for the energy purpose of the lahdfileration, but the excess of energy
power could be sold into the electrical grid. LF&de used by more versatile way than it

is used now.

Recultivation of the landfill is made only by gragsvould be good to use for recultivation
as well local tree species, this measure woulcebetiotect the landfill slopes against the

soil erosion.

The author of the thesis considére current solution of fencing landfill as insafént and

is convinced that infiltration of humans and anisn&d the landfill must be avoided for

health reasons. Around landfill should be builtiddence, mainly around not cultivated

parts of the landfill. The fence should be alsautady checked that there is no breach of

its integrity.

One way to efficiently dispose the waste is the tevascineration. Municipal waste
incinerators are now equipped with an effective lbostion gases cleaning and emission
control. Sulfur dioxide, nitrogen oxides, heavy algetand polychlorinated biphenyls in the
flue gas are captured in modern waste incineratdh® incinerator would solve the
problem of the increasing amount of the municipaste and problem with the limited life
of the landfill. The author believes, that theiriidj of the new valley with waste in such
extent as it is happening now at the landfill Ddid@ana, is unacceptable for the future. A
better system of classification, functional reaygli incineration, or at least partial
incineration of the municipal waste, which is athggre-sorted would greatly helped to
the waste management system. Construction of npaticgolid waste incinerator is
expensive and its integration into the landscajgkitsnconstruction is not always received
with positive feedback However, the city of Bogetdh so many residents cannot count
only with the creation of municipal landfills fone future. Lanfills are very demanding in
terms of space. Municipal landfill Dofia Juana hdgeaspan of 10 more years now, and
therefore the city should now focuse on the queswtd future waste management.
Incineration of municipal waste combined with rdaoyg, or even landfilling seems to be

the best solution.
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6.2  The field of the water pollution

The biggest environmental problem is the city'stesater. Wastewater from industry is
purified before discharge into the environment. Tdok of sewer system causes discharge
of household's wastewater without any treatmenéctly into rivers. Only 20% of
domestic wastewater is treated. The contaminatiomitmutaries of the river Bogota by
wastewater has resulted in so big pollution ofrther Bogot4, that this river is completely
without aquatic life and its color is dark blackthvia white foam on the surface.
Surroundings of the river is almost uninhabitahle tb contamination and the strong odor.

The only residents of river banks are dwellerslwins.

Nowadays, the most important construction for tine@f Bogot4, are collectors and sewer
system, which will lead into the individual collecs. This is a critical step to reduce
current massive environmental pollution and presgméad of infectious diseases. City of
Bogota lies in an exceptional natural area, whiobutd be protected. City is looking for a

gently way to connect city life with surroundingtue.

WWTP Salitre is connected by collectors and theesesystem brings waste water from
homes to the WWTP. However, these collectors ahg ionthe northwestern part of the
city and do not cover the populated east of the &buth of the city is completely without
any sewers and wastewater flows directly into gverthe city, which flows into the river
Bogota. This results in a strong odor in areascaajato rivers. These areas has no value
due to dirty rivers and are mostly populated byrsluand buildings without a building
permit. The land on the banks of the rivers cowdeha high value and be a nice place for
living.

Pollution of tributaries of river Bogota by wastdetahas also results in massive pollution
of wetlands. In these wetlands contaminated wateaccumulated and contaminates the
environment around. Further, there is also accuredlaolid waste. Author of the thesis
can confirm from his own experience, that most areds stink and the strong odor is
spread to the surrounding areas and thus are dspridng conditions of adjacent
residential houses.

It is very good that the city has begun to buildlexiors, which will in future gather and
deliver wastewater to WWTPs. For a city is crut¢@lseparate wastewater from surface

water. This would have significant cleanup effeat the rivers in the city, because the
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water in the rivers would no contain the biologicahtamination from households. This
would also reduce the odor from rivers and wetlamscontamination of rivers would

make possible return of aquatic life in these aeabsincrease the value of adjacent land.
It would also improve the quality of life in thetgi(creation of zones for recreation, sports,
etc.). Government of the city should monitor andhcsian any contamination of

watercourses. The wetlands should become proteeteatational and recreational zones.
The city should also focus on the drastic fillinigaetlands with debris and other waste in

the illegally growing parts of the city.

As part of documentation collection was found tihat city of Bogota has decided to clean
and adjust the canal of Bogota river. This amb#iand extensive project envisages with
dredging of the river bottom and extension of therr basin and flood zones. Project
envisages to create floodplain forests around iher basin. The project also allows
repairing and cleaning defunct meanders and wetlaidarge strip of vegetation will be
built along the river Bogota and near the city,hivitthe project. Project also include
constructions of dams protecting the city of Bogagainst floods. On these green areas
are calculated constructions of recreational anattspareas as well as with children's
playgrounds. Running and cycling path will be balling the river bank. This project will
return life to the areas around the river and inaprthe quality of life of people living
nearby. The author considers that this project cquartially balanced theestrato”

difference between the inhabitants of the southramth part of the city.

It was found from the questionnaire that a large pathe respondents is interested in the
quality of surface water and know that its qual#ifects the quality of agricultural
products and potable water. All respondents woikd, lif the water of river canals in
Bogota city and Bogota river itself would be lesdlyted. People negatively perceive that
the water in rivers flowing through the city is ity black, dirty, with a foam on the
surface as well as the heavy odor. It is therelanderstandable that people are not
satisfied with this situation.

When asked whether respondents use environmerftalydly washing and cleaning
detergents, almost half of the respondents rephati they try to use these detergents at
home, while others use them rarely. Most resposdstated that there is lack of these
products in chain stores or they do not know wheiguy them. Higher price is a barrier to

purchase environmentally friendly products for dharf respondents. Pleasing finding was
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that only a small portion of respondents do notelvel in their functionality and therefore
only a small portion of people would not use envinentally friendly products, even if
these products would be commonly at the markeas & similar situation as in a case of
questions focused on biodegradable materials. Aganeffort to use these materials
appeared. Citizens have a knowledge about bers#fitsese products but their use is not
common. It would be very helpful if these produetsuld be available in the markets and
if their prices would be more favorable. It canreasonably assumed, that most people
will prefer and start to use these products. Tras®lusions, however, does not apply

across the board, because the survey was not dedduadhe poorest areas of Bogota city.

6.2.1 The proposed improvements in the field of the puritation of

the water

The research showed that people would use eaehdfyi products, but this is prevented
by the unavailability and high price of these pradult would therefore be better to focus
on the promotion of such products and ensure twilability in mainstream retail chains.
Government should also inform people about theseduymts, their quality and

effectiveness as well as motivate citizens to heet

In the field of wastewater treatment, as well ashm case of LFG at Dofia Juana, can be
recommended consideration of energy recovery agasdrom WWTP Salitre and planned
WWTP Canoa. Biogas production is significant in WWTSalitre, so the expected
production of biogas in WWTP Canoa is significarttlgher. Energy use of biogas could
be economically beneficial and the use of biogashrielogy is common. Energy
production of both WWTPs could make them energfrsadficient and thereby save the
city money, which could fund other projects. Thetref electricity could be sold to the
grid.

Water from the river Bogota is used for irrigatiohagricultural areas on the right river
bank along the Bogota city. This irrigation is uitable due to high pollution of the river.
This problem could be solved by using decontamdhatater from the WWTP Salitre or
Canoa. Discharges from WWTPs could be connecteletarrigation system. This would
limit the use of health hazardous water from tiverriBogota, which contains substantial

quantities of pathogens.
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The planned separation of the wastewater from tiniace water in Bogota city will not
prevent water contamination by solid waste, becgesgple throw significant amount of
the solid waste into rivers flowing through the ycitAnother significant way of
contamination of the rivers by solid waste is doievinter and rain water. Water level in
river canals increases during the heavy tropicedsravhich washed all of the scattered
waste from surrounding areas into the river canale river banks are then heavily
polluted not only by wastewater, but also by thikdseaste that people throw away. This
solid waste is floated on the surface of the watad flow into the Bogota river, further
into the river Magdalena, which leads into Caribbsaa. The author see the possibility to
improve this problem by installation of screensinitver canals located in Bogota city.
These screens would capture the solid waste fipaitinthe water to minimize the
pollution. This project would eliminate contamimagi of Bogota river by solid waste.
These screens would have to be regularly cleangdatimited in height in order to avoid
blockage and prevent flooding of the near areassé@lscreens should be also installed at
water entrance of wetlands to prevent contaminatidntheir ecosystem. Another
improvement could be construction of stairs (rapatsbottoms of river canals to provide
aeration of the water, thereby increase self-cleambility of water which would slow
down growth of anaerobic bacteria. This proceduneld/increase the self-cleaning ability
of the water of all rivers that flows through they/c

Recultivation of the river basin and cleaning oé tiwastewater in the Bogota city will
greatly improve the situation. However, the wateBogotéa river will not be cleaned up
completely due to its heavy contamination beforter@mg the city of Bogota. River Bogota
already produces a strong odor. The author beljgkasif the river will not deprive of its
odor, river banks will remain still uninhabitablenpopular zones would became from
river banks, which would started to be occupie@bly socialy weak citizens, as is current
situation. This situation could also create rivanks as a dangerous zone. If the Bogota
river would be completly purified, river banks wdube a desired address for the entire
length of the river and the life on its banks woakdnge for better. All respondents in the
survey expressed the wish to purified the river @agwhich makes this problem highly

topical.

There are three major subburbs called Cota,ChiaCajida, before the Bogota river entre

the city of Bogota, without proper wastewater tngt, so the wastewater is discharged
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directly into the river Bogot4. Author believes ththis problem would be solved by
construction of WWTP common for these three towfise author has an opinion that
under conditions of clean river Bogota before entethe Bogota city and fully well

operating wastewater treatment system in Bogota tie life could be returned into the

Bogota river and on its banks. Fish could be tieamed in the purified river.

WWTP near the cities could clean all wastewatemfrthese three cities (Cota,Chia,
Cajica) and possibly also the water from the riBegota (of flow about 12f#s in this
sector). It could collects water from the river Btdyin order to clean it and return purified
and decontaminated back into the original riveliroaBhe dam would have to be designed
to prevent possible flooding. For example in casmaeased water level, the water may
flows out without being cleaned. By this would et necessary to change and modify the
river canal. The author is aware that any interfeeein the watercourse has a wide
environmental impact. However, because of the ptesgsence of aquatic life in the river
Bogota, would WWTP not affect migration of aquatiimals. The author is also aware of
the high cost of such project, but believes that éhvironmental benefits for the region
would be much higher. Construction of common WWTRghn be financed by
participating towns and also by the region of Caadiarca, by which Bogoté river flows
through. Water from the river Bogota is also greaed for agriculture purposes in the
whole territory, so its purity should be in thedrgst of the whole region.

Once majority of the cities in Bogota river basiouldd have built own WWTP and only
purified wastewater would be discharged into Bogotér, could be reached a desired
water quality level. The proposed WWTP would sesaty for the purpose of towns Chia,
Cota, Cajica and the process of cleaning the rivaer would be stopped. Uninterrupted

water flow could be returned to the river Bogota.

Columbia and especially region of Cundinmarca shamlore consistently check the
implementation of laws involved in protection of tewourses as well as oversee that
every municipality has its own WWTP and that wastaw is not released into the

environment.
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7 Conclusions

The survey suggests that addressed residents aft®ody are interested in ecology and
that problem of the waste management and the ahessl of rivers is not indifferent for
them. From the survey was found that surveyed pojun is willing to use
environmentally friendly and biodegradable materialit do not have created appropriate
conditions such as availability and favourable @raf these products. The questionnaire
also showed the need of people to change the ¢ustate, improve the method of
collecting and sorting waste and introduce recygclifhe overwhelming consensus was
found in the need to improve the purity of waterriirers and change the current massive
pollution of the surface water. The interest inlegy, waste sorting and recycling cannot
be assumed among the poorest inhabitants, who magrencluded in the questionnaire.
These people rarely go shopping and everything et purchased try to maximally use,
so these people are not big producers of the wdstese people are probably more
interested in clean water in rivers because they dependent on the surface water.
However, it is unclear whether they ever realize gariousness of the water pollution and
health risks connected with use of hygienicallyafasvater.

Waste management system in Bogota D.C. is a fumadticity cares about the waste
management and tries to solve this problem gragluéll weakness of this system is
inadequate and inconsistent organization of wastiing and recycling. The collection of
sorted waste is not realized in all parts of thg yet as well as is not well organized. Trash
cans are not placed in all public places. Anothhieadhat needs improvement is cleaning
the city and collection of disposed waste on tiheess which are not cleaned. Currently is
listed the tender for the new service providerpading to which the waste collection and
cleaning of the city should be done in all city tparAt the request of citizens will be
addressed for the next period a better system sfeasorting and its subsequent recycling,
in which will be integrated poor city dwellers. Bynproved method of sorting and
recycling the waste, will be reduced a total conte#nthe waste disposed on the landfill.
Landfill will not be filled so quickly and its demd of the space will be smaller and life of
the landfill could be extended. However, the cibhowd now begin to focuse on the

problem, where to store the waste in the futurerafiosure of the landfil Dofia Juana.
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In the thesis was found that the fencing of murtipndfill Dofia Juana is insufficient.
Boundaries of the landfill is necessary to secut @event the penetration of humans and
domestic animals into the unrecultivated and opggatones, where environment is not
hygienically suitable for the movement of peopl& amimals. If cattle is grazed on the
rubbish, the quality of agricultural productiorsisch dubious. Already recultivated landfill

part may not be fenced.

To ensure order in the city and prevent accumulatiovaste on streets is necessary to put
bigger number of bins on public places and shooldbe missed even bins for recyclable
waste. People will undoubtedly sort the waste éythave that opportunity. It would be
good to create different coloring of bins for releypte waste for each sorted material, so
that people could easily recognize where to putwhste. In wholesale chains should be
limited excess distribution of plastic bags (HDRAH)PE), what would lead to less
production of the waste. It would be beneficialdm not pack all goods into big plastic
bags, but into bags corresponding the size of gasdsell as use of paper packaging or

easily degradable materials.

It is necessary know that education of citizenshtange their behaviour takes a lond time,
but it must begin. Into the process should be wewlthe city government, throught its
institutions, schools, ect. — e.g. targeted camzawgth educational themes, promoting the
ecological behaviour of people and companies, Bue. city itself may also regulate the
use of certain undesirable products. It would befulsto introduce environmental
education in schools, because children often affectoehaviour of parents more than the

perfect campaign.

The author found that with the exception of therpsbparts of the city, where he could
not realize the survey, people are willing to immrdhe situation. Citizens are willing to
sort the waste and use the bins. The willingness#obiologically degradable materials is
no so obvious. There is probably necessary to ereatter conditions for their use and

awake the motivation of residents about these mtsdu

Wastewater treatment exists in Bogota city, thereébuilt a WWTP Salitre, which is

insufficient to purify all wastewater from the cityegislative rules are given for the
treatment of wastewater from the business spherddrause of the not built sewage of
household is the whole wastewater system ineffeciie Bogota river and other rivers in

the city are filthy sewers without present of lged filled by solid waste. City leaders are
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looking for solutions, but problems of surface wadellution are so serious, that cannot be
said with certainty when the state can be fixec fitst evidence that the city decide to do
something about the poor condition of the river &agis the project of the sanitation of
the river canal adjacent to Bogota city. This prbjes designed to recultivate river
meanders, wetlands restoration and establishmefibadplain forests. Whether it will
suffice to return the life into the river Bogotancat be determined, but can only hope.
None of rivers end in the city of Bogota and cairg water pollution further into other
rivers and the sea. The problem of the river pmitugoes beyond the city boundaries and

become a problem across the country.

Contamination of surface water affects the surroume@nvironment. Rare wetlands that
where once the pride of the local landscape, agella destroyed and the typical animal
habitats of wetlands disappears. Nowadays manymalare smelly places, which people
avoid. These wetlands should be recultivated andndicantly linked with dynamic
rhythm of the life in the Bogota city. These zonafswetlands could be favourite
relaxation, instructive or just naturally protectetas, which would form a unifed whole

of the city.

Pollution of the rivers cause serious problemsgricalture, which is dependent on the
surface water. The irrigation system use pollutedew which then reduces the quality of
the agricultural production, but people farmingtle vicinity of the rivers have no other
choice. This problem could be partially solved bg tonnection of the treated wasterwater

from WWTPs and the system of irrigation.

The city must quickly finish the sewer system apfdasate the wastewater from surface
water, where should be only discharged treatedemesdéer. The city should also prevent
floating of the municipal solid waste into the miv@ogota, which contaminate all Bogota
river basin. The implementation method of wastewagatment in Bogota city, however,

does not solve fully the problem of Bogotéa rivellytion, because the river Bogota is

already heavily polluted before entering the cédpifhe issue of the pollution of surface

waters should not be solved only by the capital,a&o by the region of Cundinamarca by
strict supervision over observance of legislatiovoived in the environment. Only by the

observance of correctly set wastewater legislatem be ensure sustainabily of the purity
of surface waters and thereby restore and maitttaifife in the river of Bogota.
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In conclusion can be said that the city of Bogat&truggling with the issues that most
world cities have. This city is located high in thuntains, clamped by alpine massifs
and its urban growt is very limited. The rest o imique nature still remains in the city
and suffer from the number of people who live ie ttity. Problems with waste and
sewage were not solved for many years. Generafiomuaicipal waste and wastewater is
considerable and the city is trying to solve thpsablems. The change for better can be
seen in the waste management. In the case of watsteuhe situation is dismal and so far
the possible solution of the situation is onlyhe discuss or in projects. Perhaps the results
of these efforts to remedy will appear before Iahg, author of the thesis would have been

very pleased.

Prague, 18 April of 2012

Bc. Filip Sinag|



64

8 References

Acuerdo 344 de 2008 "Por el cual se dispone disg@gcutar un programa para la
gestion de los residuos solidos organicos y samiotras disposiciones".
<http://www.alcaldiaBogota.gov.co/sisjur/normas/Marl.jsp?i=34262>

Acuerdo 43 de 2006, “Por el cual se establecenbgstivos de calidad del agua para la
cuenca del rio Bogota a lograr en el afio 2020”,
<http://www.car.gov.co/?idcategoria=1638#> or
<http://www.alcaldiaBogota.gov.co/sisjur/normas/Marl.jsp?i=22067>

Adecuacion hidraulica y recuperation ambientalRiel Bogota, CAR, 2011

Avina, Sustainable recycling, Annual report 2010,
<http://www.informeavina2010.org/english/reciclajgmI>

BABKOVA, T.: D¢gjiny Kolumbie — stat v severozapadsdisti Jizni Ameriky, Leka bez
hranic, Kolumbie, 23.6.2008, Archiveskoslovenského rozhlasu.
<http://www.rozhlas.cz/lekari/kolumbie/_zprava/488%

CAR, Corporation Autonoma Regional de Cundinama2fa2, websites:
<http://www.car.gov.co/>

CAR: Lixiviados de Dofia Juana estarian contaminaregofuentes de agua.™4
November 2011. RCN Television.
<http://www.canalrcnmsn.com/noticias/car_lixiviadde_do%C3%B1_juana_estar%C3%
AD_contaminando_tres_fuentes_de_agua>

Centro de Recyclaje La Algueria. 2012.
<http://www.uaesp.gov.co/uaesp_jo/index.php?options_content&view=article&id=40
2%3Acentro-de-reciclaje-la-alqueria&catid=101%3Agmaima-distrital-de-
reciclaje&ltemid=133>

CGR, Contract 344, {4December 2010,
<http://www.contratacionBogota.gov.co/cav2/html/jsp>

COLLAZOS, H.: Deslizamiento de basura en el ralsanitario Déa Juana. Santa Fe de
Bogotéa, Enero 1998,
<http://www.bvsde.paho.org/eswww/fulltext/gtz/desdl/deslbasu.html>

CORREDOR, M.: El Sector Reciclaje en Bogota y sgi®&& 2010. <http://www.mapeo-
rse.info/sites/default/files/El_sector_reciclaje_Bogota_y.pdf>

Corte Constitutional, AUTO No. 275 de 2011, Anuteccdel proceso de licitacion publica
N 001 de 2011, por lenidad Administrativa especial de servicidtblicos UAESP.
<http://www.alcaldiaBogota.gov.co/sisjur/normas/Merl.jsp?i=45330#>



65

CBA, Ceska bioplynova asociace, Narodni technologickéigstaa pro bioplyn. 2012.
<http://www.czba.cz/bioplyn/>

Decreto 1505 de 2003 "Por el cual se modifica phr@nte el Decreto 1713 de 2002, en
relacion con los planes de gestion integral delves sélidos y se dictan otras
disposiciones". <http://www.eevvm.com.co/dmdocursECRETO_1505 2003.pdf>

Decreto 1594 de 1984,
<http://www.minambiente.gov.co//documentos/dec_1260684.pdf>

Decreto 1713 de 2002 "Por el cual se reglamentaydal42 de 1994".
<http://www.alcaldiaBogota.gov.co/sisjur/normas/Netl.jsp?i=5542>

Decreto 190 de 2004,
<http://www.alcaldiaBogota.gov.co/sisjur/normas/Marl.jsp?i=13935>

Decreto 2220 de 1993,
<http://www.presidencia.gov.co/prensa_new/decregteal1993/noviembre/05/dec222005
1993.pdf>

Decreto 2474 de 2008,
<http://www.alcaldiaBogoté.gov.co/sisjur/normas/iMa.jsp?i=31185>

Decreto 2811 de 1974,
<http://www.alcaldiaBogoté.gov.co/sisjur/normas/iMa.jsp?i=1551>

Decreto 3100 de 2003,
<http://www.minambiente.gov.co//documentos/dec_3B0A003.pdf>

Decreto 312 de 2006 "Por el cual se adopta el Miastro para el Manejo Integral de
Residuos Sdlidos para Bogoté Distrito Capital".
<www.alcaldiaBogota.gov.co/sisjur/normas/Normajs@1059>

Decreto 3440 de 2004,
<http://www.minambiente.gov.co//documentos/dec_3£40004.pdf>

Decreto 3930 de 2010,
<http://www.minambiente.gov.co//documentos/nornetiecreto/dec_3930 251010.pdf>
or <http://www.alcaldiaBogota.gov.co/sisjur/normésymal.jsp?i=40620>

Decreto 4715 de 2010 "Por el cual se establecéasrgge adicionan la metodologia para
la distribucion de los recursos provenientes detapaolidarios en el otorgamiento de
subsidios de los servicios publicos domiciliariesatueducto y alcantarillado”.
<http://wsp.presidencia.gov.co/Normativa/Decretd$@Documents/Diciembre/22/dec47
1522122010.pdf>

Decreto 4728 de 2010,
<http://www.alcaldiaBogoté.gov.co/sisjur/normas/iMa.jsp?i=41009>

Decreto 531 de 2010 "Por el cual se reglamentéviaidtura urbana, zonas verdes y la
jardineria en Bogota y se definen las responsailoiéid de las Entidades Distritales en



66

relacion con el tema y se dictan otras disposicbne
<http://www.alcaldiaBogoté.gov.co/sisjur/normas/iMarl.jsp?i=40983>

Decreto 620 de 2007 "Por medio del cual se compitared Plan Maestro de Residuos
Sdlidos (Decreto 312 de 2006), mediante la adopd&dlas normas urbanisticas y
arquitectonicas para la regularizacion y constarcde las infraestructuras y
equipamientos del Sistema General de ResiduosdS¢kah Bogota Distrito Capital”.
<http://www.alcaldiaBogota.gov.co/sisjur/normas/Marl.jsp?i=28150>

Decreto 891 de 2002 "Por el cual se reglamentetiel 90. de la Ley 632 de 2000".
<http://www.alcaldiaBogota.gov.co/sisjur/normas/Netl.jsp?i=5334>

Decreto 970 de 1991,
<http://www.presidencia.gov.co/prensa_new/decrgteal1991/abril/12/dec970121991.pd
>

Decreto 990 de 1992,
<http://www.presidencia.gov.co/prensa_new/decrateal1992/junio/10/dec0990101992.
pdf>

Documento Conpes 3631, Republica de Colombia, D&panto nacional de Planetacion,
2009

Documento del Banco Mundial No 54311-CO, Exclusigate Para uso oficial,
DOCUMENTO DE EVALUACION INICIAL DEL PROYECTO, SOBRE UN

PRESTAMO PROPUESTO POR LA CANTIDAD DE US $250 MILNES POR
OTORGARSE A LA CORPORACION AUTONOMA REGIONAL DE
CUNDINAMARCA CON GARANTIA DE LA REPUBLICA DE COLOMBA, PARA

UN PROYECTO DE ADECUACION HIDRAULICA Y RECUPERACION
AMBIENTAL DEL RiO BOGOTA, 11 de noviembre de 2010

Domino por los Humedales de Bogot&.February 2012.
<http://cafe-y-tertulia.blogspot.com/>

GUERRERO, J., CGR, Excursion held on Saturddy B0y 2011, personal
communication

Guia conceptual sobre la Ptar Salitre. 2012.
<http://www.acueducto.com.co/wpsv61l/wps/html/resesfPTAR/guia_concPTARSalitre
pdf>

HERRERA HERRERA, M.C., Corporacion Autonoma Reglat@Cundinamarca — CAR,
18" of August 2011, personal communication

Home feed Comments™April 2010. Humedal techovita . La Vaca.
<http://didacticagrupotres.blogspot.com/>

JURIK, O.: Latinska Amerika Dnes, Profily: Juan Man&elntos — prezident Kolumbie.
22.6.2010, <http://m.ladnes.cz/2010/07/profil-juaanuel-santos-%E2%80%93-
prezident-kolumbie/>



67

Kolumbie, vnitropoliticka charakteristika. Ministgvo zahrariinich wci Ceské republiky,
2012,
<http://www.mzv.cz/jnp/cz/encyklopedie_statu/jizamerika/kolumbie/politika/vnitropolit
icka_charakteristika.html>

KRAUS, J.: Novy akademicky slovnik cizich slov A&gademia Praha, 1. vydani 2005,
dotisk 2009, 879 s., ISBN 978-80-200-1351-4

La Algueria, Unico centro de recyclaje en Bogoti.2
<http://www.Bogota.gov.co/portel/libreria/php/x_iin@_detalle.php?id=43773>

La Constitucidn Politica, las Leyes de la RepubtieaColombia.
<http://web.presidencia.gov.co/constitucion/indesd@009.pdf>

La Chucua, un problema ambiental o de medio amistedit August 2010, Patio Bonito al
dia. Yo periodista. <http://patiobonitoaldia.con@®8/09/la-chucua-un-problema-
ambiental-o-de-medio-ambiente/>

LANDMANN, R.: Encyklopedie zerpisu s¥ta. Knizni express, s.r.o., 2009, 286 s.,
ISBN 978-80-7347-054-8

Lexikon vlajek a znak zemi s¥ta. Kartografie Praha, a.s., 2003, 2. vydani, 22[E8N
80-7011-776-1

Ley 142 de 1994 "Por la cual se establece el régitkedos servicios publicos
domiciliarios y se dictan otras disposiciones"ug decretos modificatorios.
<http://www.alcaldiaBogota.gov.co/sisjur/normas/Ma.jsp?i=2752>

Ley 2811 de 1974 "Cdédigo Nacional de recursos akdsry proteccion al medio
ambiente". <http://www.alcaldiaBogota.gov.co/sisjermas/Normal.jsp?i=1551>

Ley 3 de 1961. <http://www.alcaldiaBogota.gov.cgjlginormas/Normal.jsp?i=1163>

Ley 632 de 2000 y la Ley 689 de 2001, en relac@mla prestacion del servicio publico
de aseo, el Decreto Ley 2811 de 1974 y la Ley 9P98@&8 en relacidon con la Gestion
Integral de Residuos Sélidos.
<http://www.alcaldiaBogota.gov.co/sisjur/normas/Marl.jsp?i=4632> ,

Ley 689 de 2001,
<http://www.secretariasenado.gov.co/senado/baskeg01/ley 0689 2001.html>,

Ley 9 de 1979, title |, De la protecciéon del meaiabiente.
<http://www.minambiente.gov.co//documentos/ley 0@¥0179.pdf>

Ley 99 de 1993 "Por la cual se crea el MinisteebMedio Ambiente, se reordena el
Sector Publico encargado de la gestién y consémats| medio ambiente y los recursos
naturales renovables, se organiza el Sistema Nalcdanbiental, SINA, y se dictan otras
disposiciones".
<http://www.minambiente.gov.co//documentos/normetey/ley 0099 221293.pdf>



68

Ley de 1150 de 2007,
<https://www.contratos.gov.co/Archivos/normas/Ley5Q 2007.pdf>

Ley de 83 de 1993, <http://www.alcaldiaBogota.goksisjur/normas/Normal.jsp?i=300>

Mapa e informacién de estratos en Bogota. 2012rdMetadrado.
<http://contenido.metrocuadrado.com/contenidomaigwec_mz2/inforbog_m2/informaci
ngeneralbogot/ARTICULO-WEB-PL_DET_NOT_REDI_M2-2028d%tm|>

Memoria general programa de saneamiento Rio BoBata@resa de Acueducto y
Alcantarillado de Gogot4, Gerencia de technolo§@ieducto, Bogota D.C., 2011

Ottav ilustrovany atlas sta, Ottovo nakladatelstvi s.r.0., 2009, 1. vyd864 s.,
ISBN 978-80-7360-424-0

PARIS, B.: Audrey Hepburnova Zivotopis, BB/art®.r2005, prvni vydani seském
jazyce, 462 s., ISBN 80-7341-684-0

Pliego de condiciones licitacion publica N° 001 PEL1, Alcaldia Mayor de Bogota D.C.,
Unidad administrativa especial de servicios puslicdESP, 2011.
<http://www.contratacionBogota.gov.co/cav2/html/gsp>

Principales obras del megaproyecto de Saneamieh®id Bogota. 2012.
<http://www.acueducto.com.co/wpsv61l/wps/portalfldb/hY7LDoJADEW_hS90GeYB
S1QEEMCEIQpsyMQQxPBwYUz4eyFu3CDt8tx7Wihh3kG_20a QiteRQ8so02VaxE
QFAKcsDQ9TybW3RHMzrzgld73w20iBAluSCShKkUz8rCONpoxaewmfHROMJIXMi
Gfsmlvvyf 6F48g4CEkw9jWcNyyFAzmHAKgx8m3mpTPv6ekbf2@ban-
2NgDOMDjgbiww!!/dI3/d3/LOIDUOIKSWdraOEhIS9JTIIBQUIP2dBek15cUENL1ICSIA
XTkMxTktfMjd3ISEVN184MVNNUzdIMjBPNzJEMEIBRUU4NjMOQR3MQ!/?WCM _
PORTLET=PC_7_81SMS7H20072D0IAEE8634B471_WCM&WCM_@EAY_CONT
EXT=/wps/wcm/connect/eaabv6/sacueducto/aambieataldaecsecundaria/nambientalrio
Bogotaarchivos>

Resolucién 1433 de 2004,
<http://www.minambiente.gov.co//documentos/res_1433204.pdf>

Resolucion 1433 de 2004,
<http://www.minambiente.gov.co//documentos/res_1433204.pdf>

Resolucion 2145 de 2005,
<http://www.minambiente.gov.co//documentos/res_2283 205.pdf>

Resolucion 2397 de 2011,
<http://www.alcaldiaBogoté.gov.co/sisjur/normas/iMarl.jsp?i=42762>

Resolucion CRA 351 de 2005 "Por la cual se estahléxs regimenes de regulacion
tarifaria a los que deben someterse las persoratadoras del servicio publico de aseo y
la metodologia que deben utilizar para el calceltad tarifas del servicio de aseo de
residuos ordinarios y se dictan otras disposicibnes
<http://www.bvsde.paho.org/bvsacd/cd38/Colombia/RG5.pdf>



69

Resolucion CRA 352 de 2005 "Por la cual se deflosmparametros para la estimacion del
consumo en el marco de la prestacion del servitgidign domiciliario de aseo y se dictan
otras disposiciones”.
<http://www.alcaldiaBogoté.gov.co/sisjur/normas/iMa .jsp?i=18772>

Resolucion CRA 482 de 2009 "Por la cual se establemetodologia de calculo de los
descuentos en las tarifas de los usuarios poplodes de bienes y de derechos de los que
trata el articulo 143 de la Ley 1151 de 2007, qodifito el articulo 87.9 de la Ley 142 de
1994, para el servicio publico de aseo".
<http://www.avancejuridico.com/actualidad/documeanficiales/2009/47405/r_cra_0482_
2009.html>

Resolucion de 2012 por la cual se decreta la Urgdvianifiesta para garantizar la la
continuacion ininterrumpida y eficiente de la pae&in del servicio de aseo en Bogota.
<http://www.uaesp.gov.co/uaesp_jo/index.php?options_content&view=article&id=88
O:uaesp-declaro-urgencia-manifiesta-para-el-serderaseo-en-
Bogota&catid=81:boletines-de-prensa&Iltemid=132>

Resolucioén de la Secretaria Distrital de Ambier2897 de 2011 ,Por la cual se regula
técnicamente el tratamiento y/o aprovechamientesdembros en el Distrito Capital”

RODRIGUES, H., CGR, Excursion held on Saturdal} 8y 2011, personal
communication

SALDARRIAGA, A., GOMEZ, J.A.: Bogota Colombia Tostiguide, Instituto Distrital de
Turismo, 2011, 55 p., ISBN: 978-958-8232-95-9

Se repite la historia en el humedal de la Vacéh hdvvember 2007.
<http://elcampanazo.wordpress.com/2007/11/11/seéeregphistoria-en-el-humedal-de-la-
vaca%E2%80%A6/>

SIMERSKY, M: Vyuziti skladkového plynu, odplyni skladek komunalniho odpadu.
2012. Accessible from: <http://www.nwt.cz/lang_¢ahek/3/2103/108.html>

SOWCEK, J.: Skladkovy plyn — odpad nebo zdroj energie?
<http://stary.biom.cz/clen/jso/a_Ifg.html>

STANKOVA, H: Ptiroda Kolumbie, Léké bez hranic, Kolumbie, 24.6.2008, Archiv
Ceskoslovenského rozhlasu. <http://www.rozhlas.kafiékolumbie/_zprava/466521>

Svetdnes, informace o zemick®y 2010. <http://www.svetdnes.cz/stat/kolumbielhtm

TRIANA DELGADO, J. P., Universidad de Bogota Jorgedeo Lozano, August 2011,
personal communication

URBAN, T.: Bibliografické citace dI€SN ISO 690 &SN 692-2 — souhrnnd informace,
verze 1,0, pracovi§tgenetiky UMFGZ MULU v Brg, 1.9.2005, 12 s.

Websites Alcaldia Mayor de Bogota D.C. Secretagi&ldneacion.
<http://www.sdp.gov.co/portal/page/portal/Portal S&dad>



70

Websites Alcaldia Mayor de Bogota, Secretaria ithstle Ambiente, observatorio Rural
de Bogot4, 2012, <http://observatorioruralBogota.go>

Websites allmetsat, 2012, <http://cs.allmetsat.poaiiebi/kolumbie.php?code=80022>
Websites Biomass technology a.s. 2012, <http://Bestechnology.cz/wp/?page_id=239>
Websites CGR, 2012, <http://www.cgrdonajuana.counié®

Websites Colombia, 2012, http://www.colombia-sa.mbolos/simbolos-in.html
Websites Dictionary.com, 2012, <http://dictionagjerence.com/>

Websites Elespectador.com Bogota, Servicio de esdngota, 15th March 2012.
Accassible from: <http://www.elespectador.com/riattBogota/articulo-332544-
investigaran-operadores-de-aseo-desaparecer-20@soalios>

Websites IEU: Instituto de Studios Urbanos — IEWivdrsidad nacional de Columbia
Sede Bogota. 2012. <http://institutodeestudiosurbamfo/endatos/0200/02-030-
vivienda/02.03.01.htm>

Websites La Communidad” March 2012.
<http://lacomunidad.elpais.com/riveragiraldo/2012f®rca-porque-estas-injusticias->



71

Note:

Motto of this thesis is the question about the prdecity of Bogota. The answer is hidden
in words of Andrey Hepburn:Ilf, we want to do something for the nature, first nvest
fully understand the nature and if we want to iny@osomething, we must begin

(Paris,2005) — Bogota city has begun.

Prague, 18 April 2012

Bc. Filip Sinag|



